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ARTICLE INFO

Abstract
Background/Aim: Therapy of diabetes mellitus type 2 includes drugs that act 
as inhibitors of dipeptidyl peptidase 4 (DPP-4) enzyme. Several DPP-4 inhibi-
tors are marketed today and although they have favourable safety profile and 
tolerability, they show moderate activity in controlling glycaemia. The 3D quan-
titative structure-activity relationship (3D-QSAR) methodology was employed 
in order to find pharmacophore responsible for good DPP-4 inhibitory activity 
and designed new compounds with enhanced activity.
Methods: For 3D-QSAR model development, 48 compounds structurally relat-
ed to sitagliptin were collected from ChEMBL database. Structures of all com-
pounds were optimised in order to find the best 3D conformations prior to 
QSAR modelling. To establish correlation between structure and biological ac-
tivity Partial Least Squares (PLS) regression method integrated in Pentacle 
software was used.
Results: Parameters of internal and external validation (R2 = 0.80, Q2 = 0.64 
and R2

pred = 0.610) confirmed reliability of developed QSAR model. Analysis of 
obtained structural descriptors enabled identification of key structural charac-
teristics that influenced DPP-4 inhibitory activity. Based on that information, 
new compounds were designed, of which 35 compounds had a better predicted 
activity, compared to sitagliptin.
Conclusion: This QSAR model can be used for DPP-4 inhibitory activity predic-
tion of structurally related compounds and resulting pharmacophore contains 
information useful for optimisation and design of new DPP-4 inhibitors. Finally, 
authors propose designed compounds for further synthesis, in vitro and in vivo 
testing, as new potential DPP-4 inhibitors.

Key words: Diabetes; Gliptins; Quantitative structure-activity relationship; 
Pharmacophore; Molecular design.
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Introduction

Diabetes mellitus type 2 (DMT2) is a chronic met-
abolic disorder characterised by hyperglycaemia 
that is caused mainly by insulin resistance and/
or impaired insulin secretion. It is estimated that 
about 90 % of diabetic patient suffer from type 
2 diabetes and its prevalence has been increas-
ing steadily over the years, becoming a global 
health problem.1 Prediction of International Dia-

betes Federation (IDF) is that by the year of 2040, 
the number of patients with diabetes will rise to 
around 640 million.2

Therapy of DMT2 includes drugs with different 
mechanisms of action and chemical structures, 
such as biguanides, sulfonylurea derivatives 
(first, second and third generation), meglitinides, 
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Methods

Data set
The data set comprised 48 compounds that had 
more than 85 % structural similarity to sita-
gliptin. The compounds were retrieved from the 
ChEMBL database, together with their experi-
mentally determined DPP-4 inhibitory activities, 
expressed as IC50 values. For simplicity, those 
were converted to negative decade logarithm 
(pIC50), to be further used for QSAR modelling. All 
activities were determined using the same exper-
imental procedure.

The initial data set was divided into a training 
set, comprising 35 compounds that were used to 
build a 3D-QSAR model and a test set, compris-
ing 13 compounds which were used for external 
validation of the model. Chemical structures of 
selected compounds from data set that were used 
for QSAR modelling are depicted in Figure 1.

α-glucosidase inhibitors, thiazolidinediones, in-
sulin and its analogues, sodium-glucose cotrans-
porter-2 (SGLT2) inhibitors, glucagon-like pep-
tide-1 (GLP-1) receptor agonists, dipeptidyl 
peptidase 4 (DPP-4) enzyme inhibitors.3

DPP-4 inhibitors (also called gliptins) are rel-
atively new class of antidiabetic drugs, which 
achieve satisfactory therapeutic efficiency. These 
drugs are generally well tolerated and do not 
carry a significant risk of hypoglycaemia and 
weight gain.4, 5 DPP-4 is a transmembrane glyco-
protein that belongs to the group of serine pro-
teases. This exopeptidase catalyses the cleavage 
of the dipeptide from the N-terminal end of the 
substrate, leading to its inactivation or genera-
tion of new bioactive metabolites. It is a ubiqui-
tous enzyme, found in many cells and tissues and 
since it shows affinity for different substrates, it 
can participate in a large number of physiological 
processes, including inflammation, cardiovascu-
lar function and immunity.6, 7 Increased activity 
of this enzyme has been found in various diseas-
es such as DMT2, atherosclerosis, diabetic kidney 
disease etc.8-10 DPP-4 has been important target 
for the treatment of DMT2 because of its effect on 
glucose control via metabolic inactivation of gas-
trointestinal incretins.11

Gastrointestinal incretins, glucagon-like peptide 
1 (GLP-1) and glucose-dependent insulinotropic 
peptide (GIP), play a very important role in the 
process of establishing blood glucose homeosta-
sis.12 GLP-1 and GIP are released from L and K in-
testinal cells, respectively, in response to nutrient 
ingestion (primarily fat and glucose). They en-
hance glucose-stimulated insulin secretion from 
β-cells of the pancreas in an additive manner and 
inhibit glucagon secretion from α-cells, thereby 
improving glycaemia. GLP-1 has additional bene-
ficial effects in the gastrointestinal tract such as 
delayed gastric emptying and reducing appetite, 
which also contribute to promoting normoglyce-
mia.13 The DPP-4 enzyme catalyses the cleavage 
of incretins from the N-terminal end, thus short-
ening their half-life. Inhibition of DPP-4 is used in 
therapy of DMT2 to prolong effect of these incre-
tins and lower blood glucose levels.14 Sitagliptin is 
first DPP-4 inhibitor introduced in DMT2 therapy 
in 2006 and since then various DPP-4 inhibitors 
have been marketed, but research in this area is 
continuing in an effort to discover more efficient 
antidiabetic drugs.15-18

Computer aided drug design (CADD) comprises 
various in silico techniques that have been used 
with great success in modern drug discovery 
process (especially in its early stages) to increase 

efficiency and save time and money.19-21 The aim 
of this study was to employ an in silico 3D-quan-
titative structure-activity relationship study 
(3D-QSAR) to identify key structural elements 
that are responsible for DPP-4 inhibitory activity 
and design new molecules that can lead to discov-
ery of new drugs in therapy of DMT2.

Figure 1: Chemical structures of two class of compounds in data 
set and their representatives, sitagliptin and compound L45

Before building the QSAR model, the dominant 
forms at pH 7.4 were determined for all molecules 
in the MarvinSketch version 6.3.0, ChemAxon 
(https://www.chemaxon.com). Given that qual-
ity of 3D-QSAR model is highly dependent on 
molecule conformation, the obtained dominant 
forms were previously subjected to geometrical 
optimisation in order to achieve the energy min-
imum. The optimal 3D structures were generat-
ed using the PM3 (Parameterised Model Revi-
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difference between them          < 0.2 and mean 
value          > 0.5.26, 29

Results
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sion 3) semi-empirical method22 in the Gaussian 
98W program extension23 incorporated into the 
Chem3D Ultra 7.0, PerkinElmer (http://www.
cambridgesoft.com).

3D-QSