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INCREASED BLOOD PRESSURE DURING PUBERTY 
 

Božidar Stojiljković1, Ljubiša Lilić2, Sladjana Milošević2 

 

 
Blood pressure is continuously increasing and increases with the child's age, that is, 

with the growth and development of the child. 
The change in pressure value in puberty appears due to complex morphological and 

physiological changes in the organism under the influence of hormones. 
With this work we have proven that blood pressure has a significant increase in children 

from 11 to 14 years compared to the previous period. We used the results of the systematic 
examination of school children of the 5th, 6th and 7th grade in the city of Niš. A total of 2333 
children of both sexes were analyzed. The blood pressure was measured in a seated position 
three times at a time interval of 5 minutes. For statistical processing, the highest value was 
taken. The greatest differences in blood pressure, diastolic pressure, occurred in boys compared 
to girls in the fifth grade, while girls had a higher diastolic pressure than boys in the sixth and 
seventh grades of primary school (p < 0.001). Regarding morphological charac-teristics, girls 
had significantly higher body height values than boys in the sixth grade (p < 0.005), while boys 
had higher values of both body height and body weight in the seventh grade (p < 0.001). In 
the period of puberty, there are numerous changes in all systems and organs, blood pressure 
varies significantly, and therefore it has to be measured and controlled more frequently for the 
detection and prevention of arterial hypertension in children. 

Acta Medica Medianae 2019;58(2):05-10. 
 
Key words: blood pressure, puberty, increase, sexes, arterial hypertension 
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Introduction 
 
Arterial blood pressure in children is a variable 

that increases with the age of the child, that is, with 
the growth and development of a child (1). From nor-

mal values at birth of 75/55 mmHg, blood pressure 
records a constant increase until puberty and adoles-
cence. The highest increase of about 20 mmHg oc-
curs during the first six weeks of life (5). A further 
rise in blood pressure is gradual and is approximate-
ly 5 mmHg for periods of three years to puberty and 

adolescence when for the same period blood pres 
sure increases about 8 mmHg (4, 6, 8). In the pe-
riod of puberty there are complex morphological and 
physiological changes in the body of boys and girls 

that occur under the influence of hypophysis hormo-
nes and gonads. As the whole organism grows, the 
cardiovascular system develops normally, the heart, 
lungs and abdominal organs grow, and blood pres-

sure rises to a value of 120/70 mmHg, which is the 
average of the blood pressure in adolescence (2, 3, 
9). 

 
The goal of the work 
 

With this work we tried to prove that blood 
pressure in children from 11 to 14 years undergoes 
significant changes, that is, that its value significant-
ly increases compared to the previous period. 

 
Materials and methods 
 

We conducted systematic examinations of 
school children in the three primary schools of the 
city of Niš, pupils of the fifth, sixth and seventh 
grades. There were in total 2333 children with ap-
proximately equal representation of both sexes. In 
addition to anthropometric measurements (body he-
ight and body mass), blood pressure measurements 

in the sitting position were also carried out, three ti-
mes in a space of 5 minutes. The highest value was 
obtained for statistical processing. For comparison of 
the obtained values in boys and girls, Sudent's t-test 
was used. All results are presented in tabular and 
graphical form. 
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Results 

 

The obtained results were statistically process-
ed and graphically presented. 

The mean values of the systolic (SV) and dia-
stolic (FDIS) pressure, as well as anthropometric mea-
surements of body height (AVIS) and body weight 

(AMAS) in boys of the fifth grade are shown in the 
Table 1. Also, the minimum (MIN) and maximum 
(MAX) values obtained in the systematic examina-
tion of children, as well as the values of the standard 

deviation (SD) and the coefficient of variation (CV) 

used in the student’s t-test are presented. 

Table 2 shows us the mean values of systolic 
and diastolic pressure in boys of the sixth grade, as 
well as the values of body height and mass. 

Table 3 shows the mean values of systolic 
and diastolic pressure in boys of the seventh grade, 

mean systolic pressure is 117.2 mmHg, and diastolic 
71.17 mmHg, as well as body height and body 
weight. 

 
 
 

Table1. An overview of the blood pressure and anthropometric measures in the fifth grade boys 

 

 SV SD MIN MAX CV 

FSIS 109.46 11.64 80 155 10.63 

FDIS 68.71 9.13 45 100 13.28 

AVIS 150.94 7.37 134 179 4.88 

AMAS 43.49 10.07 28 88 23.69 

 
 
 

Table2. An overview of the blood pressure and anthropometric measures in the sixth grade boys 

 

 SV SD MIN MAX CV 

FSIS 115.51 9.7 90 170 8.39 

FDIS 70.6 7.66 55 100 10.59 

AVIS 156.32 8.42 130 179 5.38 

AMAS 46.79 9.84 28 75 21.03 

 
 
 

Table 3. An overview of the blood pressure and anthropometric measures in the seventh grade boys 

 

 SV SD MIN MAX CV 

FSIS 117.21 11.06 90 150 9.59 

FDIS 71.17 10.18 50 100 14.5 

AVIS 163.84 8.58 141 187 5.23 

AMAS 53.02 12.41 30 90 23.4 

 

 
 

 
 

Graph 1. An overview of the systolic and diastolic blood pressure values in boys  
from the fifth to the seventh grade
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Graph 1 shows a graphical overview of the 

values of systolic and diastolic blood pressure in the 

boys from the fifth to the sixth grade. 
Table 4 shows the mean values of systolic 

and diastolic pressure in girls of the fifth grade, 
mean systolic pressure is 107.28 mmHg, and dia-
stolic 66.22 mmHg, as well as body height and body 

weight. 
Table 5 shows the mean values of systolic and 

diastolic pressure in girls of the sixth grade, mean 

systolic pressure is 115.75 mmHg, and diastolic 74.1 

mmHg, as well as body height and body weight. 

Table 6 shows the mean values of systolic and 
diastolic pressure for the girls of the seventh grade, 
the mean value of systolic pressure is 116.5 mmHg, 
and of diastolic 75.07 mmHg, as well as the body 
height and body weight values. 

Graph 2 shows a graphical overview of the 
values of systolic and diastolic blood pressure in the 
girls from the fifth to the sixth grade. 

 
 
 
 

Table 4. An overview of the blood pressure and anthropometric measures in the fifth grade girls 

 

 SV SD MIN MAX CV 

FSIS 107.28 11.17 80 145 10.41 

FDIS 66.22 9.5 50 90 14.34 

AVIS 150.71 7.1 132.5 172.5 4.71 

AMAS 41.21 9.6 22 76 23.29 

 
 
 

Table 5. An overview of the blood pressure and anthropometric measures in the sixth grade girls 

 

 SV SD MIN MAX CV 

FSIS 115.75 9.39 90 160 8.11 

FDIS 74.1 7.18 50 90 9.68 

AVIS 157.37 7.84 136 176 4.98 

AMAS 48.58 9.44 28 72 19.84 

 

 
 

Table 6. An overview of the blood pressure and anthropometric measures in the seventh grade girls 

 

 SV SD MIN MAX CV 

FSIS 116.5 12 85 180 10.48 

FDIS 75.07 9.69 40 100 13.63 

AVIS 161.42 6.4 140.7 182 3.96 

AMAS 51.26 10.48 29 115 20.05 

 
 

 

 
 

Graph 2. An overview of the systolic and diastolic blood pressure values in girls 
from the fifth to the seventh grade 
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In Tables 7, 8 and 9 we can see the values of 

the student’s t-test (T-test) and the p-value, or cal-

culated probability (p) in boys and girls according to 
grades for the tested parameters. It is noted that 
there were statistically significant differences in the 
values of systolic and diastolic pressure in boys and 
girls in the fifth grade. The boys had, statistically, 

significantly higher systolic pressure (109.41 mmHg), 
as well as diastolic blood pressure (68.71 mmHg) in 
comparison to girls, and this difference was statisti-
cally significant (p ˂ 0.001). The boys of this age had 

statistically significantly higher body weight (43.49 
kg) than girls and these differences were statistically 
significant (p ˂ 0.001). 

Girls in the sixth grade had statistically sig-
nificantly higher values of diastolic pressure (74.1 
mmHg) compared to boys of that age and these  

differences were statistically significant (p ˂ 0.001).  

Further, girls had statistically significantly 

higher body weight (48.58 kg) and height (157.35 
cm) compared to boys and this difference was sta-
tistically significant (p ˂ 0.001). 

In pupils of the seventh grade, it is noted that 
the girls had statistically significant higher values of 
diastolic blood pressure (75.7 mmHg) compared to 
boys (p ˂ 0.001). The boys of the seventh grade had 

statistically significantly higher values of body height 
(163.84 cm) and body weight (53.2 kg) than girls 

and this difference was statistically significantly high-
er. 

 

 
 

 
Table 7. Statistical results of boys and girls in the fifth grade 

 

 T-test p 

FSIS 3.631 p < 0.001 

FDIS 5.078 p < 0.001 

AVIS 0.64 p = 0.546 

AMAS 2.472 p < 0.001 

 

 
 

Table 8. Statistical results of boys and girls in the sixth grade 

 

 T-test p 

FSIS 0.534 p = 0.593 

FDIS 23.800 p < 0.001 

AVIS 2.452 p < 0.05 

AMAS 1.557 p = 0.120 

 

 
 

Table 9. Statistical results of boys and girls in the seventh grade 

 

 T-test p 

FSIS 1.169 p = 0.243 

FDIS 5.504 p < 0.001 

AVIS 12.957 p < 0.001 

AMAS 10.224 p < 0.001 

 

 
 
 
 

Discussion 

 
In this paper, on the sample of 2333 boys 

and girls, pupils of the fifth, sixth and seventh grade 
of the primary school, the changes in arterial blood 
pressure during the puberty period were examined. 

Tables 1, 2, 3, 4, 5 and 6 show the differenc-
es between the sexes when it comes to measured 
variables, that is, differences between boys and girls 
of the pubertal sample in systolic and diastolic pres-
sure, body height and body mass. It can be seen 
that the biggest differences between boys and girls 
are observed when it comes to diastolic pressure. 
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Boys had significantly higher diastolic pressure than 
girls in the fifth grade (t = 5.078; p ˂ 0.001), while 
girls had higher diastolic blood pressure than boys in 
the sixth (t = 23.800; p ˂ 0.001) and the seventh 
grade of primary school (t = 5.504; p ˂ 0.001). When 
it comes to systolic pressure, there were differences 
between boys and girls only during the fifth grade of 
primary school where boys have significantly higher 
values than girls (t = 3.631; p ˂ 0.001). In terms of 
morphological characteristics, girls had significantly 
higher body height than boys in the sixth grade (t = 
2.452; p ˂ 0.005), while boys had higher body 
weight values in the fifth (t = 2.472; p ˂ 0.005) as 
well as body height and body height mass in the 
seventh grade (t = 12.957; p ˂ 0.001; t = 10.224; p 
˂ 0.001). The results obtained were expected and in 
accordance with previous research in this area, 
which supports the fact that there are significant dif-
ferences in arterial blood pressure and morpholo-
gical characteristics between boys and girls of pu-
bertal age (4-6, 8). 

It is possible to notice the tendency for boys 
to have higher values of systolic and diastolic blood 
pressure than girls during the fifth grade of the pri-
mary school, that is, at the onset of puberty, while 
later, during the growing up period, there is a sud-
den increase in pressure (especially diastolic) in girls, 
and they have significantly higher diastolic pressure 

values than boys, while in terms of systolic pressure 
boys and girls have roughly similar values in the 
sixth and seventh grade. It has also reen shown that 
the biggest difference between boys and girls is in 
the values of diastolic pressure in the sixth grade 
period. When it comes to morphological characteris-
tics, it can be concluded that girls have higher va-
lues of body height than boys while boys have a 
greater body mass than girls at the beginning of 
puberty, and with aging, this difference in the boys' 
favor increases with respect to body height. 

 
Conclusion 
 
By comparing blood pressure values in boys 

and girls per grade, we have come to the conclusion 

that there is a statistically significant difference in 
blood pressure values of systolic and diastolic in 

boys and girls of the fifth and sixth grade, which 
proves that in the period between 11 and 13 years 
there is a significant increase in the value of blood 
pressure. Therefore, in the period of puberty, in ad-

dition to numerous changes in all systems and or-
gans, there is a change in blood pressure, which is 
why blood pressure in this period must be measured 
and controlled more frequently to detect and pre-
vent arterial hypertension in children. 
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Krvni pritisak beleži neprestani porast i povišava se sa starošću deteta, odnosno sa 

rastom i razvojem deteta.  
Do promene vrednosti pritiska u pubertetu dolazi zbog složenih morfoloških i fizioloških 

promena u organizmu pod uticajem hormona. 
Ovim radom dokazali smo da krvni pritisak ima značajan porast od 11. do 14. godine 

deteta u odnosu na prethodni period. Koristili smo rezultate sistematskog pregleda školske 
dece grada Niša, učenika 5, 6. i 7. razreda. Analizirano je 2333 deteta oba pola. Krvni pritisak 
meren je u sedećem položaju tri puta u razmaku od 5 minuta. Za statističku obradu uzimana 
je najviša vrednost. Najveće razlike krvnog pritiska, dijastolni pritisak, sreću se kod dečaka u 
odnosu na devojčice u petom razredu, dok devojčice imaju veći dijastolni pritisak od dečaka u 
šestom i sedmom razredu osnovne škole (p < 0,001). Što se tiče morfoloških karakteristika, 
devojčice imaju značajno veće vrednsti telesne visine od dečaka u šestom razredu (p < 
0,005), dok dečaci imaju veće vrednosti telesne visine i telesne mase u sedmom razredu (p < 
0,001). U periodu puberteta postoje brojne promene u svim sistemima i organima, krvni 
pritisak značajno varira i zbog toga se mora češće meriti i kontrolisati radi detekcije i spreča-
vanja arterijske hipertenzije kod dece. 
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THE ROLE OF MAST CELLS IN CARBON TETRACHLORIDE INDUCED RAT 
SKELETAL MUSCLE TISSUE DAMAGE 

 
Ljubiša M. Lilić1, Dragan Toskić1, Rade Ž. Stefanović1, Branimir B. Mekić1, 

Ivan R. Ilić2, Nikola M. Stojanović3 

 

 
Animal models demonstrating skeletal muscle (SM) disorders are rarely investigated, 

although these disorders accompany liver disorders and can occur during prolonged 
exercise/training. It is speculated that mast cells, normally present in the interstitial SM tissue, 
are involved in the pathophysiology of different SM disorders. Thus, the present study aims to 
analyze, on the histopathological level, the involvement of mast cells in acute rat intoxication 
with carbon tetrachloride (CCl4). Biceps and gastrocnemius muscle were obtained from male 
Wistar rats acutely exposed to CCl4 (1 ml/kg) and the pathological analysis was performed on 
Toluidine blue stained tissue sections. The obtained results were statically compared with those 

from a control group using Student’s t-test. In SM tissue obtained from the control group mast 
cells were found only in the interstitium, while in those that received CCl4 they were located 
mainly near the blood vessels. Also, in the experimental group treated with CCl4 mast cells 
were more abundant and were in percents more degranulated than those found in the control 
group. Thus, one can say that the herein presented model of CCl4-induced SM damage is 
partially dependent on the activity of mast cells. 
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Introduction 
 
Our body consisted of three distinct types of 

muscles, from which the skeletal muscles (SM) are 
the only ones that can contract under our will (deli-

berately) maintaining body posture and enabling lo-
comotion. Skeletal muscle -specific anatomical and 
physiological organization allows SM to function (1). 
Each SM consisted of a large number of myofibrils 
(muscle cells) that represent the smallest functional 
unit (1). Body and SM tissue mass can be signifi-

cantly affected under different underlying conditions 
and these changes occur due to tissue protein degra-
dation (2). Changes in SM mass and function can be 
seen in several liver disorders, as well as under vari-
ous physiological conditions that involve significant 

production of reactive oxygen species (ROS) (3, 4). 
Carbon tetrachloride (CCl4), a synthetic che-

mical often used in paints, solvents, and extingui-
shers (5), is known to be useful in inducing ROS me-
diated tissue damage in laboratory animals. When 
applied it causes liver, kidneys, brain, muscles, lungs, 
testis, etc. oxidative damage (6), via trichloromethyl 

free radicals generated in the liver (6, 7). The me-
chanism by which CCl4 damages cell structures is 
relatively well studied. However, the role of mast 

cells in SM injury caused by CCl4 is still not fully 
investigated. 

Mast cells are the mesenchymal cells, stained 
metachromatically with some blue dyes, that contain 

numerous granules which contain the majority of the 
body’s histamine. These cells play a crucial role in 
body inflammatory and allergic reaction (8). Before 
their final migration and differentiation in tissue, 
mast cells (the type of leukocytes) circulate in the 
blood as immature cells derived from hematopoietic 

progenitor cells. All tissues of the body possess dif-
ferent percent of mast cells, while they are more 
abundant in tissues that are coming in close contact 
with the external environment (skin, intestinal and 
airway mucosa) (8). 
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Aim of the study 
 

Although the toxic effects of CCl4 on SM tissue 
have been investigated, the specifics pathogenetic 
role of mast cells is not completely investigated. Thus, 
the goal of the present study was to detect and 
describe on the histopathological level the changes in 
mast cells occurring in rat SM after acute admini-

stration of CCl4. 
 

Material and methods 
 

Animals and housing 

 

Male Wistar rats, weighing 250-300 g, were 

housed in groups of 6 and obtained from the Viva-

rium of the Institute of Biomedical Research, Faculty 

of Medicine, University of Niš, Serbia. The animals 

were maintained under standard laboratory conditi-

ons: temperature 22 ± 2 ºC and humidity 60%, with 

food and water available ad libitum. All experimental 

procedures with the animals were conducted in com-

pliance with the declaration of Helsinki and European 

Community guidelines for the ethical handling of la-

boratory animals (EU Directive of 2010; 2010/63/ 

EU) and were also approved by the local Ethics 

Committee. 

 

Muscle tissue damage induction 

 

Before the experiment, all animals were divid-

ed into two groups of 6 rats each: the control group 

where the animals were administered only the ve-

hicle (olive oil) in the dose of 10 ml/kg, and the 

experimental group with CCl4-treated animals. Acute 

administration of CCl4 (1 ml/kg), known to cause sig-

nificant liver damage (6), was given to rats via an in-

traperitoneal injection 24 h before the animals were 

sacrificed by an overdose of ketamine. Skeletal mus-

cle tissue samples collected, using scissors and twe-

ezers, for histological analyses included the left gas-

trocnemius (GCM) and biceps (BM) muscles. 

 

Histopathological observations 

 

The GCM and BM tissue specimens separated 

for histopathological examination were fixed in buf-

fered formaldehyde solution (10 %, w/v). The fixed 

tissues were then dehydrated with ethanol solutions 

of differing concentration (50-100 %, v/v), embedded 

in paraffin, cut into 4-5 μm thick sections, stained 

with Toluidine Blue (TB) and further examined under 

an Olympus BH2 light microscope. The average 

number of mast cells per high-power field (x40) was 

counted on 10 randomly selected fields for each 

muscle specimen stained with TB. Also, the percent 

of degranulated mast cells was counted on each 

examined high-power field. 

 

Statistical analysis 

 

The results were expressed as mean values ± 

SD. Statistically significant differences were determi-

ned by Student’s t-test (Graph pad Prism version 

5.03, San Diego, CA, USA) and the obtained results 

were tested for correlation as well. Probability values 

(p) less than or equal to 0.05 were considered to be 

statistically significant. 

 

Results 

 

The number and % of degranulated mast 
cells, found in GCM and BM tissue sections stained 
with TB, were found to be statistically significantly 
higher in both investigated muscles originating from 
animals exposed to CCl4 compared to the control 
animals (Table 1 and Figure 1). 

In the investigated TB stained tissue mast 
cells granules appeared red-purple (metachromatic 
granules), while their cytoplasm and background ap-

peared pale blue (orthochromatic). The mast cell 
shape varied from ovoid to spindle-shaped and one 
could clearly distinguish preserved (not degranulat 
ed) and degranulated mast cells that appeared deep 

and light blue, respectively (Figure 1). In healthy 
(control group) animal mast cells were observed only 
in the interstitial connective tissue that normally se-
parates skeletal muscle into separate fascicles. On 
the other hand, in animals treated with CCl4 mast 
cells appeared in the interstitial connective tissue as 
well, however they were more frequently found a-

round blood vessels. 

 
 
 

Table 1. Number and % of degranulated mast cells obtained for each of the two studied muscles  
from the two different animal groups 

 

Tracked parameter 

Average number of 

mast cells/high 

power field (x40) 

Degranulated mast cells (%) 

Gastrocnemius muscle 
Control 0.6 ± 0.2 0 ± 0 

CCl4 treated 1.4 ± 0.2* 66.5 ± 16.1* 

Biceps muscle 
Control 0.9 ± 0.1 0 ± 0 

CCl4 treated 1.2 ± 0.05* 62.7 ± 14.2* 

The results are presented as mean ± SD (n = 6); *p < 0.001 vs. control group 
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Figure 1. Microscopic appearance of degranulated and non-degranulated mast cells present in  
skeletal muscle tissue stained with Toluidine blue (x400). 

 
 
 

 
Discussion 

 
The two muscles evaluated in our study, GCM 

and BFM, represent important hindlimb muscles that 
enable animal movement. Biceps femoris muscle is 
the largest muscle in the hind limb and has multiple 
functions that involve thigh abduction, hip extension, 
and knee flexion, while GCM is responsible for plan-
tar flexion (9).  

Since their discovery, back in 1877, mast cells 
have been considered as normal constituents of in-
terstitial tissue of different vertebrates (10). Later 
they were recognized as cells important in triggering 
and/or maintenance of different inflammatory and 
immunological processes (10). These cells represent 
the source of inflammatory mediators such as hista-
mine, nitric oxide, proteases tryptase and chymase, 
and pre-formed tumor necrosis factor-alpha (TNF-
α), as well as other toxic mediators by which the 
muscle tissue can be injured (8, 11). When mast 
cells are triggered to degranulate, the secretory gra-
nules located within the cell are released, exocytosis, 
resulting in the release of their internal contents (8). 

The importance of mast cells in the pathophy-
siology of muscle disorders was previously shown in 
the ischemia/reperfusion muscle injury model (11) 
and the present research proves the involvement of 
these cells in acute CCl4-induced muscle damage 
(Table 1, Figure 1), as well. Also, these cells were 
found to be significantly increased in different myo-
pathic disorders, e.g. Duchenne muscular dystrophy, 
where it was suggested that grouped necrosis of 
extrafusal fibers occurs possibly due to the activity 
of these cells (10). Thus, the increase in both the 
number of mast cells and % of their degranulation 
indicates that their involvement in acute CCl4-in-
duced muscle damage should not be neglected. Ad- 

ditionally, there is a possibility that a much higher 
number of mast cells were involved in tissue dam-
age, both resident and mobilized, however due to 
their degranulation TB staining might not have sta-
ined all of mast cells. 

The consequence of degranulation can prob-
ably be brought in connection with inflammatory cell 
infiltrate, seen after CCl4 application, that is compris-
ed mainly of neutrophils. Namely, these neutrophils 
secrete an enzyme, myeloperoxidase, that causes 
the onset of degranulation (histamine release) form 
isolated mast cells (12). On the other hand, SM resi-
dent mast cells are known to provoke a significant 
increase in the number of neutrophils in injured SM 
tissue (13). Similar results were obtained in the 
study where mast cell membrane stabilizing agent, 
cromolyn, was administered prior to neutrophil- at-
tracting agent, bupivacaine, thus causing a decrease 
in neutrophil infiltration by 70 % (14). All of the re-
sults, relating to the presence and state of mast 
cells, represent an important addition to the overall 
conclusion concerning the involvement of these cells 
in muscle tissue damage induced by an acute ap-
plication of CCl4. 

Also, one can say that the damage caused by 
CCl4 seems more significant in GCM than in BM 
(Table 1), and such slight differences in the extent of 
CCl4 injury in GCM and BM are not completely unex-
pected. Namely, a previous study revealed different 
degrees of protein catabolism, estimated based on 
tyrosine release, in various muscle tissues after CCl4 
application (3). Thus, it is not surprising that the two 
muscles do not suffer identical damage, since their 
vascularisation, structure (fibers size, mitochondria 
amount, myoglobin concentration, etc.) and function 
are not the same. 
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Conclusion 
 

The herein presented model of CCl4-induced 

skeletal muscle damage can be considered a useful 
model that could mimic both mild ROS-mediated 
muscle damage seen in strenuous physical exercise 
and/or muscle damage (waste) that frequently ac-
companies liver diseases. The results unequivocally 
demonstrated the involvement of mast cells in ske-

letal muscle tissue damage caused by CCl4 after an 

acute application. 
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Animalni modeli koji imitiraju oštećenja skeletnih mišića (SM) retko su predmet istra-

živanja, iako poremećaji SM često prate druge poremećaje organa, kao što su oštećenja jetre. 
Takođe, oštećenja SM mogu da se jave nakon duge i intenzivne fizičke aktivnosti. Smatra se 
da su mastociti, deo normalne populacije ćelije intersticijuma SM, uključeni u patofiziološki 
mehanizam nastanaka oboljenja SM. Ova studija ima za cilj da na patohistološkom nivou 
pokaže ulogu mastocita u akutnom oštećenju SM pacova koji su izloženi ugljen-tetrahloridu 
(CCl4). Od životinja koje su tretirane akutno CCl4 (1 ml/kg) uzimani su uzorci m. bicepsa i m. 
gastrocnemiusa za dalju patohistološku obradu, bojenje (Toludin blue) i analizu. Dobijeni 
rezultati upoređeni su korišćenjem Studentovog t-testa. U uzorcima SM koji su dobijeni od 
životinja iz kontrolne grupe mastociti su bili prisutni najčešće u intersticijumu, dok kod živo-
tinja koje su bile izložene CCl4 mastociti su se nalazili većinom u blizini krvnih sudova. Takođe, 
u eksperimentalnoj grupi životinja tretiranih CCl4 mastociti su bili zastupljeniji nego u kontro-
lnoj grupi, a procenat onih koji su bili dagranulisani bio je statistički značajno veći. Na osnovu 
rezultata ove studije može se zaključiti oštećenje SM koje je indukovano CCl4 delimično zavisi 
i od aktivnosti mastocita. 

 
Acta Medica Medianae 2019;58(2):11-15. 

 
Ključne reči: ugljen-tetrahlorid, skeletni mišići, mastociti 



 

16 www.medfak.ni.ac.rs/amm 

Original article UDC: 616.24-008.4-036.1:616-036.22 

doi:10.5633/amm.2019.0203 

 
 

 

 
 

INCIDENCE TREND OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE 
 

Dejan Veljković1, Zorana Deljanin2 

 

 
Chronic Obstructive Pulmonary Disease (COPD) is associated with high morbidity and 

complications, decreased quality of life, increasing mortality. The objective of the paper was to 
determine incidence trends of COPD in the population of the Nišava District from 2002 to 2014. 
The descriptive study was used. Data about new cases of COPD were extracted from the 
Population Registry of COPD for the population of the Nišava District. Data about population 
originated from Censuses 2002 and 2011. Crude incidence, age, and gender specific rates were 
calculated per 100 000 inhabitants. Trend lines were estimated using linear regression. The 
total number of registered new cases were 7527 (4575 in males and 2952 in females). The 
average annual new cases was 627 and the annual average crude incidence rate was 
164.3/100 000 inhabitants. The lowest annual incidence rate was in 2014 (36.7/100 000) and 
the highest one was in 2006 (232.6/100 000). Males represent 61 % and females 39 %. 
Females were significantly older than males (78.5 ± 2.0 vs 81.4 ± 1.8, p < 0.001). Patients 
older than 50 years of age represent 86% of all registered patients. Incidence rate increased 
with age. Incidence trend rapidly decreased in 2014 both in males and females; in males: y = 
3.874x + 160.3, R2 = 0.038, in females: y = 0.631x+112.5, R2 = 0.002. There were 1.6 more 
new cases of COPD in males than in females but females were older compared with males. 
COPD wasn’t common before the age of 40 and incidence increased with age. Under reporting 
and under registration of new cases of COPD was observed.  
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Introduction 
 
The World Health Organization (WHO) has 

ranked the chronic obstructive pulmonary disease 
(COPD) as one of the most prevalent long-term con-
ditions worldwide (1). It is assessed that the global 
burden of COPD will rise, particularly in developing 
countries, because of the combination of ageing po-
pulations and increased smoking rates (2, 3). COPD 

is a chronic respiratory disease characterized by a 
decline in lung function over time and accompanied 
by respiratory symptoms, primarily dyspnea, cough, 

and sputum production (4). COPD is associated with 
a significant economic burden, including hospitaliza-
tion, work absence, and disability (5).  

Chronic obstructive pulmonary disease is a 

common, preventable, and treatable airflow limita-
tion disease that is usually progressive and associat-
ed with enhanced inflammation in the airways and 
lungs (6). According to the Global Burden Studies 
(GBDs), COPD causes the death of at least 2.9 milli-
on people annually (7). The GBDs highlights that 

COPD was the sixth leading cause of death in 1990, 
has been the fourth since 2000 and is projected to 
be the third by 2020 (8). 

It is estimated that about 210 million people 

have COPD worldwide (4). Overall, the prevalence of 
COPD in the general population is estimated to be 
around 1% across all ages, rising steeply to 8–10 % 

or higher among those aged 40 years or older (9). 
The reported prevalence of COPD ranged from 

0.2% in Japan to 37% in the USA, but the preva-
lence of CODP varies widely across countries and 
populations (10). 

There are several well-known risk factors as-
sociated with the development and triggering of 

COPD exacerbations (11, 12). Tobacco smoking, in-
cludes many other environmental exposures, such 
as occupational exposures to dust and fumes in the 
developed and developing countries (13), and indoor 
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biomass fuel burning in many developing countries 

(14).  

Factors that may worsen CODP include out-
door pollutants and passive smoke exposure. A num-
ber of factors associated with COPD development 
may not currently be possible to modify; these in-
clude the aging lung, sex, comorbidities, and child or 

adult repeated respiratory infections (15).  
 
The aim 
 
The objective of the paper was to determine 

the incidence trend of COPD in the population of the 
Nišava District from 2002 to 2014. 

 
Materials and methods 
 

The descriptive epidemiological study was 
used. Data about new cases of COPD were extracted 

from the Population Registry of COPD for the po-

pulation of the Nišava District for the period 2002 to 

2014. Data about population originated from Censu-
ses 2002 and 2011. Crude incidence and age-spe-
cific were calculated per 100.000 inhabitants. Trend 
lines were estimated using linear regression. 

 

Results 
 
The total number of registered new cases was 

7527 (4575 in males and 2952 in females). Males 
represented 61 % and females 39 %. The male to 
female incidence ratio was 1.6:1. The average an-
nual number of new CODP cases was 627 and the 

annual average crude incidence rate was 164.3/100 
000. Females were significantly older at the time of 
diagnosis of COPD than males (78.5 ± 2.0 vs 81.4 ± 

1.8, p < 0.001). 

 
 

 
 
 

Table 1. Number of new COPD cases and crude annual rates of incidence in the period 2002 to 2014 

 

Year 
Number of new 

cases 

Crude incidence 

rates 

2002 282 73.9 

2003 378 99.0 

2004 309 89.9 

2005 622 162.9 
 

2006 888 232.6 

2007 873 228.9 
 

2008 724 189.6 

2009 580 151.9 

2010 774 203.0 

2011 671 175.8 
 

2012 536 140.4 
 

2013 750 196.5 
 

2014 140 36.7 
 

Total 7527 164.3* 

*Annual average incidence rate 
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Figure 1. Incidence trend of COPD based on crude incidence rates in males and in females in the period 2002 to 2014 

 
 
 
 
 

 
 

Figure 2. The Age-distribution of new cases of CODP in the period 2002-2014 on the Nišava District 

 
 
 
 

COPD incidence trend, based on crude rapidly 

decreased both in males and in females. 
Value of trend in males: y = 3.874x + 160.3, 

R2 = 0.038  
Value of trend in female: y = 0.631x + 112.5, 

R2 = 0.002  

 

The COPD wasn’t common before 40 years of 
age. Patients older than 50 years of age represented 
86% of all registered patients with CODP. The most 
registered new cases were in patients from the age-
group 70 to 79 years of age. More than one quarter 
of registered patients was above 80 years of age. 

 
Discussion 

 
Chronic obstructive pulmonary disease is a 

common condition, associated with increasing age 
and smoking exposure. Only 10–15 % of all COPD 
cases are identified medically (16). For the last 
decade, an overall increase in COPD prevalence 

along with a decrease of incidence was reported in 
the Nišava District. Over time, all crude incidence 
rates were higher in males compared to females. In 
most of the studies, the incidence of COPD was 
greater in males than in females (16, 17). 

The estimated prevalence of COPD is about 
1% in the general population and rises sharply in 
persons aged ≥ 40 years (17). According to the 
presented results the incidence of COPD was greater 
in older patients, particularly in those aged 70 years 
and older. There are similar data in the medical 
literature (18-20). 

The incidence of COPD varies between coun-
tries (21). Although COPD incidence has increased 
over the last 20 years, within the last 10 years, 
there has been an overall decrease in the USA, 
Canada (22, 23).  

According to findings from Sweden incidence 
rates were a two- to three-times higher in smokers 
than non-smokers assessed by GOLD or BTS criteria 
(24, 25). One study also reported that COPD inci-
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dence in former smokers was more than double that 
in nonsmokers (26). 

There is estimated to be more than one billion 
smokers in the world, which is about a quarter of 
adults (27). Smoking prevalence is higher in males 
than in females worldwide. In Serbia in 2006, 33 % 
of the population, were smokers. There were more 
males than females who smoked on a daily basis 
(32.5 % vs 23.7 %), (28). About two-thirds of the 
population of Serbia (61.7 %) were exposed to to-
bacco smoke at home and 44.9 % were exposed at 
work (28). 

According to WHO in many developing coun-
tries, the consumption of cigarettes is increasing ra-
pidly in both sexes due to population growth and the 
increased targeted tobacco marketing in these areas 
(especially at young people) and in Serbia 50.5 % of 
young people do not have a desirable attitude to 
smoking (27, 28). 

Other causes of airflow obstruction, such as 
biomass exposure, are not therefore required to ex-

plain any discrepancy between the prevalence of 
obstruction and the prevalence of smoking. 

The rapid decrease of incidence trend of 
COPD in the Nišava District is the consequence of 
under reporting of COPD. Reporting of new cases of 
COPD isn’t obligatory in Serbia since 2017 (29). 

 
Conclusion 
 

There were 1.6 more new cases of COPD in 
males than in females but females were older com-
pared with males. COPD wasn’t common before the 
age of 40 and the incidence increased with age. Un-
der reporting and under registration of COPD was 

determined in the observed period.  
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Hroničnu opstruktivnu bolest pluća (HOBP) karakterišu visok morbiditet, česte kompli-

kacije, visok mortalitet, snižen kvalitet života i veliki ekonomski troškovi. Rad je imao za cilj 

da prikaže trend incidencije HOBP-a na teritoriji Nišavskog okruga u periodu 2002—2014. 

Podaci o novoobolelima dobijeni su iz populacionog registra za HOBP i retrospektivno su 
analizirani za populaciju Nišavskog okruga. Izračunate su sirove stope, specifične stope prema 
polu i uzrastu na 100 000 stanovnika. Podaci o populaciji dobijeni su iz popisa iz 2002. i 2011. 
godine. Izračunat je linearni trend. U posmatranom 12-godišnjem periodu registrovano je 
7527 novoobolelih (4575 muškaraca i 2952 žene). Prosečan godišnji broj novoobolelih iznosio 
je 627, a prosečna godišnja stopa incidencije bila je 164,3/100 000. Godišnje stope incidencije 
kretale su se od 36,7/100 000 (2014) do 232,6/100 000 (2006). Bilo je značajno više novo-
obolelih muškaraca nego žena (61 % prema 39 %). Žene su bile značajno starije od mu-
škaraca (78,5 ± 2,0 prema 81,4 ± 1,8; p < 0,001). Stope incidencije povećavale su se sa 
starenjem, a stariji od 50 godina činili su 86 % svih novoobolelih. Trend incidencije i kod mu-
škaraca i kod žena naglo je pao 2014, kod muškaraca: y = 3,874x + 160,3; R2 = 0,038; a 
kod žena: y = 0,631x + 112,5; R2 = 0,002. Muškarci su obolevali 1,6 puta više od žena, ali su 
žene bile starije u vreme postavljanja dijagnoze HOBP-a. Neredovno prijavljivanje imalo je za 
posledicu podregistraciju novoobolelih od HOBP-a u posmatranom periodu. 
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PHYSICAL ACTIVITY AS AN IMPORTANT FACTOR FOR THE REDUCTION 
OF LIPID RISK FACTORS AT THE SECONDARY PREVENTION OF 

CORONARY HEART DISEASE IN MEN 
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Sladjana Milošević1, Jasmina Ranković2, Branimir Mekić1, Ljubiša Lilić1, Lazar Toskić1, 

Jadranka Kocić1, Hadži Miloš Vidaković1 

 

 
In people with normal or moderately elevated levels of cholesterol and triglycerides, a 

decrease in their values leads to positive health effects, and even at low levels of LDL-C, HDL-C 
levels represent an important predictor of coronary heart disease. 

The aim of our study was to evaluate the changes in lipoprotein parameters and the 
reduction of cardiovascular risk in normolipidemic patients with myocardial infarction, under the 
influence of physical training. 

The research included 38 normolipidemic men with coronary artery disease. The ave-
rage age of the patients was 58.01 ± 5.31 years. All the subjects had elevated blood pressure, 
93.38 % had a positive family history and 65.31 % of them were tobacco consumers. All 
patients were prescribed physical activity according to the recommendations of the EAS and the 
ACC/AHA and the diet by NCEP ATP III recommendations. 

After the six months of implementation of physical activity in patients with normal 
values of lipids and myocardial stroke, the non-significant reduction in triglycerides of 9.81 %, 
VLDL-C of 9.91 %, LDL-C of 6.21 % and total cholesterol of 24.2 %, was recorded. Non-HDL-C 
was significantly reduced by 7.56 % (p < 0.004). There was a significant increase in protective 
HDL-C by 17.27 % (pc < 0.003); reduction in LDL-C/HDL-C relation of 20.81 % (pc < 0.003), 

the decrease of Hol/HDL-C by 17.34 % (p < 0.002) and a significant shift from the very high 
and high risk for new coronary incident to the moderate risk, by using coronary risk tables (p < 
0.05). 

Physical activity leads to a reduction of lipid risk factors and atherogenic index in males 
at the secondary prevention of coronary heart disease. The initial lipid screening indicates the 
presence of dyslipidemia in the majority of patients who were considered normolipidemic, so 
the lipid screening is recommended in all patients at the secondary prevention of coronary 
heart disease. 

Acta Medica Medianae 2019;58(2):22-26. 
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Introduction 

 
Paragh G. and associates pointed out the im-

portance of lipid lowering therapy after myocardial 
infarction (MI), because it was shown that 83.3% of 

patients with previous IM, before the occurrence of 
the incident were hypercholesterolemia (1). In spite 
of statistical indicators, the level of lipid accumu-

lation in the arteries is not necessarily caused by an 
increase of LDL-C in plasma (2), and border level of 

total cholesterol (Hol), below which there is no risk 
for the development of coronary incident, does not 
exist (3). 

Many authors state that people with normal 
or moderately elevated levels of LDL and choles-
terol, also have useful effects of lowering them. Also, 
significant prognostic potential, especially in men, 

have lowered levels of HDL-C, especially in states 
with low levels of LDL-C (4). 

The interconnection of limit low levels of HDL-
C and limit high levels of LDL-C has a cumulative 
risk of subsequent coronary events in patients at se-
condary prevention of coronary artery disease (CAD). 
These disorders in clinical practice often remain uni-
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dentified and patients insufficiently acquainted with 

the importance of physical exercise, which is the first 

and often the only therapeutic step in treating these 
disorders (5). 

 
Goal of work 
 

The aim of our study was to determine the 
changes of lipid parameters and reduction of cardio-
vascular risk in normolipidemic respondents, with 
the preferred or limit values of total cholesterol and 
triglyceride in plasma, and with the coronary disease 
after organized and controlled six-month physical 
load. 

 
Materials and methods 
 

The study included 38 men with myocardial 
infarction, with the values of total cholesterol less 
than 5.2 mmol/l and triglycerides lower than 2.3 
mmol/l. The mean age was 58.01 ± 5.31 years. The 

research was made in the Cabinet for lipids at the 
Institute for prevention, treatment and rehabilitation 
of rheumatic and cardiovascular diseases, Niška Ba-
nja. The methodological approach was based on the 
comparison of results obtained by a prospective ana-
lysis of the patients΄ medical history, clinical exami-

nation findings and determining biochemical para-
meters. All patients were prescribed physical activity 
and diet according to the NCEP ATP III recommenda 
tions (6). 

Blood for the analysis of lipid parameters was 
taken after 12 hours of fasting, at the beginning and 

after (24 weeks) of the examination. Total choleste-

rol (Hol), triglycerides (TG) and HDL-cholesterol (HDL-
C) were determined by standard methodology, and 
LDL-cholesterol (LDL-C), VLDL-cholesterol (VLDL-C), 
non-HDL cholesterol (nonHDL-C) and lipoprotein re-
lations were determined by calculation. The preferr-
ed values for each of these parameters were given 
by recommendations of EAS and NCEP ATP III (3.6) 

and the level of physical activity was determined ac-
cording to the AHA recommendations (7). The rese-
arch results were analyzed by statistical methods of 

descriptive and quantitative analysis, with the use of 

appropriate tests, and the results are presented in 

tables and graphs. 
 
Results 
 
The frequency of nonlipid risk factors in the 

examined patients was very high. All patients had 
elevated blood pressure, positive family history of 
the existence of coronary disease had 93.38 % of 
patients, and 65.31 % of patients consumed tobac-
co. 

All patients had normal levels of lipids in 
plasma, 88.13 % of them had the concentration of 

HDL-C < 1 mmol/l, and 35.02 % the concentration 
of HDL-C less than 0.91 mmol/l.  

By analyzing the changes in lipid and lipo-

protein parameters, as well as atherogenic relations 
at the beginning and at end of the study, made un-
der the influence of the applied physical activity and 
diet regime, the non-significant reduction in trigly-

cerides and VLDL-C for 9.91 %, LDL-C for 21.6 % 
and Hol for 14.2 %, was recorded. Although the 
reduction in these lipid parameters was insignificant, 
their cumulative effect was significant and it led to a 
significant reduction in the amount of non-HDL-C of 
7.51 % (p < 0.004). A very important segment of 

physical activity, according to the AHA recommen 
dations, was manifested by an increase in the pro-
tective HDL-C, which increased by 17.28 % (p < 
0.003). 

The changes in the concentration of lipids 
were also examined by the changes of atherogenic 

indexes. Thus, the tested men were found a signi-

ficant reduction in relation LDL-C/HDL-C of 20.81 % 
(p < 0.003) and the reduction of relations Hol/HDL-
C of 17.27 % (p < 0.002) (Table 1). 

By the application of a diet and physical acti-
vity for a period of 6 months, favorable values of 
HDL-C and atherogenic indexes were achieved in all 
patients. The target values for triglycerides were 

achieved by 80 % and for LDL-C by 15 % of respon-
dents. 

 
 
 

Table 1. Change of lipid origin risk factors 
 

Lipid origin risk 
factors 

Total 

Total difference (%) P 
The beginning of 

testing 
The end of testing 

total holesterol (Hol) 4.92 ± 0.26 4.81 ± 0.23 -2.25 NS 

Triglycerides (TG) 1.91 ± 0.35 1.72 ± 0.32 -9.81 NS 

VLDL-C 0.86 ± 0.16 0.78 + 0.14 -9.91 NS 

LDL-C 3.02 ± 0.33 2.87 ± 0.33 -6.21 NS 

non-HDL-C 3.96 ± 0.35 3.65 + 0.30 -7.51 0.004 

HDL-C 0.97 ± 0.15 1,14 + 0.18 +17.28 0.003 

LDL-C/HDL-C 3.23 ± 0.77 2.55 ± 0.52 -20.81 0,003 

Hol/HDL-C 5.16 ± 1.00 4.271 + 0.67 -17.27 0.002 
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The absolute ten-year risk in subjects at the 

beginning of testing was very high in 11.75 %, high 

in 82.14 % and moderate in 5.88 % of the respon-
dents. After six months of the applied therapy, there 

was a change in the distribution of risk in terms of 

reducing the very high for 11.77 % and high risk for 

17.64 % (p < 0.05) on account of an increase in 
moderate risk (Graph 1). 

 
 
 

 

 
 

Graph 1. 

 
 
 

 
Discussion 

 
Numerous studies have shown the clinical and 

angiographic benefits of reducing moderately or hi-
ghly increased LDL-C in patients with the developed 
CAD. However, many patients with CAD have rela-
tively normal values of total cholesterol. There are 
controversies concerning the attitude about the use-
fulness of therapy which alters the level of lipids in 
patients with CAD and mostly normal values of li-
pids. These concerns stem from the still insufficient 
knowledge of many pleiotropic effects of statin the-
rapy as well as the insufficient motivation of the pa-
tients for continuous usage of these drugs. Bearing 
in mind that there are still no official recommenda-
tions for medicament therapeutic approach to pati-
ents, it remains to pay more attention to the strug-
gle for the reduction of the major risk factors for 
atherosclerosis, which are primarily the implemen 
tation of hygienic dietary regime and increase of 
physical activity, regulation of hypertension, hyper-
glycemia and state of glucose intolerance, as well as 
to the fight against smoking (8). 

LaRosa and colleagues report that people with 
normal or moderately elevated values of cholesterol 
(4.1 - 6.2 mmol/l) and LDL-C (2.6 - 4.1 mmol /l) 
have beneficial effects of lowering the same. The 
authors state that at low levels of LDL-C (< 2.84 
mmol/l), the level of HDL-C presents an important 
predictor of CHD, especially in males (9). 

By comparison of "normolipidemic" subgroup 
in FATS and HARP study, it was found that the low 
levels of HDL-C are the benchmark for the useful-
ness of therapy that alters lipids (8). 

Some authors point out the importance of de-
termining the HDL-C, and its subfractions for asse-
ssing the risk of recurrence of the CD events in nor-
molipidemic patients (10). In accordance with these 
findings are also the results that after 12 weeks of 
cardiac rehabilitation with physical training, the pa-
tients with reduced levels of HDL-C and normal tri-
glyceride levels had a significant increase of HDL-C 
and decrease of LDL-C/HDL-C relation (4). 

Changes in the distribution of the ten-year 
risk for CHD in normolipidemic patients were created 
under the influence of chronic physical training, they 
show a reduction of very high and high risk and the 
increase of the prevalence of lower risk categories. 
There is a significant difference in the structure of 
risk between men and women, with a significantly 
higher risk in men. These results justify the view 
that, despite the normal levels of total cholesterol 
and triglycerides, after an estimated lipid risk levels 
and the ten-year risk for new coronary incidents, 
even in these patients the diet should be advised, 
that is the proper way of eating, physical activity, 
education about risk factors should be provided, and 
the analyses of lipoprotein should be repeated after 
a year (11). The information of FATS studies shows 
that subjects with levels of LDL-C < 4.14 mmol/l, 
have the same beneficial effects of lipid lowering as 

low            mild         moderate      high       very high 

the beginning of the study 

the end of study 
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well as those with LDL-C > 4.14 mmol/l. The values 
of HDL-C and triglyceride in the patients involved in 
the FATS study were: HDL-C = 0.88 mmol/l, Tg = 
2.08 mmol/l (8). 

The low concentrations of HDL-C are accom-
panied with the increased risk for CHD even when 
levels of total cholesterol and triglycerides are not 
elevated (10). Large epidemiological studies suggest 
that any increase in HDL-C for 0.02 mmol/l, reduces 
the risk for the new coronary incident by 2-3 % (2). 

In our study in patients with myocardial in-
farction and normal values of total cholesterol and 
triglycerides, in the beginning, a high risk (> 20 %) 
was present in eighty-three percent of patients. Low 
isolated HDL-C (ILHDL-C) was defined as level HDL-
C < 0.91 mmol/l, LDL-C < 4.14 mmol/l and Tg < 
2.82 mmol/l (2). In our study, 35.29 % of the exa-
mined men suited these criteria. Lien and colleagues 
determined that patients with CHD have the preva-
lence of ILHDL-C, which ranges from 17-36 % (2), 
which corresponds to our results. 

The largest number of normolipidemic res-
pondents had the desired and limited values of 
cholesterol, LDL-C, and triglycerides, while the high-
risk HDL-C and abnormal HDL ratio had 87.20 % of 
the patients with coronary artery disease. More than 
two-thirds of normolipidemic patients with myocar-
dial infarction (75.11 %) had high-risk values of 
atherogenic relations Hol/HDL-C and 17.64 % high 
risk values of atherogenic relation LDL-C/HDL-C. This 
kind of distribution of lipid risk levels in normo-
lipidemic patients with IM, suits the fact that, despite 

relatively normal levels of total cholesterol and tri-
glycerides, other lipoprotein fractions, non-HDL-C, 
and atherogenic relations may indicate the presence 
of dyslipidemia in these patients, which requires cli-
nical evaluation and long-term monitoring in order 
to identify the subjects with an increased risk for 
new coronary events in the near or distant future. 

 
Conclusion 
 
1. Respondents with myocardial infarction and 

normal values of lipids, in a high percentage, belong 
to the group of patients with isolated low HDL cho-
lesterol. 

2. Normolipidemic patients with myocardial 
infarction and two non-lipid risk factors for coronary 
heart disease have a very high risk for new coronary 
events and require hypolipemic therapy. 

3. The change of the lipoprotein profile in pa-
tients with myocardial infarction and normolipidemic 
dyslipidemia leads to a reduction of absolute ten-
year risk for new coronary events, which is accom-
panied by a redistribution of risk profiles with a 
reduction of the very high and high risk on account 
of moderate. 

4. Physical activity and diet measures signifi 
cantly affect the reduction of risks for new coronary 
incidents, which is followed by the decrease of pa-
tients with very high and high risk on account of the 
group of patients with moderate risk. 
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Kod osoba sa normalnim ili umereno povišenim nivoima holesterola i triglicerida uoča-

vaju se povoljni efekti prilikom njihovih smanjenja, pa čak i pri niskim nivoima LDL-C, HDL-C 
nivoi predstavljaju važan prediktor koronarne bolesti srca. 

Cilj našeg istraživanja bio je da se pod uticajem fizičkog treninga procene promene 

parametara lipoproteina i smanjenje kardiovaskularnog rizika kod normolipidemijskih boles-
nika sa infarktom miokarda. 

Istraživanje je obuhvatilo 38 normolipidemijskih muškaraca sa koronarno-arterijskom 
bolešću. Prosečna starost bolesnika bila je 58,01 ± 5,31 godina. Svi ispitanici su imali povi-
šen krvni pritisak, 93,38 % imalo je pozitivnu porodičnu istoriju, a 65,31 % bili su pušači. 
Svim bolesnicima propisana je fizička aktivnost prema preporukama EAS-a i ACC/AHA, a 
dijeta po preporuci NCEP ATP III. 

Nakon šest meseci primene fizičke aktivnosti kod bolesnika sa normalnim vrednostima 
lipida i bolesnika sa moždanim udarom, zabeležena je značajna redukcija triglicerida od 9,81 
%, VLDL-C od 9,91 %, LDL-C od 6,21 % i ukupnog holesterola od 24,2 %. Ne-HDL-C zna-
čajno je smanjen za 7,56 % (p < 0,004). Došlo je do značajnog povećanja zaštitnog HDL-C 
za 17,27 % (pc < 0,003); smanjenja LDL-C/HDL-C odnosa od 20,81 % (pc < 0,003), sma-
njenja Hol/HDL-C za 17,34 % (p < 0,002) i značajanog pomaka od veoma visokog i visokog 
rizika za novi koronarni incident do umerenog rizika, korišćenjem koronarnih tablica rizika (p 
< 0,05). 

Fizička aktivnost dovodi do smanjenja vrednosti lipida i aterogenog indeksa kod 
muškaraca na sekundarnoj prevenciji koronarne bolesti srca. Početni skrining lipida ukazuje 
na prisustvo dislipidemije kod većine bolesnika koji su smatrani normolipidemičnim, tako da 
se skrining lipida preporučuje svima na sekundarnoj prevenciji koronarne bolesti srca. 
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CARDIOVASCULAR RISK REDUCTION AND CORRECTION OF 
HYPERLIPIDEMIA IN PATIENTS AT PRIMARY PREVENTION THROUGH 

PHYSICAL ACTIVITY 
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Coronary heart disease is responsible for a high degree of morbidity and mortality in 

industrialized countries. Many countries have therefore adopted preventive measures to reduce 
the prevalence of major risk factors for coronary artery disease (CD): high serum cholesterol, 
high blood pressure, diabetes, and smoking. 

The aim of this study was to determine the effects of physical training and diet on lipid 
and lipoprotein parameters in patients with hyperlipidemia without developed coronary heart 
disease. 

The study included 45 patients, average age 56.1 ± 12.7 years. All patients had total 
cholesterol greater than 5.2 mmol/1, elevated blood pressure, and 16.42 % of respondents had 
used tobacco. Risk factors for the CD were evaluated through clinical history, anthropometric 
and cardiovascular parameters with the use of biochemical analysis. Lipid parameters included 
the determination of total cholesterol, triglycerides and HDL, LDL and VLDL cholesterol as well 
as lipid relations. All tested parameters were determined at the beginning and after the six 
months of testing. All patients were on a program of physical activity as recommended by ACC 
/AHA and on a diet according to NCEP ATP III recommendations for primary prevention of 
coronary heart disease. 

After six months of testing, there was a change in the risk factors of lipid origin:  
triglycerides were reduced by 22.3 %, HDL-C was increased for 11.94 %, VLDL was reduced for 
21.9 % and nonHDL-C for 8.09 %. By applying physical activity the target value of HDL-C > 1 
mmol/1 was achieved in all patients. A high percentage of respondents achieved the target 
values for Tg < 2.3 mmol/1 (92.79 %) and for the atherogenic relation LDL-C/HDL-C < 5 
(84.59 %). BMI was reduced for 8.06 % (p < 0.05) a systolic blood pressure for 12.8 % (p < 
0.03). 

In patients with hyperlipidemia without coronary heart disease and other risk factors 
for coronary heart disease, the achieved changes of lipoprotein levels are an indicator for the 
further implementation of non-pharmacological measures with the goal to reduce the risk for 
coronary events. Determination of lipoprotein profiles and atherogenic markers is very sig-
nificant in the initial screening of dyslipidemia, monitoring the effects of physical activity and 
evaluating the risk for coronary heart disease. 
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Introduction 
 
Coronary heart disease is responsible for large 

morbidity and mortality in industrialized countries. 

Atherosclerotic process, the problem that has 
been studied even before 100 year, lies at the basis 
of this disease (1). In the last century the two very 
important hypotheses on the pathogenesis of this 

process have been made: thrombogenic and lipid. 
The first link between cholesterol and athero-

sclerosis was established in 1841 when Vogel de-
monstrated the presence of cholesterol in atheroscle 
rotic plaques. 

In 1884 Carl VonRokitanskif made the throm-
bogenic theory, and in 1856 Virchov made the the-

ory of response to endothelial damage. 
In 1913, Anitschkov and Chalatov showed 

that a diet rich in cholesterol induced atherosclerotic 
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changes, and Goldstein and Brown identified LDL pa-

rticles as main atherogenic lipoproteins. (2) 

Based on the results of the Framingham Stu-
dy, it became clear that lipid disorders, hypertension, 
diabetes, and obesity are major risk factors for CD. 

Many countries have adopted the preventive 
measures in order to reduce the prevalence of major 

risk factors for coronary heart disease: high values of 
serum cholesterol, high blood pressure, diabetes and 
enjoying of tobacco. The coronary heart disease 
mortality rate in our country is increasing, while in 
developed countries this mortality rate of cardiovas-
cular disease is significantly reduced below 50 % and 
in particular of myocardial infarction. (3) This was 

achieved by successful modification of risk factors for 
atherosclerosis (strict prohibition of smoking, aerobic 
physical activity, nutrition without cholesterol and sa-

turated fatty acids, reduction of body weight in obe-
se patients, treatment of hypertension and diabetes 
and lowering of elevated blood lipids by wide applica-
tion of hypolipemics ) (4). 

The fact that two-thirds of  the patients with 
coronary artery disease have a total cholesterol level 
in the serum of more than 5.17 mmol/1, LDL-C > 
3.35 mmol/1 and HDL-C < 0.91 mmol/1.2 confirms 
that hyperlipidemia is one of the most important risk 
factors for CHD. (5) 

Implementation of recommendations for cha-
nges in lifestyle, diet, and the increase of physical 
activity in patients with dyslipidemia is an initial mea-
sure in the treatment of patients with hyperlipide-
mia, which to a significant extent, reduces both non-
lipid and lipid risk factors for CHD. This justifies the 

long-term use of non-pharmacological measures at 

primary and secondary prevention of coronary heart 
disease. If these measures do not show the desired 
results, antilipemic medications should be added to 
therapy. (6) 

 
The aim of the research 
 

To determine the effects of the use of physical 
training and diet on lipid parameters in patients with 
hyperlipidemia without a developed coronary heart 
disease. 

 
Material and methods 

 
In total, 45 persons of both sexes and aver-

age age 56.1 ± 7.12 years were examined. All the 
patients had total cholesterol greater than 5.2 mmol 
/1, elevated blood pressure, and 16.42 % of the res-
pondents enjoyed the tobacco. The initial clinical ex-
amination of subjects included the registration of 

history data, based on questionnaires of the Cabinet 
for the disorder of fat metabolism at the Institute for 
prevention, treatment, and rehabilitation of rheuma-
tic and cardiovascular diseases "Niška Banja", anth-
ropometric measurements for calculating body mass 
index and registration of blood pressure. 

Determination of total cholesterol, triglycerid-

es, and HDL cholesterol, as well as non-lipid bioche-

mical parameters (fibrinogen, uric acid, glucose), 
was performed by using standard methodology after 
twelve hours of fasting, and levels of LDL cholesterol, 
VLDL cholesterol, and lipid relations were determined 
by calculation. All of the examined parameters were 

determined at the beginning and after six months of 
testing. Based on the results of clinical examination 
and biochemical analysis, the lipid profile and risk 
factors of non-lipid origin for coronary heart disease 
were determined. 

All patients were included in the outpatient 
program physical training program, which included 

physical activity for 45 minutes, five days a week, as 
recommended by the AHA for primary prevention 
(7). 

In addition to physical training, the diet of the 
first degree was prescribed to the patients, (total fat 
intake < 30 %, energy intake < 10 %, saturated fatty 
acids, and cholesterol < 300 mg/a day) according to 

the recommendations of the NCEP ATP III (8). The 
research results were processed by using appropri-
ate methods of descriptive statistics and were analy-
zed by using appropriate tests. The results are pre-
sented in tables and graphs. 

 

Results 
 
After a six-month physical training and diet, 

altered levels of lipid and non-lipid parameters were 
registered. 

BMI was reduced for 8.06 % (p < 0.005), sy-

stolic blood pressure was reduced for 21.8 % (p < 

0.05), diastolic blood pressure for 22.6 %. 
Fibrinogen was lowered for 7.81 %, and uric 

acid for 9.71 %. There was a lowering of the gly-
cemia for 9.89 %, by which the threshold of stati-
stical significance was not reached (Table 1). 

By implementation of physical activity and 
diet in patients with hyperlipidemia without coronary 

heart disease, the increase of HDL-C for 11.72 % (p 
< 0.01) was noted, the reduction of total cholesterol 
for 5.2 % was not significant, LDL-C was reduced for 
31.4 % which also was not significant, triglycerides 
were reduced for 22.0 % (p < 0.01), VLDL was also 
reduced for 22.0 % (p < 0.01), while the nonHDL-C 

was reduced for 17.8 % (p < 0.05). 
The regime of continuous physical activity and 

diet led to a significant reduction in atherogenic rela-
tion Hol/HDL-C (22.15 %, p < 0.005), the increase 
of HDL-ratio (21.45 %, p < 0.005) and reduction of 
atherogenic relation LDL-C/HDL-C (16.79 %, p < 
0.01) (Table 2) 

By applying the hygienic dietary therapy and 
physical activity in the duration of 6 months, all the 
participants have achieved the target values of HDL-
C > 1 mmol/1. A very high percentage of respon-
dents scored the target values for Tg < 2.3 mmol/1 
(92.31 %) and for the atherogenic relation LDL-C/ 
HDL-C < 5 (84.62 %) (Graph 1). 
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Table 1. Changes of non-lipid origin risk factors during testing 

 

Risk factors 

The subjects with hyperlipidemia without coronary artery disease 

Total Difference 

P 
The beginning 

The end of 

testing 
% 

BMI (kg/m2) 29.54 ± 2.23 27.12 ± 1.53 -8.06 0.005 

systolic blood pressure 

(mmHg) 
147,6+ 15.36 135.28 + 12.16 -8.21 0.05 

diastolic blood pressure 

(mmHg) 
92.2 + 9.04 86.44 ± 6.88 -6.22 NS 

fibrinogen (g/L) 3.73 + 0.72 3.42 ± 0.62 -7.81 NS 

acidumuricum (umol /1) 265.4 ± 79.9 239.79 + 90.45 -9.71 NS 

glycemia (mmol/1) 5.4 +1.1 4.8 + 0.5 -9,89 NS 

 

 

 
Table 2. The change of lipid parameters values during testing 

 

Lipid parametric 

relations 

Subjects with hyperlipidemia without coronary artery disease 

Total Difference 
P 

The beginning The end of testing % 

total cholesterol (Hol) 6.95 ± 0.45 6.58 ± 0.54 -5.2 NS 

Triglycerides (TG) 2.23 ± 0.55 1.73 ± 0.29 -22.0 0.01 

VLDL-C 1.01 ± 0.25 0.78 ± 0.13 -22.0 0.01 

LDL-C 4.94 ± 0.57 4.67 ± 0.54 -4.31 NS 

non-HDL-C 5.95 ± 0.49 5.47 ± 0.53 - -8.17 0.05 

HDL-C 1.00 +0.14 1.11 +0.07 ±11.72 0.01 

LDL-C/HDL-C 5.04 ± 1.01 4.18 ± 0.54 -16.79 0.01 

Hol/HDL-C 7.08 ± 1 5.53± 1.51 -22.15 0.005 

HDLratio * 0.16 ± 0.03 0.20 ± 0.02 +21.45 0.005 

 

 

 

 
 

Graph1. Percentage of patients with achieved success 
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Discussion 

 
Comparing the data of epidemiological studies 

of randomized clinical testings, it is revealed that it is 
highly possible to prevent coronary heart disease. 
Despite this fact, there is an alarming trend of pre-
valence and regulation of risk factors in women. The 
prevalence of obesity is increasing, and about 25 % 
of women do not practice regular physical activity. 
The rate of tobacco use is slightly increasing in wo-
men compared to men. Approximately 52 % of wo-
men > 45 years old have elevated blood pressure, 
and approximately 40 % of women > 55 years of 
age have elevated serum cholesterol levels (7). 

Diabetes is a powerful risk factor in women, 
which leads to an increased risk for the occurrence of 
CHD 3 to 7 times as long as the increase in men 2 to 
3 times. This difference between the sexes is present 
due to the extremely harmful effects of diabetes on 
lipids and blood pressure in women. Women tend to 
have higher levels of HDL-C compared to men, and 
triglyceride level may be a significant risk factor, 
especially in older women (9). 

Physical activity in earlier sedentary respon-
dents showed a small but significant drop in levels of 
cholesterol, LDL-C, and triglycerides which was ac-
companied by an increase in HDL-C level. 

Long distance runners and other athletes, ge-
nerally have high levels of HDL-C, especially HDL 
fractions. Sedentary men moderately increase the 
levels of HDL-C after 8-11 months of physical train-
ing. There is also evidence that physical training is 
associated with changes in the composition of LDL 
particles, transforming small dense atherogenic LDL 
particles to larger and lighter particles (10). 

Physical training shows beneficial effects in 
those who adhere to the diet of first or second de-
gree with the recommendations of the NCEP's. 

Meta-analysis shows that physical exercise 
causes a greater reduction of total cholesterol, LDL-C 
and Tg, and the increase of HDL-C if it is accom-
panied by a low-fat diet. Stefanick and colleagues 
demonstrated that the subjects, with low HDL-C and 
high LDL-C, who were on a diet of the second de-
gree, do not show a significant reduction in LDL-C 
without the use of physical training (10). 

Bass and authors in the large study that 
evolved the role of HDL-C as a risk factor for cardio-
vascular disease in women, found that women with 
HDL-C < 50 mg/dl have nearly three times greater 
degree of mortality from cardiovascular disease. The 
negative correlation between the percentage of body 
fat or body mass and HDL-C was confirmed in pre-
menopausal and postmenopausal women as well as 
in men. (11). 

Physical training which is recommended for 
people at high risk for CHD, both at primary and 
secondary prevention, involves anaerobic, dynamic 
work with the aim to moderately increase the heart 
volume, ventilation, and consumption of oxygen. 

Physical activity is a quick walk of 30-60 mi-
nutes, at least 3-4 times a week. It is a minimal level 

of physical activity in the prevention of CHD. Physical 
activity of high intensity and diet help to reduce cho-
lesterol for 5-7 %, LDL-C for 7-12 % (12). 

Physical activity, alone, leads to a reduction of 
triglyceride and LDL-C levels, and to a significant in-
crease of HDL-C. The increase in HDL-C ranges from 
5-16 % and is directly related to the levels of trigly-
cerides, body mass, alcohol consumption, and smok-
ing. 

Intensive physical training leads to an incre-
ase in HDL-C among young people for 14 % and in 
the elderly, over 65years for 15 %, together with the 
reduction of other risk factors (13). 

In ATP III recommendations, weight gain and 
obesity have been identified as major risk factors for 
CHD and are identified as direct targets that need to 
be regulated. Reduction of body weight affects the 
reduction of LDL-C and reduces all the risk factors in 
metabolic syndrome. Regular physical activity reduc-
es the levels of VLDL, increases HDL-C, and in some 
patients reduces the levels of LDL-C. It can also re-
duce blood pressure, reduce insulin resistance and 
affect cardiovascular function. ATP III recommends 
physical activity as a routine component in the regu-
lation of the high level of cholesterol in serum (8). 

In our study of patients with hyperlipidaemia 
without CHD, there have been significant changes in 
the risk factors of lipid origin: triglycerides were re-
duced for 22.0 %, the increase of HDL-C for 11.72 
% was recorded, VLDL was reduced for 22.0 % non-
HDL-C 8.17 % . From risk factors of lipid origin, BMI 
pressure was significantly reduced for 8.17 %, and 
systolic blood pressure for 8.21 %. 

The study on 3331 adults with physical acti-
vity at least 30 minutes, 3 times a week, showed 
that this group had significantly increased levels of 
HDL-C, lower triglyceride levels, significantly lower 
rates of smoking and lower BMI, compared to the 
group who led sedentary way of life, where the score 
of risk factors was significantly higher. 

The group which practiced physical activity 
only once a week had a lower score for CHD risk 
factors, as compared to sedentary people. 

 
Conclusion 
 
1. Increased physical activity and dietary 

measures in patients with hyperlipidemia without co-
ronary heart disease, lead to a reduction of lipid risk 

levels. 

2. In patients with hyperlipidemia without co-
ronary heart disease and other risk factors for co-
ronary heart disease, the achieved changes of lipo-
protein profiles are an indicator for the further imple-
mentation of non-pharmacological measures with the 
aim to reduce the risk for coronary events. 

3. Determination of lipoprotein profiles and 
atherogenicmarkersis significant at the initial screen-
ing of dyslipidemia, monitoring of the effects of phy-
sical activity and estimation of the risk for coronary 
heart disease. 
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Koronarna bolest srca odgovorna je za visok stepen morbiditeta i mortaliteta u indu-

strijalizovanim zemljama. Zbog toga su mnoge zemlje usvojile preventivne mere za sma-
njenje prevalencije glavnih faktora rizika za bolesti koronarne arterije (CD): visok nivo serum-
skog holesterola, visok krvni pritisak, dijabetes i pušenje. 

Cilj ove studije je utvrditi efekte fizičkog vežbanja i ishrane na parametre lipida i lipo-
proteina kod pacijenata sa hiperlipidemijom bez razvijene koronarne bolesti srca. 

Studija je obuhvatila 45 pacijenata prosečne starosti: 56,1 ± 12,7 godina. Svi pacijenti su 
imali ukupan holesterol veći od 5,2 mmol/l, povišen krvni pritisak, a 16,42 % ispitanika je ko-
ristilo duvan. Faktori rizika za CD procenjeni su kroz kliničku istoriju, antropometrijske i kar-
diovaskularne parametre uz korišćenje biohemijske analize. Parametri lipida uključuju odre-
đivanje ukupnog holesterola, triglicerida i HDL, LDL i VLDL holesterola, kao i odnosa lipida. Svi 
testirani parametri određeni su na početku i nakon šest meseci testiranja. Svi pacijenti bili su 
na programu fizičke aktivnosti prema preporuci ACC/AHA i na ishrani prema preporukama 
NCEP ATP III za primarnu prevenciju koronarne bolesti srca. 

Posle šest meseci testiranja došlo je do promene faktora rizika lipidnog porekla: trigli-
ceridi su smanjeni za 22,3 %, HDL-C je povećan za 11,94 %, VLDL je smanjen za 21,9 %, a 
nonHDL-C za 8,09 %. Primenom fizičke aktivnosti ciljna vrednost HDL-C > 1 mmol/1 posti-
gnuta je kod svih pacijenata. Visok procenat ispitanika postigao je ciljane vrednosti za Tg < 
2,3 mmol/l (92,79 %) i za aterogeni odnos LDL-C/HDL-C < 5 (84,59 %). BMI je smanjen za 
8,06 % (p < 0,05) sistolni krvni pritisak za 12,8 % (p < 0,03). 

Kod pacijenata sa hiperlipidemijom bez koronarne bolesti srca i drugih faktora rizika za 
koronarnu bolest srca, postignute promene nivoa lipoproteina indikator su za dalju primenu 
nefarmakoloških mera sa ciljem smanjenja rizika za koronarne probleme. Određivanje profila 
lipoproteina i aterogenih markera veoma je značajno u inicijalnom pregledu dislipidemije, pra-
ćenju efekata fizičke aktivnosti i proceni rizika za koronarnu bolest srca. 
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Central corneal thickness (CCT) is an important parameter in selecting patients before 

any corneal refractive procedures and in postoperative follow-up, in monitoring the patients 
with corneal disorders such as keratoconus and Fuchs’ dystrophy, as well as in adjusting the 
intraocular pressure according to central corneal thickness.  

The aim of the paper was to compare the results of CCT measurements obtained by 
different measurement instruments: Oculyzer, BioGraph and ultrasound pachymetry.  

CCT was measured in 64 eyes of 32 patients. The measurements were performed in a 
specialized Eye Hospital "Maja Clinic" in Niš, using the following instruments: WaveLight Allegro 

Oculyzer, WaveLight Allergo Biograph, ultrasound pachymeter DGH Pachette 3. The mean 
values of central corneal thickness obtained from different devices were compared.  

The mean values of CCT (± standard deviation) obtained with Oculyzer were 552.94 
µm ± 22.88 µm, 556.56 ± 25.32 µm obtained with BioGraph, and 559.46 ± 26.0 µm measu-
red by ultrasound pachymeter. There were no statistically significant differences among differ-
ent measurement devices.  

The CCT measurements with the Oculyzer, BioGraph, and ultrasound pachymetry do 
not show statistically significant differences, so the results of CCT measurements obtained by 
using any of these devices may be considered valid. 
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Introduction 
 
Central corneal thickness (CCT) is an impor-

tant parameter in general ophthalmology. Average 
central corneal thickness is about 540 microns. The 
cornea varies in thickness, it is the thickest at the 
limbus and thinnest in the central part.  

In refractive surgery CCT is the most impor-
tant factor in preoperative selection of patients in 
addition to corneal topography, Preoperative corneal 
thickness is a factor that guides a surgeon in making 
decision on performing the intervention, on diopter 
value to be safely corrected, as well as on the choice 
of surgical method (1, 2). 

Keratoconus is a progressive disorder graded 
from stage 1 to 4, resulting in the thinning of the 
cornea and its changing to irregularly shaped conus. 
CCT is the most important parameter in grading this 
disease, as well as in making decision on therapeutic 

options. One of the revolutionary discoveries in oph-
thalmology is corneal crosslinking method that might 
stabilize the disease, prevent the disease progres-
sion, and avoid the need for corneal transplantation, 
but unfortunately it is suitable only in patients with 
CCT of more than 450 microns (3, 4). 

Corneal thickness indirectly reflects corneal 

endothelial integrity. An increase in central corneal 
thickness can be seen in Fuchs’ dystrophy because 
of corneal edema caused by endothelial decompen-
sation. 

Glaucoma is one of the leading causes of 
blindness nowadays. Central corneal thickness mea-

surement is an important part of ophthalmic exa-
minations in patients with glaucoma, with higher 
correction factor being associated with thinner cor-
nea. Protocol deviations and not incorporating pa-
chymetry in ophthalmic examination may result in 
unnecessary antiglaucomatous treatment in patients 
with CCT values above the average. Also, potential 

glaucomatous values may be underestimated in pati-
ents with thinner cornea (2, 5). 



Central corneal thickness measured by the oculyzer, biograph, and...                                                          Marko Zlatanović et al. 

34 

A correlation with refractive surgery can also 

be made, in fact with intraocular pressure values in 

patients after refractive surgery. After correction in 
moderate to high myopia where significant central 
thinning occurs, the values of intraocular pressure 
may be interpreted as hypotonic if correction factor 
is not used, or thinner cornea may underestimate 

the true IOP value regarding potential glaucomatous 
damage, which is far more dangerous.  

Central corneal thickness can be measured 
with various instruments available, such as: Oculy-
zer, BioGraph, ultrasound pachymeter, or OCT. Each 
of these types of measurements is supposed to be 
accurate, safe, with high repeatability of results, rep-

roducible, easy and quick to perform. 
Ultrasound pachymeter measures central cor-

neal thickness by using ultrasound waves and a 

probe. This method offers the advantages of being 
economical and easy to perform, but since it is a 
contact method its main limitations include tissue 
indentation, placement of the probe on the center of 

the cornea, and its requirements for topical anes-
thesia 

The BioGraph uses the optical low coherence 
reflectometry (OLCR) and thanks to highly sophisti-
cated software it obtains data on anterior segment, 
including the CCT. 

The Oculyzer is the most advanced and highly 
accurate device that allows a variety of diagnostic 
measures and enables obtaining a great deal of data 
on anterior chamber that are useful in making a final 
decision for a phakic intraocular lens implantation or 
refractive vision correction laser surgery. Its mecha-

nism of action is based on improved Pentacam HR 

technology, non-contact measurement, and full ana-
lysis of the complete anterior eye segment (6). 

 
Aim of the paper 
 
The aim of the paper was to compare the re-

sults of central corneal thickness measurements ob-

tained by various devices (Oculyzer, Biograph, and 
Ultrasound pachymeter) and draw conclusion on 
their statistical significance. 

 
Material and methods 
 

In this study, central corneal thickness (CCT) 

was measured in 64 eyes of 32 patients. Random 

selection resulted in a sample of 15 male and 17 

female patients of average age being 33 ± 4.03 

years. Patients with pathological changes that could 

affect corneal thickness and structure were excluded 

from the study. The voluntary, written informed con-

sent for use of patients’ data for medical and sci-

entific purposes was obtained from each participant 

in the study. 

The measurements were performed at the 

"Maja Clinic", a specialized hospital for eye diseases 

in Niš. The same patients underwent consecutive 

measurements on 3 different devices:  

WaveLight Allergo Oculyzer, WaveLight Allergo 

Biograph and Ul-trasound Pachymeter DGH Pachette 

3.  

All measurements were taken on the same 

day. First, the measurements were performed using 

non-contact methods (Oculyzer and Biograph), fol-

lowed by a contact method – ultrasound pachyme-

try. Before each ultrasound pachymetry measure-

ment, topical anaesthetic eye drop of 0.5 % tetra-

caine-hydrochloride was applied. To avoid subjective 

biased evaluation in ultrasound pachymetry measu-

rement, five consecutive CCT measurements were 

performed in all 64 eyes by two examiners. 

Upon the completion of measurements all the 

data were statistically grouped and analyzed (SPSS 

version 20, Student’s t test), then mean values of 

central corneal thickness obtained from different de-

vices were compared. 

 

Results 

 

The obtained mean values of CCT (± standard devi-
ation) were 552.4 ± 22.88 µm measured with Ocu-
lyzer, 556.56 ± 25.32 µm measured with Biograph, 

and 559.46 ± 26.0 µm measured with ultrasound 
pachymeter (Table 1). The measurement differen-
ces among the devices were not statistically signi-
ficant (p > 0.001). The greatest difference was regi-
stered between central corneal thickness measured 
with Oculyzer and ultrasound pachymetry, but still 
not statistically significant. The highest value mea-

sured with Oculyzer was 576 µm, with Biograph it 
was 582 µm, while the highest value measured with 
ultrasound pachymetry was 584 µm. 

 

 
 
 
 

Table 1. Mean values of CCT measured with three different instruments (Oculyzer, Biograph, ultrasound pachymetry) 

 

Measurement device CCT ± standard deviation (µm) 

Oculyzer 552.94 ± 22.88 

Biograph 556.56 ± 25.32 

Ultrasound pachymeter 559.46 ± 26.00 
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Discussion 

 
According to technical differences between 

aforementioned devices, the values of CCT were 
believed to be significantly different. Still, the results 
were surprisingly similar. Mean CCT values (± stan-
dard deviation) were 552.94 ± 22.88 µm as mea-
sured with Oculyzer, 556.56 ± 25.32 µm measured 
with Biograph, and 559.26 ± 26.00 µm measured 
with ultrasound pachymeter.   

Comparison between central corneal thickness 
measurements obtained by different devices has be-
en the subject of many studies. Those worth menti-
oning include CCT measurement with the Pentacam, 
OCT device, and ultrasound probe by J. Barkana et 
al. (7), then a study on comparison between central 
corneal thickness measurements by pentacam and 
ultrasound pachymetry by H.S.Al-Mezaine et al. (8), 
and a study on measuring central corneal thickness 
with pentacam, OCT device, and ultrasound pachy-
metry by I. Piotrowiak (6). The results of our study 
show the extent of correlation with the results ob-
tained in previously mentioned studies and how re-
levant each measurement obtained by different de-
vices is in making decisions on further therapeutic 
procedures. 

It is well-known that refractive surgery is a 
procedure that requires laser removal of about 15 
µm of corneal tissue per 1 diopter of vision correct-
ed. The difference of 15 µm or more at measure-
ment may be crucial in making decision on perfor-
ming the intervention. A lot of papers on this subject 
may be found in available literature data. A great 
number of studies compared CCT results measured 
with different devices. Our results and conclusions 
are consistent with the majority of them. A study 
entitled "Comparison between central corneal thick-
ness measurements by oculus pentacam and ultra-
sonic pachymetry" by H.S.Al-Mezaine et al. (8) sug-
gested that differences in CCT measurements were 
not statistically significant. On the contrary, both the 
Oculyzer and Ultrasonic pachymetry measurements 
showed high correlation. Y. Barkana et al. (7) pub-
lished a paper on central corneal thickness measured 
with Pentacam, Ultrasound pachymetry and Bio-
Graph and concluded that the values obtained with 
these devices are highly correlated. Still, there are 
studies that observed statistically significant diffe-

rences between the results of CCT measurements 
obtained using the Pentacam, Ultrasound pachyme-
try, or OCT. Thus, it is recommended that different 
devices cannot be used interchangeably without us-
ing correcting coefficient, as I. Piotrowiak et al. (6) 
observed in their study. A thorough analysis of the 
first two studies revealed that there was no sta-
tistical significance in CCT measurements with diffe-
rent devices, but the Pentacam slightly overestima-
ted the CCT in comparison to ultrasound pachy-
metry. In the third study that registered statistically 
significant difference, that relationship is reversal. 
The authors of the first two studies explain it by tis-
sue indentation since the probe requires corneal 
contact, while the authors of the third study explain 
higher values measured with ultrasound probe by 
corneal edema after topical anaesthetic had been 
applied, as well as by placement of the probe on the 
corneal center that is operator-dependent.   

Feizi et al. evaluated CCT measurements by 
ultrasound pachymetry, Scheimpflug analyzer, and 
Orbscan in normal and keratoconic eyes. They found 
no statistically significant difference in the values of 
normal eyes, unlike keratoconic eyes (9). The dis-
crepancy between CCT measurements in the kerato-
conus was observed in other studies as well (10, 
11). 

Since normal physiological corneal thickness is 
about 540 µm, the difference in the mean measu-
rement values between the Oculyzer, BioGraph, and 
Ultrasound Pachymentry of only 6.32 µm from the 
lowest to highest value obtained in our study had no 
statistical significance in making decisions on further 
diagnostic or therapeutic procedures. 

 
Conclusion 
 

Based on the results of this study, it may be 
concluded that in healthy eyes there is no statisti-
cally significant difference in measurements obtained 
with WaveLight Allergo Oculyzer, WaveLight Allergo 
Biograph, and ultrasound pachymeter DGH Pachette 
3. Each of these results may independently be consi-

dered valid and adequate in guiding therapeutic de-
cisions. After all, each of these instruments has its 
place in ophthalmology, depending on the health 
status of the eye and further required procedures.   
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Centralna debljina rožnjače (CCT) je parametar bitan u selekciji bolesnika kod svih 

kornealnih refraktivnih procedura i u postoperativnom praćenju, u praćenju pacijanata sa 
bolestima rožnjače kao što su keratokonus i Fuksova distrofija, kao i u korekciji izmerenog 
intraokularnog pritiska.  

Cilj rada bio je uporediti rezultate merenja CCT dobijene različitim instrumentima me-
renja: oculyzerom, biografom i ultrazvučnim pahimetrom.  

Merena je CCT kod 32 bolesnika kod 64 očiju. Merenje je vršeno u specijalnoj očnoj 
bolnici "Klinika Maja" u Nišu na instrumentima: WaveLight Allegro Oculyzer, WaveLight Aller-
go Biograph, ultrazvučni pahimetar DGH Pachette 3. Upoređivane su srednje vrednosti CCT 
merene različitim instrumentima. 

Dobijene srednje vrednosti CCT (± standardna devijacija) iznosile su 552,94 µm ± 
22,88 µm mereno Oculyzerom, 556,56 ± 25,32 µm mereno Biografom i 559,46 ± 26,0 µm 
mereno ultrazvučnim pahimetrom, pri čemu dobijene razlike među različitim aparatima nisu 
statistički značajne. 

Rezultati merenja CCT oculyzerom, biografom i ultrazvučnim pahimetrom ne pokazuju 
statistički značajne razlike, te se rezultati CCT dobijeni na bilo kom od ovih instrumenata mo-
gu smatrati validnim. 
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THREE MONTH FOLLOW UP OF THE EFFECTS OF CONTINUOUS 
POSITIVE PRESSURE DURING SLEEP (CPAP) ON THE VALUE OF 

GLYCATED HEMOGLOBIN HBA1C AND GLYCOREGULATION IN OBESE 
DIABETIC PATIENTS WITH CONFIRMED SEVERE OPSTRUCTIVE SLEEP 

APNEA 
 

Nikola Mladenović1, Zoran Stamenković2, Lidija Ristić2,3, Dane Krtinić4,5, Nemanja Petrović1, 

Andrej Preveden1, Bogdan Okiljević1,6, Iva Binić7, Miodrag Djordjević7,8 

 

 
Obstructive sleep apnea (OSA) is a serious disorder of breathing during sleep charac-

terized by complete or partial interruption of breathing during sleep for 10 seconds and longer. 
In this prospective longitudinal clinical study in obese patients with diabetes mellitus 

type II which is determined by polysomnography heavy degree of OSA is accompanied by the 
application of positive pressure during sleep in the course of three months and evaluated its 
impact on the value of glycated hemoglobin HbA1c as an indicator of long-term glycoregulation. 
A prospective clinical study in the quarterly monitoring included 98 patients (64 men and 34 
women), who, after clinical, laboratory, spirometry and diffusion examination of lung function, 
made of respiratory gas analysis of arterial blood gases in rest, tests Epworth sleepiness scale, 
underwent polysomnography testing on Philips Respironics Alice PDX device. 

Out of 98 obese patients suffering from diabetes mellitus type II and heavy degree 
OSA, average age 50.1, 23 of them were randomized in two groups: experimental - 11 patients 
with an average HbA1c of 9.9 %, the average BMI 37.1 and average AHI index of 36.7 (31 to 
59) who used CPAP during sleep, and control group of 12 patients, with an average HbA1c was 
9.1 %, average BMI 39.3 and AHI index was 39.7 (31 to 62). After three-month of using CPAP, 
the control of HbA1c in both groups was performed.  Average HbA1c in the experimental group 
decreased with statistical significances (p < 0.01) from 9.9 % to 6.7 %, compared to the con-
trol group patients with no significant changes. 

The results of this study indicated that in obese patients with diabetes mellitus II and 
severe OSA, long- term glycoregulation can be significantly improved using the CPAP during 
sleep. 
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Introduction 
 
Obstructive sleep apnea (OSA) represents a 

disease of the heterogenic group of breathing dis-

orders during sleep characterised by recurring episo-
des of breathing cessations or episodes (apnea) of 
shallow breathing (hypopnea), and it is increasingly 

being recognized as an important health issue in the 
last two to three decades (1). OSA is a prevalent 
condition in close association with obesity epidemic 
globally, and it is characterized by the repetitive, 
partial or complete collapse of the upper airway du-
ring sleep, causing impaired gaseous exchange and 
sleep disturbance (2, 3).  

It is the most common form of sleep-disorder-
ed breathing (SDB) worldwide as shown in different 
epidemiological studies. It is characterised by frequ-
ent episodes of upper airway collapse during sleep, 
causing recurrent arousals, intermittent hypoxemia, 
sleep fragmentation, and poor sleep quality.  
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There is accumulating evidence that OSA is 

being considered as an independent risk factor for 

hypertension, glucose intolerance / diabetes mellitus, 
cardiovascular diseases and stroke, leading to incre-
ased cardiometabolic morbidity, and mortality (4, 5).  

The prevalence rates of OSA have been esti-
mated in the range of 2 to 10 per cent worldwide, 

and the risk factors for obstructive sleep apnea inclu-
de advanced age, male sex, obesity, family history, 
craniofacial abnormalities, smoking and alcohol con-
sumption. The common clinical presenting symp-
toms are heavy snoring, witnessed apneas and day-
time hypersomnolence, which would help to identify 
the affected individuals (6).  

With increasing awareness of this disease en-

tity and associated complications in our society, there 

have been increased referrals to sleep physicians or 
expertise for further investigations and diagnostic 
evaluation.  

Early recognition and treatment of obstructive 
sleep apnea may prevent from adverse health con-

sequences. It has been associated with increased 
cardiovascular and cerebrovascular morbidity and 
mortality, although much of the causal role and 
mechanisms are still poorly understood. (6, 7, 8). 

The interaction of obesity and sleep disorders, 
OSA typ, is presented in Figure 1. 

 

 
 
 

 
 

 
 

Figure 1. The interaction of obesity and sleep disorders 

 

 
 
 

Aims 
 
In this prospective, clinical, longitudinal study 

with three months of follow up, on consecutive obese 
patients with diabetes mellitus II in whom high 
degree of OSA by polysomography was confirmed, 

the authors examined the effects of using of con-
tinuous positive pressure CPAP during sleep on the 
value of glycated hemoglobin HbA1c as long–term 
indicator of glycoregulation. 

 
 

Material and methods 
 

The examinations were conducted at the Clinic 

for lung diseases Clinical Center Niš from October 

2016. to December 2017. 

In all patients at rest spirometry, clinical, labo-

ratory, and gas analyses of arterial blood were con-

ducted, Epworth scale of sleepiness, Berlin and STOP 

BANQ questionnaire were used, and polysomnogra-

phic examination performed using the Philips respi-

ronics Alice PDx device.  
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The gold standard diagnostic test for OSA is 

the overnight in-laboratory polysomnography. It in-

volves multi-channel continuous polygraphic record-

ing from surface leads for electroencephalography, 

electrooculography, electromyography, electrocardio-

diography, nasal pressure transducer (supplemented 

by thermistor) for nasal airflow, thoracic and abdo-

minal impedance belts for respiratory effort, pulse 

oximetry, tracheal microphone for snoring, and sen-

sors for leg and sleep position. These recordings will 

identify different types of apnoeas and hyponoeas 

during sleep. An apnoea is defined as the complete 

cessation of airflow for at least 10 sec. There are 

three types of apnoeas: obstructive, central and 

mixed. In obstructive sleep apnoea, respiratory effort 

is maintained but ventilation decreases or disappears 

because of partial or total occlusion in the upper air-

way. Central sleep apnoea is defined as reduced res-

piratory effort resulting in reduced or absent ventila-

tion. Mixed apnoea is often characterized by starting 

with central apnoeas and ending with obstructive ev-

ents. A hypopnoea is defined as a reduction in air-

flow (30-50 %) that is followed by an arousal from 

sleep or a decrease in oxyhaemoglobin saturation 

(3-4 %) (5, 6). Sleep apnoea severity is assessed 

with apnoea-hypopnoea index (AHI), which is the 

number of apnoeas and hypopnoeas per hour of 

sleep. According to the American Academy of Sleep 

Medicine recommendations, OSA is defined with AHI 

> 5, and it is classified as mild OSA with AHI of 5 to 

15; moderate OSA with AHI of 16 to 30; and severe 

OSA with AHI > 30 . 

The study included 98 obese patients with 

OSA. Out of that number, 23 obese diabetic patients 

with severe OSA were randomized and divided into 

two groups: an experimental group of 11 patients 

who used three months continuous positive pressure 

during sleep (CPAP) and control group of 12 patients 

who did not use CPAP because of various reasons. 

 

 

 

Results 

 

Polysomnographic examination was done to 
98 consecutive obese patients, and 58 (60,2 %) of 
them had severe OSA with AHI index > 30.  

Out of 98 examined patients, 42 (42,85 %) 
had diabetes mellitus type II. 

Out of 58 patients with high degree of OSA, 
diabetes mellitus type II had 37 patients (63,79 %), 

with average value of HbA1c of 11,7 %, indicating 
poor long-term glycoregulation in obese diabetic pa-
tients with severe OSA. 

Out of 42 examined obese patients with dia-
betes mellitus type II, 37 of them had severe OSA 
(88 %). 

In the experimental group of 11 obese dia-
betic patients with high degree OSA, we found an 

average HbA1c value of 8.9 %, average BMI value of 
37.1 and an average AHI index of 36.7 (31 to 59) at 
the beginning of follow up period.  

All of them 11 obtained devices for CPAP du-
ring sleep and its application began during sleep. 

After three months the results were summoned to 
control HbA1c values, just as for all patients from the 
control group. 

In the control group consisting of 12 obese 
diabetic patients and high degree OSA in whom it 
was not possible to apply CPAP device during sleep, 
we found an average HbA1c value of 9.1 %, BMI of 

39.3 and an AHI index of 39.7 (31 to 62).  
There was no statistical difference between 

the examined groups in the value of glycated hemo-
globin A1c as indicator of long term glucoregulation.  

After three months of using CPAP devices 
during sleep statistically significant improvement in 

average values of HbA1c from 9.9 % to 6,7 % was 
found in the experimental group (p < 0,001). 

In the control group we did not find any sig-
nificant changes of average values of HbA1c from 
9,1 to 9,7 %, Table 1. 

 

 
Table 1. The representation of the values of glycosylated hemoglobin HbA1c 

in the experimental and control group after three-month use of CPAP in the experimental group 
 

 
 
 
 

Discussion 

 
Obesity is a complex, multifactorial, and lar-

gely preventable disease (1), affecting, along with 

overweight, over a third of the world’s population 
today (3). If secular trends continue, by 2030 an 
estimated 38 % of the world’s adult population will 
be overweight and another 20 % will be obese (4). 

 Experimental group (No 11) Control group (12) 

BMI index 37.1 39.3 n.s. 

AHI index 36.7 39.7 n.s. 

 Initial After 3 months of CPAPa Initial After 3 months 

The level of 
glycosylated 
hemoglobin 

HbA1c 

9.9% 6.7% 9.1% 9.7 

(p < 0,001) n.s 
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Obstructive sleep apnea (OSA), a sleep-related brea-
thing condition, is diagnosed based on a patient’s 
apnea-hypopnea index from a sleep study, and the 
presence or absence of symptoms. Diabetes mellitus 
(DM) and OSA share a significant common risk fac-
tor, obesity, with all three conditions contributing to 
the risk of developing cardiovascular diseases. The 
pathophysiological links between OSA and DM are 
still unclear, but intermittent hypoxia may be an im-
portant mechanism. (8) More awareness of the pos-
sible link between OSA and DM is needed, given 
their increasing prevalence locally and worldwide. 
Continuous positive airway pressure is the standard 
treatment for OSA, while weight loss through dietary 
and lifestyle modifications is important to holistically 
manage patients with either condition. (10, 11) There 
is currently insufficient evidence to support the bene-
fits of screening every diabetic patient for OSA. How-
ever, diabetic patients with symptoms suggestive of 
OSA should be referred to a sleep specialist for fur-
ther evaluation. Epidemiological evidence has demon-
strated a high prevalence of OSA in patients with 
Type 2 DM. In a cross-sectional study, up to 23% of 
a diabetic population were found to have OSA(13). 
In another study by Einhorn et al, 48 % of diabetic 
patients had OSA with AHI ≥ 10/hr. (14) The most 
common reason of breathing cessation is OSA, while 
in 10-15% of patients the reason is the lack of im-
pulse from the brain – central sleep apnea- It is con-
sidered that approximately 5% of general population 
suffers from sleep apnea and its frequency is con-
sidered to be approximately the one of asthma, obe-
sity and DM in general population. The main diffe-
rence is that OSA remains unrecognised for a long 
period of time and is not treated until its consequ-
ences occur-daytime sleepiness, depression, obesity, 
insulin resistence, DM2, hypertension, atherosclero-
sis, coronary disease and sudden cardiac death. It is 
acknowledged that OSA is the cause of many traffic 
accidents, and in the developed world it is regulated 
by law that professional drivers must be polysomno-
graphically examined (14). 

As a basic consequence of breathing cessation 
during sleep intermittent hypoxy followed by tachy-
cardia and arterial pressure rise occurs as a compen-
satory mechanism. As a long-term and cumulative 
consequence, the rise of leptin, TNF-a, IL-6 levels 
occur which have a definitive glucose intolerance, 
insulin resistence and DM2 as a consequence. Also, 
hypoxemy induced sympathetic stimulation and 
hypothalamo-hypophysis homeostatic disorder which 
by adrenal gland and cortisol secretion lead to DM2. 
(15, 16) 

Many studies were conducted in obese pati-
ents with a different level of disorder with or without 
DM. Some of them show that the application of CPAP 
device during sleep may lead to a significant appro-
vement in fat metabolism, fat loss, downregulation 
of sleepiness measured by the Epworth scale, glyco-
regulation approvement and a lower risk of sudden 
cardiac death which is undoubtedly confirmed by our 
investigation. (11, 14, 17) 

Based on the goals set, applied methods and 
gathered data, it is evident that in obese patients 
with OSA and DM, that application of CPAP during 
sleep significantly approves values of HbA1c- This 

confirms that OSA is pathologically connected to glu-
cose blood homeostasis and that CPAP application 
can be a significant therapeutic approach in these 
patients. 

The results of our research are different from 
some of the previous ones. The explanation for this 
is the fact that we studied obesity diabetics only with 
severe OSA, where the use of CPAP over 3 months 
had undoubtedly enhanced long-term glycoregula-
tion. For example, in another study subjects were 
recruited via the Oxford Sleep Clinic between June 
2004 and August 2005. Eligible subjects were men 
aged 18-75 years with established type 2 diabetes 
(on diet, oral hypoglycemic agents or insulin thera-
py).This double‐blind randomized controlled trial of 
therapeutic and placebo CPAP for 3 months in men 
with type 2 diabetes and OSA did not show any sig-
nificant improvement in glycosylated hemoglobin. 
According to this study therapeutic CPAP did not sig-
nificantly improve measures of glycogenic control or 
insulin resistance in men with type 2 diabetes and 
OSA. (10, 15, 18) While there is great interest in the 
question of whether CPAP treatment improves DM, 
the data have, unfortunately, been mixed. Two re-
cent meta-analyses, which included non-randomized 
trials as well as trials with non-diabetic and diabetic 
OSA patients, demonstrated that CPAP treatment 
improved insulin sensitivity.(12, 13) However, in the 
only randomized controlled trial by West et al, which 
specifically evaluated the impact of CPAP treatment 
on glycaemic control in known Type 2 diabetic pa-
tients with newly diagnosed OSA, three months of 
CPAP intervention did not reveal any significant be-
nefit for insulin resistance or HbA1c.(12) It is pos-
sible that longer durations of CPAP usage per night 
may be required to achieve improvements in glycae-
mic control. Gou and his co. comment on possible 
numerous reasons for the different effects of CPAP 
on glycoregulation (19). A recent study by Grimaldi 
et al. found that poor glycaemic control was associa-
ted with the frequency of obstructive respiratory ev-
ents during rapid eye movement (REM) sleep, but 
not non-REM sleep (20). As REM sleep predomina-
tes in the latter part of the sleep period, the ma-
jority of the REM sleep period would have been left 
untreated in patients who only had four hours of 
CPAP. 

 
Conclusion 
 

In summary, there is strong epidemiological 
and pathophysiological evidence supporting the as-
sociation between OSA and DM. The mechanism by 
which OSA impacts glucose homeostasis has yet to 

be fully elucidated, but multiple pathways are likely 
to play a role.  

It is hoped that further research would be able 
to identify more specific pathophysiological pathways 
between the two diseases that may guide us in both 
the timing and nature of interventions to improve 
patient outcomes. Ultimately, it should be empha-

sized that diabetic medications are still the mainstay 
of treatment to achieve optimal glycaemic control, 
together with lifestyle modification and weight loss. 
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Opstruktivna apneja u spavanju(OSA) predstavlja ozbiljan poremećaj disanja tokom sna koji 

karakteriše potpuni ili delimični prekid disanja u trajanju od 10 sekundi i duže.  
U ovoj prospektivnoj kliničkoj longitudinalnoj studiji kod gojaznih pacijenata sa dijabetes 

melitusom tipa II kojima je polisomnografskim ispitivanjem utvrđen težak stepen OSA, praćen je 
efekat primene pozitivnog pritiska tokom sna (CPAP) u toku tri meseca na vrednosti glikoliziranog 
hemoglobina HbA1c kao indikatora efikasne dugotrajne glikoregulacije. 

U prospektivnu kliničku studiju sa tromesečnim, praćenjem uključeno je 98 pacijenata (64 
muškaraca i 34 žene, prosečne starosti 50,1 godina. /31- 66 godina., i prosečnog BMI 39,9), kojima 
je nakon kliničke, laboratorijske, spirometrijsko difuzijske obrade plućne funkcije, načinjenih gasnih 
analiza respiratornih gasova arterijske krvi u miru, ispitivanja Epworthove skale pospanosti, načinjeno 
poli-somnografsko ispitivanje na Philips Respironics Alice PDx uređaju.  

Polisomnografsko ispitivanje sprovedeno je kod 98 konsekutivnih gojaznih pacijenata od kojih 
je 42 (42,8 %) pacijenta imalo dijabetes II. Od ukupnog broja ispitanika kod 58 (60,2 %) nađena je 
OSA teškog stepena sa AHI indeksom većim od 30. Od ukupnog broja gojaznih pacijenata sa teškim 
stepenom OSA njih 37 (63,79 %) imalo je dijabetes melitus tip II sa prosečnom HbA1c 11,7 %, što 
ukazuje na lošu dugotrajnu glikoregukaciju kod dijabetičara sa teškim stepenom OSA.  

Od 98 gojaznih pacijenata, koji su imali dijabetes melitus tip II i OSA teškog stepena, rando-
mizovano je njih 23, od čega je njih 11 sa prosečnom vrednošću HbA1c 9,9 %, prosečnog BMI 37,1 i 
prosečnog AHI indeksa 36,7 (od 31 do 59), nabavilo aparate za primenu kontinuiranog pozi-tivnog 
pritiska (CPAP) tokom spavanja, te su nakon tromesečne primene CPAP obavili kontrolu vrednosti 
glikoliziranog hemoglobina HbA1c kao validnog indikatora dugotrajne glikoregulacije. Kontrolnu grupu 
ispitanika činilo je njih 12 u eksperimentalnoj grupi, čija je prosečna HbA1c bila 9,1 %, prosečna BMI 
39,3 i AHI indeks bio je 39,7 (od 31 do 62), i bez statistički značajne razlike između grupa po stepenu 
težine OSA i vrednosti HbA1c. Nakon tromesečne primene kontinuiranog pozitivnog pritiska (CPAP) 
tokom spavanja ispitanici eksperimentalne grupe postigli su statistički značajno (p < 0,001) popra-
vljanje vrednosti HbA1c sa prosečnih 9,9 % na 6,7 %, što nije utvrđeno kod pacijenata kontrolne 
grupe koji nisu koristili CPAP tokom sna dijabetesom tipa II i teš-kom OSA, primenom kontinuiranog 
pozitivnog pritiska tokom spavanja značajno popravlja dugotrajna glikoregulacija iskazana kroz vre-
dnosti HbA1c. 
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THE RELATIONSHIP BETWEEN BODY MASS INDEX AND THE QUALITY 
OF LIFE OF THE URBAN ADULT POPULATION OF  

THE CITY OF BELGRADE 
 

Veroslava Stanković 

 

 
Overweight has got a negative influence on the health but data about influence of 

overweight on the Health-Related Quality of Life (HRQoL) are contradict. The cross-sectional 
study included 105 men and women from the Health Center Clinicanova in Belgrade. The study 
was conducted from 1st February to 31st March 2018. Body height and body weight were mea-
sured by standard anthropometric methods. Body Mass Index (BMI) was calculated and cor-
relation analysis was done. The questionnaire Obesity Related Well-Being 97 (ORWELL97) was 
applied. The response rate was 91 % (105 of 115). Men represented 43 % of all persons and 
women accounted for 57%. The average age was 29.5 ± 3.2. The average BMI was 25.4 ± 4.0 
kg/m2. There was strong positive correlation between BMI = 25-26.9 kg/m2 and total scores in 
ORWELL97 questionnaire (r = 0.96), subquestion O (r = 0.98) and subquestion R (r = 0.97). 
Strong positive correlation was found between ITM = 27-29.9 kg/m2 and total ORWELL97 score 
(r = 0.95), as well as with total scores on subquestion O (r = 0.95) and subquestion R (r = 
0.98). Lower HRQOL had participants with BMI = 27-29.9 kg/m2 (t = 6.866; p < 0.001) than 
participants with BMI = 25-26.9 kg/m2. The difference between total scores in ORWELL97 que-
stionnaire in participants who had BMI < 25 kg/m2 and those with BMI > 25 kg/m2 was not 
significant (t = 1.143, p > 0.05). The strong positive correlation between BMI higher than 25 
kg/m2 and the total ORWELL97 scores was determined. BMI higher than 25 kg/m2 strongly 
correlates with lower quality of life. 
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Introduction 
 
According to the World Health Organization 

(WHO) from 2016 there were 1.6 billions of adults 
who were overweight and at least 650 million obese 
persons worldwide (1). The number of adults who 
are overweight is constantly increasing, and the as-
sessment of WHO is that up to 2020 overweight will 
be the most common cause of death (2). Majority of 
adults in the United States of America (USA), Aus-

tralia and in most countries of West and East Europe 
are overweight (3, 4).  

Nearly one third or 33% of the USA adults are 
overweight and 36% are obese (5), and in Europe 
overweight ranges from 32 to 79% in men and in 

women from 28 to 78%, respectively. Prevalence of 
obesity varies from 5 up to 23% in men and from 7 
to 36% in women (6). According to the data from 
the National Survey about the health of the popu-
lation in Serbia in 2013, there were 35.1% of adults 
who were older than 20 who were overweight and 
there were 21.2% of adults who were obese (7).  

The overall quality of life is the overall quality 

of life which makes the union of all the factors which 
influence the life of an individual (8). The quality of 
life is a harmony inside a person and a harmony be-
tween a person and his world (9). Health-Related 
Quality of Life (HRQOL) makes union only of those 

factors which are part of someone's health (10). The 
HRQOL is a subjective assessment of health as well 
as the capability of a person to lead a life which 
fulfills him or her (11). 

Overweight and obesity present the excess 
body weight which can damage health (12). Adults 
with higher than normal body mass index have 

significantly reduced physical quality of life (13). 
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The aim of the paper was to determine the 

correlation between body mass index and the 

Health-Related Quality of Life of adults. 
 
Material and methods 
 

The cross-sectional study involved 105 men 

and women from the Health Center Clinicanova in 

Belgrade. The study was conducted from 1st Febru-

ary to 31st March 2018. Body height and body wei-

ght were measured by standard anthropometric me-

thods. Body Mass Index (BMI) was calculated and 

correlation analysis was done. BMI was calculated 

according to the formula: Body weight (kg)/Body 

height (m2). The questionnaire Obesity Related Well-

Being 97 (ORWELL97) was applied. 

 

 

 

 
Table 1. Classification of nutritional status according to body mass index 

 

Underweight BMI < 18.5 kg/m2 

Normal weight BMI from 18.5 to 24.9 kg/m2 

Overweight BMI from 25 to 29.9 kg/m2 

Obesity of the first degree BMI from 30 to 34.9 kg/m2 

Obesity of the second degree BMI from 35 to 39.9 kg/m2 

Obesity of the third degree BMI > 40 kg/m2 

Source: WHO Physical Status;The Use and Interpretation of Anthropometrics.  

WHO Tehnical Report 1993; Series No854, Geneva 

 

 

 

The criteria for inclusion of participants in the 

study were: the participant older than 18 years of 

age from the territory of the City of Belgrade, and 

informed consent to participate in the study given by 

the participant.  

The criteria for exclusion of participants from 

the study: obesity, pregnancy, the established dia-

gnosis of some chronic disease such as diabetes me-

llitus, metabolic disorders, hypertension; insufficient 

cooperation of participants; refusal to give informed 

consent. 

Permission to conduct this study was given by 

the Head of the Health Center Clinicanova in the City 

of Belgrade. 

 

Questionnaires 

 

Descriptive data and data on risk factors and 

comorbidities were collected by epidemiological que-

stionnaire. 

The questionnaire Obesity Related Well-Being 

97 (ORWELL97) was applied in all examined adults. 

The questionnaire ORWELL97 consists of 18 questi-

ons divided into three groups. There are five questi-

ons in the first group and they refer to the presence 

of physical and mental disorders.  

There are seven questions in the second 

group and they refer to the influence of the over-

weight and obesity on the emotional status. In the 

third group there are six questions which refer to the 

familiy and social relationships. Each question has 

two subquestions.  

The first subquestion refers to the presence of 

the symptoms of the overweight and obesity and it is 

marked with Occurrence (O). The second subque-

stion refers to the personal experiance of the sym-

ptoms of overweight and obesity and it is marked 

with Relevance (R).  

A total score of points was obtained by adding 

points from each given answer. The higher number 

of points in the questionnaire shows a lower quality 

of life in the examined participants. The total score 

on each subquestion was calculated. The respon-

dents filled in the questionnaire by circling one of the 

given answers. The exact number of points for each 

question on the Linerts scale was determined (from 

0 to 3).  

The validity of ORWELL97 (r = 0.92, p < 0.01) 

questionnaire was examined in different studies 

worldwide (14). 

 

Statistical analysis 

 

Correlation analysis was done and Pearson's 

coefficient of correlation (r) was calculated. The esti-

mation error of p < 0.05 was taken into account as 

the limit of statistical significance. The results are 

presented in tables and charts. 

 

Results 

 

Of 115 examined adults, 105 of them com-

pleted ORWELL97 questionnaire. Six (5.2 %) parti-
cipants refused to complete the qusetionnaire (one 
man and four women) and four questionnaires were 
not completed. Finally, 105 ORWELL97 question-
naires were analyzed. There were 45 men and 60 
women (43 %:57 %) (Figure 1). 
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Figure 1. Distribution by gender 

 
 
 

 
 
 

Graph 1. Disrtibution by level of education 

 
 

 
 

 
 
 

Graph 2. Distribution by value of BMI
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There were 24 (22.80 %) participants with 

university degree, 22 (21.00 %) with college degree, 

and 59 (56.20 %) of them who finished secondary 
school (Graph 1). 

Fifty nine percent were from the City of Bel-
grade and 41% were from the surrounding regions 
of the city (Graph 2). 

The average value of BMI of all examined par-
ticipants was 25.60 ± 4.0 kg/m2. According to the 
values of BMI there were 43 (41.00 %) participants 
with normal weight and 62 (59.00 %) were conside-
red overweight.  

The participants who had BMI lower than 25 

kg/m2 had lower total scores relating to all que-

stions in the ORWELL97 questionnaire, as well as to 
the subquestion O compaired with the participats 
who had BMI higher than 25 kg/m2. The differance 
was not statistically significant (t = 1.143, p > 0.05). 

Participants who had BMI 25-26.9 kg/m2 had 

higher scores in ORWELL97 questionnaire than parti-
cipants who had BMI = 27-29,9 kg/m2 (Table 2). 
The difference was statistically significant (t = 6.866; 
p < 0.001). 
 

 
 

 
Table 2. Correlation of Body Mass Index and scores in ORWELL 97 questionnaire 

 

ORWELL 97 

questionnaire 

BMI = 25-26.9 kg/m2 BMI = 27-29.9 kg/m2 

Pearson's coefficient of correlation (r) 

All questions 0.98 0.95 

Subquestion O 0.96 0.95 

Subquestion R 0.97 0.98 

 

 
 
 

Discussion 

 
On the basis of the definition of health pro-

vided by WHO in 1946 (1) the interest about inve-
stigations of the quality of life of population began to 
grow. The research on the influence of overweight 
on the quality of life of adults is one of the frequent 
topics in the medical literature but findings of the 
association of overveight and lower HRQOL are still 
missing (12, 13, 14). The study of Zeller et al. found 
that depression, social support, the degree of over-
weight, and socio-economic status were significantly 
associated with HRQOL (15). 

According to the presented results, partici-
pants who were overweight had higher scores in the 
ORWELL97 questionnaire compared with the partici-
pants who had a normal weight but the difference 
was not significant.  

Similar to our results, researchers found that 
higher BMI was associated with physical, mental and 
emotional disorders (16).  

Finkelstein et al. showed that quality of life 
was rapidly decreasing in persons with BMI higher 
than 25 kg/m2 (17). Le Pen et al. did not find the 
association between the persons with BMI higher 
than 30 kg/m2and the quality of life (18). Persons 
with BMI < 27 kg/m2 and < 30 kg/m2, had lower 
HRQOL than persons with normal weight (19). Re-
cent investigations showed that overweight had no 
impact on the HRQOL (13, 20). 

Obesity is a major public health problem and 
most researches investigate the HRQOL of persons 
with BMI > 30 kg/m2 (11, 21). It has not been eluci-
dated yet whether overweight according to actual 
BMI clasiffication (from25 to 29,9 kg/m2) affects the 
HRQOL (20-23). 

Some authors show that in their investigations 
there were no statistically significant difference be-
tween the HRQOL among persons who had BMI 
lower than 25 kg/m2 and those whose BMI was equ-
al or higher than 25 kg/m2 (13). Overweight per-
sons with BMI < 27 kg/m2 and BMI < 30 kg/m2 
didn’t have significantly lower HRQOL compaired with 
persons who had normal weight (22). 

BMI is considered as a good indicator of 
nutritional status in the persons aged 20 to 65, 
especially when health risk is connected with the BMI 
(24, 25). Correlation between BMI and the percent-
age of the body fat in a body is on a degree that it 
allows an assessment of 70 to 80 % of the variation 
of fat in the Caucasian population (26). 

The research conducted in America, China, 
Taiwan and Korea showed that obesity impaired 
physical health rather than mental health in urban 
population (27). Overweight persons in urban popu-
lation had a higher risk of diabetes mellitus, high 
blood pressure, ischaemic heart disease and accord-
ing to some epidemiological studies they had a high-
er risk of premature death (28, 29).  

In urban population activities that formerly re-
quired high energy expenditure have been replaced 
by sedentary activities and eating habits that favor 
obesity due to the dissemination of refined and pro-
cessed foods, rich in fat and simple sugars and serv-
ed in ever-growing portions (30). 

The strategies that improve HRQOL in an ur-
ban population with high BMI include changing life-
style habits including working on the mental health 
of the population (1, 31). 
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Conclusion 
 

The participants who were overweight had 

higher total scores in the ORWELL97 questionnaire 
compaired with those who had normal weight but 
the difference which was found was not statistically 
significat. The strong positive correlation between 

BMI higher than 25 kg/m2 and the total ORWELL97 

scores was determined. BMI higher than 25 kg/m2 

strongly correlates with lower quality of life. 
Further research should be directed towards 

testing the quality of life after an interventional study 
in the overweight and obese population. 
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Nema jedinstvenih stavova o negativnom uticaju povećane telesne mase na kvalitet 

života odraslih. Rad je imao za cilj da utvrdi korelaciju između indeksa telesne mase (ITM) i 
kvaliteta života odraslih. Studija preseka sprovedena je u Domu zdravlja Clinicanova u 

Beogradu u trajanju od 1. februara do 31. marta 2018. i obuhvatila je 105 ispitanika. Pri-
menjena su antropometrijska merenja za određivanje telesne mase i visine, i izračunavan je 
ITM. Primenjena je korelaciona analiza. Kao instrument za istraživanje kvaliteta života 
primenjen je specifični upitnik Obesity Related-Well Being 97 (ORWELL 97). Od 115 distri-
buiranih upitnika, analizirano je samo 105 kompletno popunjenih. Muškog pola bilo je 45 (43 
%) ispitanika, a 60 (57 %) ženskog pola. Prosečna starost ispitanika bila je 29,5 ± 3,2 godi-
ne, a prosečna vrednost ITM iznosila je 25,4 ± 4,0 kg/m2. 54 (51,4 %) ispitanika bilo je no-
rmalno uhranjenio, a 51 ispitanik (48,6 %) imao je povećanu telesnu masu. Utvrđena je jaka 
pozitivna korelacija između ITM = 25-26,9 kg/m2 i ukupnog skora u ORWELL97 (r = 0,96), 
ukupnog skora na potpitanje O (r = 0,98) i potpitanje R (r = 0,97). Postoji jaka pozitivna 
korelacija između ITM = 27-29,9 kg/m2 i ukupnog skora u ORWELL97 upitniku (r = 0,95), kao 
i ukupnog skora na potpitanje O (r = 0,95) i potpitanje R (r = 0,98). Statistički značajno niži 
kvalitet života imali su ispitanici sa ITM = 27-29,9 kg/m2 (t = 6,866; p < 0,001) od ispitanika 
sa ITM = 25-26,9 kg/m2. Ispitanici sa ITM > 25 kg/m2 nisu imali statistički značajno veći skor 
u ORWELL97 upitniku od ispitanika sa ITM < 25 kg/m2 (t = 1,143; p > 0,05). Postoji izrazito 
jaka pozitivna korelacija između indeksa telesne mase većeg od 25 kg/m2 i ukupnog skora u 
ORWELL97 upitniku, što ukazuje na niži kvalitet života ispitanika. 
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DIFFERENCE IN BODY MASS INDEX AND DIETARY HABITS OF 
STUDENTS OF FACULTY OF SPORT AND PHYSICAL EDUCATION 

 
Tatjana Popović-Ilić, Veroljub Stanković, Igor Ilić, Saša Hadži Ilić 

 

 
The modern way of life and technology development is often associated with negative 

factors that result in reduced physical activity, improper diet, and obesity. This is especially true 
for students who are exposed to a sedentary lifestyle, which in the sensitive period of ado-
lescence has a significant impact on health. The goal of this research is to determine the 
difference between body mass index and dietary habits of students of the Faculty of Sport and 
Physical Education. The sample of examinees consisted of 41 students of both sexes who 
attend the third and fourth year of studies at the Faculty of Sport and Physical Education in 
Leposavić. Body mass index was determined by using the device InBody™ 720, while the que-
stionnaire was used for the assessment of eating habits. The data were processed with the 

SPSS statistical package 20 by applying the t-test for independent samples and χ² test. No 

statistically significant difference (p < 0.05) of body mass index nor dietary habits between the 
groups of students were determined. Also, a positive trend of eating habits was noticed, where 
the presence of fruits and vegetables in the diet, as well as a regular meal intake, was observed 
in both groups of students. The presented results indicate that the third and fourth -year stu-
dents at the Faculty of Sport and Physical Education have good eating habits, the influence of 
which is reflected in the body mass index, which can be interpreted as the result of their sport 
and academic education and activities. 
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Introduction 

 
Obesity and physical inactivity are considered 

the most important risk factors for chronic non-in-
fectious diseases, which are the leading public health 
problems in the world and in our country (1). Ac-
cording to National data related to the obesity epi-
demic in Serbia, 40 % of people have normal body 
weight, 3.2 % are undernourished, 35 % are in the 
pre-obese state, and 21 % are obese (2). One of the 

leading factors with a negative influence on the hu-
man organism is hypokinesis, with daily exposure to 
the effects of numerous forms of stress. Nutrition of 
children and adolescents is one of the important 
indicators of youth health, their psycho-physical abi-
lities and potential for normal and healthy growth 

and development. The research on the nutritional 

habits of young people in Serbia indicates a wide-

spread distribution of irregular patterns related to 
nutrition, such as skipping snacks, insufficient con-
sumption of milk, fruit, and vegetables, consuming 
white flour bread, insufficient fish consumption and 
other (3). 

When considering students of the Faculty of 

Sport and Physical Education, having in mind their 
program of study, we eliminate insufficient move-
ment as a cause of possible obesity. Bad eating ha-
bits remain as a risk factor, which is, in the young 
population, largely based on fast food and use of 
energy and fizzy drinks. Having in mind that they’re 

future pedagogues of physical culture, we consider 

their state of nourishment, as well as their know-
ledge and respect for principles of healthy eating a 
very influential factor to the state of broad layers of 
the population to work with. 

According to the attitude of the World Health 
Organization, a body mass index (BMI) can be used 
(4) in order to estimate the prevalence of obesity. 

Numerous studies indicate the correlation between 
BMI and pathological changes on blood vessels, cho-
lesterol levels, arterial pressure increase, physical 
inactivity (5, 6). 

Incorrect diet, along with hypokinesis, is an 
equally important causative factor of spreading obe-

sity epidemic. Proper planning, good habits, choos-
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ing quality food are inevitabilities of proper growth 

and development of children and youth, as well as 

adults’ health protection. The modern way of life, 
along with the fast tempo, brought new demands for 
fast, irregular, poor quality food containing saturated 
fats, refined sugars, emulsifiers, salts. Thus, it is ne-
cessary, even within the family environment, and 

then during schooling and personal engagement, to 
influence the gaining of proper information and good 
eating habits. 

 
Aim of paper 
 
The goal of research is to determine differen-

ces between BMI and diet habits of students of the 
Faculty of Sport and Physical Education. 

 

Material and methods 
 

The sample size consisted of 41 students of 

both sexes. Students of the third and fourth year of 

basic academic studies at the Faculty of Sport and 

Physical Education in Leposavić were examined. 

They were divided into two groups, according to the 

currently attended year of studies. The condition was 

regular attendance of both theory and practice clas-

ses. The sample of variables for obesity condition as-

sessment consisted of body height, body mass and 

body mass index (BMI). The categories of body mass 

index limit values of the sample size were determi-

ned in accordance with the World Health Organiza-

tion criteria. Morphological variables were measured 

by using InBody™ 720 device in accordance with 

standards of the International Biological Program 

(IBP). 

For eating habits assessment a questionnaire 

was used applied in a few studies dealing with si-

milar issues (7-9) and it consisted of 12 closedend-

ed questions. The first six questions related to the 

number of main meals during the working week and 

weekends, while questions 7-12 determined the fre-

quency of intake of fruits, vegetables, sweet drinks, 

and alcohol during the working week. 

The data were processed using a statistical 

package SPSS 20 (SPSS Inc., Chicago, IL.), in which 

t-test for independent samples and χ2 test with sig-

nificance level of p < 0.05 in both tests were applied 

 

Results 

 

The results of the basic morphological charac-
teristics of the sample size show that there is no 
statistically significant difference between students of 
the third and the fourth year (Table 1). This is in 
accordance with the previous researches, as well as 
with the assumed theoretical models since it is a 

group being selected by the same standards while 
enrolling at the studies. It is also noticed that the 
value of the height variable is very close to the one 
statistically significant (p = 0.55). 

 
 

 
Table 1. Differences of students’ morphological characteristics 

 

Variable Min Max AS SD p 

Height 158.9 205.6 179.5 10.4 .055 

Weight 51.2 97.0 75.9 10.8 .676 

BMI 19 29.0 23.5 2.3 .073 

Legend: Min - minimum, Max - maximum, AS - Mean, SD - standard deviation,  
p – statistical significance 

 
 
 

When eating habits in the questionnaire are 
concerned it was shown that most students have 

healthy eating habits. More than 60 % of students 

regularly consume all three meals, both during work-
ing week and weekends. A great number of students 
consumes fruits (53.7 %) and vegetables (41.5 %) 
twice to four times a week, but also consume sweets 
(39 %). The reason for the increased consumption of 
sweets is the increased need for energy, caused by 

activities that students are exposed to during studies 
and sports activities. It is also encouraging that swe-
et drinks are consumed by a large number of stu-
dents only once a week (34.1 %), while most of them 
(68.3 %) consume alcohol once or less than once a 
week. The cause of proper habits can be found in the 
fact that the respondents had regular subjects during 

studies concerning the issue of adequate nutrition. 

On the basis of this, it can be concluded that the 
proper education of young people about healthy eat-

ing habits is very important and contributes to mani-

festing changes in the quality of their lives. Sup-
porting this fact, the determined BMI results show 
that as many as 68.3 % of respondents are in the 
optimal range of values for this population. 

Examining differences in eating habits by 

using the χ2 test (Table 2) indicates that there are no 

statistically significant differences in eating habits be-
tween groups of samples. The conclusion is that the 
third and fourth - year students at the Faculty of 
Sport and Physical Education have stable health ha-
bits when it comes to nutrition, which is a product of 
knowledge gained during academic studies and sports 
careers. 



Acta Medica Medianae 2018, Vol.57(2)                                        Difference in body mass index and dietary habits of students of... 

53 

Table 2. Differences in eating habits of students 

 

Question 1 Value p Question 2 Value p Question 3 Value p 

χ2 4.92 .179 χ2 .81 .369 χ2 .40 .941 

Kendall tau .074 .624 Kendall tau -.140 .390 Kendall tau -.094 .539 

Question 4 Value p Question 5 Value P Question 6 Value P 

χ2 .13 .715 χ2 2.50 .645 χ2 1.72 .633 

Kendall tau -.057 .722 Kendall tau -.076 .611 Kendall tau .094 .537 

Question 7 Value p Question 8 Value P Question 9 Value P 

χ2 3.22 .666 χ2 3.29 .771 χ2 5.64 .465 

Kendall tau -.144 .313 Kendall tau .006 .967 Kendall tau .054 .703 

Question 10 Value P Question 11 Value p Question 12 Value P 

χ2 1.49 .960 χ2 5.15 .398 χ2 .50 .778 

Kendall tau -.002 .989 Kendall tau .228 .105 Kendall tau .077 .605 

Legend: p - statistical significance, χ2 - Chi square test 

 
 
 

Discussion 

 
Physical activity has positive effects on nume-

rous changes in the human organism. The essence 
of these changes is reflected in the increase of fun-
ctional, motoric abilities of organic systems, as well 
as the resistance of the human organism, and at the 
basis of functional abilities improvement, there are 
the structural changes of organs and systems (10). 

The biggest problem with obesity is registered 
in the US territory with even 25 % overweight fe-
male student population (11). A worrying rise in obe-
sity is also registered in research of Australian Natio-
nal Center for Epidemiology and Human Health am-
ong students of the University of Bangkok, with fo-
cus on factors such as unhealthy diet and physical 
inactivity. Test results in European countries also 
show an in-crease in the prevalence of obesity am-
ong students (12). 

Student population entering the Faculty of 
Sport and Physical Education is heterogeneous, and 
their growth and development are influenced by nu-
merous endogenous and exogenous factors (13). 
Physical exercise as an exogenous factor plays an 
important role in forming body matter and obesity 
prevention. The balance of BMI with the third and 
fourth - year students determined by this study is 
considered to be the result of uniform physical exer-
cises, which lead to gradually less manifestation of 
differences among students. Similar results were 
gained in an analysis of anthropological characte-
ristics of the third year students of the Faculty of 
Sport and Physical Education in Novi Sad. The results 
showed a favourable anthropometric profile in the 
majority of students (14). 

In the same way, as the overweight has a 
great negative impact on all aspects of life and vital 
functions, the ideal body weight makes it possible to 
develop quality morphological and functional para-
meters. Normal distribution of BMI values with the 
third and fourth - year students of the Faculty of 
Sport and Physical Education represents a positive 
interaction with their mental, motor and functional 
abilities. A similar conclusion about better results of 
respiratory, motor and dynamic functions of students 

with BMI in normal frames was deducted by the 
researchers at the Beijing University of Sport (15). 

Along with regular physical activity as the first 
precondition, proper nutrition with adequate partici-
pation of macro and micronutrients is another pre-
requisite for proper growth and development, pre-
servation of health and prevention of cardiovascular, 
endocrine, digestive, rheumatic, carcinogenic disea-
ses. Modern lifestyle contributes to quantitative and 
qualitative eating disorders. Fast food, especially po-
pular among young people as a tasty, quick, simple 
diet, is considered as one of the main culprits for 
spreading epidemic of obesity. 

The period of studying inevitably brings chan-
ges in nutrition due to separation from parent’s ho-
me, changes in dynamics of taking meals, altered 
material status. Proper and timely information is im-
portant part of forming healthy habits. It is obtained 
first in the family, then during schooling, as well as 
on internet portals. Researches on the level of know-
ledge about principles of proper nutrition showed sa-
tisfactory results among students of the Faculty of 
Sport in Leposavić. They provide information on pro-
per nutrition through the programme of studies in 
the first and second year, so there is no statistically 
significant difference considering adopted habits be-
tween students of the third and fourth year. Simi-
larly, positive results on the level of knowledge about 
principles of proper nutrition were gained in resear-
ches among students of the Faculties of Sport in 
Italy (66.7 %) and those in Serbia (63 %) (16). 

Regular meals consumption is an inevitable 
condition for proper development and functioning of 
children and young people. The survey shows that 
60 % of students at the Faculty of Sports regularly 
consume at least three meals a day; a large part of 
them consumes fruits and vegetables at least twice 
to four times a week. Also, majority of student po-
pulation in Serbia and the world show good eating 
habits considering number of meals, which is not the 
case when it comes to consuming fruits and vege-
tables (17-19). 

Consumption of alcohol is also a factor that 
affects physical, mental and social health, and con-
tributes to increased calories intake with the ten-
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dency of BMI increase. 68.3 % of students of the Fa-
culty of Sport in Leposavić consume alcohol at most 
once a week, which is in positive correlation with 
normal BMI. In contrast to these results, researches 
at US colleges show a worrying presence of alcohol 
consumption among students, and even among 
active athletes in colleges, with the tendency of in-
creased consumption during competition period (20). 
A similar situation is found in European area. During 
researches at the Faculty of Sport in Timisoara, po-
sitive results of alcohol screenings were found mostly 
in the first - year students (16.39 %), and the ma-
jority of them (11.48 %) were male (21). 

 

Conclusion 
 

The results show that there is no statistically 

significant difference between the third and fourth- 
year students at the Faculty of Sport and Physical 
Education, at the level of examined morphological 
characteristics and eating habits. It was also found 
out that respondents developed good eating habits, 
which is interpreted as a result of their sports and 

academic education and activities. 
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Savremeni način života i razvoj tehnologije često je povezan sa negativnim faktorima 

koji za posledicu imaju smanjenu fizičku aktivnost, nepravilnu ishranu i gojaznost. Ovo je po-
sebno izraženo kod studenata koji su izloženi sedentarnom načinu života, što se u osetljivom 
periodu adolescencije značajno odražava na zdravlje. Cilj rada je utvrđivanje razlika indeksa 
telesne mase i navika u ishrani studenata Fakulteta za sport i fizičko vaspitanje. Uzorak ispi-
tanika sastojao se od 41 studenta oba pola treće i četvrte godine studija na Fakultetu za sport 
i fizičko vaspitanje u Leposaviću. Indeks telesne mase utvrđen je upotrebom uređaja InBody™ 
720, dok je za procenu navika u ishrani korišćen anketni upitnik. Podaci su obrađeni u okviru 

statističkog paketa SPSS 20 primenom t-testa za nezavisne uzorke i χ² testa. Utvrđeno je da 

ne postoje statistički značajne razlike (p < 0,05) između grupa studenata na nivou indeksa te-
lesne težine, kao i u navikama u ishrani. Takođe, primećen je pozitivan trend u navikama u 
ishrani, gde je zastupljenost voća i povrća u ishrani, kao i redovnost obroka registrovana kod 
obe grupe studenata. Prikazani rezultati ukazuju na činjenicu da studenti treće i četvrte godi-
ne studija Fakulteta za sport i fizičko vaspitanje imaju dobre navike u ishrani, čiji se uticaj ref-

lektuje i na indeks telesne mase, što se može tumačiti rezultatom njihove sportske i akadem-
ske edukacije i aktivnosti. 
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Sudden cardiac death (SCD) caused by ventricular fibrillation (VF) remains a major 

cause of mortality in the Western world. The majority of VF and cardiac arrest occur outside the 
hospital. Implantation of an ICD is strongly supported by evidence from many randomized trials 
for the primary and secondary prevention of sudden cardiac death. Current ICDs have multiple 
features to enhance diagnostics, minimize unnecessary pacing, conserve energy use, and de-
liver pain-free therapy such as anti-tachycardia pacing (ATP). The most important of above-
mentioned features remains the ability of pacemaker to recognize a life-threatening ventricular 
arrhythmia and terminate it with shock. The benefit and significance of an ICD shock are de-
pendent on the type of heart disease, and the presence of structural heart disease. These con-
cepts are illustrated in a brief overview of ICD trials in patients with ischemic and non-ischemic 
heart disease. We present a patient with dilated cardiomyopathy and a reduced left ventricular 
ejection fraction (LVEF) who had an ICD implanted 1 year ago, as a primary prevention of SCD. 
The patient was admitted to the Clinic for cardiovascular diseases after a brief loss of conscious-
ness. The electrical control of the device showed that a VF suddenly occurred and was success-
fully interrupted by a shock as a type of ICD-based therapy. 
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Introduction 
 
Sudden cardiac death (SCD) due to ventricu-

lar fibrillation (VF) remains a major cause of morta-

lity in the Western world. The majority of VF and 
cardiac arrest occur outside of the hospital. Implan-
tation of an ICD is strongly supported by the eviden-
ce from many randomized trials for the primary and 
secondary prevention of SCD. In these high - risk 
patients from industrialized countries, coronary arte-

ry disease is the most common cause of left ventri-
cular dysfunction and heart failure (1, 2).  

Ventricular fibrillation occurs when an electri-

cal wave-break induces re-entry which results in the 
propagation of new wave-breaks. Tissue heteroge-
neity in patients with underlying cardiomyopathy re-
sults in a predisposition to wave-break, reentry and 
ultimately to VF. These wandering wavelets of VF are 
generally self-sustaining once they are initiated (3). 
There have been significant advances in the techno-

logy required for defibrillation of VF. However, less is 
known about the basic underlying mechanism of de-
fibrillation. Contemporary theories about the mecha-

nisms of electrical shock that terminates VF are simi-
lar. These theories are broadly defined as "critical 
mass", "the upper limit of vulnerability", "progressive 
depolarization", and "virtual electrode depolarization". 

The theories underscore the two most import ant 
components of an ICD shock. First, the shock must 
successfully terminate the arrhythmias. Second, the 
ICD shock must not restart the arrhythmia in the 
mentioned process. 

Current ICDs have multiple features to en-

hance diagnostics, minimize unnecessary pacing, 
conserve energy use, and deliver pain-free therapy 
such as anti-tachycardia pacing (ATP). Of all of these 
features, the most important remains the ability to 
recognize a life-threatening ventricular arrhythmia 
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and terminate it with a shock. The benefit and sig-

nificance of an ICD shock are dependent on the type 

of heart disease, and on the presence of structural 
heart disease. These concepts are illustrated in a 
brief overview of ICD trials in patients with ischemic 
and nonischemic heart disease (4). 

 

Case report 
 

A 62 year- old patient was admitted to the 
Clinic for Cardiovascular Diseases, Clinical Centre Niš, 
due to a short-term loss of consciousness. The pa-
tient had an ICD implanted 1 year ago due to dilated 
cardiomyopathy with LVEF 25 %. During the PM im-
plantation procedure, coronarography was also per-

formed. The patient had normal coronary arteries, 
and therefore, ischemic heart disease was excluded 
as a cause of heart failure. On the 24-hour ECG 

Holter prior to pacemaker implantation, malignant 
arrhythmias were verified: frequent ventricular ex-
trasystoles, couplets, and non sustained VT. Labo-
ratory analyses did not indicate a myocardial inflam-

matory process. According to these findings, as part 
of the primary prevention of sudden cardiac death, 
the implantation of ICD pacemaker was performed. 

The patient came now due to the sudden loss of 

consciousness and electric shock caused by the 

current generated by the ICD. At the admission pa-
tient was conscious, oriented, blood pressure 110/70 
mmHg, on the ECG sinus rhythm was recorded, and 
heart rate 78 beats per minute, without rhythm and 
conduction disturbances, without changes in the ST 

segment. Echocardiography finding showed a global-
ly reduced contractile function, LVEF 25 %, without 
regional wall motion abnormalities. An emergency 
electrical control of the implanted ICD was perform-
ed. It showed that the detection and therapy of VF 
were successfully performed. Registered VF was 37 
seconds in duration, heart rate was 227 bpm, and it 

was successfully resolved by the first delivered ele-
ctrical shock with 34J (Figure 1 and 2). Cardiospecific 
enzymes were at the upper limit - 0.040 ng/mL. This 

was caused by the minimal myocardial necrosis due 
to electrical shock. After successful electrical control 
of the device (ICD control), we changed drug thera-
py. We introduced Amiodarone as an antiarrhythmic, 

as part of secondary prevention now, and the patient 
was discharged from our clinic. 

 
 
 

 

 
 

 
Figure 1. Start of VF recorded on intracardial ECG 

 



Acta Medica Medianae 2019, Vol.58(2)                                            When electric shock can mean life - implantable cardioverter... 

58 

 
 

 
 
 

Figure 2. Detection of VF and DC therapy 

 
 

 
 

Discussion 

 
Implantable cardioverter defibrillators (ICDs) 

are devices that are designed primarily for the the-
rapy of life-threatening heart rhythm disorders. In 
cooperation with electrical engineers, Mirovski start-
ed the project of creating an implantable device in 
1980. The purpose of those devices was the ability 
to recognize and to stop the heart rhythm disorders, 
whose outcome could lead to SCD. In the period 
from 1980 to 1985, the device was called the Auto-
matic Implantable Defibrillator and in 1985 its use 
was approved by the FDA. In Serbia, the first device 
with that purpose was implanted by Prof. Dr. Milan 
Bane Djordjevic in 1986 at the Clinical Center of 
Serbia. Today, modern ICD devices are very similar 

to standard bradycardic pacemakers regarding the 
size and purpose. They use a lithium-vanadium bat-
tery due to the reliability of the energy source and 
the need to deliver a higher amount of energy over a 
short period of time. 

For earlier defibrillators, we used epicardial 
patch electrodes and that required operation with a 
thoracotomy approach. Today the implantation of 
the pacemaker’s electrode is performed endovenou-
sly, practically as well as for standard anti-brady-
cardia pacemakers.  

Detection of heart rhythm disorders is a spe-
cific and basic function of ICD. This detection is 
based on cardiac rhythm, frequency, but requires 
individual programming, practically for every patient. 
The detection criteria in ICD evolved as much as 
therapeutic. Initially, the only detection criterion was 
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the number of detected R-R intervals, however, to-
day complex detection algorithms were designed. 
Those detection algorithms prevent un-detection of 
VT and VF, false detection of VT/VF (instead of atrial 
arrhythmias or sinus tachycardia). The greatest ad-
vancement in technology was the introduction of a 
gradual tiered therapy which implies that the de-
tected VT is treated with the least aggressive the-
rapy, with the antitachycardic burst stimulation of 
the different duration of the V-V stimulus. After a 
series of progressively more aggressive ATP options, 
synchronous cardioversion with lower power is ap-
plied, and finally defibrillation with the maximum 
current (30-40J). In the case of VF, the maximum 
DC shock strength is immediately applied, with the 
possibility of polarity changes (3, 4). 

For example, the benefit of ICD therapy in 
patients with ischemic heart disease is directly relat-
ed to the time from myocardial infarction (MI) to its 
implantation. DINAMIT trial randomized patients to 
receive an ICD or standard medical therapy, 4 to 40 
days after MI, and it showed no difference in overall 
mortality between the two treatment groups. This 
study was in contrast to the majority of prior trials 
with the patients with an ICD. That included patients 
with a recent MI (MUSSTT, MADIT II). The dramatic 
difference in outcomes with an ICD in these studies 
likely reflects the underlying significance of ventricu-
lar arrhythmias after MI. Early after MI, ventricular 
arrhythmias are surrogate markers of worsening 
myocardial function, recurrent ischemia, and infarct-
ion. By comparison, late ventricular arrhythmias are 
often related to alterations of the electrophysiological 
substrate in the setting of compensated heart failure 
due to scar and re-entry mechanism. 

In comparison, those patients who have non-
ischemic cardiomyopathy have a benefit of an ICD 
implantation which depends on time. In the DEFI-
NITE trial, 458 patients with nonischemic dilated car-
diomyopathy were randomized to an ICD versus 
conventional therapy. In this trial, there was a sig-
nificant reduction in sudden death and a trend to-
ward a reduction in total mortality. In a subtrial of 
DEFINITE study, the benefit of ICD therapy was seen 
predominantly in those who had nonischemic dilated 
cardiomyopathy less than 3 months compared to 
those with longer duration of the disease. The find-
ings of this study were opposite with those in the po-

pulation with ischemic cardiomyopathy in which the 
benefit of ICD therapy is seen in late course of the 
disease (5-8). 

Antitachicardia pacing, when appropriately 
programmed can significantly reduce ICD shocks as 
well as any reduced quality of life that results from 
shock therapy. Reduction in shocks has an important 
role in terms of patient acceptance and potentially 
the reduction of any deleterious effect of shock the-
rapy. The routine use of ATP for the treatment of VT, 
including fast VT, should be considered in all patients 
with implantable cardioverter defibrillators. Although 
there are many ways to program ATP, it is important 
that the clinicians become familiar with the different 
algorithms and aspects of programming. The two 
most commonly applied and studied ATP schemes 
are burst and rump pacing. Burst pacing is a sti-
mulation pattern whereby a train of pacing pulses is 
delivered with an equal interstimulus interval. Some 
manufacturers permit an increased duration of the 
train with each successive train. Ramp pacing is 
where the train of pacing pulses have an automa-
tically decrementing interstimulus interval. Initially, 
avoidance of inappropriate ICD shocks was heralded 
to improve quality of life and improve device long-
evity. However, additional studies have shown that 
these shocks are also significant for both alterations 
in morbidity and mortality. In both patients who re-
ceived an ICD for primary or secondary prevention, 
an inappropriate shock was associated with an in-
crease in total mortality. The most common cause of 
inappropriate shock was atrial fibrillation, followed by 
supraventricular tachycardia, and abnormal sensing. 
The significance of new onset atrial fibrillation after 
ICD implantation has been investigated as well (7, 9-
12). 

 
Conclusion 
 

As a conclusion, the use of ICD in primary and 
secondary prevention of SCD is the most effective 
therapy in patients with ischemic or non-ischemic 
cardiomyopathy. Unwanted effects of DC shock as 
syncope are rare, but the benefits of implanted de-
vice outweigh rare occurrence of uncomfortable feel-

ing in patients. 
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Iznenadna srčana smrt (SCD) uzrokovana ventrikularnom fibrilacijom (VF) ostaje gla-

vni uzrok smrtnosti u zapadnom svetu. Većina VF i iznenadnih srčanih smrti javljaju se izvan 
bolnice. Implantacija inplantabilnog kardioverter defibrilatora (ICD) potkrepljena je dokazima 
iz mnogih randomizovanih studija za primarnu i sekundarnu prevenciju iznenadne srčane smrti. 
Aktuelni ICD-ovi imaju više mogućnosti za poboljšanje dijagnostike, smanjivanje nepotrebnog 
pejsinga, očuvanje upotrebe energije i pružanje terapije bez bolova, kao što je antitahikardni 
pejsing (ATP). Najvažnija od gore pomenutih osobina ostaje sposobnost pejsmejkera da pre-
pozna po život opasnu ventrikularnu aritmiju i da je prekine isporučujući struju. Pogodnost i 
značaj ICD šoka zavisi od vrste srčanih bolesti i prisustva strukturnih bolesti srca. Ovi koncepti 
ilustrovani su u kratkom pregledu ispitivanja ICD-a kod bolesnika sa ishemijskom i neishe-
mijskom bolesti srca. Predstavljamo bolesnika sa dilatativnom kardiomiopatijom i smanjenom 
ejekcionom frakcijom leve komore (LVEF) koji je imao ugrađeni ICD pre godinu dana, kao 
primarnu prevenciju SCD. Bolesnik je primljen u Kliniku za kardiovaskularne bolesti nakon 
kratkog gubitka svesti. Električna kontrola uređaja pokazala je da se VF iznenada desila i us-
pešno ju je prekinuo šok kao tip terapije ICD. 
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ORTHODONTIC TREATMENT OF ANKYLOSED PERMANENT TEETH AFTER 
SURGICAL LUXATION 
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Tooth ankylosis is the process of the fusing of a tooth root to the surrounding alve-

olarbone whereby the periodontal ligament is lost, and in later stages, a tooth root isreplaced 
by the bone, which eventually results in the tooth loss. The etiology of thiscondition includes 
trauma, genetic factors, metabolic anomalies, local anomalies,endocrine anomalies, iatrogenic 
causes as well as idiopathic factors. Theconsequences are evident and involve prevented anky-
losed tooth growth causing non-occlusion,adjacent teeth inclination, opponent teeth eruption 
and cause malocclusion.Therapy can be surgical, conservative, orthodontic or combined. The 
case presentedin this paper illustrates the efficacy of the surgical luxation of ankylosed teeth-
followed by the immediate application of orthodontic elastic force. The outcome maybe deba-
table, but considering a poor prognosis for ankylosed teeth, the suggested treatment repre-
sents a better therapeutic choice than facing potential consequences ofadministering or not 
administering the usual treatment of ankylosed permanent teeth. 
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Introduction 
 
Ankylosed permanent teeth are clinically most 

commonly noticed by the lack of orincomplete erup-

tion (not reaching the occlusal plane) of one or a 
group of teeth. The harmful effect of this condition 
can be more serious of that causing the possible loss 
of the ankylotictooth. Its most common consequen-
ces are the inclination of adjacent and the extrusion 
ofopposing teeth in the space which should be filled 

with insufficiently erupted teeth, thusnormal occlusal 
relation becomes permanently disturbed. In addition, 
due to the absence ofankylotic tooth eruption, the 
reduction or the absence of full growth of surround-
ing alveolarprocess occurs. The prognosis of ankylo-
tic teeth is poor. The cementum tissue of dental 
roottransforms into bone tissue, which is followed by 

instability and permanent tooth loss within a period 
of 3 to 7 years (1). 

The tooth and the alveolar bone form the 

gomphosis joint (Figure 1). Joint surfacesrepresent 

cementum and bone tissue. As these are two histo-
logically similar tissues, bone andcementum cells 
fusion would be a natural phenomenon. However, 
this process does not occurunder physiological con-
ditions due to the presence of periodontal ligament 
which represents aphysical barrier for the fusion of 

these two tissues. If the lesion of fibrous tissue which 
createsthe periodontal ligament occurs (Figure 2), 
the barrier between the dental root cementum cell-
sand alveolar bone cells becomes disturbed. In this 
place, bone and cementum cells penetrationoccurs 
and a bone bridge is formed, i.e. tooth ankylosis oc-

curs (Figure 3). Any absence of PDLintegrity creates 
the space for the fusion of periodontium cells by 
which the naturalmorphological and functional surro-
unding of the tooth is disturbed. 

 
Diagnosis 

 

As a result of bone and cement tissue fusion, 
a solid connection is formed between the tooth and 
the alveolar bone. Therefore, the absence of physio-
logical mobility typical for healthy teeth is clinically 
noticed. An ankylotic tooth very often does not reach 
the occlusal plane or even remains impacted in the 
alveolar ridge. This occurs as a result of impossible 

mobility of the ankylotic tooth, so it cannot follow the 
vertical growth of the alveolar bone and adjacent 
teeth. Percutaneously, muffled sounds are heard (as 
in hitting the bone) due to the fusion of cementum 
and bone tissues. The most visible sign of tooth an-
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kylosis is the lack of its mobility after forces being 

applied by orthodontic appliance. X-rays can show 

spots of periodontal ligament obliteration although 
such an occurrence may remain unnoticed due to 
relatively small surfaces of cells fusion, as well as the 
localisation of newly-formed bone bridges in loca-

tions which interpone the very dental root (2). The 

advancement of radiography and the appearance of 

the three-dimensional computed tomography enable 
measuring the extent of dental root ankylosis and its 
precise localisation (3). Anamnestically, patients of-
ten indicate the injury of ankylotic tooth. 

 

 
 

 
 

Figure 1. 
 

Figure 2. 
 

Figure 3. 

 
 
 

Etiology 
 

Generally, it is believed that tooth injuries are 
the most common cause of ankylosis (4) as they are 
often followed by the injuries of periodontium and 
even ruptures of periodontal ligament. The next 

most frequent cause of tooth ankylosis is tooth rep-
lantation, especially if performed unprofessionally. 

Iatrogenic factors, such as traction of impacted teeth 
by a steel ligature in the shape of a loop positioned 
on the enamel – cementum junction also frequently 
lead to ankylosis as a result of periodontal ligament 
injury with steel ligature. There are suggestions that 
ankylosis may occur for completely unknown rea-
sons changing the fibrous of the periodontal ligament 

with the adjacent bone tissue (5, 6). Many papers 
discuss the occurrence and causes of ankylosis (7-
10). A connection has been observed between the 
endocrine disruptions, metabolism disorders and to-
oth ankylosis. It is also related to genetic predisposi-
tions, local dysfunctions such as infections, trauma 
to the given area, hard pressure on soft tissues or 

the deficit in bone growth. We have to say, however, 
that we lack the full understanding of the essence of 
this process and that the idiopathic ankylosis is very 
common, especially in those cases where the visible 
external signs such as trauma or pathological lesion 
of periodontal ligament are missing. 

 
Therapy 
 
In the literature, conflicting opinions can be 

found about the possibilities for ankylosed perman-
ent teeth treatment (11) which reflect insufficient 
knowledge of etiological processes behind this con-

dition. Some authors believe that the prognosis of 
such teeth is hopeless and suggest their surgical 

removal as the treatment of choice (12, 13). How-
ever, those treatments are often connected with 

bone fractures and massive bone defects which dis-
able the quality of prosthetic rehabilitation. This is 
why tooth decoronation is suggested as an alter-
native to this method, which implies mucoperiosteal 

flap elevation and surgical removal of the tooth 
crown while the root remains to be replaced with 

bone tissue. Distraction osteogenesis is one of the 
methods of placing the tooth in the dental arch (14, 
15) although in those cases we have to closely mo-
nitor patient’s growth because his vertical dimension 
can be highly compromised. Others believe that an-
kylotic teeth, even if they have a longer term pro-
gnosis, cannot be moved by orthodontic forces (16), 

thus they recommend conservative, prosthetic or so-
me other non-orthodontic therapy which often collid-
es with biological needs of growing patients. The 
third suggest surgical luxation of the ankylotic tooth 
and its extraction unless a spontaneous eruption oc-
curs following this intervention (17). Extraction and 
replantation of the ankylotic tooth is also suggested. 

This method is connected to vitality loss and frequ-
ent re-ankylosis unless the tooth is immediately mo-
ved from the replantation place by orthodontic ap-
pliance. A minor segmental osteotomy with reposi-
tioning of the tooth and the adjacent alveolar bone 
as a whole is recommended (18-20). The disadvan-

tage of this method is that it does not affect the 
ankylosis itself but it changes the position of the 
tooth. Tooth luxation is a method of mechanical an-
kylotic contacts breaking preserving vasculature and 
innervation of the ankylotic tooth. Orthodontic move-
ment of the tooth following luxation enables the res-
toration of periodontal area so that a functional tooth 

within healthy bone surrounding is obtained as a re-
sult of this method. 
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Aim 

 

The aim of this paper is to indicate the causes 
and possible preventive measures, as well as to pre-
sent therapeutical possibilities that are available to 
practitioners when they encounter the problem of 
ankylotic tooth in their clinical practice. The case 

presented in this paper illustrates a successful treat-
ment of ankylotic upper central incisor. Immediately 
after the surgical luxation, the method of ankylotic 
tooth traction was applied with orthodontic appliance 
after which occlusal problems that occurred as a 
result of the tooth malposition were solved. Simulta-
neously, the restitution of the periodontal area occu-

rred and the mobility of the treated tooth was en-

abled which persisted for even nine months after the 

surgical luxation. 

 
Case report 
 

A female patient, 21 years old, with maxillary 

retrognathism, open bite, bilateral crossbite and cro-

wding in upper dental arch, came with the problem 

of unerupted upper left central incisor. (Figure 4, 5). 

Anamnestically, the information was gained that the 

patient had already been orthodontically treated for 

the existing problem, and could not recall any tra-

uma. Percutaneously, the tooth makes a muffled 

tone. There is no physiological mobility. Periodontal 

ligament obliteration is noticed on retroalveolar X-

ray (Figure 6). 

 

 

 

 

 
Figure 4. 

 
Figure 5. 

 
Figure 6. 

 

Figure 4, 5. Patient before the beginning of the therapy 

Figure 6. The arrow marks the place of periodontal ligament obliteration 

 

 

 

Therapy plan 

 

◊ Creating space for positioning the tooth 21 
in the dental arch 

◊ Ankylotic tooth undergoing surgical luxation 

to retain mobility 
◊ Vertical traction of the luxated tooth imme-

diately upon surgical intervention 

◊ Correction of sagittal and vertical jaw rela-
tions, extension of upper dental arch, alignment of 
tooth arch midlines 

 
Creating the space for positioning of the tooth 

21 in dental arch was done by fixed orthodontic 
appliance, using steel springs (Figure 7). Regardless 
of the space secured for the tooth eruption, there 
was no reaction at all. Frontal elastic traction was 
also applied but the reaction occurred only in the 

sense of lower frontal teeth extrusion due to the 
traction of ankylotic tooth 21 and intrusions of upper 
frontal teeth, whereas tooth 21 remained unmoved. 
(Figure 8). Surgical luxation was performed, followed 
im-mediately by the traction of the tooth 21 with 

elastic bands and round .014 NiTiarchwires (Figure 
9). It took 4 months to reach its occlusal surface 
(Figure 10). 

Nine months upon performed luxation and 
after more than five months of absolute inactivity, 
tooth 21 was still reacting to orthodontic forces which 
indicates that it was set in a completely morpholo-
gically and physiologically normal and healthy surro-

unding. Due to this fact, we were able to move it 
medially by 1.5 mm which aligned midlines (Figure 

10, 11, 12). 
Fixed orthodontic appliance was removed twe-

nty-three months after the performance of surgical 
luxation. Figures 13, 14, 15 show normal incisalover-
jet, incisal overbite andmidline alignment. Occlusion 
is in class I. Tooth 21 shows signs of physiological 
mobility and percutaneouslyproduces a resonant 

sound. The vitality of the tooth is entirely intact. Re-
troalveolar X-ray film does not show signs of perio-
dontal ligament obliteration and welldevelopedtrabe-
cular bone structure can be seen (Figure 16).Figure 
16 shows resorption of apex 11 developed in stage I 
of the therapy due to the intrusion of upper frontal 

teeth. 



Orthodontic treatment of ankylosed permanent teeth after...                                                                      Branislav Vidović et al. 

65 

 

 

 

 

Figure 7. 
 
 
 

Figure 8. 
 

 

Figure 9. 
 
 
 

Figure 10. 

 
 

Figure 11. 
 
 
 
 

Figure 12. 
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Figure 13. 
 
 

Figure 14. 

 
 

 

Figure 15. Figure 16. 

 
 

 
 

Discussion 

 
In respect to poor prognosis of ankylotic te-

eth, it is important to take a preventive action. This 
primarily refers to the prevention of injuries (ortho-
dontic treatment of class II/1, protectors, etc.) and 
after that to a satisfactory recovery of traumatised 
teeth as the most common cause of ankylosis. In 
this respect, the focus of the problem is shifted from 
the fight against root canal inflammation more to-
wards procedures for the preservation of physiolo-
gical integrity of the periodontal ligament. This is 
why it is important to conduct the procedure of tooth 
replantation correctly if the avulsion occurred after 
the injury. Two procedures are suggested in this 
case depending on whether they are performed less 
or more than 60 minutes from the time of avulsion: 

 
Treatment < 60 min 
 

• Rinse the root canal with physiological solution 
Remove the coagulum with physiological solution jet 
• Examine the presence of injuries in surrounding 
tissues and perform 
Treatment for their recovery 
Replant the tooth with gentle finger pressure 

 
 

Treatment > 60 min 
 

• Remove necrotic tissue (pdl included) 
• Remove the coagulum with physiological solution 
jet 
• Examine the presence of injuries in surrounding 
tissues and perform 
Treatment for their recovery 
• Submerge the tooth in 2.4% sodium fluoride pH5.5 
for at least 5 minutes 
Or, if possible, in emdogain 
• Replant the tooth with gentle finger pressure 

 
After such a treatment it is necessary to: 
 

• Treat the woundand verify the position of the tooth 
with x-ray 
• Apply flexible splint (only for 7 days) 
• Administer antibiotics 
• Refer the patient to the doctor 
• Administer anti-tetanus serum 
• Perform endodontic treatment after 7-10 days if 
necessary 
• Carry out a soft food diet 
• Recommend cleaning teeth with a soft tooth brush 
• Rinse mouth twice a day with octenidol mouth rin-
se for 7 days 



Orthodontic treatment of ankylosed permanent teeth after...                                                                      Branislav Vidović et al. 

67 

The tooth and the alveola which surrounds it 
represent a joint. To avoid ankylosis afterluxation or 
subluxation of the tooth it is necessary to perform a 
"tilting" exercise, i.e. minimal movement of the in-
jured tooth within 1 mm range. This is why placing 
an elasticsplint is necessary. Partial and full fixed ap-
pliances with round archwires can serve thepurpose 
perfectly. Exercise needsto be performed immediate-
ly after placing the elasticsplint, 7 days at the latest 
following the injury. Continuous shearing of the tis-
sue in thehealing stage leads to fibrous-like instead 
of bone-like fusion, which is exactly the way inwhich 

joints should heal. In the end of the process, perio-
dontium is the most similar to itsanatomic structure, 
with fibrous tissue between the bone and cementum 
(Figure17). Rigidimmobilisation is undesirable as it 
leads to re-ankylosis with all the potential consequ-
encesand whose final stage is the substitution of 
dental root for the bone tissue, which begins fromthe 
very first moment of establishing the communication 
through the injured periodontalligament and ends in 
instability and tooth loss (Figure 18). 
 

 
 
 
 

  
 

Figure 17. 
 

Figure 18. 

 
 
 
 

 

Figure 19.                                                                        Figure 20. 
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Antibiotic protection is necessary to be admi-
nistered during 7-10 days in order to avoidthe infec-
tion of periodontal ligament. The antibiotic of choice 
is tetracycline. Unlikeamoxicillin, it not only reduces 
the risk of infection but has the inhibitory effect ono-
steoclasts which lead to dental root resorption (21). 
In order to minimise the initialinflammatory stage 
and therefore reduce the activation of osteoclasts, 
local application ofsteroids (dexamethason) is recom-
mended (22). The use of emdogain is recommend-
able as it formsa matrix for fibrocytedevelopment. 
Tilting exercises or continuous orthodontic force, if 
needed, can be applied 1 day after the tooth rep-
lantation (4). The prevention of ankylosis impliesa-
voiding any therapeutic methods that lead to lesions 
of periodontal ligament. 

If ankylosis still occurs, the chance for anky-
lotic teeth to survive without undergoingorthodontic 
treatment is little. Rhisolysis, which has the form of 
external inflammatoryrhisolysis, includes the dental 
root and the bone substitutes the dental root ce-
mentum.Granulation tissue, which is present in the 
condition of ankylosis, resorbs the root in the same-
manner. In both cases the loss of dental root occurs 
and the tooth falls out (Figure 18). Thisprocess is not 
irreversible unless the necrosis of periodontal liga-
ment exceeds 20% of theradicular surface (23). 

The therapy that we administered was recom-
mended by Proffit (18): anesthesia andmild luxation 
of the ankylotic tooth in order to break bone fibres 
between the dental root andalveolar bone. If this 
procedure is performed, it is extremely important for 
the orthodonticforce to be applied immediately after 
luxation. Otherwise, it is only the matter of time 
whenre-ankylosis will occur. Orthodontic forces must 
be reactivated every 10 days until themoment when 
the tooth is positioned in its place in the dental arch 
(4). 

The method of tooth luxation and its ortho-
dontic movement is risky. It can lead toroot fracture, 
especially in multi rooted teeth. Apart from that, ex-
ternal and internal rhisolysiscan follow such a pro-
cedure. Pulp devitalisation is also one of the potential 
problems. Analternative to this method is the sur-
vival of the ankylotic tooth in the jaw with all the 
consequences that go with it. Prosthetic, conserva-
tive or surgical treatment can reducepatient’s diffi-
culties, but only to a certain extent. With all the risks 
they take, combinedorthodontic-surgical treatments 
are the only ones that can lead to full recovery of 
theankylotic tooth and preservation of the natural 
conditions inpatient’s mouth, which providehim or 
her with comfortable dental future (Figure 19, 20). 
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Ankiloza zuba je proces srastanja korena zuba za okolno koštano tkivo u kome dolazi 

do gubitka periodontalnog ligamenta, a u kasnijim fazama do pretvaranja korena zuba u ko-
štano tkivo i do gubitka samog zuba. Etiologija ovakvih stanja kreće se od traume, genetske 
predispozicije, poremećaja metabolizma, lokalnih poremećaja, endokrinih poremećaja, jatro-
genih uzroka pa do idiopatskih faktora. Posledice su evidentne i odnose se na izostanak rasta 
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oponenata i narušavanja cele okluzije. Terapija može biti hirurška, konzervativna, ortodontska 
ili kombinovana. Slučaj prikazan u ovom radu svedoči o efikasnosti hirurške luksacije ankilo-
tičnih zuba praćene neposrednom primenom ortodontske elastične vuče. Ishod može biti 
diskutabilan, ali s obzirom na lošu prognozu ankilotičnih zuba, hirurška luksacija predstavlja 
bolji terapeutski izbor od suočavanja sa mogućim posledicama izostanka ili primene uobi-
čajenih tretmana ankilotičnih zuba. 
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Chokeberry (Aronia melanocarpa (Michx.) Elliott) has been traditionally used for 

centuries in the herbal medicine of the Native North Americans considering the numerous 
pharmacological activities. The aim of this research was to analyze the effects of the chokeberry 
juice on the cardiovascular activity, in order to authenticate the use of Aronia melanocarpa as a 
functional food. Nevertheless, the antioxidative properties of chokeberry juice were determined 
by DPPH method and the β-carotene/linoleic acid model system, to prove the estimated activity 
of the juice. The significant antioxidative activity was confirmed. The concentration of choke-
berry that inhibited 50 % of DPPH free radicals (IC50) was 1.25 ± 0.08 mg/ml. In β-carote-
ne/linoleic acid model system IC50 was achieved by concentration of 1.73 ± 0.07 mg/ml. The 
effects of chokeberry juice on the blood pressure and heart rate in anaesthetized rabbits were 
performed. The results demonstrated the reduction of the blood pressure (EC50 value of 195.63 
± 14.45 mg/kg, the concentration which elicited 50 % of maximal response) and heart rate 
(EC50 value of 171.71 ± 11.21 mg/kg) in the animals. The administration of the chokeberry 
juice could produce hypotension and negative chronotropic effects. However, it is necessary to 
conduct the study in human population to confirm those findings. 
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Introduction 
 
The berries of Aronia melanocarpa (Michx.) 

Elliott (black chokeberry, aronia, aronia berry), a 
woody shrub of the Rosaceae family, have been 

used in the Native North American herbal medicine 
for centuries. In the last decades, the interest of 
food and medicinal science has been focused on 
chokeberry’s secondary metabolites with highly ex-
pressed antioxidant activity and their possible use in 

the prevention and treatment of many diseases (1, 
2).  

The chemical and nutritive composition of A. 
melanocarpa berries have been determined by 
previous research. Chokeberries are the rich source 
of polyphenolic compounds, as phenolic acids, pro-
anthocyanidins, anthocyanins, flavonols, and flava-
nones (2-5). Anthocyanins are the dominating flavo-

noids in chokeberry, representing about 25 % of to-
tal polyphenols (6-9). Studies have also confirmed 
the presence of dietary fiber in A. melanocarpa ber-
ries (10) and several other constituents such as mi-

crocrystalline cellulose, pectins, lignins, cutin-like po-
lymers and condensed tannins (11). The content of 
fat and proteins in fruits was analyzed, and there 

was found to be 0.14 g/100 g FW of fat and 0.7 g/ 
100 g FW of proteins in fresh chokeberries (10). 
Fresh chokeberries also contain 16-18% of reducing 
sugar, which is often used in a diet as a weak laxa-
tive (9). The mineral content (ash values) of fresh 
chokeberry has also been confirmed and it was 440 
mg/100 g 13 and 580 mg/100 g. During processing, 

the mineral content of juices was between 300 and 
640 mg/100 mL (12). Chokeberry fruits contain re-
latively high average amounts of K and Zn. Never-
theless, they contain small amounts of Na, Ca, Mg 
and Fe (10). In fresh pressed juice vitamins B1, B2, 
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B6, C, pantothenic acid and niacin (13) were found. 

Some studies have confirmed the presence of caro-

tenoids, ß-caroten and ß-cryptoxanthin, in compa-
ratively high amounts of chokeberry fruits (10, 14). 

A. melanocarpa fruits contain mostly cyani-
din-3-O-galactoside, cyanidin-3-O-arabinoside, cya-
nidin-3-O-xyloside and cyanidin-3-O-glucoside, among 

anthocyanins (15). The high content of phenolic com-
pounds, especially anthocyanins with their highly ex-
pressed antioxidant activity, correlates with the bio-
logical activity of these berries and their use in 
health promoting and well-being purposes (16-18). 
Anthocyanins have an active role in cardio and ne-
uroprotection, and as anticancer, hepatoprotective, 

gastroprotective, anti-inflamatory, normolipidemic and 
normo-glicemic agents and intracellular antioxidants 
(19-22). 

We performed this study to examine the ef-
fects of chokeberry juice on the blood pressure and 
heart rate in anaesthetized rabbits, in addition to its 
antioxidant properties. 

 
Materials and methods 
 
Plant material and juice preparation 
 
Fruits of black chokeberry were collected from 

a plantation field on the mountain Suvobor (750 
m.a.s.l.), Serbia, in August 2011. The berries were 
stored at +5°C for 24 h. Fresh berries were crushed 
and squeezed. The yield of the juice with respect to 
the weight of the fresh fruits was 73 %. The juice 
was filtered, pasteurized at 80°C for 10 min and stor-

ed at 0°C. For the experiment the juice was diluted 

with distilled water to the appropriate concentration. 
 
Determination of antioxidant capacity 
 
The free radical scavenging activity of the ju-

ice on the stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
radical was carried out according to the procedure 

described previously (23), with slight modifications. 
The juice sample (2 g) was diluted with distilled 
water up to 10 ml, centrifuged (2500x g; 10 min) 
and a supernatant was used for analyses. The an-
tiradical capacity of the sample was evaluated using 
a dilutions series, in order to obtain a large spectrum 

of sample concentrations. The juice (100 µl) was 
mixed with 1400 µl of 80 mΜ methanol solution of 

DPPH. The absorbance at 540 nm was measured 
after 20 min. The percentage of inhibition was calcu-
lated us-ing the equation:  

Inhibition % = [(A0-Ai)/A0]x 100, where A0 is 
absorbance of the control and Ai is absorbance of 

the sample. The concentration of the juice that inhi-
bited 50% of DPPH radicals (IC50) was calculated 
from the concentration/% inhibition curve. Trolox was 
used as a positive control.  

The assessment of the lipid peroxidation inhi-
bitory activity was carried out according to the β-
carotene/linoleic acid model system described by 

Koleva and others (2002) (24), with modifications. 
The juice sample (2 g) was diluted with distilled 
water up to 10 mL, centrifuged (2500x g; 10 min) 

and supernatant was used for analyses. A solution of 

β-carotene was prepared by dissolving 2 mg of cry-

stalline β-carotene in 10 ml of chloroform. One milli-
litre of the solution, 180 mg of Tween 20 and 25 μl 
of linoleic acid were pipetted into a round-bottom 
flask. After all chloroform had evaporated, 50 ml of 
oxidized distilled water were added to the flask with 

gentle shaking. Aliquots (200 μl) of this aqueous 
emulsion were pipetted into each of the wells of 96-
well microtiter plates containing 40 μl of chokeberry 
juice in different concentrations. The microtiter plat-
es had been shortly shaken before zero time absorb-
ance was measured by Elisa reader at 450 nm (A0) 
(ELISA microplate reader Multiskan Ascent No354 

(Thermo Labsystems, Finland).  
Microtiter plates were then incubated at 55ºC 

for 2 hours and absorbances were read again 

(A120). A blank, deprived of β-carotene, was pre-
pared as a negative control. Antioxidant activity was 
calculated using the following equation (25): 

Inhibition % = (A120/ A0)x 100.  

The concentration of the juice that provided 
protection of 50 % β-carotene (IC50) was calculated 
from the concentration / % inhibition curve. Trolox 
was used as a positive control.  

 
Blood pressure and heart rate measurement 

 
Artery blood pressure in the anaesthetized 

rabbits was measured as described previously (26). 
The rabbits were anesthetized intravenously with 
urethane (750 mg/kg). The catheter filled with he-
parinized saline (60 IU ml-1) was implanted into left 

carotid artery. This catheter was connected to a 

blood pressure transducer (P-1000-A) coupled with 
a Narcophysiograph (NARCO Bio system, Houston, 
USA) for measurement arterial pressure. Arterial 
blood pressure was expressed in mmHg, as systolic 
and diastolic blood pressure, and then the mean ar-
terial blood pressure was calculated using the fol-
lowing formula: 

 
Mean arterial pressure = diastolic pressure + 

(systolic pressure-diastolic pressure) / 3 
 
The measurements of the blood pressure and 

heart rate were made before and after the admini-

stration of the chokeberry juice. Arterial pressure 
was allowed to return to the resting level between 

injections. Changes in blood pressure were recorded 
as the difference between the steady state values 
before and after the injection.  

Animals were treated with 0.2 ml of black 
chokeberry juice, which was administered in rising 

concentrations (0.45 - 150 mg/kg) at intervals of 15 
- 20 min. The effects of the black chokeberry were 
followed during 10 minutes of continuous regist-
ration of the arterial blood pressure. All results were 
based on the data obtained in six different sets of 
experiment. All experimental procedures with ani-
mals were in compliance with the European Union 

Directive (2010/63/EU) for animal experiments and 
were also approved by the Animal Ethics Board of 
the Medical Faculty in Nis (number 01-206-7).   
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Statistical analysis 

 

The experimental results were presented as 
mean ± SD of the mean of 6 determinations. Sta-
tistical evaluation was performed using the Stu-
dent`s t-test. A probability value of p < 0.05 was 
considered to be significant. The effective concen-

trations EC50, that is the concentration which elicited 
50 % of maximal response, were established by reg-
ression analysis. Statistical analyses were performed 
using SPSS statistical software package (ver. 20.0; 
Chicago, IL, USA). 

 
Results 

 
Antioxidant assessment 
 

The assessment of antioxidant potency was 
conducted by two in vitro complementary methods. 
The concentration of chokeberry juice that inhibited 
50% of 2,2-diphenyl-1-picrylhydrazyl (DPPH) free 

radicals (IC50) was 1.25 ± 0.08 mg/ml. In β-caro-
tene/linoleic acid model system IC50 was achieved 
by concentration of 1.73 ± 0.07 mg/ml. Trolox show-

ed better activity in β-carotene/linoleic acid model 

system than in DPPH (1.69 ± 0.11 and 6.15 ± 0.64 

mg/ml, respectively). 
 
Hypotensive and bradycardic effects of black 

chokeberry juice  
 

The intravenous injection of the chokeberry 
juice, which was administered in rising concentra-
tions, immediately induced significantly and dose-
dependent decrease of the systolic, diastolic and 
mean arterial blood pressure and heart rate of rab-
bits. The chokeberry juice at doses of 150 mg/kg 
decreased arterial blood pressure of rabbits for 

39.23 ± 4.58 % (p < 0.01), with EC50 value of 
195.63 ± 14.45 mg/kg. 

In vivo intravenous application of juice at 

doses of 150 mg/kg (Graph 1) caused a significant 
decrease in heart rate in anesthetized rabbits for 
44.48 ± 5.02 % (p < 0.01), with EC50 value of 
171.71 ± 11.21 mg/kg. After the hypotensive peak, 

the blood pressure and heart rate increased pro-
gressively and reached the basal value in about 3-5 
min. 
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Graph 1. Dose-dependent effects of intravenous injection of the black chokeberry  

(Aronia melanocarpa [Michx.] Elliott) juice on the mean arterial blood pressure and heart rate of anaesthetized rabbits 
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Discussion 

 
Black chokeberry fruits are the one of the 

richest plant sources of phenolic substances, mainly 
anthocyanins-glucosides of cyanidin (27). Numerous 
studies have shown that the polyphenolic compo-
unds present in fruit and vegetable exhibit a wide 
range of biological effects. Well-known are their role 
as free radical scavengers and their potentially sig-
nificant interactions with biological systems (28). 
Anthocyanins exhibit lipid-lowering and anti-aggre-
gative action in patients with metabolic syndrome 
(29). Yang et al. (2011) (30) showed that a dietary 
supplementation with the blueberry extracts and cy-
anidin-3-O-galactoside from blueberry in the aged 
mice might induce changes of the endogenous plas-
ma and brain metabolic profiles which improves cog-
nitive impairment and neurodegenerative diseases. 
Previous studies showed that chokeberry juice and 
products demonstrate strong antioxidative activity 
(31, 32) and that was confirmed by our results.  

Strong antioxidant activities of chokeberry pro-
ducts qualify them to be used in prevention and 
treatment of numerous non-communicable diseases, 
such as cardiovascular diseases (33–38). The pre-
sent study also showed that black chokeberry juice 
produced significant decrease in blood pressure. Blo-
od pressure is determined by cardiac output and 
total peripheral resistance; hence chokeberry juice 
was investigated on heart rate for its possible inhi-
bitory effects. Our study also confirms that the cho-
keberry juice has hypotensive and bradicardic ef-
fects on cardiovascular system. Intravenous injec-
tion of the black chokeberry juice induced the short-
term and dose-dependent hypotensive and negative 
chronotropic effects in anesthetized rabbits. Results 
showing that the chokeberry juice caused a decre-
ase of blood pressure with bradicardic effect indicate 
that the chokeberry juice might have effect at the 
cardiovascular regulation region of the central ner-
vous system and/or effect at the heart. These find-
ings are consistent with the literature data. The blo-
od pressure-lowering properties of the juice used in 
our study are in accordance to those obtained by 
Hellstrom et al. (2010) (39) with a lyophilized cho-
keberry juice (Aronia mitchurinii) and polyphenols in 
spontaneously hypertensive rats. Dietary supplem-

entation with extract of the black chokeberry reduc-
ed systolic and diastolic blood pressure in patients 
after myocardial infarction (38), as well as in pati-
ents with metabolic syndrome (40, 41). 

In vivo studies in animal models, as well as in 
humans, have confirmed that consumption of the 
chokeberry preparations could improve the blood 
pressure and lipid status. (35, 38, 42-44). It can be 
explained by the inhibition of the activity of angio-
tensin l-converting enzyme by the chokeberry ex-
tracts (39, 45). It is known that the chokeberry pre-
parations could protect the coronary arteries (46) 
and heart muscle (38) from the oxidative damage. 
Literature data confirmed its anti-inflammatory pro-
perties which are connected with the protection of 
the human aorta and aortic endothelial cells in vitro 
(34, 47). 

 
Conclusion 
 
The present study demonstrated that black 

chokeberry juice (Aronia melanocarpa) was able to 

reduce the blood pressure and heart rate in anes-
thetized rabbits. Intravenous administration of the 
chokeberry juice could produce hypotension and ne-
gative chronotropic effects. Hence, the chokeberry 
fruit could be used as a functional food ingredient for 
the control functions of the cardiovascular system. 
However, it would be necessary to carry out clinical 

studies to demonstrate its hypotensive effects in 
humans. 
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Aronija (Aronia melanocarpa (Michx.) Elliott) se vekovima tradicionalno koristila u 

biljnoj medicini drevnih naroda Severne Amerike, s obzirom na brojne farmakološke aktivnosti 
koje ispoljava. Cilj ovog istraživanja bilo je ispitivanje efekata soka ploda aronije na aktivnost 
kardiovaskularnog sistema, kako bi se potvrdila upotreba soka kao funkcionalne hrane. Anti-
oksidativna aktivnost soka procenjivana je pomoću DPPH metode i β-karoten / linolna kiselina 
model sistema. Potvrđena je značajna antioksidativna aktivnost soka aronije. Koncentracija 
soka aronije koja je inhibirala 50 % DPPH radikala (IC50) bila je 1,25 ± 0,08 mg/ml. U β-karo-
ten / linolna kiselina model sistemu IC50 vrednost iznosila je 1,73 ± 0,07 mg/ml. Efekti soka 
na krvni pritisak i frekvenciju srčanog rada ispitivani su na anesteziranim kunićima. Rezultati 
su pokazali smanjenje krvnog pritiska (EC50 vrednost bila je 195,63 ± 14,45 mg/kg, konce-
ntracija koja je izazvala 50 % maksimalnog odgovora) i frekvencije srca (EC50 vrednost bila je 
171,71 ± 11,21 mg/kg) kod kunića. Primena soka aronije može izazvati hipotenzivni i nega-
tivni hronotropni efekat. Neophodno je sprovesti studije na ljudima kako bi se ovi efekti i 
potvrdili. 
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DIFFERENTIAL DIAGNOSIS BETWEEN BULBOSPINAL MUSCULAR 

ATROPHY – KENNEDY'S DISEASE AND AMYOTROPHIC LATERAL 

SCLEROSIS 
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Amyotrophic lateral sclerosis (ALS) includes a number of disorders causing degene-

ration of lower and upper motor neurons and findings in the bulbar region and at least two 
spinal regions or UMN and LMN in three spinal regions. ALS is typically presented with bulbar or 
asymmetric limb weakness, loss of ability to speak, to swallow and to breathe. Kennedy disease 
is a form of MND that is associated with bulbar involvement and X linked recessive inheritance. 
The symptoms include muscular cramps, a limb-girdle distribution of muscle weakness, bulbar 
symptoms and distinguishing clinical features include facial and perioral fasciculations in par-
ticular. This is a case study of a 43-year- old man who suffered from recurrent muscle cramp-
ing and progressive symmetric lower extremity weakness, with a prominent fatigable compo-
nent to this weakness, shoulder weakness, difficulty swallowing and facial twitching. EMNG 
showed widespread reinnervation changes and fasciculations in arms, legs, tongue, and thora-
cic paraspinals, with minimal fibrillation potentials. Motor NCS were normal or borderline in am-
plitude, and sensory responses were absent in upper and lower limbs. Genetic testing was 
positive (45 CAG). Kennedy disease may be underdiagnosed, owing in part to misdiagnosis and 
to the mild symptoms exhibited by some patients. The electro-physiological examinations are 
the key point to the diagnosis of Kennedy disease. In our case, we found the symmetric weak-
ness, sensory abnormalities on electrophysiological testing, prominent facial fasciculations, and 
gynecomastia which were not characteristic of the ALS, and indicated that was one of MND 
syndromes such as Kennedy disease and that was confirmed by genetic testing. 
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Introduction 
 
The differential diagnosis of amyotrophic late-

ral sclerosis (ALS) includes a number of disorders 

causing degeneration of lower and upper motor ne-
urons. It is important to consider these diagnoses 
because the prognosis is often better and in certain 
situations, specific treatments may be available. (1)  

ALS is defined on clinical evidence and requi-
res both upper motor neuron - UMN ( such as spas-
tic tone, hiperreflexia, and Babiski sign) and lower 
motor neuron - LMN (including muscle atrophy, fas-
ciculations and weakness) and findings in the bulbar 
region and at least two spinal regions (cervical, tho-
racic, lumbosacral) or UMN and LMN in three spinal 

regions. A patient with ALS typically presents with 
bulbar or asymmetric limb weakness, more promi-

nent in distal than in proximal muscles. Most pati-
ents with ALS will lose their ability to control their 
limbs, to speak, to swallow and to breathe (1). With-
out mechanical ventilation, death from respiratory 
failure typically ensues within 3 to 5 years of the 

onset of symptoms. The typical age of ALS onset is 
60 years. Some patients have comorbid frontotem-
poral dementia and strong family history - familial 
ALS accounts for 3 to 10 % of all ALS forms while at 
least 90% have none -sporadic ALS. In recent years, 
14 different genes have been identified that cause 

various types of motor neuron disease. The best evi-
dence for this involves the protein TDP-43 in the 
intraneuronal cytoplasmatic protein aggregates of 
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SALS and in some forms of FALS. Another example, 

within FALS 1 has a mutation in SOD1 (2). 

ALS continues to be diagnosed and followed 
almost entirely on the basis of clinical findings. There 
is no laboratory test to prove or disapprove the dia-
gnosis. For patients with classic presentation routine 
chemistries, complete blood count, serum kinases , 

electrophysiologic testing, and imaging studies of the 
spine/brain are performed. More extensive labora-
tory testing should be reserved or more atypical pre-
sentations (pure UMN or LMN syndromes, the dise-
ase of early onset under 40 years of age or prolong-
ed duration, coexistent systemic illness or the pre-
sence of sensory or urinary symptoms). Diagnostic 

CSF biomarkers may allow for improved diagnosis of 
ALS, may be leading to the ability to make diagnosis 
definitively in early cases. Routine testing for heavy 

metals in the serum or urine is not indicated unless 
there is a high suspicion for exposure. Another labo-
ratory study that may support the diagnosis of ALS 
is muscle biopsy. 

Multiple studies have shown that a multidis-
ciplinary approach may prolong survival and impro-
ve the quality of life of patients with ALS (3). Only 
one drug has ever been shown to prolong survival in 
patients with ALS: riluzole. Riluzole affects neurons 
by three mechanisms: inhibiting excitatory amino 

acid release, inhibiting events after stimulation of 
excitatory amino acid receptors and stabilizing the 
inactivated state of voltage-dependent sodium chan-
nels (3). Palliative care and symptomatic therapy 
play an integral part in the management of patients 
with ALS. That included exercises, hydrotherapy, and 

the drugs baclofen, gabapentin, amitriptyline when 

there is comorbid sleep disturbance, depression or 
pseudobulbar affect (4). 

The motor neuron disease (MND) that may 
present clinically with progressive dysfunction of mo-
tor neurons are included in the differential diagnosis 
ALS. MND includes the spectrum of clinical syndro-
mes that result from degeneration of upper motor 

neurons, lower motor neurons or both. One of the 
syndromes is Kennedy disease. 

Kennedy disease is a form of MND that is as-
sociated with bulbar involvement and X linked reces-
sive inheritance (5). 

The disease affects only males, usually at the 

beginning of the third or fourth decade of life. The 
initial symptoms include muscular cramps, a limb-

girdle distribution of muscle weakness, and bulbar 
symptoms. Distinguishing clinical features include 
facial and perioral fasciculations, in particular, which 
are present in more than 85 % of patients, hand 
tremor, and tongue atrophy associated with a longi-

tudinal midline furrow. There is no evidence of UMN 
involvement and sensory examination is typically 
normal. Other systemic manifestations include gyne-
comastia in 60-90 % of patients due to elevated go-
nadotropin levels associated with testicular atrophy, 
feminization, impotence, and infertility (6). Diabetes 
mellitus is seen in 10-20 % of patients. Genetic test-

ing can be performed to confirm the presence of an 
abnormal trinucleotide repeat expansion (CAG) in 
the androgen receptor gene on the X chromosome. 

In healthy individuals, the repeats range from 17 to 

26 in this coding area, whereas in Kennedy disease, 

the number of repeats ranges from 40 to 65. The 
number of the enlarged CAG repeats is significantly 
correlated with the age of onset but has no correla-
tion with severity of weakness, degree of sensory 
neuropathy, of gynecomastia or impotence (7). 

 
Materials and methods 
 
This is a case study of a 43 - year-old man 

who was referred for a second opinion regarding the 
diagnosis of ALS. He reported recurrent muscle cram-
ping since he was 25 and progressive symmetric 

lower extremity weakness 4 years ago. He noted a 
prominent fatigable component to this weakness, 
with worsening associated with prolonged use of the 

muscles. He had noted shoulder weakness, difficulty 
swallowing, and facial twitching. He denied a family 
history of neurologic illness. 

The examination has shown bifacial weakness 

with continuous facial fasciculations, proximal extre-
mity weakness, areflexia, and normal sensation. 
There was also weakness and atrophy of the tongue, 
mild nasal dysarthria, and significant axial weakness 
with lumbar lordosis. Postural tremor was noted in 
the upper extremities and frequent fasciculations 

were observed in the arms and legs. He had gyneco-
mastia. 

Serum CK level was elevated at 1800 IU/L. 
EMNG showed widespread reinnervation changes 
and fasciculations in arms, legs, tongue, and tho-
racic paraspinals, with minimal fibrillation potentials. 

Motor NCS were normal or borderline in amplitude, 

and sensory responses were absent in upper and 
lower limbs. SEP (n. medianus) showed that cortical 
responses and spinograms are morphologically se-
vere altered indicating a defect in the conduction in 
the central and peripheral roads SS bilaterally. SEP 
(n. tibialis) showed morphologically altered cortical 
responses with prolonged latencies. Spinograms were 

low volted with prolonged latencies. The finding sug-
gests a defect in the conduction in the central and 
peripheral roads SS bilaterally. 

Muscle biopsy showed inequality in the size of 
muscle fibers due to the presence of atrophic fibers 
with elongated, angular and rounded contours that 

meet in small groups. Increased core presents with 
centralization and rare fibers under phagocytosis. 

Interstitially, connective tissue was neat and vessels 
were with a neat wall and lumen. Genetic testing 
was positive for an expanded allele in CAG repeat 
region of the androgen receptor gene (45 CAG). MRI 
of the brain and spine were normal. 

 
Conclusion and discussion 
 

Kennedy's disease, also known as spinal and 
bulbar muscular atrophy (SBMA), is a rare, adult-on-
set, X-linked recessive neuromuscular disease with 
an estimated incidence of approximately 1 case in 
40,000 men, but the general impression is that 

Kennedy disease may be underdiagnosed, owing in 
part to misdiagnosis and to the mild symptoms exhi-
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bited by some patients. SBMA is caused by expan-

sion of a CAG repeat sequence in exon 1 of the an-

drogen receptor gene (AR) encoding a polygluta-
mine (polyQ) tract. The polyQ-expanded AR accu-
mulates in nuclei, and initiates degeneration and 
loss of motor neurons and dorsal root ganglia. While 
the disease has long been considered a pure lower 

motor neuron disease, recently, the presence of ma-
jor hyper-creatine-kinase (CK)-emia and myopathic 
alterations on muscle biopsy has suggested the pre-
sence of a primary myopathy underlying a wide ran-
ge of clinical manifestations (8). 

The electrophysiological examinations are the 
key point to the diagnosis of Kennedy disease. Ele-

ctroneurography shows normal conduction velocity 
in peripheral nerves, but the sensory nerves usually 
show axonal degeneration, which causes only very 

mild or subclinical neurological deficits. Electromyo-
graphy shows chronic anterior horn cell degenera-
tion in skeletal muscles. The molecular genetic dia-
gnosis was introduced in 1991 when on the abnor-

mal expansion of CAG repeat was found in the first 
exon of the androgen receptor gene on chromosome 
X with a frequency of 100 % in the affected popula-
tion. Since the progression is very slow and these 
patients can expect a normal life span, it is essential 
to this syndrome from other, often more severe di-

seases, such as ALS.  
In our case, we found symmetric weakness, 

sensory abnormalities on electrophysiological test-
ing, prominent facial fasciculations, and gynecomas-
tia which were not characteristic of the ALS, and 
indicated that is one of MND syndromes such as 

Kennedy disease and that was confirmed by genetic 

testing. Various endocrine abnormalities including 
decreased fertility and gynecomastia are common 

and among the first features of KD, what was the 

finding in our case also.  

Animal models of KD have demonstrated im-
provement on withdrawal of testosterone, indicating 
that this agonist of the androgen receptor is required 
for the toxic effect. Potential therapies based on te-
stosterone withdrawal in humans have shown some 

promise, but efficacy remains to be proven (9).   
Androgen deprivation, to gene silencing, an 

expanding repertoire of peripheral targets, including 
muscle and advancement of these strategies into 
the clinic, can be reasonably anticipated that the 
landscape of treatment options for SBMA and other 
neuromuscular conditions will change rapidly in the 

near future (10). 
To date, the abnormal expansion of CAG re-

peat has been identified to cause nine neurodegene-

rative diseases including SBMA, Huntington’s disease 
(HD), dentatorubral-pallidoluysian atrophy (DRPLA) 
and six forms of spinocerebellar ataxia (11). Altho-
ugh the causative gene varies with each disease, 

these polyglutamine disorders share common path-
ways of molecular pathogenesis, such as accumu-
lation of abnormal proteins, transcriptional dysregu-
lation and disruption of axonal transport (12). Ad-
ditionally, several lines of evidence suggest that 
mitochondrial impairment and elevated oxidative st-

ress are also implicated in the pathogenesis of Ken-
nedy’s disease (13). 

Despite several therapeutic attempts made in 
mouse models, no effective disease-modifying the-
rapy has been available yet, although symptomatic 
therapy is beneficial for the management of the 

weakness, fatigue and bulbar symptoms (8). The 

disease typically lasts at least 2-3 decades and life 
expectancy does not appear to be compromised 
(14). 
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Amiotrofična lateralna skleroza (ALS) uključuje višestruke poremećaje koji uzrokuju 

degeneraciju gornjeg i donjeg motoričnog neurona kao i promene u bulbarnom regionu i u 
najmanje dva spinalna područja ili GMN i DMN u tri spinalna područja. ALS se obično mani-
festuje bulbarnom ili asimetričnom slabošću ekstremiteta, gubitkom govorne sposobnosti, 
gutanja i disanja. Kenedijeva bolest je oblik MNB koji je povezan sa bulbarnim oštećenjem i X 
recesivnim naslednim oboljenjem. Simptomi uključuju mišićne spazme, mišićnu slabost eks-
tremiteta, bulbarne simptome, a klinički simptomi uključuju facijalnu i posebno perioralnu fas-
cikulaciju. Ovo je studija slučaja 43-godišnjeg čoveka sa rekurentnim mišićnim spazmama i 
progresivnom simetrijskom slabošću donjih ekstremiteta, praćen umorom, slabošću ramenog 
pojasa, teškoćama gutanja i grčevima lica. EMNG je pokazao promene u inervaciji i fasci-
kulaciji ruku, nogu, jezika i torakalno paraspinalno sa minimalnim potencijalima na fibrilaciju. 
Motorna brzina sprovodljivosti bila je normalna do granice amplitude, sa odsustvom senzor-

nog odgovora gornjih i donjih ekstremiteta. Genetičko testiranje bilo je pozitivno (45 CAG). 
Kenedijeva bolest može da bude subdijagnostifikovana, kao rezultat propuštene dijagnoze ili 
kao rezultat blagih simptoma kod bolesnika. Najvažniji deo dijagnoze su elektrofiziološki pre-
gledi. U našem slučaju pokazale su se simetrična slabost, senzorne abnormalnosti u elektro-
fiziološkom testiranju, facijalne fascikulacije i ginekomastija, koje nisu karakteristične za ALS, 
što zauzvrat ukazuje na to da se radi o nekom od MNB sindroma kao što je Kenedijeva bolest, 
što je potvrđeno genetskim testiranjem. 
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ASYMPTOMATIC "GIANT" PHEOCHROMOCYTOMA DISCOVERED AS 
ADRENAL INCIDENTALOMA-CASE REPORT AND LITERATURE REVIEW 

 
Danijela Radojković1,2, Milan Radojković1,3 

 

 
Adrenal gland tumours, revealed during radiological procedures in patients without pre-

vious suspicion for adrenal disease, are known as adrenal incidentalomas (AI). Asymptomatic 
pheochromocytoma-incidentaloma is usually smaller than 10 mm. Incidentally found large phe-
ochromocytoma without any clinical signs is the rarity.  

Herein, a young woman is presented, with a tumour in the right adrenal gland, size 
60x70 mm, discovered on the abdominal sonogram, performed during a regular systematic 
examination. Computed tomography confirmed "giant" tumour, size 70x74 mm, with cystic and 
necrotic areas and inhomogeneous contrast captivity. Besides discrete elevated vanillymandelic 
acid (VMA) level in 24 hours dieresis, all the results of the endocrine evaluation were in normal 
range. The patient underwent [131I]-meta-iodobenzylguanidine ([131I]-MIBG) scintigraphy 
which was indicative for right pheochromocytoma. After adequate preoperative preparation, 
right adrenalectomy was performed. The procedure and postoperative course went without 
complications, and pheochromocytoma was confirmed by histopathological examination. 

It appears that frequency of AI is constantly rising in the last few decades, thanks to 
widely used radiological diagnostic techniques. Even though the most of AI are nonfunctional, 
we should always keep in mind that under clinical "mute" adrenal tumours, malignant or sec-
reting lesions could hide. A thorough examination of each incidentally revealed adrenal mass 
can prevent potential oversight and provide proper treatment. 
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Introduction 
 
Tumours localised in adrenal gland, revealed 

during radiological procedures in patients without 
previous suspicion for adrenal disease are known as 
adrenal incidentalomas (AI).  

Along with technology advances and frequent 
radiological imaging, detection of AI is significantly 
increased (1). After diagnosed AI, two crucial tasks 

are:  
1. to distinguish functional from nonfunctional 

adrenal tumour and  

2. to conclude whether it is benign or malig-
nant one. Usually, AI are hormonal inactive adeno-
mas (74-82.2 %), followed by Cushing syndrome 
(CS 6-7 %), pheochromocytoma (4.7-7.2 %), aldo-
steronomas (1.2-4.6 %), adrenocortical carcinoma 
(ACC 4.8 %), and metastatic lesions (2.3 %) (2, 3). 

Pheochromocytomas are tumours that arise 

from the adrenal medulla. The most common loca-
lization is the abdomen, where adrenal glands are 
target places for 90 % of these tumours, usually 
unilateral. Since the majority of pheochromocyto-
mas produce and secrete catecholamines, hallmarks 

of clinical presentation are symptoms associated with 

catecholamine excesses like hypertension, heada-
che, sweating, tachycardia, pallor and panic attacks. 
Therefore, each incidentally revealed adrenal mass 
should be thoroughly examined and screened for 
pheochromocytoma.  

Herein, we present a young woman with clini-
cally "silent" pheochromocytoma and discuss diag-

nostic procedures along with treatment. 
The patient has given informed consent that 

all data about her diagnostic procedures and treat-
ment could be collected and published. All proce-
dures performed in the study were in accordance 
with the ethical standards of the institutional and 
national research committee. 
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Patient case report 

 

During regular systematic examination in a 
young woman (32 years old) an abdominal sono-
gram was performed, which revealed the right adre-

nal mass, size 60x70 mm. Computed tomography 

(CT) confirmed "giant" tumour, size 70x74 mm, with 

cystic and necrotic areas and inhomogeneous con-
trast captivity (Figure 1A and 1B).  

 
 

 
 

  
 

A. CT scan of right adrenal tumour, transverse plane. B. CT scan of right adrenal tumour, coronal plane.  
C. [131I]-MIBG scan of right adrenal pheochromocytoma 

 
 

Figure 1. Visualization diagnostic procedures 
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She was admitted to Endocrinology Clinic, Cli-

nical Centre, Niš for further examination. The pa-

tient’s medical history of any relevant illnesses, in-
cluding hypertension, was negative. Even though 
physical examination reviled obesity (BMI 32) body 
weight was stable, without weight gain. There were 
no symptoms and signs such as hirsutism, purple 

striae, hair loss, or oedema. The blood pressure 
(120/80 mmHg) heart rate (80/min) and respiratory 
rate (18/min) were normal. Family history was posi-
tive for diabetes mellitus type 2, hypertension and 
obesity (patient’s parents). Initial laboratory testing 
(blood cell count, electrolytes, urea, creatinine, hepa-
togram, amylase, lipids, and glycaemia) was nor-

mal, except for increased fasting plasma glucose 
(6.4 mmol/l). Performed oral glucose tolerance test 
(OG-TT) revealed impaired glucose tolerance (IGT) 

with hyperinsulinemia in the second hour of the 

OGTT (plasma glucose level was 8.4 mmol/l and 

insulin concentration was 172.7 uU/ml; reference 

value: 2.6-24.90 uU/ml). Further endocrine evalua-
tion included plasma cortisol assay, adrenocortico-
tropic hormone (ACTH), plasma catecholamines (ad-
renaline, noradrenaline and dopamine), 24 hours 
urinary catecholamine metabolite (vanillymandelic 

acid – VMA), sodium, potassium, calcium, phospho-
rus, parathyroid hormone (PTH), calcitonin, chromo-
granin A (CgA), thyroid stimulating hormone (TSH) 
and insulinemia during OGTT. Beside discrete ele-
vated VMA level, all the results of the endocrine 
evaluation were in normal range and shown in Table 
1. Basal cortisol level was significantly suppressed 

after low-dose dexamethasone (1 mg) test (cortisol 
level was 470.2 nmol/l before DST and 52 nmol/l 
after; reference range 150-638 nmol/l). 

 
 
 

Table 1. Initial endocrine evaluation 

 
 

Parameter Result Reference range 

Plasma Cortisol at 08, 16 and 23h (nmol/L) 470.2/ 225.6/ and 96.0 150 - 638, 80 - 388 

VMA (µmol/D24h) 68.7 0 - 68.6 

plasmaAdrenalin (pg/mL) 78.0 <100 

plasmaNoradrenalin (pg/mL) 523.3 <600 

plasmaDopamine (pg/mL) 102.7 <100 

ACTH (pg/mL) 31.52 7.2 - 63.3 

PTH (pg/mL) 42 8 - 76 

TSH (mIU/L) 4.296 0.4 - 4.60 

Calcium (mmol/L) 2.43 2.2 – 2.65 

Phosphorus (mmol/L) 0.98 0.80 – 1.55 

Potassium (mmol/L) 4.3 3.5 – 5.5 

Calcitonin (pg/mL) 0.1 <10 

Chromogranin (ng/mL) 12.0 19 - 98 

 
 
 
 

Further investigation included [131I]-meta-io-

dobenzylguanidine ([131I]-MIBG) scintigraphy which 
was indicative for right adrenal pheochromocytoma. 
(Figure 1C). According to the institution protocol, 
which we reported in our previous publication stan-
dard preoperative preparation was started with 10mg 
phenoxybenzamine daily (4). The dose was gradu-

ally increased up to 60 mg (30 mg two times a day). 
Following two weeks, during thorough blood pres-
sure monitoring, nor hypertension, neither ortho-
static hypotension was verified. Performed ECG and 
echocardiography were normal. Right adrenalecto-
my was performed, with no significant change in 

blood pressure during the procedure. The tumour 

was firm and well encapsulated. Areas of haemor-
rhages and necrosis within the tumour, typical for 
larger pheochromocytomas, gave spotted and dark 
red appearance. There were no intraoperative signs 
of tumour growing into nearby areas or spreading to 
lymph nodes. The surgical diagnosis was localized 

benign adrenal tumour, highly suspicious of pheo-
chromocytoma (Figure 2 A and B). The procedure 
and postoperative period went without complicati-
ons, and pheochromocytoma was confirmed by his-
topathological examination (Figure 2C). 
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A. Adrenal gland with the tumour.                B. Intersected adrenal gland with tumour 
 
 

Figure 2A, 2B. Macroscopic and histopathological findings 
 
 
 

  
 

C. Histopathological examination: pheochromocytoma 
 
 

Figure 2C. Macroscopic and histopathological findings 
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Discussion 

 
A number of newly diagnosed patients with AI 

is growing along with technological advances and 
available radiology imaging for various reasons. 
Once verified, AI requires appropriate diagnostic ap-
proach. Biochemical and endocrine evaluation sho-
uld reveal if the tumour has hormonal activity, and 
further imaging examination will estimate its size 
and potential malignancy. Based on these features, 
the decision about surgical removal should be made. 

 
Imaging examination 
 
Abdominal ultrasonography (USG) is usually 

the first radiology procedure which discovers AI. 
Enlargement of adrenal glands greater than 2 cm 
can be detected by USG, but this radiological techni-
que cannot characterize adrenal lesions with high 
precision (5). Based on the USG findings adrenal tu-
mour was suspected in our patient and CT was per-
formed. This radiological method is much more in-
formative than USG. Unenhanced adrenal CT can 
provide data about tumour features such as size, 
shape, radiation attenuation coefficient (in Houns-
field units - HU) and structure homogeneity. Benign 
tumours are usually smaller than 4cm, with smooth 
borders, which are well-distinguished from adjacent 
organs and attenuation value less than 10 (6). High-
er attenuation values (30-40 HU) due to low lipid 
component are indicative for pheochromocytoma or 
ACC, as well as heterogeneous cystic areas caused 
by necrosis and/or bleeding (1, 7). Adrenal CT with 
contrast administration assesses the absolute and 
relative washout values, features of the surrounding 
tissues infiltration, as well as the presence of liver 
metastases. Adenomas attenuation coefficient will 
return quickly to basic values, ACC attenuation coef-
ficient will remain elevated and pheochromocytoma 
may present various washout characteristics (7). In 
our patient, after contrast administration, CT verified 
solid tumour, with well-defined borders, localized in 
right suprarenal gland, size 70x74 mm, with inho-
mogeneous contrast captivity which could be the re-
sult of necrosis and cystic degeneration, pathogno-
monic for pheochromocytoma.  

 
Hormonal examination 
 
It is a common opinion that incidentally found 

pheochromocytomas, size less than 1 cm, are usu-
ally clinically "mute". Even though our patient had 
"giant" adrenal tumour highly suspicious of pheo-
chromocytoma on CT, there were no clinical sym-
ptoms or signs whatsoever. A possible explanation 
for this discrepancy could be the fact that large tu-
mours gain in the size due to haemorrhagic necrosis 
and cystic formation and not always due to tissue 
that can produce catecholamines.   

Recommended diagnostic procedures for phe-
ochromocytoma always include measurements of 
urinary or plasma metanephrines (8). These tests 
have higher sensitivity and specificity than measu-
rement of unfractionated catecholamines, since phe-
ochromocytomas may secret catecholamines episo-

dically, but its degradation will be continuous. Un-
fortunately, those tests are not available in our in-
stitution.  

Determination of the VMA is an old test, easy 
to perform, with specificity that goes up to 95 %. On 
the other hand, it has low sensitivity (64 %) which 
why it is no longer recommended for pheochromo-
cytoma screening (5). However, increased VMA con-
centration in our patient, along with CT presentation, 
was helpful to be more certain that this AI was phe-
ochromocytoma, even though serum unfractionat-
ed catecholamines were normal.  

It is still unclear why some pheochromocy-
tomas are "silent". It is possible that chronically ele-
vated catecholamine levels lead to down regulation 
of the adrenergic receptors making them more tole-
rable. Also, besides catecholamines, pheochromocy-
tomas may produce a variety of biologically active 
peptides. The majority will cause vasoconstriction 
such as neuropeptide Y, but some will show vasodi-
latation effects, which will prevent hypertension (6). 

In the last decade CgA has become valuable 
diagnostic test for pheochromocytoma with reported 
sensitivity and specificity from 74 % - 96 % (9). Fal-
se positive results could appear in patients with atro-
phic gastritis type A, in chronic therapy with proton 
pump inhibitors or H2 receptor blockers, or in the 
patients with prostate cancer and neuroendocrine 
tumours (9). More important is an awareness that 
CgA could be normal or false negative in patients 
with pheochromocytoma as it was in our case. Chro-
mogranin is known to inhibit catecholamine secre-
tion by the adrenal medulla. The CgA level correlates 
with catecholamine level during sympathetic or ad-
renal medulla stimulation, but it is not significant at 
rest and may be afflicted by various tissue factors 
(10). If we assume that clinically silent pheochromo-
cytoma is due to the absence of increased catecho-
lamine production and secretion, or presence of va-
sodilatation components produced in the same tu-
mor, it is possible that silent pheochromocytoma 
produces smaller amounts of CgA. 

Screening tests for multiple endocrine neo-
plasias (MEN) were also in the referent range (cal-
citonin and PTH). Cortisol-producing adenoma was 
excluded since cortisol levels, ACTH concentration 
and overnight DST were normal. Plasma aldosterone 
concentration and plasma renin activity were not de-
termined, because potassium levels were in referent 
range. 

 
Scintigraphy imaging 
 
A further diagnostic procedure included 

[131I]-MIBG scan. It is useful for determining if the 
adrenal lesion is pheochromocytoma, to screen pa-
tients for metastases and to confirm if the extra-
adrenal mass is paraganglioma or neuroblastoma. 
On the other hand, [131I]-MIBG can accumulate in 
normal adrenal medulla making the false-positive 
diagnosis of the pheochromocytoma (11). In our 
patient, together with characteristic CT findings and 
elevated VMA concentration MIBG was a very useful 
tool. 
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Histopathological examination 
 
Histopathological examination of the speci-

men confirmed pheochromocytoma composed of 
large cells that are pink to mauve, arranged in cords 
or nests with capillaries in between (HE x 200). 

 
Conclusion 
 

Hormonally inactive asymptomatic pheochro-
mocytomas are very rare. Even though diagnostic 

algorithms are useful, physicians should always keep 

in mind that clinical signs could be absent and dia-

gnostic tests false negative. Pheochromocytoma dia-
gnosis should be made as stratification of all avail-
able radiological and hormonal tests in order to pre-
vent potential oversight and provide proper treat-
ment. 
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Adrenalni incidentalomi (AI) definišu se kao tumori otkriveni radiološkim procedurama 

kod bolesnika kod kojih prethodno nije postojala sumnja na bolest nadbubrežnih žlezdi. Asim-
ptomatski feohromocitom, otkriven na ovaj način, obično je manji od 10 mm. Slučajno otkri-
vanje feohromocitom većih dimenzija, koji je uz to bez ikakvih kliničkih znakova, prava je 
retkost. 

U ovoj studiji prikazana je mlada bolesnica sa tumorom desne nadbubrežne žlezde, 
promera 60x70 mm, otkrivenim ultrazvučnim pregledom abdomena u okviru sistematskog 
pregleda. Kompjuterizovanom tomografijom (CT) potvrđeno je prisustvo "gigantskog" tumo-
ra, veličine 70x74 mm, sa cističnim i nekrotičnim poljima i nehomogenom distribucijom kon-
trasta. Sem diskretno povišene koncentracije vanilmandelične kiseline (VMA) u 24-časovnom 
urinu, svi ostali rezultati endokrinološkog ispitivanja bili su u referentnom opsegu. Urađena je 
[131J] MIBG scintigrafija ([131J] meta-jod-benzil-gvanidin) koja je išla u prilog feohromo-
citoma desne nadbubrežne žlezde. Nakon adekvatne preoperativne pripreme, urađena je des-
nostrana adrenalektomija. Sama operacija i postoperativni tok protekli su uredno, a histopato-
loškim ispitivanjem potvrđen je feohromocitom. 

Veća učestalost AI, koja se beleži u poslednjih nekoliko decenija, posledica je široke 
rasprostranjenosti brojnih radioloških dijagnostičkih tehnika. Iako je većina AI nefunkcionalna, 
uvek treba imati na umu da se iza klinički "nemog" nadbubrežnog tumora može kriti maligni 
process ili hormonski aktivan tumor. Detaljno ispitivanje svakog AI sprečiće previde ovakve 
vrste, a bolesniku obezbediti adekvatnu terapiju. 
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Scleritis is a chronic, painful, and potentially blinding inflammatory disease that is cha-

racterized by edema and cellular infiltration of the sclera tissues. It can occur as isolated 
("idiopathic") or associated with systemic immune-mediated diseases of connective tissue. We 
present two different cases of scleritis: one case was that of a female patient with diffuse 
"idiopathic" scleritis, and the other – that of a female patient with nodular scleritis associated 
with rheumatoid arthritis. Both patients underwent detailed clinical, laboratory, and immune 
examinations, as well as the pathohistological analysis of the biopsy sample. The first patient 
had all laboratory tests within normal limits. The pathomorphological substrate of diffuse scle-
ritis showed considerable edema of the episcleral and scleral tissues, the presence of inflam-
matory infiltrates with abundant lymphoid cells, histiocytes, accompanied by active hyperemia 
of capillaries with unusual relationships of blood vessels of the sclera and episclera. The second 
patient had nodular scleritis associated with rheumatoid arthritis. The pathomorphological sub-
strate of sclera showed multiple foci of mononuclear infiltration with the domination of lym-
phocytes, the inner zone of polymorphonuclears and histiocytes, epithelioid and foreign body 
type giant cells and the outer zone of lymphocytes and plasma cells. Compared to the normal 
sclera, the number of inflammatory cells was 10-15 times elevated in scleritis with the domi-
nation of lymphocytes and plasma cells.  
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Introduction 
 

Scleritis is a chronic, painful, and potentially 
blinding inflammatory disease characterized by ede-
ma and cellular infiltration of the sclera tissues (1-
4). It can occur as isolated ("idiopathic") or asso-
ciated with systemic immune-mediated diseases of 
connective tissue (Rheumatoid arthritis-RA, Syste-
mic lupus erythematosus-SLE, Wegner's granuloma-

tosis, polyarteritis nodosa-PAN) (5-7). RA is the 
most common systemic disease associated with 

scleritis. The classification system first proposed by 

Watson and Hareh is still used today: I - anterior 
scleritis: diffuse, nodular, necrotizing (with inflam-
mation), and scleromalacia perforans (without in-
flammation) and II - posterior scleritis (1, 2). Pain 
and erythema are the most characteristic subjective 
symptoms. Pain is severe and it is intensified during 
the eye movement and reading, thus making any 

work impossible. Most cases of scleritis (diffuse, no-
dular, necrotizing) affect the front part of the sclera. 
A special characteristic of scleritis is its recurrence. 

The diffuse form is described in the literature as 
more frequently bilateral, while the nodular one as 
more frequently unilateral. In literature, it can be 
found that nodular scleritis is more frequent in pa-

tients with rheumatoid arthritis than in patients with 
other systemic immune-mediated diseases (5, 6). 
Precise pathogenesis has not been discovered yet. 
The presence of microangiopathy in most cases of 
scleritis indicates an associated immuno-complex re-
action – III-type of hypersensitive reaction, and 

partly the influence of the late IV-type of the hyper-
sensitive reaction. Recent studies show a clear mor-
phological difference between substrates in the ana-
lyzed forms of scleritis. In the diffuse form of scle-
ritis, a strong infiltration of lymphoid cells is present. 
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In the nodular type of scleritis, the pathohistological 
finding has a formation similar to or even the same 
as nodules in rheumatoid arthritis with a granuloma-

tous inflammatory reaction. 

 
Materials and methods 
 
This paper presents the case studies of two 

female patients: I – N.Z., who had diffuse scleritis of 
unknown etiology and II – G.M., who had nodular 
scleritis along with rheumatoid arthritis. Both pati-

ents underwent detailed clinical, laboratory, immune 
examinations as well as the pathological analysis of 
the biopsy material. The ophthalmological examina-

tion included: visual acuity by Snellen signs, biomi-

croscopy of the anterior segment, applanation tono-
metry and indirect ophthalmoscopy. The rheumato-
logical examination included relating to the general 
and local clinical findings as well as standard biohu-
moral and radiological examinations. The RA diagno-
sis was consistent with the criteria of the American 
College of Rheumatology. 

 
 
 

Table 1. Diagnostic laboratory testing and scleritis 

 
 
Laboratory test                                                                         Identified condition 
 
CBC                                                                           Non-specific: infection, tumor, other 
 
Chemistry panel: includes BUN, Creatine, CO2       Non-specific for vasculitis-induced renal disease 
 

ESR                                                                        Non-specific for systemic inflammation 
 
Urinalyses                                                            Kidney or liver dysfunction, metabolic disease 
 
Rheumatoid factor                                                              Rheumatoid arthritis   
 
ANA                                                                                Systemic lupus erythematosus  
 
ANCA                                                                 Specific for Wegener’s granulomatosis, PAN, and  
                                                                                related vasculitis – associated diseases 
 
Cryoglobulins                                                                                    RA, SLE 
 
ACE                                                                                                   Sarcoid 
 
C-reactive protein                                                        Non-specific for systemic inflammation 
 
Circulating immune                                                      RA, SLE, Cogan’s syndrome complexes 
 
Scleral biopsy                                                               Infectious diseases and rare causes 
 
Chest radiography                                                   RA, Tuberculosis, Wegener’s granulomatosis 
 
Sacroiliac radiography                                                               Ankylosing spondylitis 
 
ELISA                                                                                         Lyme disease, HIV 
 
HLA-typing                                                            HLA-related inflammatory disease, such as SLA 
 

ESR-erythrocyte sedimentation rate, ANA-antinuclear antibody, ANCA-antineutrophil cytoplasmic antibody, 
ACE-angiotensin converting enzyme, ELISA enzyme-licensed immunoassay, HLA-human lymphocyte antigen 

Diagnostic laboratory testing was performed in the Central Biochemical Laboratory of the Clinical Center in Niš (Serbia). 

 

 
 

The pathohistological examination was done 
at the Centre of Pathology, Clinical Centre of Niš 
(Serbia). The biopsy samples were taken after the 
local application of an anesthetic (cystocain). The 
tissue samples were taken from the clinically most 

affected inflammatory area above the scleral nodule. 
The samples were fixed in 10 % buffered formalin 
and processed with a modified method for small 
samples in the automatic tissue processor. The sam-
ples 3-5 microns thick were colored with the hema-

toxylin-eosin-method, Trichrome by Mallory and 
Woerchef-Fe hematoxylin method. 

The patients gave a written informed consent. 
 
Results 

 
CASE I 
 
A 36-year-old woman came in with a two-

month history of painful red eyes and an "achy" pain 
on the temporal sides of her left globe. The pain was 
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present during the day. She had experienced five si-

milar monocular episodes that affected the left eye. 

The pain became stronger at each movement of the 
eye, at reading, so any kind of activity was impos-
sible. The patient’s ocular history was positive for 
diffuse episcleritis of the left eye a year before. The 
slit–lamp examination revealed chemosis, and deep, 

diffuse 3+ hyperemia of the conjunctiva vasculature 
was noted, being most prominent in the temporal 
areas. There was a bluish tinge to the sclera superior 
on the left eye. The cornea was clear, and the an-
terior was 16 mmHg. A dilated fundus examination 
revealed normal optic nerve, macula, and fundus. 
These were treated to resolution with 1 % predni-

solone ophthalmic suspension four times a day. 
On the one-week follow-up visit, pain sym-

ptoms somewhat resolved. Hyperemia worsened to 

4+, and engorged vasculature was noted. The cor-
nea, anterior chamber, and optic nerve were still un-
changed. The diagnosis was changed to recurrent 
episcleritis versus anterior diffuse scleritis. The pati-

ent has been using 1.0 % topical prednisolone ace-
tate ophthalmic suspension six times a day and sys-
temic 80 mg prednisone per day with 150 mg raniti-
dine once a day. 

All laboratory tests (Table 1) (CBC, chemistry 
panel, urinalysis, ANA, ANCA, ESR, circulating im-

mune complex, Complement, C reactive comple-
ment, Rheumatoid factor and uric analysis, ELIA, 
HLA typing) were within normal limits, and the final 
diagnosis was idiopathic diffuse scleritis. On the four-
week follow- up visit, the patient showed remarkable 
improvement. 

The pathomorphological substrate of diffuse 

scleritis showed considerable edema of the episcleral 
and scleral tissues, Presence of inflammatory infil-

trates with abundant lymphoid cells, histiocytes, ac-

companied by active hyperemia of capillary vessels 

with an unusual relationship of blood vessels of the 
sclera and episclera (Figure 1). The margination of 
erythrocytes up to the formation of microthrombosis 
indicated a disrupted blood flow (Figure 2). Repetiti-
ve regenerative processes were noticed with signifi-

cant deposits of collagen fibers in the form of im-
prisoned whirlpools, which resulted in a change of 
the usual distribution of these and elastic fibers in 
the sclera. The thickening of the capillary basal 
membrane of focal nodular nature was also noticed 
(Figure 3).  

 

CASE II  
 
A 57-year-old female was referred to the 

Ophthalmology Clinic in Nis (Serbia). Her symptoms 
were: pain, decreased visual acuity and photophobia 
in the left eye. The patient had a history of left eye 
redness and pain, which had begun a year before, 

treated with local steroids by her local ophthamol-
logist. The slit-lamp examination revealed a large 
scleral nodule, with a 4+ injection of the overlying 
conjunctiva and episclera. Ten percent of phenyle-
phrine did not affect the deep vascular engorge-
ment, thus confirming the diagnosis of nodular scle-

ritis. The slit-lamp examination revealed the conges-
tion and tortuosity of the superficial and deep epi-
scleral plexuses overlying the nodule. The cornea 
was clear and the anterior chamber was without 
cells. Intraocular pressure was 20 mmHg OD and 20 
mmHg OS. The dilated fundus examination revealed 

normal optic nerves, maculae, and fundi.  

 

 
 
 

 
 

Figure 1. Inflammatory infiltrates and active hyperemia of capillary vessels with an unusual relationship  
of blood vessels of the sclera and episclera (HE, x 200) 
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Figure 2. Significant deposits of collagen fibers in the form of imprisoned whirlpools,  
with distribution of these and elastic fibers in the sclera (HE, x 200) 

 
 
 

 
 

Figure 3. The thickening of the capillary basal membrane (HE, x 200) 

 
 
 

Family history: The patient’s mother and aunt 
had rheumatoid arthritis. Past medical history re-

vealed rheumatoid arthritis of 10-year duration. This 
patient had III stage of the rheumatic disease ac-
cording to the criteria of the American College of 
Rheumatology. The clinical laboratory test was posi-
tive for rheumatoid factor (600U; normal 40U), 
showed an accelerated erythrocyte sedimentation 

rate of 50 mm/h (Westergreen). Hand radiographs 
showed juxtaarticular osteopenia, marginal erosion. 
The topical prednisolone acetate was used four times 
a day. On the four-day follow-up visit, there was no 

improvement in symptoms. The rheumatologist offer-
ed the patient the treatment options of hydroxy-

chloroquine or methotrexate for systemic control. 
The rheumatologist also recommended that we 
should initiate a regimen of oral steroids if an ad-
ditional control of scleritis was needed. This treat-
ment course led to slow symptomatic improvement 
approximately over the next 4 to 6 weeks, but scle-

ral erythema remained.  
The pathomorphological substrate of the scle-

ra with the clinical form of nodular scleritis showed 
multiple foci of mononuclear infiltration with the do-
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minance of lymphocytes, the inner zone of polymor-

phonuclears and histiocytes, epithelioid and foreign 

body type giant cells, and the outer zone of lym-
phocytes and plasma cells (Figure 4, 5). Compared 

to the normal sclera, the number of inflammatory 

cells was 10-15 times elevated in scleritis with the 

domination of lymphocytes and plasma cells. 

 
 
 

 
 

Figure 4. Nodular scleritis with multiple foci of mononuclear infiltration (HE, x200) 
 
 
 

 
 

Figure 5. Elevated number of inflammatory cells in scleritis with the domination 
of lymphocytes and plasma cells (HE x 200) 

 
 
 

Discussion 

 
Scleritis is a severe inflammatory condition 

that is characterized by edema and inflammatory 

cell infiltration of the sclera. The most common sym-
ptoms present are pain and redness (1). In most 
cases, scleritis affects the front part of the sclera. 
Diffuse and nodular scleritis are equally frequent, 
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usually bilaterally and more common in females. 
While diffuse scleritis is usually bilateral with an un-
known etiology, nodular scleritis and necrotizing scle-
ritis are usually unilateral and frequently associated 
with systemic diseases (6).  

Recent studies show that the percentages of 
patients manifesting scleritis can be classified as fol-
lows: diffuse anterior scleritis – 39 % to 45 %, no-
dular – 23 % to 45 %, necrotizing with inflammation 
– 10 % to 23 %, scleromalacia perforans – 3 % to 4 
%, and posterior scleritis – 2 % to 12 % (9). Diffuse 
anterior scleritis manifests diffuse or sectoral hype-
remic vascular congestion that includes deep scleral 
blood vessels and is associated with chemosis. This 
is the least severe class of scleritis. Nodular anterior 
scleritis is characterized by localized inflammation, 
with swelling in the form of a scleral nodule which 
predominantly appears in the intrapalpebral region, 
close to the limbus. The non-necrotizing classifica-
tions of diffuse scleritis and nodular anterior scleritis 
are usually far less destructive than the necrotizing 
types of scleritis and present a minimal risk of vision 
loss. However, 20 % of cases of nodular scleritis 
may progress to necrotizing scleritis. 

Necrotizing scleritis is far more serious than 
non-necrotizing one due to the severity of potential 
sequel, including vision loss. Scleromalacia perforans 
usually involves the destruction of the scleral tissue 
with minimal to no visible inflammation. It is the 
most destructive form of scleritis, as it can lead to 
globe perforation in an asymptomatic fashion, altho-
ugh globe perforations are uncommon (6-8, 9). 

Scleritis may be idiopathic or associated with 
systemic immune-mediated diseases. Rheumatoid 
arthritis is the most common systemic condition as-
sociated with scleritis. Several studies have demon-
strated that patients with rheumatoid arthritis asso-
ciated with scleritis usually have advanced joint di-
sease and extra-articular manifestations; many of 
these extra-articular manifestations reflect an un-
derlying systemic vasculitis. The most common ex-
tra-articular manifestations are subcutaneous nodu-
les (50 %) and skin vasculitis ulcers (25 %). Other 
extra-articular manifestations include pulmonary dis-
orders, cardiac abnormalities, neurological involve-
ment, amyloidosis. Several studies have shown that 
the prognosis for life is poorer in patients with rhe-
umatoid arthritis complicated by scleritis than in 
those without (9-11). McGavin found a 3-year mor-
tality rate of 45.5 % for patients with rheumatoid ar-
thritis and scleritis versus 18.2 % for patients with 
the disease but without scleritis (12). Foster and co-
workers found rheumatoid arthritis and necrotizing 
scleritis in their series of 20 patients, while 7 pati-
ents died of vascular-related events within a 10-year 
period (13, 14). 

The correct and rapid diagnosis and appro-
priate systemic therapy can halt the relentless pro-
gression of both ocular and systemic processes, thus 
preventing the destruction of the globe and pro-
longing survival. The treatment of scleritis requires 
systemic therapy such as nonsteroidal anti-inflam-
matory drugs (NSAID’s), corticosteroids, or DMARDs. 
(15, 16). In the cases of necrotizing scleritis, the-
rapy includes immunosuppressive drugs, and new 
data suggest that new biotech therapies, such as 

Rituximab, provide significant efficacy and safety 
(17).  

The true pathogenesis of scleritis is still un-
known. The presence of microangiopathy in most 
scleritis specimens suggests an underlying immune-
complex reaction (Type I hypersensitive reaction), in 
which vascular injury is the result of antigen-anti-
body conjugation within and outside the vessel wall, 
with the subsequent activation of the complement, 
attraction of neutrophils and fibrinoid necrosis of 
vessels and the surrounding tissue. The antigen is 
usually the aberrant expression of HLA-DR on scleral 
fibroblasts, induced by interferon gamma (11). 

Sainz de la Maza points out that microangi-
opathy developed through the deposits of immuno-
complex, and revealed by the immunohistochemical 
examination of scleral biopsy, the finding of fluore-
scein angiography, as well as a good response to 
corticosteroids and immunosuppressives, suggest the 
autoimmune nature of scleritis. The analysis of pa-
thomorphological substrates and establishing a cli-
nical morphological correlation represent the basis 
for the understanding of disease pathogenesis (5). 

The pathohistological appearance is not speci-
fied. In the diffuse form of scleritis, there is a strong 
infiltration of lymphoid cells. Nodules are similar to 
or even of the same composition as subcutaneous 
nodules in rheumatoid arthritis with a granuloma-
tous inflammatory response, central necrosis, sur-
rounded by epithelioid and giant cells as well as 
lymphocytes and plasma cells. In the necrotic form, 
prominent processes are the infiltration of mast cells 
and the degeneration of scleral collagen accompa-
nied by a fibroblastic reaction.  

The application of the morphological analysis 
shows clear differences between substrates in the 
analyzed forms of scleritis. These differences in the 
morphologic changes in scleritis associated with 
systemic autoimmune diseases, compared with mor-
phological changes occurring in idiopathic scleritis, 
could be caused by differences in the pathogenesis 
of the two types of scleral inflammations (8, 9). 
Rheumatoid arthritis is an autoimmune vasculitis 
disease associated with a circulating immune-com-
plex. The histopathological findings of scleritis asso-
ciated with a systemic immune disease - that is, the 
presence of vasculitis associated with zonal granulo-
matous inflammation surrounding the central necro-
tic sclera - support an immune-complex mediated 
immunopathogenesis for scleritis associated with a 
systemic autoimmune disease (14-20). Idiopathic 
scleritis, on the other hand, is less likely to be an 
immune-complex mediated process; its immunopa-
thological findings are rather consistent with a de-
layed type of the hypersensitivity reaction. This is 
supported by the absence of vasculitis and the pre-
sence of the reactive proliferation of connective tis-
sue (21, 22). 

 
Conclusion 
 

There are numerous abnormalities in the im-
mune status of patients with both idiopathic scleritis 
and scleritis associated with rheumatoid arthritis. 
The analysis of the pathomorphological substrate 
shows clear differences in analyzed forms of scleritis. 
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Skleritis je hronična bolest sklere koja može biti povezana sa sistemskim bolestima ve-

zivnog tkiva, a koju karakterišu bol, otok, crvenilo i potencijalni gubitak vida. Skleritis se može 
pojaviti kao samostalan ("idiopatski") ili kao udružen sa sistemskim bolestima vezivnog tkiva. 
U radu su prikazana dva različita slučaja skleritisa: prvi prikaz predstavio je ženu koja je imala 
"idiopatsku" formu sa difuznim tipom, i drugi ženu sa nodularnim tipom skleritisa udruženim 
sa reumatoidnim artritisom. Obe bolesnice podvrgnute su detaljnom kliničkom, laboratori-

jskom i imunološkom ispitivanju, urađena je patohistološka analiza biopsiranog uzorka. Prva 
bolesnica koja je imala difuznu formu skleritisa, imala je laboratorijske analize sa normalnim 
parametrima. Patomorfološki supstrat pokazao je edem episkleralnog i skleranog tkiva i pri-
sustvo inflamatornih infiltrata sa obilnim limfocitima i histiocitima praćenih aktivnom hiper-
emijom i kapilarima sa neuobičajnim vezama između krvnih sudova sklere i episklere. Druga 
pacijenkinja imala je nodularni skleritis udružen sa reumatoidnim artritisom. Patomorfološki 
supstrat sklere pokazao je multiple fokuse mononuklearne infiltracije sa dominacijom limfo-
cita, unutrašnjom zonom od polimorfonuklearnih ćelija i histiocita, gigantskih ćelija tipa stra-
nog tela, i spoljašnom zonom sačinjenom od limfocita i plazma ćelija. U poređenju sa norma-
lnim tkivom sklere, broj inflamatornih ćelija bio je 10-15 puta veći kod ove vrste skleritisa sa 
dominacijom limfocita i plazma ćelija. 
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Standard surgical approach in an aortic valve treatment is medial sternotomy. In 

recent years minimally invasive procedures have been used more toward decrease of trauma 
and faster recovery of patients. 

The aim of our study is a comparison of the preoperative, perioperative results and 
early mortality of patients in whom aortic valve replaced through mini- (Mini-AVR) or medial- 
sternotomy. 

The study included 70 patients. Preoperative, intraoperative and early postoperative 
patients, and characteristics were analysed. Preoperative variables were homogenous. The 
euro-score value was significantly higher in medial sternotomy group (p = 0.037). The cross-
clamp and cardiopulmonary bypass time were longer in mini-AVR group (p < 0.001). There 
was no difference in the incidence of postoperative myocardial infarction, stroke and acute renal 
failure. One patient in each group underwent surgical revision because of bleeding. There was 
no difference in hospital mortality between two groups. Postoperative blood loss was insignifi-
cantly lower in mini-AVR group (p = 0.69). Three patients had suffered from wound infection 
after medial sternotomy: 2 superficial infections and 1 deep infection (p = 0.4). The length of 
intensive care unit was similar in both groups. Patient in mini-AVR group had shorter hospital 
stay when compared with patient operated thought medial sternotomy (8 days (IQR 7-11) vs 7 
days (IQR 7-9)).  

The mini-AVR reduces tissue trauma and hospital stay and also promotes a patient’s 
recovery. In high- risk patients with comorbidities like obesity, diabetes and elder patients 
reduces the prevalence of infection. 
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Introduction 

 
Standard surgical approach in aortic valve 

treatment is median sternotomy, which means com-
plete longitudinal transection of sternal bone. Now-

adays, minimally invasive procedures are in the fo-

cus of patients as well as physicians because of re-
duced trauma and faster recovery of patients (1). In 
aortic valve surgery, a lot of different approaches 
can be used: parasternal, infra-axillar, lower hemi-
sternotomy, transverse sternotomy, but the most 

commonly used is partial upper "J" sternotomy. This 

technique implies small skin incision 8-10 cm long 
and sternal transection from jugular notch to 3th or 
4th intercostals space, dependent on a patient’s con-
stitution (2). Many different studies showed that 
with this approach we achieve smaller skin incision 
which improves cosmetics effect. This includes less 
bleeding, faster respiratory function recovery after 

surgery, reduced wound and mediastinal infection, 
as well as the length of hospital stay (3). Other stu-
dies showed that minimally invasive aortic valve re-
placement (mini-AVR) has some disadvantages such 
as longer duration of cardio-pulmonary bypass and 
cross-clamp, less visibility of heart structures, worse 
myocardial protection and heart deareation (removal 
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of air from the heart chambers) (4). Newer studies 

about mini-AVR presented different results and con-

clusions which are still unclear.  
 
Aim 
 
The aim of our study is a comparison of the 

pre- and perioperative results and early mortality in 
patients in whom mini-AVR and conventional AVR 
were performed. 

 
Materials and methods 
 
This prospective randomized study was per-

formed at the Cardiovascular Institute "Dedinje" 
from 11.02.2016. to 24.05.2017. The study included 
70 patients in whom isolated aortic valve replace-

ment was performed. The patients were randomized 
in two groups. In both groups, we had 35 patients. 
Surgical approach in the first group of patients was 
partial upper "J" sternotomy, in another group con-

ventional sternotomy was performed. All the pati-
ents in whom aortic valve surgery was performed 
concomitant with other cardiac procedures were ex-
cluded from the study. Re-do AVR procedures were 
not included in the study. 

 

Surgical technique 
 
We performed mini-sternotomy through an 8 

to 10 cm skin incision. The sternum is transected 
horizontally at the level of the 3rd or 4th intercostal 
space, taking care to avoid injury to the right inter-

nal mammary artery. Thymol fat is dissected, and 

pericardial sutures are placed and retracted to the 

dermis while the sternal retractor is temporarily re-
moved, thereby exposing the aorta and operative 
field. The patient is fully heparinized, and the ascen-
ding aorta assessed for a safe cannulation site with 
manual palpation. We use a 22 or 24 Fr standard 

plastic right angle tip aortic cannula. For venous dra-
inage, double stage venous cannula is used. Cardio-
pulmonary bypass is initiated, and the aorta is di-
rectly cross-clamped. Antegrade cardioplegia is given 
in ascending aorta. 

Basic (descriptive) statistics included media-
na, mean values and standard deviations. Further-

more, frequencies of certain features inside each 
group were determined. The difference in the distri-
bution of frequencies of certain features among the 

tested groups was determined using the χ2 or Fi-

sher’s Exact test. After the normality of the distri-
bution of numerical variables had been tested using 

the Shapiro Wilk and Kolmogorov Smirnoff tests, the 
comparison between the groups was done using the 
Student T- and Mann Whitney test. A starting point 
of statistical significance was determined at the level 
p ≤ 0.05. Data processing was done using statistical 
software SPSS 25.0 for Windows 10. 

 

Results 
 
The study included 70 patients, 28 males and 

42 females, mean age 64.75 ± 8.05 years.  
 

 

 
 

Table 1. Preoperative caracteristic of patients devided in two groups 

 

Preoperative caracteristics 
Medial Sternotomy  

n = 35 
Mini Sternotomy 

n = 35 
P value 

Age 69.3 ± 7.7 65.71 ± 7.9 0.12 

Female gender 19 23 0.9 

BMI 27.8 ± 4.2 27.1±3.3 0.75 

Hypertension 25 29 0.25 

Hyperlipidemia 16 20 0.33 

NYHA clasification 2 2  

Smoking history 16 14 0.63 

Diabetes mellitus 10 7 0.4 

Cerebrovaculare disease 3 3 1.0 

Vascular disease 6 5 0.74 

Ejection fraction 50.14 ± 11.4  0.09 

EF <30% 
EF 30-50% 
EF >50% 
Aortic valve area (AVA) 
Aortic valve pressure gradient 
EuroScore 

3 
13 
19 

0.66 ± 0.25 
54.4 ± 23.7 

 
2.33 ± 2.03 

 
7 
27 

0.68 ± 0.20 
63.1 ± 20.6 

 
1.53 ± 0.9 

0.12 
0.12 
0.12 
0.77 
0.1 

 
0.037 

*BMI - body mass index, † EF- ejection fraction 
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The mean value of Euro-score in all patients 

was 1.93 %. Comparing gender, age and risk factors 

in groups we found that groups were homogenous 
(p ≥ 0.05). Preoperative characteristic of the pati-
ents divided into separate groups were presented in 
Table 1. 

In all of the patients sick aortic valve was re-

placed with a mechanical or biological prosthesis. 
Different types of artificial valve were used equally in 
both groups (mechanical valve - 20; biological valv-

es - 15). The cardio-surgical procedures were per-

formed by using the cardiopulmonary bypass sup-

port.  
Analysis of the intraoperative data in groups 

showed statistically significantly longer duration of 
cardiopulmonary bypass and cross-clamp in mini - 
AVR group (p < 0.001). The other intraoperative re-

sults are presented in Table 2. Regarding the data 
statistically significant difference between groups was 
not registered. 

 
 
 

Table 2. Intraoperative and postoperative characteristics of patients divided in two groups 

 

Intraoperative and 
postoperative 
Caracteristics                  

Coventional 
Sternotomy 

n = 35 

Mini sternotomy 
n =35 

P value 

CBP time, minutes 72.14 ± 14.63 94.11 ± 20.1 0.001 < 

Aortic cross clamping 

time 
52.17 ± 11.5 69.40 ± 13.3 0.001 < 

Prothesis size 21 21  

Blооd drainage (ml) 454.2 ± 458 415.71 ± 355 0.69 

Ventilator time (hours) 

ICU length of stay, days 

13.03±4.4 

2 

13.46 ± 3.72 

2 
0.9 

Reintubation 

Reexploration for 

bleeding 

1 

1 

0 

1 

1.0 

1.0 

Blood transfusion, ml 

Postoperative IM 

Postoperative CVI 

New onset of AF 

164.2±208.2 

0 

0 

9 

235.43 ± 276.6 

0 

0 

14 

0.22 

 

 

0.2 

Atrioventricular block 

Hemodialysis 

Wound infection 

Mediastinitis 

0 

1 

2 

1 

 
0 

0 

0 

 

1.0 

0.4 

1.0 

Intrahospital mortality 1 1 1.0 

*CBP time- cardiopulmonary bypass time, †ICU- intensive care unit, ‡IM- infarction myocardial,  
¥CVI- cerebrovascular insult, £AF- atrial fibrilation 

 
 

 

 
 

Figure 1. Hospital lenght of stay of our patients dependent on the used operative technique
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One patient in whom AVR was done through 

the medial sternotomy, was reintubated and died 

during the early postoperative period. Conversion in 
full sternotomy was performed in one case because 
the patient was hemodynamically unstable and this 
patient also died. Presternal infection was detected 
in two cases in whom medial sternotomy was made 

but without statistically significant difference betwe-
en groups. Mediastinitis was registered in one case 
in the same group. Presternal infection and media-
stinitis weren’t registered in mini-AVR group. 

Patients in whom aortic valve was replaced 
through medial sternotomy were longer in hospital 
than patients in mini-AVR group (Figure 1). 

 
Discussion 

 
The standard surgical approach for aortic val-

ve surgery is medial sternotomy. In recent years 
standard surgical approach has been replaced by the 
minimally invasive procedures. Mini-AVR represents 
a safe and efficient option for aortic valve treatment 
because it reduces the number of complications (5). 
The aim of this procedure is a smaller scar with less 
of bleeding, hospital stay, and cost of treatment (6). 
The special benefit can be seen in patients with sig-
nificant comorbidities, like obesity, diabetes, chronic 
obstructive pulmonary disease and in seniors. In 
these high risk patients, mini-AVR reduces the inci-
dence of wound infection and promotes respiratory 
function recovery (7). In our study, we followed an 
intraoperative and early postoperative period of pati-
ents in whom mini-AVR and conventional AVR was 
performed.  

Our results showed no statistically significant 
difference in age, gender, NYHA and ejection frac-
tion (EF) and indicate that groups were homogenous 
because of the performed randomization. The euro-
score values had higher statistical significance in con-
ventional sternotomy group. Cardiopulmonary by-
pass and cross-clamp times were statistically signi-
ficant longer in mini -AVR group. The similar results 
were obtained in the other studies (8, 9). Longer 
duration of cardiopulmonary bypass didn’t influence 
the morbidity and mortality rate during the early 
postoperative period in our patients, Ghanta et al. 
showed similar results in their study (4). By the 
time, we expect that duration of the cardiopulmo-
nary and cross-clamp will be shorter with the better 
trained surgical team. Although there was less blood 
loss in the mini-AVR group, we could not demonst-
rate a statistically significant difference between gro-
ups. The most available studies showed less blood 
drainage in the mini-AVR group (9). Also, it should 
be noted that measurement of blood lost through 
drainage tube isn’t precise, because fluid collection 
in the chest tube may be a combination of blood and 
other fluids, and therefore values can be variable. 
Bakir at al. showed that mini-AVR reduced rate of 
blood transfusion (10). In our study, less blood tra-
nsfusion was used in the group of a medial sterno-
tomy, but without statistically significant difference. 
We found many different results about the requi-
rements for blood transfusion. Some studies showed 
that blood transfusion requirements were equal in 

both groups (11). Other studies report an important 
reduction of blood transfusion in the mini-AVR group 
(12). Murtaza et al. in their large study reported 
important reduction of blood loss in mini-AVR group 
(13). We didn’t see any difference in reoperations 
because of bleeding. We found similar results in 
other studies (2, 10, 13). One of the problems of 
mini-AVR is difficult deaeration at the end of surgical 
procedures (14). Although, it is more difficult to ma-
ke deaeration than in the procedures which were 
performed through the medial sternotomy, in our 
study, clinical signs of the bad preformed deaeration 
weren’t noticed. Namely, postoperative CVI and in-
crease blood rate of CK-MB were not registered dur-
ing hospitality in our patients. Through our expe-
rience we can perform successful deareation in case 
of mini-sternotomy. Good results in deareation are 
being reached with the fulfillment of operative area 
with carbon dioxide because carbon dioxide is more 
soluble in blood than air. 

Robert et al. said that in a group of patients 
with convention sternotomy higher rate of postope-
rative atrial fibrillation (POAF) was detected (2). Our 
results showed a higher number of POAF in mini-
AVR group, but without significance. The results a-
bout POAF rate must be taken with reserve because 
their etiology is multifactorial (15). A significant ad-
vantage of the mini-sternotomy in comparison to 
the other minimally invasive procedures is the pos-
sibility of fast conversion in full sternotomy (2). The 
conversion is associated with significant morbidity 
and mortality, and the usual reasons for conversion 
are bleeding, ventricle dysfunction and bed exposi-
tion (9, 13). During our research, only one conver-
sion was done because hemodynamic instability and 
this patient died in hospital. While some studies wro-
te about a shorter duration of the mechanical venti-
lation in a mini-AVR group (9, 13, 16), the analysis of 
our results showed no statistically significant differ-
ence.  

Total intensive care unit stay was similar in 
our groups, but Brown et al. presented shorter in-
tensive care stay in the mini-AVR group. Same stu-
dies presented that total intra-hospital stay was sho-
rter for one day in patients in whom mini-AVR was 
performed (9). Our results were the same (Figure 
1). Statistical significance difference between groups 
was not found when we were analysing presternal 
infection and mediastinitis, although in mini-AVR 
group presternal infection and medistinistis were not 
registered. We expect that a statistically significant 
difference will be proved in our further studies with 
higher number of included patients. One of the 
ideas, why we are doing this procedure at all, is bet-
ter sternum healing and reduced frequency of SSI 
(surgical site infection). Santana et al. showed less 
frequency of wound infection in obese patients in 
whom partial upper sternotomy was performed (17). 
Welp et al. showed that partial upper sternotomy in 
high -risk patient didn’t have significant benefit and 
the similar results were presented in the studies 
which included patients with lower risk (18). 

The mortality rate was equal in both groups. 
Namely, in each group, only one patient died. Our 
results are similar with results in earlier presented 
studies which concluded that difference in mortality 
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between mini-AVR and conventional AVR group did 
not exist (9, 10). On the other hand, Raja et al. Pre-
sented less mortality rate in the mini-AVR group 
than in the medial sternotomy group but without 
statistical significance. 

 
Conclusion 
 
Our research showed that aortic valve repla-

cement might be safely and effectively performed 
through the partial upper sternotomy. This surgical 

approach reduces tissue trauma and hospital stay, 

and also promotes the patient’s recovery. In high- 

risk patients with comorbidities like obesity, diabetes 
and elder patients reduces the prevalence of infec-
tion. Partial upper sternotomy prolongs the duration 
of the operative treatment and cardiopulmonary by-
pass, and does not influence the morbidity and mor-

tality rate. Mini-AVR is a good approach for aortic 
valve treatment but it requests perfect trained and 
experienced surgical team. 
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Standardni pristup u lečenju aortne valvule je medijalna sternotomija. Proteklih godina 

se minimalno invazivne procedure sve češće upotrebljavaju u cilju smanjenja traume i bržeg 
oporavka bolesnika.  

Cilj ove studije bio je upoređivanje preoperativnih, perioperativnih reziltata i ranog mo-
rtaliteta kod bolesnika kojima je učinjena zamena aortne valvule kroz ministernotomiju (Mini-
AVR) i medijalnu sternotomiju. 

Studija je uključivala 70 bolesnika. Analizirani su preoperativni, intraoperativni i rani 
postoperativni rezultati. Preoperativni rezultati bili su homogeni. Vrednosti euro-skora bile su 
statistički veće u grupi sa medijalnom sternotomijom (p = 0,037). Trajanje kardiopulmonal-
nog bajpasa i kleme bilo je duže u grupi sa mini-AVR (p < 0,001). Nije bilo razlike u pojavi 
postoperativnih infarkta miokarda, slogova i renalne insuficijencije. Po jedan bolesnik iz svake 
grupe hirurški je revidiran zbog krvarenja. Nije bilo razlike u hospitalnom mortalitetu između 
dve grupe. Postoperativni gubitak krvi beznačajno je bio niži u mini-AVR grupi (p = 0,69). Tri 
bolesnika imala su infekciju rane nakon medijalne sternotomije: dve površinske infekcije i jed-
na duboka infekcija (p = 0,4). Dužina boravaka u intenzivnoj nezi bila je slična u obe grupe. 
bolesnici sa mini-AVR imali su kraći boravak u bolnici u poređenju sa bolesnicima operisanim 
kroz medijalnu sternotomiju (8 dana (IQR 7-11) nasuprot 7 dana (IQR 7-9)).  

Mini-AVR redukuje traumu tkiva, boravak u bolnici i takođe ubrzava oporavak bolesni-
ka. Kod visokorizičnih bolesnika sa komorbiditetima, kao što su gojaznost i dijabetes i kod 
starijih osoba smanjuju prevalenciju infekcija. 
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POTENTIAL TREATMENTS OF TOOTH EXTRACTION WOUNDS:  
A REVIEW 

 
Kosta Todorović1, Marija Bojović2, Vladimir Mitić3, Milan Spasić1, Ana Todorović3 

 

 
Wound healing is a complex process occurring in injured tissue with an aim to restore 

its homeostasis. Depending on the type of wound the closure can be defined as either primary 
or secondary. The process of wound healing is divided into several precisely programmed 
(defined) phases that mutually overlap and include (I) hemostasis, (II) inflammation, (III) pro-
liferation, (IV) maturation and in some cases (V) bone regeneration. Tooth extraction repre-
sents a very common dental procedure which involves the extraction of decayed, periodontally 
affected or impacted teeth. After the extraction procedure, the formation of the wound is in-
evitable, as well as the pain and discomfort that follow it. In this review, we addressed the 
influence of low-level lasers, polarised light, curcumin and coenzyme Q10 on the tooth extraction 
wound healing process. It seems that there might be potential candidates which might enhance 
wound healing, after tooth extraction, by modulating different phases in the process. Thus, new 
and more in-depth clinical and pre-clinical studies need to be conducted in order to estimate the 
real efficacy and safety levels in humans before introducing them in every day clinical practice. 
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The process of extraction wound healing 
 
The wound is defined as the breakage in tis-

sue continuity occurring after either physical, che-
mical and/or mechanical trauma. Regardless of the 
etiology of wound occurrence, every mammalian or-
ganism is trying to maintain tissue homeostasis, try-
ing to preserve (regenerate) tissue integrity and fun-
ction, by preventing hemorrhage and infection. Some 
conditions affecting the human organism, such as 
diabetes, cachexia, vitamin deficiency, exposure to 
radiation, etc., can significantly affect the process of 
wound healing. The wound healing process can be 
either primary or secondary closure. 

Primary closure (santaio per primam intentio-
nem) is referred to when the wound edges are smo-
oth, relatively close and when there is no significant 
tissue damage or infection (1). Thus, one can expect 
that the primary closure is occurring when the wo-
und is aseptic and fresh, which is mainly related to 
some small surgical wounds where the edges are 
sutured together. This type of wound is rarely af-
fected by a significant degree of inflammation and is 
generally closing in up to 8 days, forming a linear 
scar and leaving no defect of the surrounding tissue. 

Secondary closure (sanatio per sekundam in-
tentionem) occurs in wounds with major tissue dam-
age and defect, where it is impossible to bring the 
wound edges in close contact. The risk of infection, 
frequently seen immediately after trauma, in this 
type of closure is significantly higher due to a larger 
loss of tissue. This type of closure is slower, pro-
longed and can last up to a few months, and is often 
followed by a larger amount of granulation tissue 
and irregular scaring process (2). After surgical in-
tervention in the oral cavity, post-extraction wound 
or wound involving bone loss, the wound closure is 
predominantly secondary. 

The process of wound healing is divided into 
several precisely programmed (defined) phases that 
mutually overlap. They include (I) haemostasis, (II) 
inflammation, (III) proliferation, (IV) maturation and 
in some cases (V) bone regeneration. Each change 
in the line of their occurrence (e.g. prolongation of 
one of the phases) can lead to significant compli-
cations and to chronification of the process, chronic 
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wound. The changes between the phases are mainly 
depending on the maturation and differentiation of 
mastocytes, fibroblasts, keratinocytes, and macro-
phages, which play a key role in the wound healing 
process (3). 

 
(I) Hemostasis 
 
Haemostasis occurs after an initial trauma in 

order to prevent excessive blood loss or capture of 
blood within the damaged blood vessel. This relati-
vely short phase (lasting around 15 min) involves 
vasoconstriction, thrombocyte adhesion, and aggre-
gation, as well as coagulum formation. There are 
numerous systems that are participating in this pro-
cess, such as injured walls of blood vessels, thro-
mbocytes, all factors involved in the coagulation cas-
cade, as well as fibrinolytic and phagocytic system 
(4).  

Endothelial cells of the blood vessels are play-
ing a key role in clot formation, which under physio-
logical condition secrete thrombomodulin and hepa-
rin-like molecule causing prevention of blood coagu-
lation (5). When the trauma of the blood vessel 
occurs, these endothelial cells decrease the secretion 
of the before mentioned molecules (coagulation inhi-
bitors) and start to produce/secrete von Willebrand’s 
factor. 

Blood vessel damage acts as a switch for 
thrombin production, which further converts intra-
vascular fibrinogen to insoluble fibrine allowing the 
formation of a provisory matrix comprised of fibrin, 
fibronectin (from plasma) and some components of 
the extracellular matrix (ECM) (4). Minutes after the 
trauma immune system cell activation occurs, fol-
lowed by thrombocyte degranulation and bacterial 
products degradation. These processes cause a rele-
ase of pro-inflammatory cytokines and numerous 
growth factors (TGF-β, PDGF, EGF, FGF) from the 
surrounding tissue and cloth (4). 

 
(II) Inflammation 
 
One of the first researchers that recognized 

the importance of inflammation in the wound heal-
ing process was John Hunter almost 200 years ago 
(6). The initial stimulus for this process is trauma 
itself, where after hemostasis, 5 to 6 h after the tra-
uma, the acute inflammatory reaction is developed 
in the injured tissue. This reaction is characterized 
by the release of the different substance from nec-
rotic cells that lead to local, regional and systemic 
inflammatory response (6). The main feature of the 
local inflammatory response is inflammatory cell mi-
gration mainly neutrophils, macrophages, and lym-
phocytes (7).  

The key role of neutrophils is the removal of 
the microorganism, necrotic tissue and other cell 
debris that is formed after tissue damage. However, 
these cells are also responsible for the generation of 
reactive oxygen species (ROS) and protease pro-
duction, which lead to additional tissue damage and 
potentially can prolong the regeneration process (8). 

There are numerous phases in the wound 
healing process that involve macrophage function. 
In the early phase, they release cytokines that sti-

mulate an immune response, which is reflected in 
leukocyte activation and migration to the site of tra-
uma. Addition, macrophages also eliminate necrotic 
cell material, which mainly consists of necrotic neu-
trophils, allowing the transition for the inflammatory 
to the proliferative phase of the wound healing. At 
the same time, the change in their phenotype stimu-
lates keratinocytes, fibroblast and angiogenesis, 
which irretrievably leads to the proliferation phase 
(9). 

This phase is a crucial step that further leads 
to the finalization of the wound healing process and 
it can directly be related to the development of nu-
merous complications (10). It is obvious that attitu-
de towards inflammation needs to be changed from 
a simple reaction to injury or infection to a process 
that can be used in the diagnosis and can represent 
a therapeutic target (11). 

The posttraumatic acute inflammatory res-
ponse consists of three phases: nerve, immune and 
endocrine phase. 

 
1. Never phase (immediate, initial, progressive 

oxygenation) 
 
This phase is dominated by sensory and mo-

toric reactions of the injured tissue. Sensory reac-
tions involve pain which represents an efferent ne-
ural response of somatic motoneuron and autono-
mous nervous system to painful sensation (12). In 
the earliest phases of the inflammatory response 
numerous substances are released into the blood-
stream and accumulate into the intestinal tissue, 
these include cortisol, aldosterone, biogenic amines, 
and glucagon (13). Motoric reactions involve the 
contraction of smooth muscle cells that are part of 
blood vessels and their contraction significantly con-
tribute to the development of ischemia and local/ 
systemic blood redistribution. The intensity of tissue 
ischemia is in direct correlation with a further inflam-
matory response (14), where the formed edema sig-
nificantly affects cell metabolism and gene expres-
sion and is consider to initialize cell anabolic activity 
(14). 

After ischemia, vasodilation and reperfusion of 
the injured tissue are responsible for the interstitial 
edema formation, as well as for the production of 
ROS and nitrogen reactive species. These molecules 
increase lipid peroxidation, cause cell membrane 
permeabilization which further aggravates the ede-
ma process (15). Besides the aforementioned roles 
of edema, this process also affects tissue morphoge-
nesis, cell migration and differentiation, as well as 
the extracellular matrix (ECM) remodeling during 
wound healing. Intensified tissue perfusion can also 
activate fibroblasts, causing ECM remodeling and 
fibrous tissue formation (16). The role of mast cells 
should not be neglected as well, where besides va-
sodilating substance (histamine, serotonin) these 
cells liberate proteolytic enzymes contributing to the 
formation of interstitial edema (16). Thus, effective 
control of edema can be significant for tissue rege-
neration, since the damaged tissue can’t be regene-
rated without a complete absence of edema.  

Cell response to hypoxia leads to the expres-
sion of hypoxia-dependent and independent induci-
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ble factor (HIF). These two pathways, HIF depend-
ent and independent, allow the cell to survive by 
inducing the transcription genes that are involved in 
cell metabolism, migration, invasion, and angioge-
nesis (17). Damaged tissue is going through the 
phase of metabolic hypoxia, where although there is 
a sufficient oxygen concentration they are not able 
to use it for respiratory processes. The activation of 
HIF-independent pathway enables the cell to survive 
extremely low oxygen concentrations and the for-
mation of new tissue, which is necessary for wound 
healing. On the other hand, the activation of the 
HIF-dependent pathway, during the states with mild 
and moderate hypoxia, promotes vascularisation 
and enable cell survival as well (18).  

 
2. Immune phase (leucocytic, intermediary)  
 
Following ischemia and reperfusion phase the 

infiltration of the damaged tissue by both inflam-
matory cells and bacteria is occurring. During low 
oxygen concentration, numerous cells (fibroblasts, 
macrophages, mast cells, lymphocytes) migrate to 
the interstitium probably in order to provide the tis-
sue with necessary energy (14). One can say that 
the "true" inflammatory cells that migrate to the 
damaged tissue are neutrophils, followed by mast 
cells and macrophages and some of these cells ar-
rive from blood cloth where they were previously 
trapped. Activated neutrophils are secreting a large 
number of substances (ROS, peptides, leukotrienes, 
prostaglandins) and enzymes (elastase, cathepsin 
G-proteinase, urokinase), with a role to remove nec-
rotic material. These molecules are one of the rea-
sons why the wound healing can be prolonged since 
they act on other healthy cells as well.  

Before migrating from circulation to tissue 
monocytes are going through differentiation into tis-
sue macrophages. There are two types of macro-
phages, M1 (classically activated macrophages) and 
M2 (alternatively activated macrophages), where 
the first one secretes inflammatory cytokines (IL-1, -
6 and -23) and ROS, while the second ones are 
involved in angiogenesis and tissue remodeling (19). 
Additionally, T-helper lymphocytes play a key role in 
the modulation of macrophages differentiation. Type 
1 T lymphocytes (Th1) produce different cytokines 
(INF-γ and TNF-α) that lead to the transformation of 
macrophages to M1 subtype, while type 2 T lympho-
cytes (Th2) induce M2 polarization by secreting IL-4, 
-5 and -13 (19). Additionally, B lymphocytes are 
found to be involved in the development of tissue 
fibrosis (19). 

Besides the leucocytes, thrombocytes are fo-
und to be enrolled in the initiation and propagation 
of the inflammatory response as well. Thrombocytes 
are known to be rich in different secretory granules 
(alpha, delta and lambda type) and lysozymes (4). 
These granules contain various signaling molecules 
that allow other cells adhesion or act as chemokines 
or growth factors. Among the most recognized 
growth factors found in these granules is platelet-
derived growth factor (PDGF) which even found its 
potential use as a healing agent (20). Apart from 
PDGF other growth factors such as vascular endo-
thelial growth factor (VEGF), fibroblast growth factor 

(FGF), epidermal growth factor (EGF), haptic growth 
factor (HGF), etc. could be found (20).  

In the inflammatory response, the activation 
of Toll-like receptor (TLR) plays an important role 
since they lead to the transcription of nuclear factor 
kappa B (NF-(k)B), AP-1 and interferon regulating 
factor (IRF). This TLR (TLR-2 and TLR-4) activation 
during ischemia and reperfusion phase of the wound 
healing can be seen during both sterile and unsterile 
wounds (8). This activation of NF-(k)B, one of the 
major steps in inflammatory phase, leads to a cas-
cade reaction which results in specific gene expres-
sion which in turn cause cytokine and chemokine, as 
well as their receptor, synthesis (6, 21). Besides its 
role as immune phase stimulator NF-(k)B is very 
important for the inflammation resolution and tissue 
reparation.  

In every day clinical practice this phase is fol-
lowed by wound infection, where a different type of 
secretions due to bacterial colonization appears. One 
of the most common pathogens that infect wounds 
is Staphylococcus aureus, which due to the produc-
tion of numerous enzymes (nucleases, proteases, li-
pases, collagenases, etc.) prolong wound healing 
process (22).  

 
3. Endocrine phase (late, angiogenesis) 
 
The formation of new blood vessels (angio-

genesis) in this final phase of the inflammatory pro-
cess appears to be a dominant feature (23). In-
terestingly newly formed endothelial cells play an 
important immunomodulatory role at the beginning 
of the inflammation, thus affecting the final reso-
lution and progression of tissue regeneration (23). 
The process of angiogenesis is based on endothelial 
proliferation (microvascular growth) and can be divi-
ded into five clear phases (23):  

1) disintegration of basement membrane and 
the formation of new blood vessels that penetrate 
into perivascular stroma;  

2) migration of endothelial cells to the newly 
formed blood vessel;  

3) endothelial cell proliferation; 
4) canal formation, branching and formation 

of vascular loops; 
5) perivascular apposition of pericytes and 

smooth muscles around blood vessels, as well as "de 
novo" synthesis of basement membrane proteins.  

The process of angiogenesis is regulated by 
numerous factors, such as VEGF, TGF, FGF-2, PDGF, 
angio-protein, angiotensin II, endothelin, androme-
duin, adipokines (leptin, adiponectin), neuropeptide-
Y and vasoactive intestinal peptide (24). Angiogene-
sis is tightly connected to the process of granulation 
tissue formation since it is necessary to enable cell 
survival in newly formed tissue (25). The process of 
granulation (granulation phase) starts three to four 
days after tissue trauma, and under the impact of 
macrophages, fibroblast, keratinocytes, and endo-
thelial cells. In parallel to granulation tissue forma-
tion, vascular cells react with the provisional matrix 
comprised of fibrin, fibronectin and vibronectin lead-
ing to change in a fibrous matrix.  

The resolution of the inflammatory phase is 
mainly guided by local mediators that are synthe-
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sized from fatty acids and these include eicosanoids, 
docosanoids, resolvins, and lipoxins. They mainly act 
as ROS production inhibitors, leading to a decrease 
in blood vessels permeability, blockage of adhesion 
molecules for leucocytes and endothelial cells, as 
well as to a decrease in chemokine synthesis (25). 
The progression of inflammation resolution stimula-
tes the process of epithelization, which occurs only a 
few days after tissue trauma by migration of kerati-
nocytes to the edge of the wound. This migration 
and organization of keratinocytes is a complex pro-
cess that is guided by a number of small mediators 
such as growth factors (EGF, TGF-α, PDGF), inte-
grins, metalloproteinases (MMP-1, -9 and -10), plas-
minogen and structural proteins. All these molecules 
affect the provisional matrix organization and colla-
gen degradation and at the end of this phase the 
change in keratinocyte phenotype from mesenchy-
mal to epithelial (26).  

Fibroblasts also play an important role in in-
flammation resolution, where besides ECM formation 
they can influence the process of angiogenesis by 
secreting different growth factors. Some growth fac-
tors, such as PDGF and TGF-β, can influence the dif-
ferentiation of fibroblast to myofibroblasts, thus 
helping the wound to contract (27, 28). Also, these 
cells mainly influence the formation of ECM by syn-
thesizing collagen, elastin, glycoproteins, etc. During 
this phase, many cells, macrophages, endothelial 
cells, myofibroblasts are going through apoptosis 
which leaves the tissue comprised mainly of collagen 
fibers and ECM proteins. The remodulation phase 
starts 2-3 weeks after tissue injury and sometimes 
lasts up to a year, while in some cases this phase 
can last much longer (19, 27, 28). 

 
(III) Proliferation 
 
The proliferation phase is taking place be-

tween the 4th and 21st day after the trauma, and sin-
ce it overlaps with inflammatory phase, there is a 
thin line between them, it makes it almost impos-
sible to clearly separate one phase from another. 
This phase is characterized by fibroblast and kera-
tinocyte proliferation, which will further lead to growth 
factor secretion, angiogenesis stimulation, ECM for-
mation and epithelization (27, 29). The formation of 
ECM is mainly depending on fibroblast presence and 
their ability to produce collagen (maximum depo-
sition seen 21 day after trauma), glycosaminogly-
cans and proteoglycans (27). Besides these roles’ fi-
broblasts act as one of the main cellular components 
of granulation tissue formed at the bottom of the 
wound. Keratinocyte differentiation is also a very im-
portant step in the wound healing process since the 
change in creatine production enables tissue elasti-
city and easier migration (30). 

 
(IV) Maturation 
 
Following proliferation and ECM synthesis the 

wound healing process in entering its final phase of 
remodeling, which starts 2-3 weeks after initial tis-
sue trauma and can last up to a year (27). Complete 
reepithelization stimulates fibroblast, myofibroblasts 
and keratinocytes to produce fibrin, fibronectin and 

collagen III. Fibroblasts are the key cells of this 
phase since they are responsible for transformation 
from collagen type III to collagen type I (Tracy et 
al., 2016). This process is lasting for around 30 
days, while the maximum is expected somewhere 
between 42 and 60 days after an initial injury (27). 
The change in ECM is occurring in order to form a 
new tissue (27) and represent a change in provisio-
nal ECM into the mature matrix, comprised mainly 
of collagen type I fibers and molecules such as actin 
and myosin within the cells (31). 

The scar tissue is going through the physio-
logical contraction, that is dependent on myofibrils, 
which is occurring through the process of wound 
healing (27). In the end stage of successful tissue 
reparation apoptosis of cells that contain myofibrils 
is starting, followed by deactivation and differentia-
tion of keratinocytes (27). Maturation phase is also 
characterized by regression of newly formed capilla-
ry vessels and the density of the vessels within the 
tissue is returning to the level before the injury. 

 
(V) Bone regeneration 
 
Some wounds, such as those after tooth ex-

traction, are going through an additional phase 
which involves bone tissue regeneration. This rather 
complex mechanism acquires the involvement of dif-
ferent types of cells and biological agents that sti-
mulate cell proliferation, differentiation and tissue 
organization (32). The most important cells in this 
type of regeneration are osteoblast which is respon-
sible for the migration of bone cells (33). An additio-
nal characteristic of this regeneration is the process 
of ECM mineralization which starts around 7th day 
which starts from the edge of the defect and goes 
towards the middle, while in the case of extraction 
defects from the apical third and edge of the alveolar 
ridge. The newly formed bone tissue and trabeculae 
are resorbed 14 days after the injury and this is con-
sidered the begging of the bone remodeling and 
maturation (34). Around 21 day after tissue injury, 
the number of young blood vessels is drastically 
lower, and the defect is a field with bone trabeculae 
(35). The final step of mineralization begins after 4 
weeks and involves consolidation of bone tissue and 
formation of regular bone trabecules, as well as dif-
ferentiation of osteoblasts into osteocytes. This pha-
se is known to last for the very long time period and 
in most cases, it is finished after a year. 

 
Therapeutic approaches in tooth extraction 

wound healing  
 
Having in mind all previously described pro-

cesses, as well as factors that can influence them, 
one cannot oversee a number of places for different 
therapeutic approaches. Standard, everyday clinical 
approaches involve the removal of local causes, 
wound revision and addressing of systemic disord-
ers. Faster wound healing leads to pain elimination, 
decrease in swelling and infection, as well as to an 
increase in life quality in patients (22, 36). 

A great number of studies evaluated the co-
urse of the wound healing process, where the expe-
rimental model in rats represents a perfect model for 
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the evaluation of this process and the obtained 
results give a clear insight into processes happening 
in humans (28). Different studies applied various 
procedures (chemical and physical) in order to esti-
mate their potential in accelerating the wound heal-
ing process. 

 
(I) Physical procedures 
 
Among the most popular physical procedures 

applied for the treatment of wounds after tooth ex-
traction are low-level lasers (LLL) (37). In a group of 
subjects, LLL therapy was reported to remarkably 
decrease trismus, swelling and intensity of pain on 
the first and the seventh postoperative days after 
third molar extraction (38). The LLL (helium-neon 
and argon laser) were found to be able to increase 
collagen synthesis, estimated based on hydroxypro-
line concentration in scar tissue (39). Also, LLL in-
duce the formation of new blood vessels (angioge-
nesis) and modulate the expression of MMP-2 in the 
newly formed granulation tissue (40). In patients 
with extracted molars, LLL increased salivary IgA and 
albumin concentrations and decreased subjective 
feelings during treatment (41). Besides the effects of 
LLL on soft tissue healing it also enhances the bone 
tissue regeneration by increasing cell proliferation 
and the number of osteoclasts (37), while other stu-
dies found no effect of LLL on ossification process 
(41). However, one should not neglect the possible 
carcinogenic potential of laser radiation therapy (39).  

On the other hand, polarised light, which in-
volves more wavelengths (polychromatic), with small 
energy as well, found its application for the treat-
ment of almost all complications that follow tooth 
extraction wound (37, 42-44). This light is obtained 
through the system of specially designed crystals 
which transduce light at wave lengths between 400 
and 2000 nm (42). The results of several studies 
conducted suggest that polarised light treatment 
affects all phases of wound healing that follow tooth 
extraction (42-44). In the inflammatory phase, pola-
rized light increases the number of lymphocytes pre-
sent in wound tissue and induces a faster transition 
from monocytes to macrophages. The function of 
macrophages is also affected and it is found that this 
type of treatment increases their number, as well as 
the release of biologically active substance (42). In 
an animal model six-day exposure to this type of 
light lead to a faster epithelisation process of extrac-
tion wound, where narrower defect with two-layered 
cubicle epithelium was found in treated animals 
while in those from the control group only granula-
tion tissue was seen at this time point (43). Up to 
know no undesired effects were observed during the 
usage of polarised light.  

 
(II) Chemical procedures – pharmacological 

treatment 
 
There is a large number of compounds both 

synthetic and naturally occurring ones that were 
assayed for their potential in enhancing the tooth 
extraction wound healing process. However, due to 
the inability to include all the research conducted we 

will focus our attention on two well-studied antioxi-
dants curcumin and coenzyme Q10. 

Curcumin (Cur) is a naturally occurring com-
pound, found in Curcuma longa, which has a long 
history of ethnomedicinal usage (45). Besides its an-
titumor, antibacterial, antiviral, antifungal, antiulcer 
and anti-inflammatory properties, it is proven to 
possess a wound healing property as well (45-47). 
Its traditional usage suggests that it can be applied 
to wounds in a form of ointment (46), where it en-
hances the process of healing. The proposed mecha-
nism of action involves the inhibition of inflamma-
tory processes, which leads to faster and better 
healing of acute and chronic wounds (47). These in-
clude downregulation of TNF-α, IL-1, NF-kB and 
MMP-9 transcription and upregulation of IL-10 and 
catalase, superoxide dismutase and glutathione per-
oxidase (21, 47). In a model of tooth extraction 
wound healing, it is found that Cur enhances epithe-
lization process and increases the density of newly 
formed blood vessels in soft tissue that surrounds 
wound. Also, measured biochemical parameters that 
reflect tissue inflammatory reaction (NO and myelo-
peroxidase (MPO)) were found to be decreased 
(suppressed) in the group that received Cur (45). In 
other models of inflammation Cur inhibited cyclooxy-
genase and 5-lipooxygenase, decreased histamine 
liberation and production, enhanced the activity of 
cortisol and increased tissue blood flow (47). 

Coenzyme Q10 (CoQ10) is a ubiquitous lipophi-
lic molecule mainly present in its trans form (48). In 
cells it is located in the membrane of different or-
ganelles, especially in mitochondria, in two forms: 
oxidized and reduced (49). Its concertation depends 
on cell type, where cells which have higher energy 
(cardiomyocytes, hepatocytes, skeletal muscle cells) 
needs the concentration of CoQ10 is higher. It acts as 
a radical scavenger in cells and is incorporated in se-
veral mitochondrial enzymes (respiratory chain en-
zymes), thus its deficiency is tightly related to a de-
crease in tissue oxidative defenses (49). Among 
others, CoQ10 protects ROS-induced DNA damage 
and together with tocopherol protects lipids from 
peroxidation (50). In gingival biopsies obtained from 
patients with damaged periodontal tissue, resear-
chers found a decrease in CoQ10 and it is suggested 
that its application in oral mucosa, in a form of dif-
ferent supplements, lead to faster wound healing 
(51). Local application of CoQ10 on rat tooth extrac-
tion wounds significantly faster lead to wound heal-
ing, possibly by decreasing tissue inflammation esti-
mated through NO and MPO levels (48). Also, the 
same work showed that encapsulation of CoQ10 in 
nanoparticles increases the effectiveness of this 
compound by increasing its solubility, concentration 
and delivery in target tissue after its application 
(48). On a molecular level, the application of CoQ10 
to oral cavity wounds was proven to decrease proin-
flammatory cytokines expression (IL-1 and TNF-α), 
as well as of some molecules involved in inflamma-
tion (NF-kB and hypoxia factor-1) (52). Here again, 
besides soft tissue CoQ10 was shown to be able to 
affect bone regeneration in a similar animal model of 
tooth extraction (52). 
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Conclusion 
 

It seems that there is a number of potential 

candidates which might enhance wound healing, af-
ter tooth extraction, by modulating different phases 
in the process. Over the years researchers collected 
a vast amount of information regarding the potential 
mechanisms by which these candidates modulate 

the wound healing process and it is not so clear 

which of them might be the best one for the treat-

ment. Thus, new and more in-depth clinical and pre-
clinical studies need to be conducted in order to esti-
mate the real efficacy and safety levels in humans 
before introducing them in every day clinical prac-
tice. 
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Zarastanje rana je kompleksan proces koji se dešava nakon povrede tkiva sa ciljem 

povraćaja njegove homeostaze. U zavisnosti od tipa rane, može biti primarno ili sekundarno 
zarastanje. Sam proces zarastanja rane podeljen je u nekoliko precizno definisanih faza koje 
se međusobno vrlo često preklapaju, a one uključuju: (I) hemostazu, (II) inflamaciju, (III) 
proliferaciju, (IV) maturaciju, a u nekim slučajevima i (V) koštanu regeneraciju. Ekstrakcija 
zuba je veoma česta procedura u stomatologiji i predstavlja ekstrackiju pokvarenih, perio-
dontalno izmenjenih ili impatkiranih zuba. Nakon ekstrakcije, nastanak rane je neizbežan, a 
vrlo često je ovaj proces praćen bolom i osećajem nelagodnosti. U ovom revijalnom radu os-
vrnućemo se na mogućnost primene lasera male snage, polarizovane svetlosti, kurkumina i 
koenzima Q10 u terapiji rana nastalih ekstrakcijom zuba. Na osnovu pregleda literature može 
se zaključiti da postoje potencijalni kandidati koji mogu da poboljšaju zarastanje rane nakon 
ekstrakcije zuba, jer moduliraju različite faze u procesu zarastanja. Takođe, smatramo da su 

neophodne nove i detaljnije kliničke i pretkliničke studije koje bi odredile pravi uticaj i poten-
cijalne neželjene efekte ovih terapeutskih mogućnosti kod ljudi pre no što se krene sa njiho-
vom primenom u svakodnevnoj kliničkoj praksi. 
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Dendritic cells (DCs) are the key antigen-presenting cells and stimulators of the im-

mune response. Numerous studies have proven DC-based tumor vaccines as the most effective 
form of tumor vaccines with good results in clinical trials. Due to the marked disproportion in 
the results of complete tumor curing in some patients using DC-based vaccines and modest 
results achieved in other patients, there is a need for improvement of preparation methods. 
This review summarizes the current protocols in creating DC-based tumor vaccines and future 
perspectives as well. 
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Introduction 
 
Dendritic cells (DCs) have been occupying the 

attention of immunologists all over the world for 
more than 40 years. During the last two decades, 
DCs have been shown as a useful tool in boosting 
the antitumor immune response (1-3). 

In their resting state, DCs are considered to 
be immature but prepared to recognize and acquire 
antigens through numerous pattern-recognition re-
ceptors (PRRs). There are several groups of PRRs, 
including Toll-like receptors (TLRs), C-type lectins 
(CLRs), cytoplasmic retinoic acid–inducible gene-I-
like receptors (RLRs) and nucleotide oligomerization 
domain-like receptors (NLRs) (4-6). Upon PRRs acti-
vation, DCs undergo phenotypic and functional ma-
turational changes (7). They include the upregulation 
of chemokine receptors (CCR7), adhesion molecules 
(CD54), co-stimulatory molecules (CD80 and CD86), 
immunoproteosomes and major histocompatibility 
complex (MHC)-MHC class I and II molecules, all 
important for DCs migration to the lymphoid tissues 
and activation of the immune response (8). Co-sti-
mulatory molecules and cytokines expressed by the 
DCs determine the immune response towards T 

helper 1 (Th1), Th2 or Th17 profile. Thanks to the 
production of different cytokines (IL-12, IL-15, type I 
IFNs), DCs also activate B cells (9), natural killer 
(NK) cells (10) and NKT cells (11). 

Upon recognition, DCs take up antigens thro-
ugh pinocytosis, endocytosis, and receptor-mediated 
phagocytosis by Fc receptors, integrins, apoptotic 
cell receptors, CLRs and scavenger receptors (8). 
Antigens are further processed into peptides that are 
presented on MHC class I and II molecules via the 
endogenous pathway or exogenous pathway, res-
pectively (12, 13). Endogenous pathway includes 
processing and presentation of intracellular antigens 
to CD8+ T cells, whereas exogenous peptides are 
presented to CD4+ T cells via exogenous pathway. In 
addition, DCs can process the exogenous antigens 
on MHC I molecules stimulating CD8+ T cells via 
cross-presentation. 

Following maturation, DCs migrate to the se-
condary lymph organs (lymph nodes, spleen, Peyer’s 
patches) where they interact with T cells (14). T cells 
specifically recognize antigens expressed on MHC 
molecules through their T cell receptor (TCR). Du-
ration and intensity of DC-T cell interaction seem o 
be of great importance in T cell activation. B cells are 
activated by DCs through their ability to stimulate T 
follicular helper cells and induction of B cell growth 
and antibody production. DCs process glycolipid anti-
gens and present them on the CD1d molecule and 
activate NKT cells (11). Concluding, DCs are an im-
portant part in the orchestration of innate and adap-
tive arm of immune responses. 

In humans, myeloid DCs (mDCs) and plasma-
cytoid DCs (pDCs) are considered as two main types 
of DCs in the blood (2). Both mDCs and pDCs ex-
press distinct TLRs and respond differently to patho-
genic stimuli, suggesting their specific direction of 
the immune responses (15). The main role of mDCs 
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refers to immunity against fungi and bacteria (16) 
and detection and uptake of necrotic cells as well 
(17). pDcs produce high levels of type I IFNs in res-
ponse to viral products, suggesting their important 
part in preventing viral infections (18). There are 
some studies indicating a synergistic act of mDcs 
and pDCs in antitumor response (19). 

 
DC immunotherapy 
 
In order to eliminate the malignant tumors by 

immune mechanisms, modern chemotherapeutic pro-
tocols are supplemented with immunotherapeutic 
procedures. Within active specific immunotherapy, the 
best clinical results are achieved using DC-based tu-
mor vaccines (2, 8). DCs are key antigen-presenting 
cells and immune response stimulators. On the other 
hand, they are also important for immunological to-
lerance and maintaining the immune system non-
reactive to its own antigens. One of the mechanisms 
by which the tumor evades the effector functions of 
the immune system is the stimulation of the tolerant 
properties of the DCs. Immature DCs are potentially 
tolerogenic and might even promote antigen-specific 
tolerance when used in DC vaccines (20). Therefore, 
the latest studies of tumor vaccine development are 
based on the preparation of mature DCs with im-
munogenic properties (21-23). 

 
Methods of generating DCs 
 
Current protocols for generating DCs include 

differentiation from monocyte precursors or CD34+ 
hematopoietic precursors, in vivo expansion of circu-
lating DCs and isolation and enrichment of circulating 
blood DC subsets (8). 

Since the circulating number of human DCs is 
very low, most of the studies exploit in vitro-ge-
nerated monocyte-derived DCs (MoDCs) obtained by 
cultivation of monocytes from peripheral blood mo-
nonuclear cells (PBMCs) (24, 25). Monocytes are in-
duced to differentiate into immature MoDCs after 6 
days in the presence of GM-CSF and IL-4, upon 
which the cells are stimulated to mature into the im-
munogenic MoDCs. 

Another way of the DCs generation involves 
mobilization of CD34+ precursors from the bone 
marrow upon which the cells are expanded in vitro in 
the presence of GM-CSF, Flt3L, TNF-α, TGF-β, and 
SCF. Such cells represent the mixture of MoDCs and 
myeloid cells at different stages of differentiation 
(26). 

 
Maturation of DCs 
 
Since immature DCs are not able to induce an 

mmune response, only mature DCs are included in 
clinical trials (23, 27). Maturation of DCs can be achi-
eved in many different ways, but still, there is no 
consensus on adequate maturation stimuli. Gold sta-
ndard for maturation of DCs used to include a well-
known cocktail of proinflammatory cytokines TNF-α, 
IL-1β and IL-6 with PGE2 (28). This way matured 
DCs highly express CD40, CD80, CD86, MHC class I 
and II, but fail to induce IL-12 production, important 
for the development of Th1 antitumor response. TLR 

agonists have also been used to mature DCs. Poly 
I:C (TLR3), LPS (TLR4), loxoribine and resiquimod 
(TLR7) are well-known TLR agonists and activators 
of DCs (29-31). Simultaneous engagement of differ-
ent TLRs potentiates more effective antitumor im-
mune response through the maturation of DCs (32, 
33). Additionally, single endosomal TLR agonists could 
be effectively delivered to DCs by nanomaterials (car-
bon nanotubes) inducing very potent immunostimu-
latory effect (34). Co-activation of TLRs and CLRs by 
TLR3 and Dectin-1 agonists can also be used as a 
good maturation DC stimulus. Such treated DCs ex-
press mature phenotype and polarize immune res-
ponse in Th1 and Th17 direction (35). 

 
Tumor Antigens and Loading of DCs 
 
In order to exert good immune response, MHC 

molecules of DCs should be loaded with adequate 
tumor antigens. For the induction of a strong and 
sustained antitumor T-cell response, it would be of 
great interest to activate both, CD4+ and CD8+ T 
cells (36, 37). Several methods of loading of DCs 
with tumor epitopes have been described. 

DCs are usually loaded through incubation 
with peptides, proteins, RNA or autologous/ alloge-
neic tumor cells before maturation process (8, 38). 
Peptides loading do not require antigen processing, 
therefore they can be directly placed on the MHC 
molecules on the surface of the DCs. However, such 
an approach is HLA-type dependent and antigen 
identification is required for these specific haploty-
pes. Clinical trials using peptides as a loader, exerted 
satisfactory results in patients with cervical (39, 40), 
ovarian (41) and colorectal cancer (42) where CD4+ 
and CD8+ T cell responses were induced. 

DCs loading with proteins and tumor cell lysa-
tes does not need antigen identification, thus multi-
ple epitopes can be presented on MHC molecules of 
different haplotypes (43). The best results were achi-
eved in multiple myeloma and ovarian cancer pati-
ents where DCs were fused with tumor lysates and 
both CD4+ and CD8+ T cell responses occurred (44, 
45). A study in the mouse model of high-grade gli-
oma exerted an increased survival accompanied by 
the immunostimulatory switch from regulatory T cells 
to Th1 and Th17 (46). 

Currently, RNA transfection of DCs is a very 
useful method in achieving potent antitumor immu-
nity by encoding specific antigens and maturation 
factors (47, 48). Clinical benefit among patients with 
metastatic clear cell renal cell carcinoma and non-
small cell lung cancer was achieved by RNA trans-
fected DCs (47, 49). Recent investigations using 
neoantigen-loaded DCs showed promising results by 
the promotion of neoantigen-specific T-cell response 
(50). 

 
Administration and migration of DCs 
 
The biological potential of the DCs to stimulate 

the antitumor immune response also depends on 
their migration to the lymph nodes (2). Therefore, 
the optimal route of administration of DCs needs to 
be established. Current immunization strategies in-
clude subcutaneous, intradermal, intranodal, intrave-
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nous and intratumoral administration (8). So far, the 
best systemic response was achieved via a combi-
nation of the intradermal and intravenous application 
of DC vaccines in the treatment of patients with 
melanoma (51, 52). 

 
In Vivo Targeting of DCs 
 
In vivo DC targeting represents a novel ap-

proach that involves targeting specific receptors, 
such as Fc receptors, CD40, and CLRs (3). CLRs are 
the most attractive targets since DCs express a 
variety of CLRs (Clec9a, DEC205, Langerin) involved 
in recognition of glycosylated antigens (53). Target-
ing of Clec9a in animal models induced good antitu-
mor response through cellular and humoral immu-
nity (54, 55). Clinical trials of DEC205 targeting are 
currently ongoing in ovarian cancer, acute myeloid 
leukemia, and melanoma (8). 

Delivery of tumor antigens via RNA lipoplexes 
is the newest approach for in vivo DC targeting (8). 
Such combination protects RNA from degradation, 
while the RNA itself activates pDCs and induces the 
release of IFN type I. There is an ongoing clinical trial 
with melanoma patients where high amounts of IFNα 
production and antigen- specific T cell response were 
observed (56). 

 
DC-derived exosomes 
 
Another new approach in cancer immunothe-

rapy involving DCs refers to DC-derived exosomes 
(DC-Exo). It has been shown that DC-Exo turns can-
cer cells into more immunogenic targets, which can 

contribute to the effectiveness of DC vaccines (3, 
57). 

Future approaches 
 
Combination of DCs with immune checkpoint 

inhibitors (CTLA-4 and PD-1 blocking antibodies), 
should direct T-cell response in a specific manner. 
This novel approach is still under investigations, 
where the increase in the number of circulating T 
cells is expected (58, 59). 

There are ongoing studies using new techno-
logies in the differentiation of DCs from human plu-
ripotent stem cells and embryonic stem cells with the 
addition of growth factors, BMP-4, VEGF, GM-CSF, 
SCF, Flt3L and IL-4 at key intervals of differentiation 
(60). 

Additionally, new genetic engineering techno-
logies using Cas9 endonuclease, can modulate DCs 
and delete expression of inhibitory molecules (PD-
L1) and cytokines (IL-10). Such modulated DCs ex-
press improved efficiency in vivo and drive CD8+ T 
cell differentiation (8). 

A recent study by Woo et al. has demon-
strated that activation of the STING (Stimulator of 
Interferon Genes) pathway in tumor-resident host 
DCs is required for induction of a spontaneous CD8+ 

T cell response against tumor-derived antigens in 
vivo (61). Activation of this pathway and the sub-
sequent production of IFNβ lead to potent and sys-
temic tumor regression and immunity, which can be 
potentiated with co-administration of a natural STING 
agonist (62).  

Schematic presentation of current and future 
approaches in DC-based immunotherapy is pictured 
in Figure 1. 

 
 
 

 
 

Figure 1. Current and future approaches in dendritic cell-based immunotherapy 
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Conclusion 
 

Recent studies have shown the treatment of 

malignant tumors by tumor vaccines as an accept-
able and harmless way of immunotherapy along with 
surgical treatment, radiotherapy, and chemotherapy. 
DC-based tumor vaccines, as the most potent tu-
mor-specific immune response stimulants, are the 
most effective form of tumor vaccines. There are 

great expectations of numerous ongoing clinical stu-
dies involving DCs as cancer vaccines, as Karolina 

Palucka and Jacques Banchereau stated: Just as im-

munotherapy is moving to the forefront of cancer 

therapy, DC-based therapy is moving to the fore-
front of cancer immunotherapy. 
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Dendritske ćelije (DĆ) glavni su antigen prezentujuće ćelije i pokretači imunskog odgo-

vora. Brojne studije i klinička ispitivanja pokazali su da vakcine zasnovane na DĆ predstavljaju 
najefikasniji vid imunoterapije tumora. Zbog izrazite disproporcije u odličnim rezultatima pot-
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postižu kod drugih bolesnika, nameće se potreba da se priprema DĆ vakcina unapredi. U 
ovom preglednom članku navedeni su savremeni protokoli generisanja DĆ i kreiranja vakcina, 
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In the area of protection and improvement of human health, it is of particular im-

portance to provide legal, effective, correct, professional and timely medical assistance; per-
forming other healthcare activities, or providing medical assistance or care. In this way, a sig-
nificant social function is achieved, as well as the protection of the proclaimed right by the 
Constitution on the inviolability of the physical and psychological integrity of man (human 
health). However, due to the physician’s or other medical activity, it is possible that the health 
of the person according to which the corresponding activity is undertaken is deteriorating. In 
the case of serious mistreat of physician’s or another medical profession, or a gross violation of 
the rules of the profession, resulting in a more serious consequence of the health of people, 
then all modern legislation provides for criminal responsibility and punish-ability for a particular 
criminal offense - inadequate medical assistance. A similar situation exists in the Republic of 
Serbia. In this paper, this crime is analyzed from the aspect of the concept, characteristics, fea-
tures, forms of expression and other grounds for determining criminal responsibility and pu-
nishment of its perpetrator. 
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Introduction 
 
People’s healthcare, along with life protection 

and bodily integrity, represents a social function 
which every country has performed since the early 
ages until this day. This is manifested in numerous 
crimes from which these personal and social values 
are protected, since the first written legal codes (e.g. 
Dušan’s code) (1). Naturally, not only that the care 
was incomplete, inefficient, unevenly distributed, but 
also had minor or greater differences in incrimina-
tions of violating or imperiling these social values, 
depending on characteristics and type of a state 
organization.  

Starting from France’s bourgeois revolution, 
the protection of these social values has gained 
significance, considering the declared human rights 
and freedoms. Naturally, among basic, fundamental, 
universal, natural and general human rights, there is 
the right to live, the right of inviolability of the 

physical and mental (psychological) integrity, and 
the right of an individual to be healthy. The pro-
tection of these human rights was proclaimed as a 
part of universal (UN) and regional (CoE) interna-
tional documents and constitutions of states as the 
highest legal acts (2).  

All positive obligations in Criminal law in this 
specific area regulate various forms and aspects of 
manifestations of the crimes against all of these 
human and social rights, as well as against people’s 
health. The situation in Serbia is similar. Serbia 
acknowledged the first crimes against the general 
welfare just in 1929 altogether with the Declaration 
of the Criminal law of the Kingdom of Yugoslavia. All 
future criminal law acts: Criminal law of the Federal 
People's Republic of Yugoslavia from 1959, just as 
the Criminal law of the Socialist Republic of Serbia 
(as well as the laws of other socialist republics and 
socialist autonomous provinces) from 1977, acknow-
ledged crimes against people’s wellbeing (3). It is 
the same nowadays in the Republic of Serbia, where 
starting from January 1st, 2006 the Criminal law has 
been in use. This law in chapter 23 predicts more 
felonies against people’s welfare (known as the 
Crimes against Human Life and Health). 

 
The Protection of People’s Health in the 

Criminal Law  
 
The Criminal law has been in use since Janu-

ary 1st, 2006 in the Republic of Serbia. It predicts 
more criminal acts in chapter 23 "Criminal Acts aga-
inst People’s Health" which, as the object of pro-
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tection, has people’s welfare (4). Namely, these are 
the crimes against not only the people’s wellbeing 
but also the right to protect one’s health, which is 
guaranteed in article 68 of the Republic of Serbia’s 
Constitution. The crimes against general health had 
been earlier systematized (according to the law from 
1977) into a unique group of acts together with 
"ecological" acts against the environment (5). Health 
is the psychophysical state of a human being, inclu-
ding all organs and body parts functioning harmoni-
ously and processes, which enables one to lead a 
normal life and labor (6). 

As opposed to health there is illness, the psy-
chophysical state, which is created under the effect 
of germs, bacteria and viruses on the human body 
and which leads to a dysfunction in the built and 
function of particular organs, tissues or the whole 
body as a whole unit, because of which a normal life 
and labor are weakened or interrupted. Among ill-
nesses, the most dangerous of all are infectious di-
seases, characterized by spreading fast among great 
number of people in large areas, causing severe and 
permanent consequences, and , finally, death (7).   

Therefore, the object of protection from cri-
mes is welfare. However, the object is determined in 
different ways, depending on the type of the felony, 
and so it appears as: a) the health of a subjectively 
unspecified number of people affected by the trans-
mission of infectious diseases; b) the health of a spe-
cific individual affected by impetuous medical assis-
tance (8).  

These criminal acts are naturally blanketed. In 
most cases, the act of implementation consists of ac-
ting against the regulations, in fact, violating law or 
by-law regulations, or orders given by competent 
state bodies which belong to the field of healthcare, 
which means that for knowing the content and cha-
racteristics of a structure responsible for these acts, 
it is essential first to determine the content of the 
law, other regulations and the extent of the com-
petent state bodies (restrictions or orders) which are 
being violated (9). Moreover, felonies, as drug abu-
se, are systematized as well in this chapter, and are 
a part of the scope and structure of the crimes 
against health with approximately 90 % representing 
the actual violation of international documents, uni-
versal or regional, which regulate actions of preven-
ting and undoing illegal activities related to produc-
tion, processing and usage of narcotics and psycho-
active substances (10).  

These felonies result in endangering people’s 
health or creating the danger of arrival, or spreading 
a disease or deteriorating other individual’s health 
(11). That danger as a consequence appears in two 
forms: concrete and abstract danger. The concrete 
danger is real, direct; it can suddenly affect the life, 
bodily integrity and the health of an individual. This 
means that the possibility of violating these values is 
definite and yet there is no such doing. This type of 
danger is included in the form of a felony and it must 
be proved in the legal procedure. Abstract or general 
danger can occur in a particular action, thus en-
dangering life, bodily integrity or health, but does 
not occur in some particular incidence. To carry out a 
legal process, it is considered that the consequence 
or the abstract danger compromising the protected 

has been caused. This danger is not a part of a 
crime’s form, therefore in a legal procedure, it does 
not necessarily have to be proved in a particular 
case. The solely existence of the abstract danger is 
enough to undertake the procedure because the mo-
ment the danger occurred it is considered to be a 
consequence of a felony (12).  

However, some criminal activities in this chap-
ter can result in a violation (creating a new illness, 
making the already existent condition deteriorate or 
a simple trauma) (13). Still, these are not held 
against unspecified individuals, but against a specific 
individual. Such felonies are: transmitting an infec-
tious disease, negligent medical assistance and me-
dicine preparation and distribution. If undertaking 
the procedure for the basic form of a crime in this 
chapter causes a violation, such as: a) severe phy-
sical trauma, b) actions taken to severely endanger 
health, c) death of one or multiple individuals, then, 
these actions are formed as a specific crime- serious 
crime against people’s health. 

Many of these crimes can be committed by 
anyone, but some of them can only be performed by 
certain individuals: a doctor of medicine or any other 
health officer (negligent medical assistance), a doc-
tor of medicine (not providing medical care), an indi-
vidual responsible for providing medicines (neglig-
ent behavior during making and distributing medici-
nes), or an individual responsible for medical exami-
nation of livestock for slaughter (negligent examina-
tion of provisions).  

In terms of fault, many of these crimes are 
premeditated, while others can be qualified as pre-
meditated or not premeditated.  

Among crimes against human welfare, there 
is a crime which by its significance, nature, charac-
teristics, the perpetrator, the type and scope of the 
caused consequence is singled out, and it is the 
crime of Medical Negligence from article 251 in the 
Criminal law, although since 1951 until today it has 
been named as Patient’s Medical Negligence. Any-
way, this crime appeared for the first time in the 
Serbian law system in 1929 along with the decla-
ration of the Criminal law of the Kingdom of Yugo-
slavia, which determined two unnamed types of this 
very crime, nature, and character, in regulations of 
articles 263 and 264 (14). 

 
Medical negligence  
 
The crime of Medical Negligence was put in 

the positive criminology in the Criminal law of Serbia 
in 2005 in chapter 23 under the name of Crimes 
against People’s Welfare according to regulation in 
article 251. It is used to inculpate incompetent, im-
moral, illegal acts of doctors of medicine and other 
medical officers, by which there is a great deviation 
from the medical field, knowledge, and skill, and ca-
using severe health issues in the sense of "deterio-
rating" the condition of an individual who is receiving 
certain medical assistance.  

The crime itself consists of Medical Negligen-
ce, malpractice of medical care or assistance, by 
physicians or other health workers, which results in 
deterioration of one’s health (15). The object of pro-
tection from this crime - Medical Negligence, the 
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malpractice of medical workers, or failing in other 
medical treatments, is individuals’ welfare. There-
fore, the type of an individual’s medical condition is 
not of great importance. 

In historical terms, this crime appears for the 
first time in domestic Criminal law together with the 
Criminal law of the Kingdom of Yugoslavia in 1929 
(16). Reportedly, this law’s chapter 23, "Crimes 
against the General Welfare" distinguishes two types 
of this crime. Since they are unnamed crimes, their 
nature, characteristics, and content are excluded 
from legal descriptions.  

The first act is formulated in article 263. This 
crime is committed by a physician who, while treat-
ing some individual, without any intention harms the 
individuals’ health or greatly deteriorates it. The act 
is determined by consequential damage, which me-
ans that in the process of performance, there is an 
occurrence of performing or not performing, which is 
a reason enough for causing a consequence: a) af-
fecting health, b) greatly deteriorating one’s condi-
tion. It is of major importance for the crime to be 
committed: a) by a specific individual- a physician 
and b) at the right time- while providing medical 
assistance. A perpetrator is a specific person- a me-
dical doctor, and when it comes to the fault, negli-
gence is necessary. This crime receives a cumulative 
punishment, incarceration and a fine of 30.000 di-
nars. A more serious form of this crime is punishable 
by incarceration for at least two years only if the 
procedure caused a severe consequence- death.  

The other crime of this sort is formed in re-
gulation of article 264. This act is committed by a 
physician who uses a treatment which has still not 
been used, or performs a surgery which has not 
been tried before, without a patient’s consent or the 
patient’s legal representative’s consent if the patient 
is unconscious or still is not 16 years old, which cau-
ses the death of the patient. This crime, for which 
the implemented punishment is at least 5 years of 
imprisonment and definite restriction of fulfilling 
medical duties in time of 2 to 5 years, is consisted 
of: a) implementation, dually and alternatively dis-
tinguished as: 1) usage of new, unused or simply 
"evidently unsuitable treatment" and 2) performing a 
surgery which has not been done before, b) only a 
doctor can perform a treatment, c) treatment is gi-
ven to a specific person- to a patient, so, in the field 
of performing medical duty, d) assistance is done in 
a particular way- unauthorized, without a patient’s 
consent or the patient’s legal representative’s con-
sent (when the patient is not able to give the con-
sent because of mental or physical disabilities) and 
e) the consequence of the performance is death.  

Then, this crime, under many names, is ac-
knowledged by our after-war criminal law system, 
such as the Criminal law of The Federal People's Re-
public of Yugoslavia from 1951, article 203 under the 
name of Patient’s Medical Negligence, and the Cri-
minal law of the Socialist Republic of Serbia from 
1977, article 126, under the name of Patient’s Me-
dical Negligence which had been in use until January 
1st, 2006. 

 
 
 

1. The Term and the Elements of a Crime  
 
In the protection of people’s health, it is of 

paramount importance to provide medical assistance 
or any kind of healthcare to patients. People who are 
authorized to provide this kind of help- physicians or 
medical workers, along with the appropriate profes-
sional skills, should behave responsibly according to 
the rules of medicine, medical skills, and knowledge. 
Because of this, there is the need for a strict criminal 
law to protect the health of patients (17). As a mat-
ter of fact, there are opinions in the legal theory that 
this is actually an occupational crime, or a crime of 
the negligence of work duty (article 361, Criminal 
law) (18).  

The crime from article 251 in the Serbian Cri-
minal law under the name of Medical Negligence has 
replaced the already existent crime from article 126 
in the Criminal law of Serbia from 1977 which was 
called Patient’s Medical Negligence (19). Apart from 
the change in the name, this crime kept its old con-
tent, characteristics, forms of occurrence and imple-
mented punishments. As a matter of fact, even this 
term does not fully reflect its nature, character, and 
content. Namely, this act doesn’t consist solely of 
violating the regulations of patient treatment by a 
medical examiner, but also of general illegal be-
havior of medical workers while performing any kind 
of a medical procedure. Hence, a more logical and 
more appropriate term of this act would be Negligent 
Behavior in the Field of Medicine (20). 

Now, this crime consists of negligent medical 
assistance by a doctor of medicine, or negligent me-
dical assistance, care or any other medical treatment 
by a medical worker, which results in deteriorating a 
condition of an individual (21, 22). A medical doctor 
who declines to assist a patient medically also be-
haves in a negligent way, but in this case, it is not 
this particular crime but crime from article 253 which 
is named Refusal of Medical Assistance (23).  

As the object of a protection in this particular 
crime, there is the health of a specific individual 
which is protected from negligent medical assist-
ance, or medical workers while giving medical assist-
ance, care or any other medical treatment. Hereby, 
it is not necessarily important to know the type of 
medical condition. Also, it is not important to have 
the consent of a patient for some medical procedure. 
Such consent of the injured party does not exclude 
the unlawfulness of the person at fault, or their field.    

The consequence of an act appears as a vio-
lation in terms of causing the deterioration of one’s 
health condition, to whom medical care by a medical 
doctor was already delivered, or by any other me-
dical worker while delivering medical treatment, care 
or any other medical treatment. Other individuals’ 
health condition can deteriorate when a healthy in-
dividual gets ill or an already ill person’s condition 
deteriorates, so, when the injured party gets into a 
condition which is not as good as it was before 
treatment or any other medical procedure (24).  
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The perpetrator of the first act can only be a 
medical doctor. That is a person with a medical or 
dental degree who works in medical and scientific in-
stitutions or has a private practice, as well as an in-
tern. In legal theory, whether a medical doctor who 
is unemployed can be a perpetrator of this crime has 
been discussed (25, 26). There are two opinions as 
to the answer to the question. According to the first 
opinion, for the occurrence of the crime, it is neces-
sary for a medical doctor to be in a medical institu-
tion at the time of the committing of the crime, 
therefore the patient is the injured party delivered to 
the doctor because of the needed medical assistance 
(27). The other opinion states that whether the me-
dical doctor is unemployed or not, does not affect 
the existence and legal qualification of this crime be-
cause that does not represent the legal element of 
the act. The first opinion prevails as not suitable for 
the law, referring to this matter (28).  

As the perpetrator of the second form of the 
act is another medical worker, apart from doctor, 
dentist, or pharmacist (29). This is a person who 
graduated from a medical or dental school: nurses, 
X-ray technicians, laboratory workers, health techni-
cians, medical equipment technicians, midwives, and 
others.  

In terms of fault in both of the forms preme-
ditation is possible (usually eventual) or negligence.  

Premeditation acts in any of the two forms is 
punishable by incarceration, 3 months to 3 years, 
and for unpremeditated acts, a fine or a year in 
prison. 

 
2. Basic Crime forms 
 
The crime of Medical Negligence from article 

251, Criminal law, depending on the characteristics 
of the perpetrator and type, character and nature of 
the act, appears in two basic forms and they are: a) 
medical negligence by a physician and b) medical 
negligence, care negligence or any other medical 
treatments, by other medical worker (30).  

The first basic form of this crime is a doctor 
who, while providing medical care, uses an unsui-
table tool or evidently unsuitable treatment, or does 
not apply specific hygienic measures or completely 
behaves irresponsibly, by which the doctor deterio-
rates other person’s health condition.  

Judicial Practice: In dealing with medical assi-
stance, the doctor acted negligently when he re-
ceived the patient as an emergency officer as a duty 
officer, and failed to look at the first page of the 
health booklet, which indicated that she was allergic 
to certain medications, and ordered the nurse to her 
injection that contained the component of the me-
dicine to which she was allergic and thus caused her 
health deterioration (31). Implementing consists of 
three alternatively chosen practices: a) using an evi-
dently unsuitable instrument, or evidently unsuitable 
treatment, b) not applying hygienic measures and c) 
total medical negligence (32, 33).  

For the existence of an act, it is important that 
these are committed by a doctor while providing 
medical care (34). Although different in content, all 
of these acts represent only forms of medical ne-
gligence, not following the rules and common pra- 

ctice in the treatment of a patient (35). Delivering 
medical care relating to this incrimination should ha- 
ve a broader meaning. That means performing or 
not performing has to relate to the procedure of the 
treatment. The treatment is considered to be the 
measures directed to the determination of the ex-
istence, nature, type, and gravity of the disease, as 
well as measures which are used with the goal of 
alleviating or curing the existing disease. In legal 
theory, but in court practice as well, the question of 
whether vaccinating classifies as a crime, general ex-
amination (the monitoring of health) of residents, as 
well as in the case of surgeries for aesthetic reasons, 
unrelated to health,  has remained unresolved (36).  

Medical Negligence can be manifested in giv-
ing the wrong diagnosis, not using remedies proper-
ly, and giving the wrong treatment (37). The wrong 
diagnosis is a result of the negligent, reckless and 
incompetent examination, the omission of medical 
search and gathering findings, roentgen rays, ana-
lyses, etc. The right diagnosis influences the treat-
ment and the process of it. The wrong diagnosis 
leads to the usage of the wrong remedies and treat-
ment (38). Remedies are substances and devices 
which are taken into the organism or put on the 
body in order to diagnose the disease, or because of 
treatment or prevention. Medical treatment is a me-
thod and a type of medical assistance and a process 
of any kind of a disease which is scientifically con-
firmed and proved in practice. Remedies and treat-
ments are connected to each other because there 
are specific treatments which require specific reme-
dies and vice versa (39).  

For the occurrence of the crime, it is neces-
sary that a medical doctor uses remedies or treat-
ments which are evidently unsuitable, by which 
there is a great deviation from medical practice or 
medical rules violation (40, 41). Evidently unsuitable 
remedies are those which shouldn’t be used for a 
certain disease or at least not in a great amount 
(dose) or not in a specific manner or process. Evi-
dently unsuitable manner of treatment exists if an 
inapplicable treatment, not approved by medical 
practice and science, is used for a certain kind of a 
disease or is unnecessary and harmful. Not applying 
suitable hygienic measures is reflected in applying or 
not applying, by which a deviation from medical 
practice and rules is made, in terms of applying 
suitable hygienic measures whether these measures 
are violated completely, partly or are applied insuffi-
ciently and inconveniently. Negligent behavior, in ge-
neral, includes various manners of performing or not 
performing, by which a deviation from obligational 
behavior in medical assistance is created.  

Judicial practice: A nurse taking care of a six-
teen -year -old patient failed to control the tempera-
ture of the water prior to therapy. As a consequence 
of overheated water, 40% of the surface of the pati-
ent`s body was burnt causing health deterioration 
(42). 

The other basic form of the crime is perfor- 
med by a medical worker, who, while performing 
medical assistance, care or any other medical treat-
ment, evidently behaves irresponsibly and causes 
deterioration of an individual’s health condition (43). 
The very action is evidently irresponsible behavior of 
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a medical worker in the process of the medical as-
sistance, care or any other health -related process 
(44). This kind of behavior consists of omissions, 
lack of performance or insufficient performance, in-
appropriate performance from the domain of medical 
assistance, care or other health - related process 
(45). For the existence of the act, it is necessary to 
encounter quite irresponsible behavior, which means 
a behavior which roughly, to great extent or longer 
duration, deviates from the rules of performing cer-
tain medical duties. 

 
3. Serious Crime Forms 
 
Serious crime forms of medical negligence 

from article 251 in the Criminal law of Serbia are 
specified in a separate regulation- article 259, nam-
ed Serious Crimes against People’s welfare (46). 
Severe punishments are implemented in this regu-
lation of various crimes against people’s health, dep-
ending on the form of the fault which a perpetuator 
used to commit the crime, and the scope and inten-
sity of the caused consequences by negligence.  

Severe crimes against people’s welfare are 
qualified as grave manifestations of various crimes 
for which strict punishments implemented, because 
of the specially presented gravity and degree of dan-
ger, or degree of the perpetrator’s fault. The follow-
ing acts may become severe crimes against people: 
a) transmitting an infectious disease, b) negligent 
medical assistance, c) unlawful medical experiments 
and medication examination, d) medical quackery 
and pharmaceutical quackery, e) irresponsible beha-
vior in producing and distributing medications, f) the 
production and distribution of harmful products and 
g) contamination of drinking water and provisions 
(46).  

A serious consequence qualified as an occur-
rence, which is the result of an action of the basic 
negligence crimes, comes in two forms:  a) serious 
physical trauma or serious health damage, and b) 
death of one or more individuals. The other occurr-
ence that influences the gravity of these acts, qua-
lified as the one with serious consequences, is a form 
of fault with which the act itself was done (it appears 
as not premeditated and premeditated) (47). 

If we take a) the scope and intensity of a 
consequence as the result of negligence and b) the 
form of fault with which the basic crime is committed 
into consideration, there are four forms of serious 
crimes against people’s health, and they are: 1) 
when the basic act is premeditated and the serious 
consequence is a serious physical trauma or health 
endangering of another individual, the punishment 
for this act is incarceration of 1 to 8 years, 2) when 
the basic act is done with premeditation and the 
consequence is death of one or more individuals, for 
this act the punishment is incarceration of 2 to 12 
years, 3) when the basic act is done in pure neglect, 
but the consequence is a serious physical trauma or 
health endangering of another individual, the punish-
ment is incarceration for up to three years and 4) 
when the basic crime is done in pure neglect and the 
severe consequence is the death of one or more 
individuals, the punishment for this act is incarcera-
tion of 1 to 8 years (48, 49). 

Conclusion 
 

Among the crimes against people’s welfare 

(crimes against health,) there is a crime which by its 
significance, nature, characteristics, the perpetrator, 
the type and scope of the caused consequence is 
singled out, and it is the crime from article 251, the 
Criminal law of Serbia. Although since 1951 until 
today it has been named as Patient’s Medical Negli-

gence, nowadays it is called the crime of Medical 
Negligence, as it is known by this name some other 
modern Criminal laws (e.g. Bosnia and Herzegovina, 
Croatia and Macedonia). 

Anyway, this crime appeared for the first time 
in the Serbian law system in 1929 along with the 
declaration of the Criminal law of the Kingdom of 

Yugoslavia, which determined two unnamed types of 
this very crime, nature and character, in regulations 

of articles 263 (when a medical doctor while giving 
medical assistance harms other individual’s health or 
deteriorates the already existent disease) and 264 
(when a medical doctor uses unsuitable treatment or 
performs surgery without a patent’s consent which 

leads to the patient’s death). 
Then, this crime, under many names, is ac-

knowledged by our after-war Criminal law system, 
such as the Criminal law of Federal People's Republic 
of Yugoslavia in 1951, article 203 under the name of 
Medical Negligence, and the Criminal law of the So-

cialist Republic of Serbia 1977, article 126 under the 
name of Patient’s Medical Negligence which had been 
in use until January 1st, 2006. 

The crime from article 251 in the Serbian Cri-

minal law under the name of Medical Negligence 
(which is under the same name in the laws of Re-
publika Srpska, Montenegro, and Slovenia) has re-

placed the already existent crime from article 126 in 
the Criminal law of Serbia from 1977. This act does 
not consist solely of violating the regulations of the 
patient treatment by a medical examiner (medical 
doctor or dentist), but also of general illegal behavior 
of medical workers while performing any kind of a 
medical procedure. Hence, a more logical and more 

appropriate term of this act would be Negligent Be-
havior in the Field of Medicine. 

Now, this crime consists of negligent medical 
assistance by a doctor of medicine, or negligent me-
dical assistance, care or any other medical treat-
ment, by a medical worker, which results in deterio-

rating a condition of an individual. A physician who 
declines to assist a patient medically also behaves in 
a negligent way, but in this case it is not this par-
ticular crime but crime from article 253 which is 
named Refusal of Medical Assistance. 

The object of protection related to this crime 
is health or the right of an individual to be healthy 

which is guaranteed in article 68 in the Constitution 
of the Republic of Serbia, of medical negligence by 
medical doctors, or medical workers failing to pro-
vide medical assistance, care or other medical treat-
ment. Hereby, the type of condition of some indivi-
dual is not of great importance. The existence of a 
patient’s consent for a certain medical treatment is 

not necessary, either. The crime Medical Negligence 
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is formulated in the Criminal law of Serbia in 2005 in 

chapter 23, called "Crimes against People’s Welfare" 

according to regulation in article 251. It incriminates 
incompetent, irresponsible, illegal behavior of doc-
tors and other medical workers, by which there is a 
great deviation from the rules of medicine, skills and 
knowledge and creation of harmful consequences 

related to health in the sense of deterioration of the 

condition of an individual who is treated medically.  

The crime itself consists of medical negligence 
by a medical doctor or malpractice of medical care or 
assistance, or some other medical treatment by other 
health workers, which results in the deterioration of 
one’s health. 
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U oblasti zaštite i unapređenja zdravlja ljudi od posebnog su značaja zakonito, efika-

sno, pravilno, stručno i blagovremeno pružanje lekarske pomoći, vršenje druge zdravstvene 
delatnosti, odnosno pružanje medicinske pomoći ili nege. Na taj način, ostvaruje se značajna 
društvena funkcija, kao i zaštita Ustavom proklamovanog prava na nepovredivost fizičkog i 
psihičkog integriteta čoveka (zdravlja ljudi). No, moguće je da usled preduzete lekarske ili 
druge medicinske delatnosti nastupi pogoršanje zdravlja lica prema kome je odgovarajuća de-
latnost preduzeta. Ako se radi o teškim povredama lekarske ili druge zdravstvene profesije, 
odnosno o grubom kršenju pravila struke, usled čega nastupi teža posledica po zdravlje dru-
gog ili drugih lica, tada sva savremena zakonodavstva predviđaju krivičnu odgovornost i ka-
žnjivost za posebno krivično delo – nesavesno pružanje lekarske pomoći. Slična je situacija i u 
Republici Srbiji. U radu se ovo krivično delo analizira sa aspekta pojma, karakteristika, obe-
ležja, oblika ispoljavanja i drugih osnova za utvrđivanje krivične odgovornosti, i analizira se 
kažnjavanje njegovog počinioca. 
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During life, there are significant changes in the function of the hypothalamic-pituitary 

axis and its relationship to other endocrine glands in the body, which can affect the external 
and internal gland morphology. Also, the wide range of pathological changes shows the change 
in pituitary volume. The knowledge of dimensions and volume of the pituitary gland is very im-
portant for the correct diagnosis and prognosis of pituitary diseases. 

The aim of our study was to perform radiomorphometric analysis of size and volume of 
human pituitary gland according to age and gender on MRI. 

Our study represents a retrospective study which included 144 subjects (60 male (41.6 
%) and 84 female (58.3 %)) with age range 20-80 years, who underwent magnetic resonance 
imaging (MRI) of the endocranium. Subjects were divided based on age: first (20-39), second 
(40-59) and the third group (60-80). Three pituitary diameters were measured: anteroposterior 
(AP), latero-lateral (LL) and craniocaudal (CC). Pituitary volume (V) was calculated based on 
the formula: V = AP x LL x CC /2.  

Our study showed a statistically significant difference for the parameters AP-H (p < 
0.037) and AP-A (p < 0.040) in patients of the first and second age group. In addition, the 
parameter CC showed a statistically significant difference between the first and third age group 
(p < 0.031). The value of AP-H parameter in females was 10.99 ± 1.16 mm, while in males it 
was 10.43 ± 1.31 mm, indicating a statistically significant difference for AP-H parameter in both 
genders (p < 0.008). The AP-N parameter in female subjects was 2.21 ± 0.72 mm, and in ma-
le subjects 1.91 ± 0.67 mm, which also indicates that there was a statistically significant dif-
ference of AP-N parameter between genders (p < 0.012). 

The pituitary gland parameter values that were obtained in our study show normal 
values of pituitary gland dimensions in the Serbian population. During the aging process, the 
morphology of the pituitary gland changes, AP parameter increases, and parameter CC dec-
reases. In addition, differences between genders were recorded which should be kept in mind 
during the analyses of pathological conditions or injury of the pituitary gland. 
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Introduction 
 
Pituitary gland (PG) is an endocrine gland that 

has a central role in body growth, metabolism, and 

reproductive function. PG is located in a special osteo-
fibrous lodge – pituitary fossa within the sphenoid 

bone and is surrounded by the Turkish saddle (sella 

turcica), covered by a dural fold (diaphragma sellae). 
The pituitary gland consists of two separate parts, 
different in origin, histological structure and func-
tion: neurohypophysis and adenohypophysis (1). 

The pituitary gland size depends on age, gen-

der and other conditions. During life, there are signi-
ficant changes in the function of the hypothalamic-
pituitary axis and its relationship to other endocrine 
glands in the body, which can affect the external 
and internal gland morphology (2, 3). Age and some 
physiological conditions can change pituitary mor-
phology as well as its physiology, for example, pitui-

tary enlargement during hormonally active condi-
tions – puberty, pregnancy etc. (4-8). Also, some 
pathological changes show the change in pituitary 
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volume such as psychiatric disorders (9, 10). There 

is not enough literature data which show normal pi-

tuitary gland dimensions and volume depending on 
age and gender. 

The modality of choice for visualization of pi-
tuitary morphology and detection of pathological 
changes of the pituitary gland is the magnetic reso-

nance imaging (MRI). The optimal MRI technique in-
cludes thin section T1–weighted sequences with and 
without contrast enhancing medium (i.e. gadolini-
um) in the sagittal and coronal planes (11). The 
most common pituitary gland pathological changes 
that can be diagnosed with magnetic resonance ima-
ging are congenital anomalies, dysontogenetic ex-

pansive formations, inflammatory and vascular le-
sions, and tumors, of which the most common are 
pituitary adenomas and craniopharyngiomas (11). 

The aim of our study was to perform radiomorpho-
metric analysis of size and volume of human pitui-
tary gland according to age and gender on MRI. 

 

Materials and methods 
 
Our research is a retrospective study which 

included patients who underwent the MRI examina-
tion of the endocranium in the Center for Radiology, 
Clinical Center Niš, in the period between January 

2017 and December 2017. This study involved all 
examined subjects, whose MRI examination did not 
show any pathological findings. Patients with any 
kind of pituitary gland pathology were excluded from 
the study, as well as the patients with pathological 
process of endocranium, endocrinologic abnormali-

ties, acute trauma patients, patients with any type 

of systemic diseases or other abnormal MRI findings. 
None of the examined female patients were preg-
nant and lactating. The total number of examina-

tions was 144 patients, 60 males (41.6 %) and 84 

females (58.3 %). The average age of all examined 

patients was 46.44 ± 15.58 years (range: 20-80 
years). Study groups were divided according to age 
into group I (20-39 years), group II (40-59 years) 
and group III (60-80 years).  

MRI examinations were performed on the 

Siemens Avanto 1.5 T MRI scanner (Siemens Medi-
cal Systems, Erlangen, Germany). The processing of 
reconstructed MRI scans was done at the Leonardo 
workstation in the Syringe program. The measure-
ment was performed on MRI tomograms in coronal, 
sagittal and axial plane. The sequences that were 
used were a T1-weighted (T1w) sequences before 

and after Gadolinium contrast enhancement. Sequ-
ence parameters included TR – 550 ms, TE – 11 ms, 
FoV – 150 mm, slice thickness – 3 mm. All measu-

rements were performed by the same radiologist. 
The analysis parameters included diameters 

of the pituitary gland as well as the pituitary volume. 
Three diameters of the pituitary gland were mea-

sured: anterior-posterior (AP), latero-lateral (LL) and 
cranio-caudal (CC) diameter. AP diameter (length) 
determined the maximum distance between the 
anterior and posterior points of the pituitary gland at 
the sagittal level. In this projection, the diameters of 
adenohypophysis and neurohypophysis (AP-A and 

AP-N, respectively) were also measured (Figure 1a). 
LL diameter (weight) was determined by the maxi-
mum distance of the lateral points of the pituitary 
gland in the coronal plane (Figure 1b). CC diameter 
(height) was determined as the maximum distance 
of the points in the mediosagittal line, measured in 

the coronal plane (Figure 1c). Patients were analyz-

ed by gender and age. The pituitary volume (V) was 
calculated according to the formula V = AP x LL x CC 
/ 2 (12).  

 
 
 

 
 

Figure 1. a - AP diameter of the hypophysis, measured in T1w sequence at the sagittal level;  
b - LL diameter of the pituitary gland, measured in T1w sequence at the coronal level, and  

c - CC diameter of the pituitary, measured in T1w sequence at the coronal level. 
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Statistical analysis. The Microsoft Excel prog-

ram (Windows 10; Microsoft Office Excel, version 

2016) was used to collect data, and statistical pro-
cessing was done in the Statistical Package for the 
Social Sciences - SPSS version 22.0 (SPSS Inc, 
Chicago, IL, USA). The relationship between pitui-
tary diameters was observed according to the age 

and sex of the patients and half of the subjects were 
analyzed by a Tukey-Kramer post hoc assay; p < 
0.05 was considered statistically significant. 

 

Results 

 

Our study included 144 patients; 60 male 
(41.6 %) and 84 female patients (58.3 %). The 
average age of all examined subjects was 46.44 ± 
15.58 years (range: 20-80 years). The average age 
in group I was 29.64 ± 5.96 years; in group II 

49.95 ± 5.58 years and in group III 67.27 ± 5.83 
years (Graph 1, Table 1). There was a statistically 
significant difference in the age groups I, II and III 
(a, b, c).  

 
 
 

 
 

Graph 1. Age groups of the patients presented with the mean value of years 

 
 

 

Table 1. Distribution of patient groups by age: group I (20-39 years), II (40-59 years) and 
 III (60-80 years) in relation to the diameter and volume of the pituitary gland 

 

Parameter Age N Average SD SE 
95% CI 

(DG) 
95% CI 

(GG) 
F p 

Tukey -
Kramer  
post hoc 

Age 

I 53 29.64 5.96 0.82 28.00 31.28 

448.58 <0.0001 

a 

II 58 49.95 5.58 0.73 48.48 51.42 b 

III 33 67.27 5.83 1.02 65.20 69.34 c 

AP-H (mm) 

I 53 10.43 1.19 0.16 10.11 10.76 

3.37 0.037 

a 

II 58 11.04 1.36 0.18 10.68 11.40 / 

III 33 10.78 1.04 0.18 10.41 11.15 / 

AP-A (mm) 

I 53 8.37 1.02 0.14 8.09 8.65 

3.31 0.040 

a 

II 58 8.85 1.17 0.15 8.54 9.16 / 

III 33 8.83 0.98 0.17 8.48 9.18 / 

AP-N (mm) 

I 53 2.07 0.64 0.09 1.89 2.24 

2.52 0.084 

/ 

II 58 2.22 0.76 0.10 2.02 2.42 / 

III 33 1.88 0.71 0.12 1.62 2.13 / 

LL (mm) 

I 53 13.99 2.21 0.30 13.38 14.59 

0.70 0.498 

/ 

II 58 13.95 2.30 0.30 13.35 14.56 / 

III 33 13.44 2.19 0.38 12.67 14.22 / 

CC (mm) 

I 53 5.36 1.04 0.14 5.07 5.64 

3.58 0.031 

/ 

II 58 4.98 1.22 0.16 4.66 5.30 / 

III 33 4.62 1.60 0.28 4.05 5.19 c 

Volume 
(mm3) 

I 53 391.67 111.01 15.25 361.07 422.27 

2.27 0.107 

/ 

II 58 377.17 109.72 14.41 348.32 406.02 / 

III 33 336.17 144.60 25.17 284.90 387.44 / 

a – I:II, p<0.05; b – II:III, p<0.05; c – I:III, p<0.05 
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Graph 2. Relation of the pituitary gland parameters according to the age groups 

 
 

 
 
Table 2. Relation of the pituitary gland dimensions in three projections and pituitary gland volume according to the genders 
 

Parameter Gender N Mean SD SE T SS p 

Age 
female 84 45.18 15.45 1.69 

-1.16 142 0.250 
male 60 48.22 15.72 2.03 

AP-H (mm) 
female 84 10.99* 1.16 0.13 

2.68 142 0.008 
male 60 10.43 1.31 0.17 

AP-A (mm) 
female 84 8.80 1.08 0.12 

1.77 142 0.079 
male 60 8.48 1.08 0.14 

AP-N (mm) 
female 84 2.21* 0.72 0.08 

2.55 142 0.012 
male 60 1.91 0.67 0.09 

LL (mm) 
female 84 13.96 2.44 0.27 

0.69 142 0.492 
male 60 13.70 1.92 0.25 

CC (mm) 
female 84 5.05 1.41 0.15 

0.14 142 0.887 
male 60 5.02 1.09 0.14 

Volume 
(mm3) 

female 84 383.24 125.68 13.71 
1.20 142 0.232 

male 60 358.92 111.14 14.35 

 
 
 
 

In our work, a statistically significant differ-
ence was obtained for the parameters AP-H (p < 
0.037) and AP-A (p < 0.040) in patients from group 

I and group II (a). Also, for the CC parameter, there 
was a statistically significant difference between I 

and III age groups (c, p < 0.031) (Table 1, Graph 
2). Other parameters (AP-N, LL, and volume) did 
not show a statistically significant difference in age 

(p > 0.05). 
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The values of AP-H parameter in female pati-

ents was 10.99 ± 1.16 mm, while in male patients it 

was 10.43 ± 1.31 mm, which indicated a statistically 
significant difference in the AP-H parameter between 
genders (p < 0.008). The value of AP-N parameter in 
female patients was 2.21 ± 0.72 mm, and in male 

patients 1.91 ± 0.67 mm, which also indicated a 

statistically significant difference in the AP-N para-

meter between the genders (p < 0.012) (Table 2, 
Graph 3). Other parameters (AP-A, LL, CC, and vo-
lume) did not show a statistical significance be-
tween the genders (p > 0.05). 

 

 
 

 
 

 
Graph 3. The relation between total AP pituitary gland diameter and AP diameter of neurohypophysis  

according to the gender distribution 

 
 
 
 

Discussion 

 
Knowledge of dimensions and volume of the 

pituitary gland is very important for the diagnosis 
and prognosis of pituitary diseases in everyday cli-
nical practice. Magnetic resonance imaging is a re-
liable, non-invasive and highly sensitive method for 
the visualization of the pituitary gland. During the 
aging process, there is a physiological change in the 
size and volume of the pituitary gland due to an 
increase or decrease in the secretory function (3). 
The increase in the size of the pituitary gland occurs 
during puberty, pregnancy, lactation and early post-
partum period (4-8, 13, 14). In the early stages of 
traumatic brain injury, there is an increase in the 
pituitary gland volume that persists in the chronic 
phase (15). Also, some drugs such as antipsychotic 
drugs can increase the pituitary size in the first 12 
months of therapy due to dysregulation of hypotha-
lamus-pituitary-adrenal (HPA) axis function (16). In 
addition, some recent studies showed the presence 
of pituitary volume enlargement in first-episode psy-
chosis (10). The reduction occurs in a wide number 
of pathological conditions, as well as in psychiatric 
diseases such as anorexia nervosa, bipolar disorders 
and established psychosis (16-18). Also, the reduc-
tion of pituitary volume has been noticed in women 

who take oral hormonal therapy (13). The aging 
process involves all the endocrine glands, including a 
pituitary gland. During aging, the size of the gland 
itself is reduced, as well as its secretory activity. 
There is proliferation of connective tissue, pituitary 
fibrosis, and vascular network reduction (19). It is 
very important to know these oscillations (peaks) in 
order to give the right diagnosis and treatment.  

An increasing number of various studies have 
been done for the evaluation and establishment of 
normal pituitary gland range values and have found 
a wide variation of pituitary gland size and volume 
according to age and gender. In literature, we did 
not find any morphometric study of this type in the 
Serbian population. This study attempted to gain 
further insight into the range of normal dimensions 
of the human pituitary gland in the Serbian popu-
lation. This study can also be used in further larger 
studies. 

In our study, the value of the pituitary length 
(AP-H) was statistically significantly lower in the age 
group of 20 to 39 years (10.43 mm) compared to 
patients aged 40-59 years (11.04 mm). Our data 
are consistent with other literature data (20, 21). In 
addition, the value of adenohypophysis length (AP-
A) was statistically significantly lower in subjects of 
the same age groups (8.37 mm and 8.85 mm, res- 
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pectively). According to these results, we consider 
that the length of the pituitary gland changes de-
pending on the length of the adenohypophysis. The 
main peak of the increase in the length of the pi-
tuitary gland occurs between the age of 40 and 59 
years, which we consider as the result of a negative 
feedback due to a decrease in the levels of hormo-
nes of certain organs. Literature data show a similar 
peak in the length of the pituitary gland in the sixth 
decade of life (22). 

By comparing the length of the pituitary gland 
between the genders, a statistically significant differ-
ence was obtained in the length of the pituitary 
gland (AP-H) and in the length of neurohypophysis 
(AP-N) in both males and females. The mean pitui-
tary height (CC parameter) in our study was 5.02 
mm in men and 5.05 mm in women. Our values 
correspond to the height of the pituitary gland from 
the literature: in the work of Lurie et al. (5.18 mm 
and 5.25 mm, respectively) (23), Ikram et al. (6.3 
mm and 5.9 mm, respectively) (2), Denk et al. (5.7 
mm and 5.6 mm, respectively) (24), Elster et al. 
(25) and Tsunoda et al. (3) (5.33 mm and 4.93 mm, 
respectively), while the values in Ibinaiye et al. (22) 
were slightly higher (7.62 mm and 7.81 mm, res-
pectively). The pituitary height values in our work 
showed a statistically significant reduction in older 
patients (60-80 years) compared to the patients aged 
20-39 years, which corresponds to the literature 
data (23). 

Depending on hormonal status, pituitary gland 
volume changes during life. The pituitary gland volu-
me was slightly higher in females - 383.24 mm3, 
while in men it was 358.92 mm3 and did not show 
statistical significance between genders. Our data 
correspond to the most publications data which re-
ported a larger pituitary gland in females (3, 8, 16, 
24-26). There was no statistically significant differ-
ence in pituitary volumes among age groups, but 
overall gland volume decreases with age. The de-
velopment of the human body is followed by pitui-
tary gland changes. The results of the study by Ibi-
naiye et al. (22) are in agreement with our results 
(29, 3), while Lurie at al. (23) state that there was a 
statistically significant difference in the pituitary vo-
lume in younger patients compared to the older 
ones. The differences between the measured pitui-
tary volumes can be explained considering different 
volume examinations due to different volume formu-
las and technical parameters, such as the strength 
of the magnetic field, sequence parameters etc. 
Depending on the pituitary shape, different formulas 

should be used as well as correction factors for these 
formulas (30). The evaluation of pituitary measure-
ments can be assessed using 2D and 3D-MRI exa-
mination. In the present study, we used 2D-MRI 
examination, but we consider that it would be useful 
to compare both methods in future studies. Pituitary 
gland volumes are individual and can vary depen-
ding on age and gender, but it is the most important 
to compare the volume in the context of clinical ma-
nifestations and all factors that can lead to pituitary 
volume change. 

Comparison of the pituitary parameters on 
the cadaver with the results of our study showed 
that the data coincide (31) with the study of Rah-
man et al. where the values of all the parameters 
(length, height and width) of the pituitary were 
much lower, with the author suggesting that this 
was a possible reason for variation among different 
races (32). Determining the size of the pituitary 
post-mortem is, in the opinion of Ju et al. more pre-
cisely (31), but certainly, morphometry on MRI is 
more significant for diagnostics and prognosis in 
everyday clinical practice. 

We consider that our study data are limited to 
a Serbian adult population and further studies are 
needed to assess pituitary measurements in pedia-
tric patients. In addition, the number of examined 
subjects should be increased in order to have more 
precise and accurate sample data. Further evalua-
tion with better technical improvements such as the 
higher strength of the magnetic field or thinner slice 
thickness in larger patients sample is necessary for 
the establishment of a normal range of pituitary gland 
values in everyday clinical diagnostics. 

 
Conclusion 
 

Based on statistically significant differences in 
the parameters that were analyzed, it can be con-
cluded that the pituitary morphology changes over 
the course of life in terms of an increase in the an-
terior-posterior and reduction of the cranio-caudal 
dimension, with the overall gland volume showing a 

downward trend but without statistical significance. 
The differences between the genders showed that 
the anterior-posterior diameter was significantly high-
er in females than in the male patients, based on a 
statistically significant difference in the dimensions 
of the neurohypophysis. The identified differences in 
age and gender should be kept in mind when diag-

nosing pathological changes of this gland. 
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Tokom života postoje značajne promene u funkcionisanju hipotalamo-hipofizarne ose i 

ostalih endokrinih žlezdi u organizmu, što utiče na unutrašnju i spoljašnju morfologiju same 
žlezde. Takođe, veliki broj patoloških stanja pokazuje promenu u volumenu hipofize. Poznava-
nje dimenzija i volumena hipofize veoma je značajno za dijagnostiku i prognozu bolesti hipo-
fize. 

Cilj našeg istraživanja bio je izvršiti morfometrijsku analizu hipofize osoba različite sta-
rosti i različitog pola. 

Naše istraživanje predstavlja retrospektivnu studiju koja obuhvata 144 ispitanika (60 
muškaraca (41,6 %) i 84 žene (58,3 %)), starosti od 20 do 80 godina, koji su upućeni na 
pregled endokranijuma na magnetnoj rezonanci (MR). Ispitanici su podeljeni na osnovu godi-
na starosti na: I grupu (20-39 godina), II grupu (40-59 godina) i III grupu (60-80 godina). 
Merena su tri dijametra hipofize: anteroposteriorni (AP), latero-lateralni (LL) i kranio-kaudalni 
(KK). Zapremina hipofize (V) izračunavana je na osnovu formule V = AP x LL x KK/2. 

U našem radu dobijena je statistički značajna razlika za parametre AP-H (p < 0,037) i 
AP-A (p < 0,04) kod bolesnika I i II grupe. Takođe, kod parametra KK postoji statistički 
značajna razlika između I i III starosne grupe (p < 0,031). Kod ispitanika ženskog pola vre-
dnost AP-H parametra iznosi 10,99 ± 1,16 mm, dok kod ispitanika muškog pola iznosi 10,43 
± 1,31 mm, što ukazuje na postojanje statistički značajne razlike AP-H parametra u odnosu 
na pol (p < 0,008). AP-N paremetar kod ispitanika ženskog pola iznosi 2,21 ± 0,72 mm, a 
kod ispitanika muškog pola 1,91 ± 0,67 mm, što takođe ukazuje na postojanje statisti-čki 
značajne razlike AP-N parametra u odnosu na pol (p < 0,012). 

Vrednosti parametara hipofize dobijene u našem radu ukazuju na normalne vrednosti 
dimenzija hipofize u srpskoj populaciji. Tokom života dolazi do promene morfologije hipofize u 
smislu povećanja AP dimenzije, a smanjenja KK dimenzije. Takođe su utvrđene razlike prema 
polu što sve zajedno treba imati na umu prilikom ispitivanja patoloških promena ili povrede 
hipofize. 
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EFFECT OF CURCUMIN AND P53 SIGNALING PATHWAY IN RAT 
THYMOCYTES TOXICITY INDUCED BY MANCOZEB 

 
Voja Pavlović1, Snežana Cekić1, Maja Petrović2 

 
Mancozeb, as a dithiocarbamate fungicide, is widely used in agriculture due to its low 

acute toxicity and short environmental persistence. We examined the protective role of 
curcumin on Mancozeb-induced toxicity in rat thymocytes and potential mechanisms involved.  
Rat thymocytes were exposed to Mancozeb (0.01 μg/ml) and/or curcumin (0.3, 1, 3 μM) and 
levels of cell viability, caspase-3, caspase-9 activity, cytochrome C oxidase, catalase activity, 
reactive oxygen species (ROS) production and p53 signaling involvement were evaluated after 
24 h of incubation. Cells treated with Mancozeb showed increased toxicity, caspase-3, 9 activity 
and ROS production with decreased cytochrome C oxidase and catalase activity. Inhibition of 
caspase-3 and 9 activity resulted with reduced rat thymocytes toxicity while inhibition of p53 
signaling pathway suppressed caspase-3 activity in cells. Co-treatment with curcumin (1, 3 μM) 
displayed significantly reduced toxicity, caspase-3, 9 activity and ROS production, together with 
increased cytochrome C and catalase activity in cells. These findings propose that Mancozeb-in-
duced apoptosis in rat thymocytes is caspase dependent and is partially attributed to p53 sig-
naling pathway. Certain curcumin concentrations may modulate Mancozeb-induced rat thymo-
cytes toxicity, due to its anti-oxidative effect, and may be useful for providing potential thera-
peutic strategy in immunomodulation induced by Mancozeb. 
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Introduction 
 
The application of pesticides represents the 

most effective means of protecting plants without 
causing much damage to non-target species. How-

ever, humans are often exposed to pesticides thro-
ugh persistent bio-accumulative residues in the en-
vironment (1) which may lead to increased risk of 
adverse health effects, including genotoxicity and 
cancer (2). Mancozeb is a broad-spectrum fungicide 
of the ethylene-bis-dithiocarbamate (EBDC) family. 
Despite various studies which reported toxic effects 

of Mancozeb in different immune cells (1, 3, 4, 5), 
this fungicide has been widely used globally due to 
its low acute toxicity and short environmental persi-
stence (6). Continuous exposure to pesticides raises 
the risk of immunomodulation (7). Earlier studies 
showed that occupational exposure to Mancozeb re-
sulted with modulated T cell functional response and 

alterations in Th1 and Th2 cytokines profiles (6, 8). 
In vitro experiments suggested that Mancozeb mainly 
targets mitochondrial enzymes (9) and induces rea-
ctive oxygen formation with resulted cytotoxicity (3). 

Curcumin is a polyphenol derived from the 
rhizome of the plant Curcuma longa and has been a 
commonly used seasoning spice and medical plant 

in Asia for thousands of years. Due to its anti-inflam-
matory and anti-oxidant properties, curcumin has 
been proposed as a potential candidate for the pre-
vention and treatment of different diseases (10, 11). 
Moreover, several reports demonstrated that curcu-
min, under in vitro conditions, stimulated apoptosis 

and inhibited proliferation in different cancer cells 
(12, 13). It has been considered that mechanism for 
anti-cancer effect of curcumin includes its inhibition 
of multiple signaling pathways and anti-oxidant pro-
perty (14). On the other hand, some studies demon-
strated cytotoxic effects of curcumin (15), suggest-
ing that the specific mechanisms of curcumin induc-

ed cytotoxicity remains controversial due to the vari-
able anti and pro-apoptotic signaling pathways in 



Effect of curcumin and p53 signaling pathway in rat thymocytes toxicity...                                                        Voja Pavlović et al. 

136 

different cell types (16). Therefore, in the present 

study we evaluated the effect of Mancozeb in rat 

thymocytes and tested whether there is any pre-
ventive role of curcumin, along with underlying me-
chanisms involved. 

 
Materials and methods 

 
Animals 
 
Experiments were performed on adult male 

Wistar rats (190-220 g), 9-11 weeks old, bread at 
the Vivarium of the Institute of Biomedical Research, 
Medical Faculty, Niš, under conventional laboratory 

conditions and in accordance with national animal 
protection guidelines. All procedures were performed 
in line with the recommendations for the proper use 

and care of laboratory animal and confirmed to the 
European Communities Council Directive of Novem-
ber 1986 (86/609/EEC).  

 

Materials 
 
Culture medium (CM) was prepared using 

RPMI 1640 (Sigma-Aldrich, St. Louis, 16 Mo., USA) 
according to the manufacturer’s instructions. CM 
contained 25 mM HEPES, 2 mM glutamine, penicillin 

(100 U/ml), streptomycin (100 μg/ml) and 10 % fe-
tal calf serum (FCS). 

Cell Counting Kit (CCK-8), Cytochrome C Oxi-
dase Assay kit, Catalase Assay, Pifithrin-α hydro-
bromide (PFT-α Kit), Z-VAD-FMK, Z-LEHD-FMK and 
Curcumin were purchased from Sigma-Aldrich (St. 

Louis, Mo., USA). Caspase-3 colorimetric assay and 

caspase-9 colorimetric assay were obtained from R&D 
Systems (Minneapolis, USA). Mancozeb was pur-
chased from Galenika-Fitofarmacija a.d., Belgrade, 
Serbia. 

 
Preparation of thymocytes 
 

Rat thymocytes were isolated as described 
previously (17). The viability of the isolated cells, as 
determined by trypan blue dye exclusion test, was 
always over 94 %. Isolated thymocytes were count-
ed and adjusted to a density of 1x106 cells/ml. 

 

Cell culture 
 

Isolated rat thymocytes were cultivated in 96-
well round-bottom plates (NUNC, Aarhus, Den-
mark), containing a 100 μl of cell suspension (1x105 
cells) in each well. Cells were cultured with Manco-
zeb (0.01 μg/ml) without or with increasing concen-

trations (0.3, 1, 3 μM) of curcumin. Control cells 
were treated with appropriate amounts of vehicle 
alone, diluted in CM. All cell cultured are done in tri-
plicates and cultivated for 24 h in an incubator 
(Galaxy, Wolf Laboratories, USA) with 5 % CO2 at 
37°C. When indicated, rat thymocytes were cultured 
in either the presence or absence of Cyclic Pifithrin-α 

hydrobromide (PFT-α), an inhibitor of p53 protein, at 
a final concentration of 20 μM (18), Z-VAD-FMK, a 
pan-inhibitor of caspases, at final concentration of 

10 μM (19) or Z-LEHD-FMK, caspase-9 inhibitor, at 

final concentration of 20 μM (20). Mancozeb soluti-

ons were prepared immediately before use in dime-
thyl sulfoxide (DMSO) and diluted in CM. Control cells 
were treated with the same amount of vehicle alone. 
The final DMSO concentration never exceeded 0.5 % 
(v/v). Based on the results in our revious study (4), 

regarding the dose dependent toxicity in rat thymo-
cytes induced by Mancozeb, as well as on proposed 
acceptable daily intake (0.05 mg/kg body weight) of 
Mancozeb in humans (21), in our experiment we 
used 0.01 μg/ml of Mancozeb which corresponds to 
an in vivo exposure 0.1 mg/kg body weight (3, 22). 

Curcumin was dissolved in DMSO as a stock 

solution. The stock solution was stored at -20°C and 
diluted in CM before use. The final concentration of 
DMSO, applied to the cells, was less than 0.5 %. In-

cubation of increasing concentrations of curcumin 
(0.3, 1, 3 μM) was chosen due to our recently pub-
lished findings (5) and previous study results in rat 
thymocytes (23), which showed that 3 μM was the 

lowest concentration which was not able to induce 
any cytotoxic actions in rat thymocytes. 

 
Analysis of cell viability 
 
Cell viability of rat thymocytes, after cultiva-

tion period, was evaluated by CCK-8 assay as it was 
previously described (24). Ten microliter of reaction 
mixture was added in each well. After 2h of incuba-
tion, the solubilized formazan product was quantified 
spectrophotometrically. Absorbance was measured 
at 450 nm. For each sample, basal intensity values 

were subtracted from those obtained after different 

treatments. Absorbances were presented as a ratio 
of control for further comparison. 

 
Caspase-3 and caspase-9 activity assay 
 
The enzymatic activity of the caspases were 

determined by a colorimetric assay (by using the 

chromogenic substrate DEVD-pNA and LEHD-pNA), 
according to the manufacturer’s protocol. The reac-
tion was measured by determining the change in ab-
sorbance at 405 nm. The activity was expressed as 
fold change of treated cell over the non-treated cells. 
The background values were subtracted from the 

experimental results before calculation the fold in-
duction. 

 
Cytochrome C oxidase activity 
 
The change in cytochrome c oxidase activity 

was assayed by using colorimetric kit following the 

manufacturer’s protocol and as previously reported 
(25). The method is based on observing the decre-
ase in absorbance at 550 nm of ferrocytochrome c, 
which is caused by its oxidation to ferricytochrome c 
by cytochrome c oxidase. The activity was express-
ed as fold change of treated cell over the non-treat-
ed cells (25). The background values were subtract-

ed from the experimental results before calculation 
of the fold induction. 
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Catalase assay 

 

Catalase (CAT) enzyme activity was analyzed 
with Catalase Assay Kit. The assay was performed 
following the manufacturer’s instructions. The CAT 
degrades H2O2 to water and molecular oxygen and 
the amount of degraded H2O2 is proportional to the 

enzymatic activity. The color change of reaction mix-
ture was evaluated spectrophotometrically at 240 nm 
and activity was expressed as fold change of treated 
cell over the non-treated cells. 

 
Measurement of intracellular reactive oxygen 

species (ROS) production 

 
A redox-sensitive probe (H2DCF-DA) was used 

to determine changes in overall cellular ROS levels, 

as described previously (4). The change in fluoresce-
nce was measured using a Epics XL flow cytometer 
(Coulter, Krefeld, Germany). Basal inten-sity values 
were subtracted from the experimental results 

before calculation the fold induction. 
 
Statistical analysis 
 
Results are presented as mean ± SD. The 

comparisons among groups were carried out using 

the analysis of variance (ANOVA) coupled to the 

Dunnett’s post hoc test and student’s t test. A p 

value < 0.05 was considered significant. 
 
Results 
 
Based on the results of our recently published 

study (5) where we optimized curcumin dose and 
previous study results in rat thymocytes (23), we 
found that 3 μM was the lowest concentration which 
was not able to induce any cytotoxic actions in rat 
thymocytes. Therefore, we used 0.3, 1 and 3 μM cur-
cumin in all of the experiments in this study. 

In an attempt to determine the effect of cur-

cumin on Mancozeb treated rat thymocytes, cells 
were exposed to the increasing curcumin concentra-
tions (0.3, 1, 3 μM) and/or Mancozeb (0.01 μg/ml) 

for 24 h and assayed for cell viability. The obtained 
results showed that cells treatment with Mancozeb 
resulted with significantly reduced cell viability (p < 
0.01), compared to the control cells (Graph 1). Co-

treatment with curcumin, at concentrations of 1 and 
3 μM significantly (p < 0.05) inhibited cell toxicity in-
duced by Mancozeb. On the other hand, lowest cur-
cumin concentrations (0.3 μM), used in our study, 
failed to restore rat thymocytes viability after treat-
ment with Mancozeb (Graph 1). 

 
 
 
 

 
 

Graph 1. Effect of Mancozeb (Man) and curcumin (Cur) on rat thymocytes toxicity 

 
 
Cells were treated with Man (0.01 µg/ml) without or with increasing Cur (0.3, 1 and 3 µM), for 24 hours. Data were 
expressed (mean ± SD) as the absorbance ratio of control for further comparison. Man-cells treated only with Man;  
0.3 μMCur-cells treated with Man and Cur (0.3 μM);  
1 μMCur-cells treated with Man and Cur (1 μM); 3 μMCur-cells treated with Man and Cur (3 μM); ##-p < 0.01 vs. control 
cells; *-p < 0.05 vs. Man treated cells. 
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It has been shown that caspase is a key exe-

cutioner of apoptosis (26). Since our previous results 

(4, 5) demonstrated that Mancozeb-induced toxicity 
in rat thymocytes involves apoptotic cell death, we 
next investigated whether caspases play an import-
ant role in Mancozeb-induced toxicity. As shown in 
Graph 2, caspase-3 (p < 0.01) and caspase-9 (p < 

0.05) activity were markedly increased by a 24h 
Mancozeb treatment, suggesting that caspases are 

intimately involved in this model of cytotoxicity. Also, 

co-treatment cells with curcumin (1, 3 μM) signifi-

cantly downregulatedcaspase 3 (p < 0.05; p < 0.01) 
and caspase-9 (p < 0.05) activity, indicating the 
protective role of curcumin in Mancozeb-induced to-
xicity in rat thymocytes. Application 0.3 μM of cur-
cumin in rat thymocytes culture resulted in no signi-

ficant reduction of caspase-3 and caspase-9 activity 
(Graph 2). 

 
 
 
 

 
 

Graph 2. Effect of Mancozeb (Man) and curcumin (Cur) on caspase-3 and caspase-9 activity in rat thymocytes 

 
 
Cells were treated with Man (0.01 µg/ml) without or with increasing Cur (0.3, 1 and 3 µM), for 24 hours.  
Data were expressed (mean ± SD) as the absorbance ratio of control for further comparison.  
Man-cells treated only with Man; 0.3 μMCur-cells treated with Man and Cur (0.3 μM); 1 μMCur-cells treated with Man and 
Cur (1 μM); 3 μMCur-cells treated with Man and Cur (3 μM); #-p < 0.05; ##-p < 0.01 vs. control cells; *-p < 0.05; **-p < 
0.01 vs. Man treated cells. 
 
 
 
 

To further elucidate the involvement of cas-

pase-3 and caspase-9 in Mancozeb-induced toxicity 

in rat thymocytes, cells were simultaneously treated 
with Mancozeb and Z-VAD-FMK (a pan-inhibitor of 
caspases) or Z-LEHD-FMK (specific caspase-9 inhibi-
tor). Caspase-3 activity was markedly inhibited in 
cell treated with Z-VAD-FMK (p < 0.05) and Z-
LEHD-FMK (p < 0.01), proposing that Mancozeb-in-

duced toxicity in ratthymocytes involves caspase de-
pendent toxicity (Graph 3A and 3B). Since caspase 
inhibitors were not able to completely inhibit cas-
pase-3 activity in rat thymocytes, further analyses 
are required to evaluate the possibility that Man-
cozeb-induced toxicity may be caspase independent. 

The tumor suppressor p53 has been related 

to different key cellular processes, including the re-

gulation of apoptotic cell death (27, 28). Different 
reports propose crosstalk between p53 and caspases 
in apoptosis induction in various cells (26, 29). There-
fore, we next examined the potential role of p53 in 
Mancozeb-induced cytotoxicity. In response to co-
treatment with Mancozeb and PFT-α (an inhibitor of 

p53 protein) caspase-3 activity was significantly do-
wnregulated (p < 0.05), indicating the involvement 
of p53 in Mancozeb-induced toxicity in rat thymo-
cytes (Graph 3C). Taking into account that the res-
cue was not complete, we are not able to neglect 
the activation of other multiple signaling pathways. 
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Graph 3. Effect of Mancozeb (Man) and Z-VAD-FMK (pan-inhibitor of caspases) (A), Z-LEHD-FMK (caspase-9 inhibitor) (B), 

PFT-α (inhibitor of p53 protein) (C) on caspase-3 activity and toxicity in rat thymocytes 

 
 
Cells were treated with Man (0.01 µg/ml) without or with Z-VAD-FMK, Z-LEHD-FMK, PFT-α, for 24 hours.  
Data were expressed (mean ± SD) as the absorbance ratio of control for further comparison.  
Man-cells treated only with Man; 0.3 μMCur-cells treated with Man and Cur (0.3 μM); 1 μMCur-cells treated with Man and 
Cur (1 μM); 3 μMCur-cells treated with Man and Cur (3 μM); #-p < 0.05; ##-p < 0.01 vs. control cells; *-p < 0.05 vs. Man 
treated cells. 
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Graph 4. Effect of Mancozeb (Man) and curcumin (Cur) on cytochrome C oxidase (A) catalase activity (B) and  
ROS production (C) in rat thymocytes 

 
 
Graph 4. Effect of Mancozeb (Man) and curcumin (Cur) on cytochrome C oxidase (A) catalase activity (B) and ROS 
production (C) in rat thymocytes. Cells were treated with Man (0.01 µg/ml) without or with increasing Cur (0.3, 1 and 3 
µM), for 24 hours. Data were expressed (mean ± SD) as the absorbance ratio of control for further comparison. Man-cells 
treated only with Man; 0.3 μMCur-cells treated with Man and Cur (0.3 μM); 1 μMCur-cells treated with Man and Cur (1 μM); 
3 μMCur-cells treated with Man and Cur (3 μM); ##-p < 0.01 vs. control cells; *-p < 0.05 vs. Man treated cells. 
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Since different studies revealed that activity 

of cytochrome C oxidase activity is closely related to 

the cell death (30, 31), we next evaluated whether 
Mancozeb and curcumin treatment had any effect on 
cytochrome C oxidase activity in rat thymocytes. 
The results showed that cells exposure to Mancozeb 
resulted in significantly decreased (p < 0.01) cyto-

chrome C oxidase activity, after 24 of incubation 
(Graph 4A). Simultaneously, co-treatment with cur-
cumin (1, 3 μM) significantly restored (p < 0.05) cy-
tochrome C activity in rat thymocytes, as evaluated 
by colorimetric assay (Graph 4A). 

Based on the previous results and because 
catalase activity may protect rat thymocytes from 

oxidative injury and apoptosis (17), in next expe-
riments we examined the effect of Mancozeb and 
curcumin on catalase (CAT) activity in rat thymo-

cytes. As shown in Graph 4B, Mancozeb application 
to cell culture markedly reduced (p < 0.01) catalase 
activity in rat thymocytes. Also, colorimetric assay 
revealed that treatment with curcumin (1, 3 μM) 

significantly restored (p < 0.05) altered catalase ac-
tivity in rat thymocytes, induced by Mancozeb (Graph 
4B). Moreover, the analysis of ROS production show-
ed that Mancozeb treatment induced significantly (p 
< 0.01) increased ROS production while application 
of curcumin (1, 3 μM) reduced (p < 0.05) ROS pro-

duction in rat thymocytes (Graph 4C). 

 
Discussion 

 
Curcumin has been used in traditional Indian 

and Chinese medicine for centuries due to its various 
therapeutic properties. Extensive in vivo and in vitro 
studies showed that curcumin has a number of bio-
logical activities (32, 33), including the increasing of 
T cell proliferation and inhibition of T cell apoptosis 
(34). 

The current study results demonstrate that 
Mancozeb application in cell culture decreased viabi-
lity and increased caspase-3 and caspase-9 activity 
in rat thymocytes, as evaluated by colorimetric as-
say. The obtained results correspond with our inhi-
bition experiments which showed that Z-VAD-FMK 
(a pan-inhibitor of caspases) almost restored viabi-
lity of the cells while Z-LEHD-FMK (specific caspase-
9 inhibitor) strongly suppressed caspase-3 activity in 
rat thymocytes, indicating that the caspase cascade 
is involved in Mancozeb-induced cytotoxicity. These 
observations are in accordance with our previous re-
sults (4, 5) demonstrating the pro-apoptotic poten-
tial of Mancozeb in rat thymocytes, as well as with 
other studies in human immune cells (1, 3). More-
over, our results indicate that rat thymocytes expo-
sure to Mancozeb resulted with decreased cytochro-
me C oxidase and catalase activity, after 24h of in-
cubation. Cytochrome C oxidase represents the ter-
minal enzyme of mitochondrial respiratory chain. It 
couples electron transfer from cytochrome c to oxy-
gen to form water with transport of protons from 
matrix to cytosol thereby maintaining mitochondrial 
(MMP) membrane potential. Furthermore, since this 
enzyme induces proton transfer and electron ex-
change takes place within the enzyme, reactive oxy-
gen species (ROS) generation is inherently prohibit-

ed (35). It is well documented that Mancozeb pos-
sess ability to reduce MMP and induce ROS genera-
tion in immune cells (1, 4, 5), showing that mito-
chondrial dysfunction and alterations in antioxidant 
defense systems represent major components of 
Mancozeb-induced toxicity (36). During mitochon-
drial dysfunction, several key factors of apoptosis 
(procaspase, cytochrome C, apoptosis protease-acti-
vating factor 1-APAF-1) are released into cytosol. 
The complex formed of cytochrome C, APAF-1 and 
caspase-9 leads up to a chain activation of other 
caspases and results in apoptosis (5, 37). These fin-
dings correlate with increased caspase-3 and cas-
pase-9 activity in rat thymocytes, after Mancozeb 
treatment. On the other hand, our results indicated 
that CAT activity was markedly decreased in rat 
thymocytes treated with Mancozeb. Given observa-
tions are supported by the earlier reports, which in-
dicated that overexpression of CAT protect thymo-
cytes against oxidative injury and apoptosis (17). 
The decreased activity of CAT in the rat thymocytes 
indicated the altered CAT activity to degrade hy-
drogen peroxide. Increased hydrogen peroxide could 
be converted to toxic hydroxyl radicals that may 
contribute to oxidative stress and apoptosis (38). 
Taken together with our results, it seems that rat 
thymocytes exposure to Mancozeb resulted in al-
tered activities of antioxidant defense system and 
mitochondrial dysfunction which may lead to cas-
pase cascade activation and cytotoxicity. 

p53, as a tumor suppressor gene, plays a 
prominent role in the regulation of cell apoptosis 
(27). Moreover, p53 has been linked to evoking 
apoptosis by transcriptional activation of pro-apop-
totic proteins (Bax) and transcriptional repression of 
anti-apoptotic (Bcl-2) proteins (39). The present 
study showed that co-treatment with Mancozeb and 
PFT-α inhibited caspase-3 activity in cells, suggest-
ing the potential role of p53 in Mancozeb-induced 
toxicity in rat thymocytes. Activated p53 is able to 
induce the expression of Bax, MMP damage and 
activation of caspases that lead to apoptosis (40). 
These observations are in agreement with our recent 
report which documented that Mancozeb-induced 
apoptosis through mitochondrial pathway, by dis-
turbing the Bcl-2/Bax protein ratio in rat thymocytes 
(5). On the other hand, since the rat thymocytes 
were not completely rescued after PFT-α treatment, 
it suggests the involvement of another pathway 
which can be triggered by Mancozeb. Having in mind 
our previous results, it appears that Mancozeb-in-
duced toxicity in rat thymocytes may be partially 
associated with p53 signaling activation, with poten-
tial secondary immunological consequences. 

Taking into account the obtained results, we 
next tested the possibility that curcumin may mo-
dulate Mancozeb-induced toxicity in rat thymocytes. 
Present study results showed that curcumin (1, 3 
μM) markedly inhibited cytotoxicity, caspase-3 and 9 
activity, ROS production and restored cytochrome C 
oxidase and CAT activity in rat thymocytes after 
Mancozeb treatment. Curcumin (0.3 μM) failure to 
suppress Mancozeb-induced cytotoxicity is support-
ed by previous findings which proposed that cur-
cumin protective effect is mainly mediated by micro-
molar concentrations (23). The obtained findings are 
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consistent with our recently published results, indi-
cating the protective role of curcumin through mito-
chondrial pathway in Mancozeb-induced rat thymo-
cytes toxicity (5). The decline in mitochondrial respi-
ratory activity (reduced cytochrome C oxidase activi-
ty) results in an increased susceptibility to oxidative 
stress, indicating the unique crosstalk between cyto-
chrome C oxidase activity and cell death machinery 
(41). These findings correspond with inhibitory effect 
of curcumin on rOS production. In line with these 
observations, we showed that CAT activity was sup-
pressed, suggesting that there may be an imbalance 
between pro-oxidant and anti-oxidant system after 
Mancozeb treatment. The preventive effect of cur-
cumin on cytochrome C oxidase activity has been 
shown earlier (42) and here we demonstrated in rat 
thymocytes, after Mancozeb treatment. In support 
of this possibility, the protective effect of curcumin 
may also involve the promotion of mitochondrial res-

piratory function due to its anti-oxidative properties 
(42). Together with our results, we can speculate 
that protective role of curcumin in Mancozeb induced 
toxicity in rat thymocytes may be partially attributed 
to p53 inhibition, but this thesis needs additional 
studies. 

In summary, the current study results demon-
strate that Mancozeb exerts toxic effects in rat thy-
mocytes, including caspase activation, cytochrome C 
oxidase and catalase inhibition. Moreover, Manco-
zeb-induced cell toxicity may be partially mediated 
through p53 signaling pathway and restored by cer-
tain curcumin concentrations. These findings could 
potentially provide the basis of curcumin as a po-
tential therapeutic strategy for individuals exposed 
to pesticides which may suppress immunomodula-
tion and secondary immunological consequence de-
velopment. 
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Mankozeb, kao ditiokarbamatni fungicid, nalazi se u širokoj upotrebi u poljoprivredi, 

prvenstveno zbog svoje male akutne toksičnosti i kratkog poluživota u spoljašnjoj sredini. U 
našem radu ispitivali smo preventivnu upotrebu kurkumina na mankozebom indukovanu tok-
sičnost pacovskih timocita, kao i potencijalne mehanizme uključene u ovaj proces. Timociti 
pacova bili su izloženi delovanju mankozeba (0,01 µg/ml) i/ili kurkuminu u rastućim koncen-
tracijama (0.3, 1 3 µM). Varijabilnost ćelija, aktivnost kaspaze 3, aktivnost kaspaze 9, aktiv-
nost citohrom C oksidaze, katalazna aktivnost, produkcija reaktivnih kiseoničkih radikala 
(ROS) i aktivnost p53 signalnog puta ispitivani su nakon inkubacije od 24 sata. Ćelije treti-
rane mankozebom pokazale su povećanu toksičnost, aktivnost kaspaze 3 i kaspaze 9 i pro-
dukciju ROS-a, zajedno sa sniženom aktivnošću citohroma C oksidaze i sniženom katalaznom 
aktivnošću. Inhibicija aktivnosti kaspaze 3 i kaspaze 9 dovela je do smanjene toksičnosti timo-
cita pacova, dok je inhibicija p53 signalnog puta suprimirala aktivnost kaspaze 3 u ćelijama. 
Kotretman kurkuminom (1, 3 µM) pokazao je značajnu redukciju toksičnosti, aktivnosti kas-
paze 3 i 9 i produkcije ROS-a, zajedno sa povećanom aktivnošću citohroma C i povećanom 
katalaznom aktivnošću u ćelijama. Dobijeni rezultati pokazuju da je mankozebom indukovana 
apoptoza u timocitima pacova zavisna od kaspaza, kao i da se parcijalno odigrava preko p53 
signalnog puta. Odgovarajuće koncentracije kurkumina mogu modelirati mankozebom indu-
kovanu toksičnost pacovskih timocita, prvenstveno preko svog antioksidativnog efekta, što 
može predstavljati potencijalno mesto terapijske strategije u imunomodulaciji koja je indu-
kovana mankozebom. 
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THE IMPACT OF DEPRESSION ON THERAPY OF ACUTE CORONARY 
SYNDROME 

 
Snežana Ćirić-Zdravković1,2, Olivera Žikić1,3 

 

 
Epidemiological studies suggest that besides classic factors for the development and 

prognosis of acute coronary syndromes, depression and anxiety are important as well. Dep-
ression and coronary heart disease occur simultaneously in the same person due to a common 
pathophysiological mechanism, possible genetic dysfunction of serotonin receptors. The aim of 
the paper was to examine the incidence and severity of the depression and anxiety in acute 
coronary syndrome patients and to examine whether the presence of depression had an impact 
on the decision for invasive or non-invasive approach.  

We included 38 patients (23 males and 15 females, aged 63.5 ± 10years) hospitalized 
in the Clinic for cardiology Clinical Centre Niš, with the acute coronary syndrome (ACS). The 
patients were divided according to the type of ACS therapy: the invasive group (28 patients) 
with percutaneous coronary intervention and stenting and the second group of patients who 
underwent angiography without indication for stenting (non- invasive group of 10 patients). The 
anamnestic and clinical data, biomarkers of cardiac necrosis, standard laboratory, lipid profiles, 
and markers of inflammation were done. To examine the levels of depression and anxiety we 
used different questionnaires: The general questionnaire for socio-demographic data and the 
data about the disease progression, Beck Depression Inventory – questionnaire to measure the 
intensity of the depressive symptoms and State and Trait Anxiety Inventory (STAI) question-
naire to measure the intensity of actual anxiety (state anxiety), and anxiety as a personal 
characteristic (trait anxiety), Health Locus of Control – the questionnaire which measures where 
a patient puts the centre of the control of the disease.  According to the level of depression, we 

formed four groups - 19 patients without depression (50 %), mild: 10 patients (26.3 %), 
moderate: 8 patients (21 %), and with severe depression: 1 patient (2.7 %). 

The most common risk factors were: hypertension with 81.6 %, lipid disorders 68.4% 
and family history of cardiovascular disease in 52.6 %. Cardiovascular risk factors did not differ 
significantly between genders. Previous coronary artery disease (CAD) had 42.1 % hospitalised 
patients with ACS with a similar proportion of patients of both genders. The STEMI was the 
most common clinical presentation of ACS in 47.4 % of patients. The stenting procedures were 
performed in 28 (73.6 %) patients and medicamentous therapy in 10(26.4 %). The patients in 
non- invasive group were significantly older, more commonly obese, hyperlipidemic, with 
positive family history for CAD, with anamnestic data about previous AP and heart failure, and 
with higher heart rate. The presence of depression, especially a moderate level of depression 
was more common in non -invasive group (90.0 % and 50.0 % prospective) than in invasively 
treated group (35.7 % and 10.7 %) (p < 0.01 and p < 0.05). The correlation was found be-
tween the duration of hospitalization and the degree of hyperglycemia and depression and 
anxiety that exacerbate the progression of CAD. 

Increased depression leads to increased anxiety and higher blood glucose levels - both 
additional risk factors for the progression of CAD. Patients with depression more likely had 
actual anxiety and will be treated by non–invasive medicamentous therapy for ACS. Increase in 
anxiety in patients diagnosed with the CAD increases the risk of MI, lethal outcome of coronary 
disease. 
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Introduction 
 
According to studies, it has been suggested 

that depressive symptomes occur in 15 to 30 % of 
patients with coronary artery disease (CAD). Risk ra-
tios for the first and recurrent cardiac events related 
to depression are comparable to well-established 
CAD risk factors and range from 2 to 7. During the 
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last decades, there is increasing evidence that psy-

chological factors, including depression, lack of social 

support, anger, job- related stresses could have an 
effect on prognosis in cardiovascular patients. Rec-
ently a number of studies pointed out that depres-
sion is a big psychosocial problem (1, 2) .It is im-
portant to note that a certain amount of negative 

emotional reaction should be expected in acute co-
ronary syndrome. A physician should expect every-
day anxiety from the patient, irritability, and sad-
ness. A physician should respond to those reactions 
with support, warmth and to give hope for recovery. 

These basic human emotions have a positive 
influence on the patients’ recovery and progress. For 

example, the fear of the heart attack in the future 
could stimulate the acceptation of the proposed the-
rapy. However, for some patients the fear is dispro-

portional in comparison to the treatment and it is 
not adaptive such as the case with the intensive fear 
which leads to insomnia, atypical chest pain and 
avoiding of low-risk activities (3). Unlike the sudden 

fear which is a short-term reaction, the behaviour 
caused by serious illness is not seen immediately. 
Some patients are better at dealing with the chan-
ges in their lifestyles, including the stopping of some 
activities, while some others have difficulties with 
acceptance of their state and the emotional healing 

process is slow like curing of the infected wound. 
This unresolved grief could be the first sign of dep-
ression. Long stay in an intensive care unit or nume-
rous re-hospitalizations could also trigger the dep-
ression. Epidemiological data suggest that on the 
medical ward cardiologist would probably see 16 % 

of the patients with major depression and 20 % a 

with minor depression form. Numbers are similar for 
hospitalized patients with myocardial infarction, un-
stable angina pectoris, and coronary bypass, angio-
plasty or heart failure (4, 5). 

In the last 10 years, evidence has suggested 
that various psychological factors, including depres-
sion, lack of social support, anger, stress at work, 

can affect the prognosis of cardiac patients. More 
recently, the increasing number of well-designed 
studies published in medical journals and cardiology, 
has drawn attention to the great depression as a 
psychosocial risk.  

Thrombus formation is a key factor in the ra-

pid progression of CAD and in the occurrence of 
acute MI and unstable angina. The hypothesis of an 

association between depression and increased plate-
let activation, in particular, appears to explain the 
link between depression and mortality from heart di-
seases. Although serotonin itself is a weak agonist 
for platelet aggregation, serotonin can potentiate the 

effect of other agonists in the induction of platelet 
aggregation. Serotonin may further encourage the 
formation of thrombus by induction of coronary va-
soconstriction of damaged vessels. During many ye-
ars, platelets were used in psychiatric researches as 
a model of serotonin pre-and post-synaptic function 
in the brain (1, 2). 

 
 
 

Aims 

 

The aim of the study was to determine the 
incidence and severity of the depression and anxiety 
in acute coronary syndrome patients, as well as to 
examine its influence on the type of in-hospital the-
rapy. 

 
Methods 
 
We included in the study 38 patients who 

were hospitalized in the Clinic for the cardiology Cli-
nical Centre Niš with the acute coronary syndrome 
(unstable angina pectoris – UAP, myocardial infarc-

tion without ST - segment elevation – NSTEMI and 
myocardial infarction with ST - segment elevation – 
STEMI). The patients were divided into two groups 

according to tthe type of ACS therapy: the first group 
(invasive group 28 patients) has a percutaneous co-
ronary intervention with stenting and second group 
has angiography without indication for stenting (non 

-invasive group 10 patients).  
In all patients besides anamnestic data, rou-

tine laboratory examinations were done in Central 
laboratory Clinical Centre Niš. From the markers of 
necrosis, we followed troponin I (TnI), creatinine ki-
nase isoform MB (CK-MB), from inflammation mar-

kers high sensistive C reactive protein (CRP) and 
white blood cells count were followed and lipid pro-
file – triglycerides, cholesterol, LDL and HDL frac-
tions. Standard 3 channel ECG, echocardiography and 
invasive examinations were done in all patients.  

The patients with chronic non -cardiovascular 

diseases, chronic or acute inflammatory states, rhe-

umatologic and systemic diseases were excluded 
from the analysis. The patients with an indication for 
further cardio-surgical revasculariosation were also 
excluded from the study. 

To obtain additional data about socio-demo-
graphic characteristics and the level of depression 
and anxiety we used different questionnaires: 

1. The general questionnaire to obtain socio-
demographic data and the data about the disease 
progression the (length of illness, number of hospi-
talizations), hereditary diseases, the association with 
psychological or stress disorders.  

2. Beck Depression Inventory – the question-

naire to measure the intensity of the depressive 
symptoms. It has 21 questions and offered answers 

are 4-scaled (0-3). The final score is the sum of all 
the answers. According to the score, we could divide 
depression into 4 groups – without, mild, moderate 
and severe depression.  

3. State and Trait Anxiety Inventory (STAI) – 

the questionnaire has 40 questions which measure 
the intensity of two anxiety forms – actual anxiety 
(state anxiety) and anxiety as personal characteris-
tics (trait anxiety). According to the score, both ty-
pes of anxiety could be divided into mild, moderate 
and intensive. With special tables, we could trans-
form primary scores into Z- scores (0-100) which 

allow comparing those two forms of anxiety.  
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4. Health Locus of Control – questionnaire 

which measure where a patient puts centre of the 

control of the disease – internal (he thinks that he is 
dominantly responsible for his health and disease 
progression) and external (he thinks that the ex-
ternal factors determine if he will be sick or he will 
be healed as fate, by a physician and other people). 

With processing the results we get the intensity sco-
res for (a) internal control centre, (b) control centre 
associated with the fate/coincidence, (c) doctors, 
and (d) other persons. 

The data were processed in SPSS 16 prog-
ram, including T test, Chi-square test, ANOVA and 

correlation analysis. The significance level was set to 

< 0.05. 

 
Results 
 
In the examined group we followed 38 pati-

ents, 23 men (60.5 %) and 15 women (39.5 %) 

aged 63.5 ± 10.0 years. The average age of male 
subjects was 65.2 ± 10.0 years and 61.1 ± 10.14 
years for female, the difference was not statistically 
signi-ficant (t = 1.2, p > 0.05) (Table 1).  

 

 

 
 

Table 1. Characteristics of the study population by age and gender 

 

 Male Female Total 

n/% 23 / 60.5 15 / 39.5 38 / 100.0 

Age mean±SD (y) 65.2±10.0 61.1±9.8 63.5±10.0 

Age min - max (y) 40-79 41-76 40 - 79 

Cardiovascular risc factors    

Hypertension 20 / 87.0 11 / 73.3 31 / 81.6 

Diabetes melitus 8 / 34.8 4 / 26.7 12 / 31.6 

Smoking 5 / 21.7 3 / 20.0 8 / 21.1 

Lipid disorders 17 / 73.9 9 / 60.0 26 / 68.4 

Obesity 5 / 21.7 8 / 53.3* 13 / 34.2 

Family history of CVD 11 / 47.8 9 / 60.0 20 / 52.6 

Hystory of IM  3 / 13.0 3 / 20.0 6 / 15.8 

Hystory of AP 5 / 21.7 2 / 13.3 7 / 18.4 

Hystory of heart failure  2 / 8.1 1 / 6.7 3 / 7.9 

Hystory of CABG 2 / 8.6 1 / 6.6 3 / 7.9 

Cardiovascular parameters    

Heart rate 76.2±15.1 84.1±17.6* 79.3±18.3 

Systolic pressure 147.1±22.8 140.7±32.8 144.5±30.0 

Diastolic pressure 87.1±19.4 82.3±17.8 85.2±19.9 

Laboratory findings    

Total cholesterol 6.2±1.8 6.4±1.8 6.3±1.7 

LDL cholesterol 4.1±2.1 4.9±2.8 4.4±2.7 

HDL cholesterol 1.1±0.4 1.2±0.4 1.1±0.4 

Tryglicerides 2.5±1.1 2.8±0.9 2.6±1.2 

Clinical presentations of ACS    

UAP 1 / 4.3 3 / 20 4 / 10.5 

NSTEMI 9 / 39.1 7 / 46.7 16 / 42.1 

STEMI 13 / 56.6 5 / 33.3 18 / 47.4 

Depresion    

with depression 8 / 34.8 11 / 73.3* 19 / 50.0 

mild depression 4 / 17.4 6 / 40.0 10 / 26.3 

moderate depression 4 / 17.4 4 / 26.7 8 / 21.0 

severe depression 0 / 0.0 1 / 6.6 1 / 2.7 

Data are presented as mean±SD or n / group %; CVD- cardiovascular disease, IM-infarctus myocardi, 
AP-angina pectoris; UAP-unstable angina pectoris, NSTEMI-myocardial infarction without ST segment elevation,  

STEMI-myocardial infarction with ST segment elevation; *p < 0.05 vs. male 
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Table 2. Characteristics of the examined groups 

 

 Invasive Non invasive 

n/% 28 / 73.6 10 / 26.4 

Age mean±SD (y) 60.1±9.5 67.8±9.8* 

Cardiovascular risc factors   

Hypertension 21 / 75.0 10 / 100.0 

Diabetes melitus 8 / 28.6 4 / 40.0 

Smoking 7 / 25.0 1 / 10.0 

Lipid disorders 17 / 60.7 9 / 90.0* 

Obesity 4 /14.3 9 / 90.0** 

Family history of CVD 12 / 42.9 8 / 80.0* 

Hystory of IM  4 /14.3 2 / 20 

Hystory of AP 2 / 7.1 5 / 50.0** 

Hystory of heart failure  0 / 0.0 3 / 30.0* 

Hystory of CABG 1 / 3.5 2 / 20.0 

Cardiovascular parameters   

Heart rate 75.1±14.2 88.8±19.6* 

Systolic pressure 140.3±20.7 148.1±31.8 

Diastolic pressure 86.1±18.3 88.3±16.8 

Clinical presentations of ACS   

UAP 0 / 0.0 4 / 40.0 

NSTEMI 10 / 35.7 6 / 60.0 

STEMI 18 / 64.3 0 / 0.0 

Depresion   

with depression 10 / 35.7 9 / 90.0** 

mild depression 7 / 25.0 3 / 30.0 

moderate depression 3 / 10.7 5 / 50.0* 

severe depression 0 / 0.0 1 / 10.0 

Data are presented as mean±SD or n/%; CVD- cardiovascular disease, IM-infarctus myocardi,  
AP-angina pectoris; UAP-unstable angina pectoris, NSTEMI-myocardial infarction without ST segment elevation,  
STEMI-myocardial infarction with ST segment elevation; *p<0.05 vs. invasive, **p < 0.01 vs. invasive group 

 
 
 

*p < 0.05 vs. without and mild depression, Students t test 

 
 

Graph 1. The average number of treatment and the intensity of the current depression 
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The most common risk factors were: hyper-

tension with 81.6 %, lipid disorders 68.4 % and fa-

mily history of cardiovascular disease in 52.6 %. Car-
diovascular risk factors did not differ significantly be-
tween genders. Previous coronary artery disease had 
34.2 % hospitalised patients with ACS with similar 
proportion of patients of both genders. The STEMI 

was the most common clinical presentation of ACS. 
The patients with NSTEMI and UAP were somewhat 
more frequent women while STEMI were frequently 
men, but without significant difference between gen-
ders.  

Depression was presented in 50 % of pati-
ents, significantly more in females 73.3 % than ma-

les 34.8 % (p < 0.05) with similar distribution of de-
pression grades among gender (Table 1). 

The stenting procedures were performed in 

28 (73.6 %) patients and medicamentous therapy in 
10(26.4 %) (Table 2). The patients in the non–inva-
sive group were significantly older, more commonly 
obese, hyperlipidemic, with positive family history 

for CAD, with anamnestic data about previous AP 
and heart failure, and with higher heart rate.  

T5he presence of depression, especially mo-
derate level of depression was more common in the 
non-invasive group (90.0 % and 50.0 % prospec-
tive) than in the invasively treated group (35.7 % 

and 10.7 %) (p < 0.01 and p < 0.05). Characteris-
tics of invasively and noninvasively treated groups 
were presented in Table 2.  

In the study population, with the number of 
hospitalizations, the severity of depression increas-

ed, and an average number of hospitalisations was 

significantly higher in severe depression compared 

to mild and no depression patients (p < 0.05) 
(Graph 1).  

Actual anxiety was a very common finding in 
the observed coronary heart disease patients and 
strongly associated with level of depression. Its in-

cidence was the lowest in patients without depres-
sion and the highest in patients with severe depres-
sion. Half of the examined patients (50 %) with se-
vere depression had actual anxiety state (Graph 2). 

Patients who had severe anxiety traits had 
the lowest values of internal locus of control, and 
differed from the others in a statistically significant 

level (F = 5379, P = 0.011) (Graph 3). 
The Annalys of severity of depression accord-

ing to the severity of current anxiety is shown in 

Graph 4. There is a significantly higer proprtion of 
patients with mild anxiety among patients  without 
depression (66.5 %) compared to severe depres-
sion, where mild anxiety was not presented, only 

moderate in 35.6 %. Correlation analysis revealed a 
statistically significant positive correlation of severity 
of depression and severity of current anxiety (C = 
0.48, p < 0.05) (Figure 4). 
Correlation analysis revealed a significant po-sitive 
correlation among anxiety and fasting glicemia with 

strenght of depresion (C = 0.59 and C = 0.45, 
prospective), while this correlation was inverse with 
cholesterol values, Table 3. 
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*p < 0.05 vs. without and mild depression, Hi square test 

 
 

Graph 2. Incidence of actual anxiety and depression 
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Graph 3. Average score of internal health locus of control and anxious personality traits 
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*p < 0.05 vs. moderate and severe depression, Hi square test 

 

 
Graph 4. The current anxiety and depression 

 
 
 
 

Table 3. Correlations of anxiety level and bichemical analyisis with depression 
 

  Pearson correlation coefficient P value 

Actual anxiety 0.592 0.001 

Cholesterol -0.382 0.045 

Glycemia 0.452 0.014 
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Discussion 

 
To understand the occurrence of depression 

in patients with coronary artery disease it is required 
to understand that depression is neither the cause 
nor the result of coronary artery disease, but rather 
that it exists together in the same patient due to the 
patient having the same pathophysiological mecha-
nism. It is possible that genetic dysfunction of sero-
tonin receptors induces depression development and 
in platelets it could induce the risk of thrombotic 
events (1, 4, 5). 

The relation between depression and coronary 
artery disease may be viewed through three diffe-
rent types of relationships. Firstly, depression may 
directly cause cardiac mortality through biological or 
behavioural mechanisms, as well as the type of ACS 
in-hospital and home therapy. Secondly, depression 
may be a consequence of the systemic complicati-
ons of cardiovascular disease or its treatment. Final-
ly, both depression and heart disease may share the 
common genetic and pathophysiological cause and 
have no causal correlation between each other (6). 

Two other common pathophysiological mecha-
nisms are low - intensity chronic inflammation and 
low intake of omega-3 fatty acids. Low - intensity 
chronic inflammation is an integral part of coronary 
artery disease. In patients with coronary artery dise-
ase markers of inflammation as CRP, IL6 or soluble 
intracellular adhesion molecules are high and are as-
sociated with a worse prognosis. They predict the 
development of CAD in a healthy population.  

There is an interesting relation between dep-
ression and regulation of the immune function and 
inflammation. Meta-analyses of studies on patients 
without CAD concluded that major depression is as-
sociated with high leucocytes count, high CD4/CD8 
ratio, and an increase of haptoglobin, prostaglandin 
E2, IL 6, lower natural killer cell cytotoxicity and low 
response on mitogens. Authors concluded that there 
is evidence that major depression is associated  with 
one immune activation of reminiscent acute phase in 
inflammation response (5, 6). 

Parallels can be seen between clinical data on 
inflammation and data in experimental studies. 
Animal experimental studies suggest that immune 
activation can induce depression similar behaviour 
and, conversely, that chronic stress induces the re-
lease of pro-inflammatory cytokines in the brain with 
consequent systemic responses. Pro-inflammatory 
cytokine-1 and tumor necrosis factor- alpha produc-
ed by activated immune cells promote the produc-
tion of interleukin-6 from leukocytes, adipocytes or 
endothelial cells. Interleukin-6 induces broad syste-
mic effects, including liver production of acute phase 
proteins (such as C-reactive protein) inhibition lipo-
protein lipase activity, and increased platelet aggre-
gation in response to ADP and epinephrine. Interes-
tingly, systemic pro-inflammatory cytokines circulat-
ing in the blood also induce interleukin-1 activity in 
the hippocampus and hypothalamus, which acts as a 
messenger and SRES stimulate serotonin and nore-
pinephrine neurotransmission and the release of cor-
ticotropin-releasing factor. 

A conclusion can be drawn that the prognostic 
impact and prevalence of depression in patients with 

coronary artery disease may be attributed to the 
immune activation associated with progression of 
coronary artery disease score inducing depressive 
episodes in susceptible patients. The psychological 
concept of "vital exhaustion", defined as a combina-
tion of excess fatigue, irritability, and low morale 
may be particularly relevant for understanding the 
relationship between immune activation and symp-
toms of depression. Big epidemiological study of the 
elderly without coronary disease was found, altho-
ugh the C-reactive protein was associated with sym-
ptoms of depression and fatigue symptoms, the re-
lationship remains independent of cardiovascular co-
variates and measures of physical weakness for 
symptoms of fatigue. It happens that the patient 
communicating vital exhaustion symptoms may be 
more likely to have concomitant immune activation 
than more common symptoms of depression. Final-
ly, there is a statement about the normalization of 
inflammatory markers after antidepressant treat-
ment (6). 

In the discussion, we expect that higher level 
of depression and anxiety lead to higher blood glu-
cose levels - both additional risk factors for the pro-
gression of coronary artery disease with an increase 
in the anxiety in already diagnosed patients which 
increases the risk for myocardial infarction, lethal 
outcome, and sudden coronary death. In addition to 
the direct effects on myocardial vulnerability, anxiety 
can lead to diabetes, hypertension, and hyperlipide-
mia. Chronically increased catecholamine levels were 
shown to increase the level of lipoprotein lipase in-
duced hyperglycemia and increase blood pressure. 

Considerable epidemiological evidence sup-
ports a link between chronic emotional stress and 
coronary heart disease /CHD/. Emotional factors re-
lated to atherosclerosis and adverse cardiac events 
include primarily disorders such as depression, an-
xiety, anger, and hostility. It is now well established 
that depression is associated not only with the in-
cidence of CHD but also with the prognosis of pa-
tients with the disease. In meta-analysis relating to 
the role of depression in the development of coro-
nary artery disease, Regulies found that individuals 
with clinical depression have > 2.5 fold increased 
risk of myocardial infarction or coronary death than 
the general population. In the patients with esta-
blished coronary heart disease, major depression is 
not only a significant predictor of mortality after acu-
te myocardial infarction, but also the level of dep-
ressive symptoms has a dose-dependent relation-
ship with cardiac mortality over several years of mo-
nitoring. There is no evidence that could recommend 
systematic screening for depression in CAD patients. 
Self-reported questionnaire similar to BDI is quick 
and easy but it is too sensitive, and it gives many 
false positive diagnoses. However, systematic scre-
ening can overcome already scarce mental health 
resources available for a patient seeking psychiatric 
help. Instead, we need cardiologists to ask a few 
questions about mental health problems during re-
gular visits. It can also encourage the patient to ac-
cept the referral to a psychiatrist when necessary. 
Studies have demonstrated that patients with CAD 
experience depression at a higher rate than the ge-
neral population. Because of this connection, it is 
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critical to recognize depression and manage it effec-
tively for people with CAD. Studies have also pro-
vided evidence that identifying and treating depres-
sion in patients early after myocardial infarction im-
prove clinical outcomes. In addition, a number of 
studies have discussed the negative effects that can 
occur from untreated depression in those patients. 
The cited negative effects include mortality, recur-
rent myocardial events, and a worse quality of life 
(7). Some simple questions can be used to open a 
chapter of emotional distress without using the word 
depression, which often leads to rejection (8). Based 
on all of this evidence, it is important to diagnose 
and manage depression in patients with coronary 
artery disease. As such, depression screenings in 
cardiovascular disease care should be performed 
more often, because currently, they are under-per-
formed due to the issue of optimal screening tolls 
cut-off (9). 

 

Conclusion 
 

In our study, increased depression leads to 

increased anxiety and higher blood glucose levels - 
both additional risk factors for the progression of 
CAD. Patients with depression more likely had actual 
anxiety and will be treated by non- invasive medica-
mentous therapy for ACS. Increase in anxiety in 
patients diagnosed with the CAD increases the risk 

of MI, lethal outcome of coronary disease and poor 
further outcome. Depression is associated with an 
increased incidence of cardiac death and re-hospita-
lization, as well as continues with chronic depres-
sion. 

To prevent the adverse impact of depression 
on the prognosis of acute coronary syndrome there 

should be promptly implemented psychiatric and 
therapeutic support. 
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Epidemiološke studije ukazuju da su pored uobičajenih faktora za razvoj i prognozu 

akut-nog koronarnog sindroma, depresija i anksioznost bitni faktori. Depresija i koronarna 
arte-rijska bolest pojavljuju se simultano kod bolesnika zbog zajedničkog patofiziološkog 
mehanizma, odnosno mogućih genetskih disfunkcija seratoninskih receptora. Cilj ovog rada je 
ispitati incidenciju i ozbiljnost depresije i anksioznosti kod bolesnika sa akutnim koronarnim 
sindromom i dati uvid u to da li prisustvo depresije ima uticaj na odluku o tome da li treba pri-
meniti invazivni ili neinvazivni pristup. Ispitivano je 38 bolesnika (23 muškaraca i 15 žena, 
starosti 63,5 ± 10 godina) lečenih na Klinici za kardiologiju Kliničkog centra Niš, sa akutnim 
koronarnim sindromom (ACS). Bolesnici su bili odvojeni po tipu ACS terapije: invazivna grupa 
(28 bolesnika) sa perkutanom koronarnom intervencijom i stentiranjem i druga grupa koja je 
bila podvrgnuta angiografiji bez indikacija za stent (neinvazivna grupa, 10 bolesnika). Odra-
đeni su anamnestički klinički podaci, biomarkeri miokardne nekroze, standardna laboratorija, 
profil lipida, marker zapaljenja. Da bi se ispitao nivo depresije i anksioznosti koristili smo razli-
čite upitnike: generalni upitnik o socio-demografskim podacima i podacima o razvoju bolesti, 
Beck Depression Inventory – upitnik koji meri intenzitet depresivnih simptoma i State and 
Trait Anxiety Inventory (STAI)-upitnik koji meri intenzitet aktuelne anksioznosti (state an-
xiety) i anksioznost kao karakternu crtu (trait anxiety). Health Locus of Control – upitnik koji 
meri gde bolesnik postavlja centar kontrole bolesti. Po ozbiljnosti depresije formirali smo četiri 
grupe – 19 bolesnika bez depresije (50 %), 10 sa blagom depresijom (26,3 %), 8 sa 
srednjom depresijom (21 %) i jedan bolesnik sa teškom depresijom (2,7 %). 

Najčešći faktor rizika bili su hipertenzija (81,6 %), poremećaj lipida (68,4 %) i poro-
dična istorija kardiovaskularnih bolesti (52,6 %). Kardiovaskularni faktori rizika nisu se bitno 
razlikovali između polova. Prethodnu koronarnu bolest (CAD) imalo je 42,1 % hospitalizovanih 
bolesnika sa ACS, sa proporcionalnim brojem bolesnika oba pola. STEMI je bio najčešća kli-
nička prezentacija ACS u 47,4 % bolesnika. Implantacija stenta urađena je kod 28 (73.6 %) 
bolesnika i medikamentozna terapija kod 10 (26.4 %) bolesnika. Pacijenti u neinvazivnoj 
grupi značajno su stariji, češće gojazni, sa hiperlipoproteinemijom, sa porodičnom istorijom 
CAD, sa anamnestičkim podacima prethodne AP i srčane insuficijencije i sa većim brojem 
otkucaja srca. Prisustvo depresije, posebno srednjih nivoa depresije, češći su u neinvazivnoj 
grupi (90,0 % i 50,0 % prospektivno) nego kod invazivne grupe (35,7 % i 10,7 %) (p < 0,01 
i p < 0,05). Korelacija je pronađena između dužine trajanja hospitalizacije i nivoa povišenog 
šećera i depresije i anksioznosti koji ubrzavaju progresiju CAD. 

Teža depresija vodi ka težoj anksioznosti i višim vrednostima šećera u krvi – od kojih 
su oba faktora rizika za progresiju CAD. Pacijenti sa depresijom češće su imali aktuelnu an-
ksioznost i bili su lečeni neinvazivnom medikamentnom terapijom za ACS. Porast anksiozno-
sti kod pacijenata sa dijagnozom CAD povećava rizik za MI, smrtni ishod. 
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The aim of this study was to identify the changes in motor performance test over an 

interval of four decades in eleven-year-old children in Serbia. The secular trend of body height 
and weight showed constant increase over time, but positive influence on the motor perfor-
mance was lacking. Most studies found some decline in various motor skills over different time 
periods. However, none of them investigated the standing long jump results over the period of 
four decades. Data were collected from three separate cross-sectional samples examined in 
1971, 2014 and 2018. Measurements were conducted by a team of qualified testers, coordina-
ted by the Faculty of Physical Culture from Belgrade in 1971, Serbian Institute of Sport and 
Sport Medicine in 2014, and authors of this study in 2018. Motor performance test that was 
evaluated including the standing long jump. Despite the average increase in longitudinal ske-
leton dimensions, an average distance of the long jump showed a significant decrease. Decre-
ased values after four decades ranged between 10 % and 18 % depending on the sample. The 
results of this study raise serious concerns about the contemporary way of life of children and 
trends in their motor skills. Without changes in lifestyle and healthy nutritional habits, and most 
importantly, greater participation in organized physical activities that target at deficits in mus-
cular fitness and motor skill performance early in childhood, these contemporary trends of 
motor test performance will most likely continue to decrease in the future. 
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Introduction 
 

Insufficient level of physical activity has been 
identified to be one of the leading risk factor for glo-
bal mortality worldwide (1). The rising levels of child-
hood obesity are likely to have major public health 
consequences since being overweight during child-
hood will most likely continue into adulthood. Low 
scoring in physical fitness tests are important risk 

factor for many diseases like diabetes, cancer, high 
blood pressure, osteoporosis, lipid disorders, depres-
sion, anxiety etc (1). 

Positive secular trends in height and weight 
have occurred in all socioeconomic groups in the first 
half of the twentieth century (2). The changes re-

corded from the 1960's through the 2000's are vari-

able among countries (2). Secular changes were re-
markably similar for boys and girls, and there is no 
doubt that children are becoming fatter (1, 3), so it’s 

questionable if we could call this trend the "positive" 

one. With this trend, it would be surprising if perfor-
mance on jumping tests were not declining (4). The 
trend of a decrease in acceleration has also been con-
firmed in some other studies on secular height trend 
conducted in Serbia (5, 6).  

Unfavorable trends in children's weight status 
have been documented in many countries. Over-
weight prevalence remained high in most developed 
countries in the world (7). An increase was observed 
for both boys and girls (3, 7). However, in recent 
years, a stabilization in overweight prevalence has 
been suggested by researches from several different 

countries (8, 9). Some researchers suggest that this 
plateau in overweight prevalence may mask an in-
crease in certain vulnerable groups of children (10). 
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In the period from 2002 to 2010, overweight preva-

lence increased predominantly in Eastern Europe 

compared to the rest of the Europe and US (3). Re-
cent data showed that in 2016, approximately 50 
million girls and approximately 74 million boys world-
wide, were obese. That estimated pooled popula-
tion-based data regarding trends from 1975 to 2016 

in mean BMI in Eastern Europe showed an increase 
of 1.00 kg/m2 per decade; for boys, there was a 
non-significant increase of 0.09 kg/m2 per decade 
(3). 

An important health marker in youth is mus-
cle strength. For adequate and balanced children de-
velopment, some form of resistance training is high-

ly recommended as a part of regular daily activities 
(11). In addition to increased muscular strength, re-
gular engagement in resistance exercises has the 

potential to influence several other aspects of health. 
It may result in improvement of body composition, 
increased bone mineral density, increased cardio-re-
spiratory fitness, enhanced mental health and well-

being and a more positive attitude towards lifetime 
physical activity (11). 

Several studies and epidemiological research 
(12, 13) reported a decline in physical fitness in chil-
dren and adolescents over time, suggesting that the 
present-day children and adolescents are not as ac-

tive as their peers few decades ago. Evidence-based 
research (14, 15) showed a constant decrease over 
the past decades in children’s participation in physi-
cal activity and organized community sport. An evi-
dent decreasing trend in youth muscular capabilities 
are observed in English, Spanish, Lithuania and Ser-

bian primary school children and adolescents (13, 

16-18). 
However, studies on different muscle perfor-

mance capabilities have shown divergent trends: for 
example, despite the decline in upper body strength, 
the leg muscle power increased (16), which could 
partially be explained by the constant bearing of lar-
ger body weight. Similarly increased body weight 

could lead to increased handgrip strength but it is 
not necessarily accompanied by the increase in low-
er body strength (19). Changes in fitness may de-
pend on the population studied and tests applied, so 
it is necessary to use the same standardized proce-
dures in the same population (20). 

Moreover, muscular fitness in adolescents has 
been shown to be associated with cardiovascular pro-

blems and cardiovascular mortality later in life, inde-
pendent of the aerobic capacity (21). The aerobic 
performance of children has declined over the last 
few decades in most of the countries. Sedentary life-
style contributed to easy availability of energy-rich 

but low-micronutrient-content foods and declines in 
community-based physical activity have been impli-
cated (22). 

 
The aim 
 
The present study was aimed at investigating 

how secular changes in body height and weight in 
Serbian children aged 11 have been changing since 
1971, and how this changes influence the motor test 

performance that requires muscle strength, being al-

so depended on anthropometric characteristics such 

as body height and weight. 
 
Materials and methods 
 
Data Sources 

 
An extensive review of the domestic literature 

was undertaken to locate studies that have publish-
ed data on motor test performance or reported mo-
tor test performance of normal children and adoles-
cents aged 11. Briefly, studies were selected via the 
online search of bibliographic databases and the Uni-

versity library catalogue and through a manual se-
arch of all hard copy monographs and PhD thesis at 
the University of Niš. 

 
Inclusion/exclusion criteria 
 
Data were collected from three separate cross 

-sectional samples examined in 1971 and 2014. Mea-
surements were conducted by a team of qualified 
testers, coordinated by Faculty of Physical Culture 
from Belgrade in 1971 (23) and Serbian Institute of 
Sport and Sport Medicine in 2014 (24). 

Data were collected in 2018 from elementary 

school children in Jagodina. The testing was conduct-
ed in the Faculty of Education exercise hall. Height 
was measured by a stadiometer. The subjects did 
not wear shoes, and height was converted to the 
nearest centimeter. Weight was measured using a di-
gital scale (Tefal, France, accuracy of 0.1 kg). Body 

mass index was calculated by dividing weight (kilo-

grams) by height (centimeters) squared and then 
multiplying the result by 10,000, in accordance with 
international standards. 

The standing long jump test, also known as 
the standing broad jump, is the test used for the as-
sessment of explosive muscle strength of lower ex-
tremities. It was a part of test batteries in both as-

sessments. The participant stood behind the starting 
line and was instructed to push off explosively and 
jump as far as possible. The children had to land 
with the feet together and stay upright. The test was 
repeated twice, and the best score was retained to 
the nearest 0.1 cm. 

 
Statistical analysis 

 
All descriptive data were extracted into Excel 

(Microsoft Office) using a standardized data extrac-
tion table. The following descriptive data were extra-
cted by one author and checked by another for ac-

curacy: year of testing, sex, and age, because only 
data on children aged 11 years were included in fur-
ther analysis.  

The data are presented as mean ± SD unless 
otherwise stated. Mean differences of the secular 
trends in leg strength between measurement points 
were analyzed. We calculated the effect size statis-

tics as Cohen’s d (standardized mean differences) 
and 95% confidence interval. The values of Cohen’s 
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d~0.2, ~0.5 and ~0.8 are considered as small, me-

dium and large effect sizes, respectively.  

 
Results 
 
The investigation included results from three 

different periods – the years 1971, 2014 and 2018. 

Mean (M) and standard deviation (SD) are present-
ed in Table 1. The average value of standing long 

jump height in 1971 was 163.2 cm for boys and 

156.2 for girls in the sample of 848 eleven- year-old 

children, 431 boys and 417 girls. These values have 
been decreased in a recent measurement. In 2014, 
an average standing long jump for boys and girls 
was 147.5 cm and 134.9 cm, respectively. In 2018, 
an average standing long jump was 145.3 cm and 

128.2 cm, respectively. 
 

 
 
 
 

Table 1. Means and stadard deviations from three different data point 

 

Year of intervention 
1971 2014 2018 

Boys Girls Boys Girls Boys Girls 

Sample number (n) 431 417 50 57 48 44 

Body height (cm) 
144.02 

(6.83) 

144.99 

(7.42) 

153.07 

(7.11) 

154.04 

(7.65) 

147.44 

(7.33) 

145.36 

(7.45) 

Body weight (kg) 
36.07 
(6.80) 

36.89 
(7.15) 

45.87 
(11.84) 

45.60 
(10.29) 

40.5 
(9.20) 

41.5 
(8.80) 

Standing long jump (cm) 
163.21 
(15.32) 

156.21 
(16.34) 

147.52 
(22.53) 

134.93 
(21.92) 

145.3 

(18.87) 

128.2 
(16.54) 

 
 
 
 

 
 

 

 
* - Significant difference between measurements Cohen D, large differences 

 
 

Graph 1. Body height and long distance jump in eleven years old boys 
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* - Significant difference between measurements Cohen D, large differences 

 

 
Graph 2. Body height and long distance jump in eleven years old girls 

 

 
 
 

The results showed significant differences in 
the standing long jump distance between the two 
periods (1971 and 2014). Cohen effect size are con-
sidered large as values for 11-year-old boys were d 

= 0.84 and for girls Cohen's d = 1.09. Mean diffe-
rence between 1971 and 2018 also showed large 
Cohen's d = 1.05 and 1.75, for boys and girls, res-

pectively. Cohen effect size between two samples 
from 2014 and 2018 was considered small, 0.1 and 
0.3, for boys and girls, respectively. 

Similar results in body height and weight be-

tween 1971 and 2014 showed significant effect size 
of d = 1.28; d = 1.19 for body height, and d = 1.02; 
d = 1.04 for body weight, for boys and girls, respec-
tively. Most medium differences on basic anthropo-
metric data were found between 1971 and 2018 for 
body height d = 0.43; d = 0.14 and for body weight 

d = 0.5; d = 0.62 for boys and girls, respectively. Be-
tween 2014 and 2018 there were large differences 
in mean difference between samples, d = 0.85; d = 
1.28 on body height and medium differences d = 
0.37; d = 0.39 on body weight, for boys and girls, 
respectively. 

 
Discussion 

 
In this study, we examined the secular trend 

of lower body muscle strength test performance in 
the last four decades. This is the first study to have 
quantified muscle strength performance changes in 
eleven-year-old children in Serbia in the longer pe-
riod. Using data from previous studies from 1971 
and those from 2009 and 2014, and comparing 
them with this study data, it can be observed that 
the standing long jump performances have declined 
remarkably over the past four decades (Graph 1 and 
2).  

The results of Cohen effects size showed large 
effects in all measurements between 1971 and two 
more intervention periods (2014 and 2018). Child-
ren in 1971 had lower height and body mass than 
their peers several decades after (Table 1). The lar-
gest difference was noted between measurements 
conducted in 1971 in children measured in different 
schools across the Republic of Serbia (23) and child-
ren measured only in Belgrade in 2014 (24). Diffe-
rence in body height of eleven-year-old boys were 
increased in favor of recent measurements by 10 
cm. A sample from 2018 from central Serbia showed 
3 cm increases compared to the measurement con-
ducted in 1971. Body weight showed similar incre-
ases of 10 kg and 4.5 kg, respectively. The previous 
study (6) that considered changes over the period 
1971–2001 in 11-year-old children from the city of 
Novi Sad showed also a growing tendency of body 
weight. However, body weight increases during three 
decades were 4.3 kg in eleven-year-old girls, while 
in boys, weight increased by 3.4 kg over the period 
1971-1991 and this trend failed to continue until 
2001, most probably due to the economic situation 
in the country (6) or a small sample used in investi-
gation. On the other hand, the previously mentioned 
investigation (6) found relatively small positive chan-
ges (less than 2 cm) in secular trends of body height 
during that period. Additionally, over the last deca-
de, the secular trend of height has slowed down 
both in the world and Serbia (5). 

An increase in height leads to proportional 
increase of longitudinal dimensions such as upper 
leg height which should logically positively affect the 
standing long jump performance. However, despite 
the average increase in longitudinal skeleton dimen-
sions, an average distance of the long jump showed 
significant decrease over the same period. Results in 
the standing long jump (Table 1.) showed a decre-
ase after four decades between 16 to 28 cm depen-
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ding on sample and sex. Presented in percentages, 
there is a decrease in the standing long jump distan-
ces of 10 % to 18 % depending on the sample, 
which raises serious concerns about children’s way 
of life today and the observed trends in their motor 
skills.  

In the last decade, positive trends in body 
weight were identified for children and adolescents 
living in different parts of the world (2). On the other 
hand, most studies (13, 16-18) found some decline 
in various motor skills over different time periods. 
However, none of them compared the standing long 
jump results over the period of four decades. 

A study (16) compared the standing long 
jump results in Spanish youths aged 12 - 17 years. 
They found a decrease of 12 cm after five years 
(2001/02-2006/07). Cohen ES was 0.5. A similar stu-
dy on Estonians and Lithuanians children (18) found 
no significant change for Estonians in the standing 
long jump over the period of 10 years (1992-2002), 
while this decline was observed in Lithuanians. 

Finally, there are limitations to this investiga-
tion as well. Muscular fitness was measured by only 
one field tests. Compared with testing in the labo-
ratory, this test may result in errors due to the level 
of test performance and previous experience. Addi-
tionally, small sample size in recent sample groups 
(2014 and 2018) may contribute to research bias. A 
larger research sample and more motor performan-
ce test with same protocol are required to obtain 
more credible data regarding this important topic. 

 
 
 

Conclusion 
 

The results of our investigation have demon-

strated that motor test performance in children aged 
11 have been decreased substantially over the last 
four decades. Without changes in P.E. curriculum, 
healthy nutritional habits, and most importantly, gre-
ater participation in organized physical activities that 
target at deficits in muscular fitness and motor skill 

performance early in childhood, these contemporary 
trends of motor test performance will most likely con-
tinue to decrease in the future. 
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Cilj ove studije bio je ispitivanje promena u uspešnosti izvođenja motoričkog testa kod 

jedanaestogodišnjaka u Srbiji. Za praćenje u intervalu od četiri decenije izabran je motorički 
test za koji je potrebno ispoljavanje mišićne snage nogu. Sekularni trend telesne visine i te-
žine pokazao je konstantno povećanje u odnosu na prošlost, ali je pozitivan uticaj na uspe-
šnost u izvođenju motoričkog zadatka izostao. Većina prethodnih istraživanja utvrdila je odre-
đeni pad raznih motoričkih veština tokom različitih vremenskih perioda. Međutim, nijedno od 
njih nije se bavilo uspešnošću u skoku udalj u periodu dužem od četiri decenije. Podaci su pri-
kupljeni sa tri odvojena uzorka ispitanika iz 1971, 2014. i 2018. godine. Merenja su sprovede-
na od strane kvalifikovanih merioca sa Fakulteta fizičke kulture iz Beograda 1971. godine, 
Instituta za sport i sportsku medicinu Srbije 2014. godine i autora ove studije 2018. godine. 
Testom skok udalj iz mesta ispitivana je motorička sposobnost. Uprkos prosečnom povećanju 
longitudinalne dimenzionalnosti skeleta, prosečna dužina skoka udalj imala je trend opadanja. 
Smanjenje posle četiri decenije bilo je između 10 % i 18 % u zavisnosti od uzorka i pola. Re-
zultati ove studije izazivaju ozbiljnu zabrinutost o načinu života dece i trendovima u motori-
čkim sposobnostima. Bez promena u načinu života, stvaranja zdravih navika u ishrani, i što je 
najvažnije, većeg učešća u organizovanim fizičkim aktivnostima, pomenuti trendovi opadanja 
nivoa motoričkih sposobnosti najverovatnije će se nastaviti i u budućnosti. 
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JEDINSTVENI KRITERIJUMI ZA OBJAVLJIVANJE NAUČNIH RADOVA U 
BIOMEDICINSKIM ČASOPISIMA 

 
 
 
 

Ideja o postavljanju jedinstvenih kriterijuma za 
objavljivanje radova u časopisima za biomedicinske 
nauke iskristalisana je 1978. godine u Vankuveru. Ovi 
kriterijumi za rukopise, uključujući pravila za pisanje 
bibliografije, prvi put su objavljeni 1979. godine. 
Vankuverska grupa je vremenom prerasla u 
Međunarodni komitet urednika medicinskih časopisa — 
International Committee of Medical Journal Editors 
(ICMJE). Trenutno je na snazi peta revizija kriterijuma 
za objavljivanje radova u biomedicinskim časopisima, 
doneta 1997. godine. 

 

Kriterijumi za citiranje i navođenje 
referenci 
 
Reference se obeležavaju arapskim brojevima u 

zagradama, pri čemu se reference obele-žavaju 
brojevima onim redosledom kojim se pojavljuju u 
tekstu. Reference citirane jedino u tabelama ili legen-di 
moraju se obeležiti brojem u skladu sa redosledom 
pojavljivanja u tekstu.  

Naslove medicinskih časopisa treba pisati u 
skraćenom obliku onako kako su navedeni u poglavlju 
List of Journals Indexed in Index Medicus. Lista 
skraćenih naziva medicinskih časopisa objavljuje se 
svake godine u januarskom broju Index Medicusa. 
Ova lista se takođe može naći na adresi www.nlm.nih.gov 

Izbegavati upotrebu apstrakata kao referenci, 
već koristiti samo izvorne tekstove (in extenso članci). 
Reference koje se odnose na radove koji su prihvaćeni, 
ali još nisu odštampani, treba označiti sa “u štampi”, pri 
čemu autor mora imati pismeno odobrenje da citira 
takve radove i da priloži pismeni dokaz da je citirani rad 
prihvaćen za štampu. Informacije iz rukopisa koji nisu 
prihvaćeni za štampanje mogu se citirati u tekstu kao 
“neobjavljeni rezultati”, ali sa pismenom dozvolom 
autora. 

Izbegavati citiranje prethodnih saopštenja 
(personal communication) ukoliko ona ne obezbeđuju 
esencijalne rezultate koji još nigde nisu objavljeni. U 
ovom slučaju, neophodno je u zagradi navesti ime 
osobe i datum usmenog saopštenja rezultata. Za 
objavljivanje ovih podataka neophodno je pismeno 
odobrenje autora. 

 

Kriterijumi za pisanje referenci 
korišćenih u radu 
 
U ovom pregledu biće obrađena pravila za pi-

sanje literaturnih referenci samo za najčešće korišćene 
tipove publikacija. 

 
Članci u časopisima 
 
1. Standardni članak u časopisu 
 

Navesti prvih šest autora, ukoliko ih je više iza 
šestog dodati et al. ukoliko je referenca na engleskom 
jeziku ili i sar. ukoliko je referenca na srpskom jeziku. 

Vega KJ, Pina I, Krevsky B. Heart transplantation 
is associated with an increased risk for pancreatobiliary 
disease. Ann Intern Med 1996; 124(11):980-3. 

Parkin DM, Clayton D, Black RJ, Masuyer E, 
Friedl HP, Ivanov E, et al. Childhood–leukaemia in 
Europe after Chernobyl: 5 year follow-up. Br J Cancer 
1996;73:1006-12.  

 

2. Organizacija kao autor  
 
The Cardiac Society of Australia and New 

Zealand. Clinical exercise stress testing. Safety and 
performance guidelines. Med J Aust 1996;164:282-4.  

 

3. Članak bez poznatih autora  
 
Cancer in South Africa (editorial). S Afr Med J 

1994;84:15. 
 

4. Volumen sa suplementom  
 
Shen HM, Zhang QF. Risk assessment of nickel 

carcinogenicity and occupational lung cancer. Environ 

Health Perspect 1994; 102 Suppl 1:275-82.  

 

5. Broj sa suplementom 
 

Payne DK, Sullivan MD, Massie MJ. Women's 

psychological reactions to breast cancer. Semin Oncol 
1996;23(1 Suppl 2):89-97. 

 

6. Volumen sa više delova  
 
Ozben T, Nacitarhan S, Tuncer N. Plasma and 

urine sialic acid in non-insulin dependent diabetes 

mellitus. Ann Clin Biochem 1995;32(Pt 3):303-6. 
 

7. Broj sa više delova 
 

Poole GH, Mills SM. One hundred consecutive 
cases of flap lacerations of the leg in ageing patients. N 

Z Med J 1994;107(986 Pt 1):377-8.  

 

 

8. Časopisi sa brojem bez volumena  

 
Turan I, Wredmark T, Fellander-Tsai L. Arthros-

copic ankle arthrodesis in rheumatoid arthritis. Clin 
Orthop 1995;(320):110-4.  

 

9. Časopisi bez volumena i broja  
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Browell DA, Lennard TW. Immunologic status of 
the cancer patient and the effects of blood transfusion on 
antitumor responses. Curr Opin Gen Surg 1993:325-33. 

 

10. Reference u obliku apstrakta ili 

prethodnih saopštenja  
 
Enzensberger W, Fischer PA. Metronome in 

Parkinson's disease (letter)  Lancet 1996;347:1337. 
Clement J, De Bock R. Hematological complica–

tions of hantavirus nephropathy (HVN) (abstract). 
Kidney Int 1992; 42:1285. 

 

Udžbenici i monografije 
 
11. Monografija  
 
Ringsven MK, Bond D. Gerontology and 

leadership skills for nurses. 2nd ed. Albany (NY): 
Delmar Publishers; 1996.  

 

12. Autori kao urednici  
 
Norman IJ, Redfern SJ, editors. Mental health 

care for elderly people. New York: Churchill Livingstone; 
1996. 

 

13. Organizacija kao autor i izdavač  
 
Institute of Medicine (US). Looking at the future 

of the Medicaid program. Washington: The Institute; 
1992.  

 

14. Poglavlje u knjizi 
 
Phillips SJ, Whisnant JP. Hypertension and 

stroke. In: Laragh JH, Brenner BM, editors. Hypertension: 
pathophysiology, diagnosis, and management. 2nd ed. 
New York: Raven Press; 1995. p. 465-78.  

 

15. Conference proceedings  
 
Kimura J, Shibasaki H, editors. Recent advances 

in clinical neurophysiology. Proceedings of the 10th 
International Congress of EMG and Clinical Neurophysiology; 
1995 Oct 15-19; Kyoto, Japan. Amsterdam: Elsevier; 
1996.  

 

16. Conference paper  
 
Bengtsson S, Solheim BG. Enforcement of data 

protection, privacy and security in medical informatics. 
In: Lun KC, Degoulet P, Piemme TE, Rienhoff O, editors.  
 
MEDINFO 92. Proceedings of the 7th World Congress 
on Medical Informatics; 1992 Sep 6-10; Geneva, 
Switzerland. Amsterdam: North-Holland; 1992. p. 1561-
5.  

17. Istraživački ili tehnički izveštaji  
 

Službeni izveštaji (Issued by funding / 
sponsoring agency): 
 
Smith P, Golladay K. Payment for durable medical 

equipment billed during skilled nursing facility stays. Final  
report. Dallas (TX): Dept. of Health and Human Services 
(US), Office of Evaluation and Inspections; 1994 Oct. 
Report No.: HHSIGOEI69200860.  

 

Sponzorisani izveštaji (Issued by 
performing agency)  
 
Field MJ, Tranquada RE, Feasley JC, editors. 

Health services research: work force and educational 
issues. Washington: National Academy Press; 1995. 
Contract No.: AHCPR282942008. Sponsored by the 
Agency for Health Care Policy and Research.  

 

18. Magistarske i doktorske disertacije  
 
Kaplan SJ. Post-hospital home health care: the 

elderly's access and utilization [dissertation]. St. Louis 
(MO): Washington Univ.; 1995.  

 

Druge vrste publikovanog materijala 
 

Neobjavljeni materijal 
 

19. U štampi (In press) 
 
Leshner AI. Molecular mechanisms of cocaine 

addiction. N Engl J Med. In press 1996.  
 

Elektronski zapisi 
 
20. Internet članak u elektronskom formatu  
 
Morse SS. Factors in the emergence of infectious 

diseases. Emerg Infect Dis (serial online) 1995 Jan-Mar 
“cited 1996 Jun 5”; 1(1)(24 screens). Available from: 
URL: http://www.cdc.gov/ncidod/EID/eid.htm  

 

21. Monografija u elektronskom formatu 
 
CDI, clinical dermatology illustrated (monograph 

on CD-ROM). Reeves JRT, Maibach H. CMEA Multimedia 
Group, producers. 2nd ed. Version 2.0. San Diego: 
CMEA; 1995.  

 

22. Kompjuterski podaci  
 
Hemodynamics III: the ups and downs of 

hemodynamics (computer program). Version 2.2. 
Orlando (FL): Computerized Educational Systems; 1993.  
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PROPOZICIJE ZA PISANJE RADOVA U ACTA MEDICA MEDIANAE 

 
 

 
Acta Medica Medianae (AMM) je tematski časopis 

iz oblasti medicinskih nauka. Časopis objavljuje origi-
nalne radove koji nisu prethodno publikovani.  

U AMM se objavljuju: uvodnici, naučni i stručni 
članci, prethodna ili kratka saopštenja, revijski radovi 
tipa opšteg pregleda, aktuelne teme, meta-analize, 
prikazi slučajeva, prikazi knjiga i drugi prilozi. Radovi 
se štampaju na srpskom ili engleskom jeziku sa 
apstrak-tom na srpskom i engleskom jeziku. Radovi na 
engles-kom jeziku se prezentuju u elektronskom 
formatu na sajtu Medicinskog fakulteta u Nišu, kao i na 
među-narodnim sajtovima iz oblasti medicinskih nauka. 
Acta Medica Medianae izlazi četiri puta godišnje, od 
1962 godine. 

Svi radovi koji se objavljuju u AMM podležu 

anonimnoj recenziji, a Uređivački odbor određuje 
redosled njihovog štampanja. Primedbe i sugestije 
urednika i recenzenata dostavljaju se autoru radi 
konačnog oblikovanja. Radovi se predaju u pisanom ili 
elektronskom obliku na srpskom i engleskom jeziku. 
Rukopisi radova prihvaćenih za štampu ne vraćaju se 
autoru. 

Rukopis treba predati sa jednostrukim 
proredom, formata A4, sa levom marginom od 3 cm. 

Prva strana rada treba da sadrži: a) naslov 
rada b) puna imena i prezimena autora c) puni nazivi 
ustanova i organizacijskih jedinica u kojima je rad 
realizovan i mesta u kojima se ustanove nalaze, d) 
znacima *, **, ***, #, ##, ###,…označavaju se 
redom autori i njihove institucije e) puna adresa, broj 
telefona i e-mail osobe zadužene za korespondenciju u 
vezi predatog rukopisa.  

Druga strana treba da sadrži samo naslov 
rada, rezime i ključne reči, bez imena autora i 
institucija. Veličina rezimea za naučne i stručne članke, 
revijske radove tipa opšteg pregleda i meta–analize 
može da bude do 250 reči. Ispod rezimea sa 
podnaslovom “Klučne reči” navesti 3-5 ključnih reči ili 
izraza. Poželjno je da autori za ključne reči koriste 
odgovarajuće deskriptore, tj. definisane termine iz 
Medical Subject Heading (MeSH) liste Index Medicus-a. 
Prva i druga strana se predaju na srpskom i engleskom 
jeziku i ne obeležavaju se brojevima.  

Tekst članka: Naučni i stručni članci, kao i opšti 
pregledi i meta-analize ne smeju prelaziti 11 stranica 
sa prilozima; aktuelne teme– 6 stranica; kazuistika 6– 
stranica; prethodna saopštenja– 5 stranica, a izveštaji 
sa skupova i prikazi knjiga 2 stranice. Naučni i stručni 
članci obavezno treba da sadrže poglavlja: uvod, cilj, 
materijal i metode, rezultati, diskusija i zaključak. 
Zahvalnost ili komentar povodom sponzorstva rada dati 
na kraju teksta članka iza poglavlja “zaključak”.  

 

U tekstu naznačiti mesta priloga i obeležiti ih 
onako kako su obeleženi u prilogu. 

Literatura se daje u posebnom poglavlju, pri 
čemu se navodi onim redosledom kojim se citati pojav-
ljuju u tekstu. Broj literaturne reference se u tekstu 
označava arapskim brojem u zagradi. Za navođenje li-
terature koristiti pravila Vankuverske konvencije. 
Strane se numerišu arapskim brojevima u donjem des-
nom uglu  

Priloge u vidu teksta, tabela i ilustracija (gra-
fikoni, crteži i dr.) ne unositi u tekst članka, već na 
kraju teksta, na posebnim stranicama obeleženim u 
gor-njem levom uglu sa “Tabela, Grafikon, Ilustracija” i 
arapskim brojem redosledom pojavljivanja u tekstu 
(npr. Tabela 1, Grafikon 1 i dr.) i svakoj se daje kratak 

naslov. Kratka objašnjenja i skraćenice daju se u 
fusnoti. Za fusnotu koristiti sledeće simbole: *, **, 
***, #, ##, ###, …itd. Tabele, grafikone i ilustracije 
treba praviti korišćenjem nekog od programa iz 
Microsoft Office paketa. Izbegavati upotrebu boja kod 
izrade grafika. 

Za izradu grafičkih priloga može se koristiti bilo 
koji grafički program, pri čemu slike moraju biti 
snimljene u jpg formatu rezolucije 300 dpi (u 
originalnoj veličini). Grafički prilozi se ne unose u Word 
dokument već se predaju kao posebni JPG fajlovi.  

Ukoliko je tabela ili ilustracija već negde 
objavljena, citirati izvor i priložiti pismeno odo-brenje, 
ukoliko se radi o zaštićenom materijalu. Ukoliko je na 
fotografiji prikazan bolesnik tako da se može 
prepoznati, potrebno je njegovo pismeno odobrenje, u 
suprotnom, delovi fotografije se moraju izbrisati da 
bolesnik ne može biti identifikovan.  

Uz rad, na posebnom listu, treba dostaviti: a) 
izjavu da rad do sada nije objavljivan, b) potpise svih 
autora, c) ime, prezime, tačnu adresu i broj telefona 
prvog autora.  

Rad je preporučljivo predati u elektronskom obliku 
na e-mail adresu uredništva: acta@medfak.ni.ac.rs ili 
poslati poštom na CD ili DVD disku sa materijalom u 
celini na srpskom i engleskom jeziku. 

Rad treba otkucati u programu ms office Word 
verzija 2003. ili novija. Za verziju na engleskom jeziku 
koristiti font Verdana, veličine 9 pt, kodna stranica 
(English). Za verziju na srpskom jeziku koristiti font 
Verdana, veličine 9 pt, kodna stranica (Serbian lat ili 
Croatian).  

U radu je obavezno korišćenje međunarodnog 
sistema mera (SI) i standardnih međunarodno prihva-
ćenih termina. 

AMM zadržava pravo dalje distribucije i štam-
panja radova. 
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SECRETARIAT 

 

 
 

GUIDELINES FOR PAPER SUBMISSION TO ACTA MEDICA MEDIANAE 
 

 
 

Acta Medica Medianae (AMM) is a thematic 
journal for medical sciences. The Journal publishes 
original reasearch articles that have not been published 
before. 

AMM also publishes editorials, observational and 
experimental articles, procedings or short communicati-
ons, review articles, meta-analyses, case reports, 
current topics, articles from the history of medicine as 
well as other contributions related to medical sciences. 
All articles are printed in Serbian or English with short 
abstracts in both Serbian and English. Articles in 
English are published in electronic form on the 
University of Nis Medical Faculty website as well as 
international sites related to medical sciences. Acta 
Medica Medianae is published four times a year. The 
first issue appeared as early as 1962. 

 
General Guidelines 

Paper Submission  
All research articles published in this journal 

undergo rigorous peer review, based on initial editor 
screening and anonymized refereeing by at least two 
anonymous referees. Remarks and suggestions made 
by the editors and reviewers are sent to the author for 
final revision. The papers in English are to be submitted 
by e-mail: acta@medfak.ni.ac.rs. Manuscripts accepted 
for publication are not returned to authors. 

The first page of a research article must 
contain: a) article title b) full name of author(s) c) full 
name(s) of institutions and/or address(es) of department(s) 
where either reasearch was conducted or research 
article written d) following signs *, **, ***, #, ##, 
### signifying author(s) and institutions e) full 
address, phone number and e-mail of a corresponding 
author.  

The second page should contain only research 
article title, abstract and key words without names of 
author(s) and institution(s). Abstract for research and 
professional articles, review articles and meta-analyses 
should  have up to 350 words while abstract for all 
other types of publications should consist of 250 words. 
Key Words section should have up to 5 key words or 
phrases related to a submitted article. It is desirable 

that authors use corresponding descriptors from 
Medical Subject Heading (MeSH) that can be found on 
Index Medicus list for key words. The first and the 
second page should not be numbered. 

Body of a Research Article – Research and 
professional articles, as well as general surveys and 
meta-analyses should not exceed 11 pages altogether; 
current topics - 6 pages, casuistics - 6 pages and 
proceding statements - 5 pages, history of medicine 
articles - 3 pages while conference reports and book 
reviews - 2 pages. Research and professional articles 
should comprise the following mandatory chapters: 
introduction, aim(s), material and method(s), result(s), 
discussion and conclusion(s). Result(s) and discussion  

can be comprized into one chapter. Acknowledgments 
of any kind in a submitted article should be written at 
the end of the paper after "Conclusion(s)". It is necessary 
to clearly mark a place for additions in the text. 

References should be written in a separate 
chapter in the same order of appearance as in a 
research article. Reference numbers that appear in the 
text should be written in Arabic numerals and put in 
brackets. All authors should be listed. If there are more 
than six authors this should be indicated with et al. Use 
the rules of the Vancouver convention when quoting 
literature. Pages should be enumerated in Arabic 
numerals in the bottom right corner. 

Additions in form of texts, tables and 

illustrations (photos, drawings, diagrams, etc) should 

not be inserted in the reasearch article body but at the 

end of the text on separate pages which should be 

marked in the upper left corner as "Table(s), 

Graphic(s), Illustration(s) etc) with Arabic numeral in 

the same order of appearance as in the text (for 

instance, Table 1, Graph 1, etc) with a short title. Short 

explanations and abbreviations should be stated in 

footnotes where the following symbols should be used: 

*, **, ***, #, ##, ###, etc. Table(s), graph(s) and 

ilustration(s) should be drawn in a Microsoft Office 

Program. Color should be avoided. 
Any graphic program can be used for making 

graphic addition(s) while picture(s) should be saved in 

.jpg format with 300 dpi resolution (original size). 

Graphic addition(s) should be sent as separate jpg 

file(s), and not inserted in the body of a research or 

any other article submitted to AMM. 

If some additions, included in a submitted 

reasearch article, have already been published, source 

of publication should be clearly stated, alongside 

written approval in case the material is copyright 

protected. Patients on photographs have privacy rights 

that should not be infringed without their consent. 

Namely, if a photograph shows a patient who can be 

recognized, his/her written approval should also be 

submitted; otherwise, visible and recognisable facial or 

bodily parts should be blackened so that the patient 

cannot be identified by readership. 

On a separate sheet the author should also 

enclose: a) his/her statement that a submitted article 

has not been published before, b) signatures of all 

authors, c) full name, address, e-mail and phone 

number of the first author.  

Submitted article should be typed in Word 
Version 2003 for Windows (or more recent ones), font 
Verdana 9 pt size; code page (English) should be used.  

The authors are required to use international 
measurement standards (SI) and internationally accepted 

standard terms.  
Acta Medica Medianae reserves the right for further 

distribution and printing of published reasearch articles.

 

 


	(1)AMM2019-2
	Page 1

	(2)Urednistvo
	(3)Sadrzaj engl June 2019
	(3)Sadrzaj srp Jun 2019
	01Bozidar Stojiljkovic
	02Ljubisa M. Lilic
	03Dejan Veljkovic
	04Aleksandar Rajic
	05Branimir Mekic
	06Marko Zlatanovic
	07Nikola Mladenovic
	08Veroslava Stankovic
	09Tatjana Popovic-Ilic
	10Tomislav Kostic
	11Branislav Vidovic
	12Milica Milutinovic
	13Elena Simeonovska-Joveva
	14Danijela Radojkovic
	15Jasmina Djordjevic-Jocic
	16Igor Zivkovic
	17Kosta Todorovic
	18Tanja Dzopalic
	19Vladimir Miletic
	20Sonja Jankovic
	21Voja Pavlovic
	22Snezana Ciric-Zdravkovic
	23Jadranka Kocic
	(4)Jedinstveni kriterijumi
	(5)Zadnje Propozicije

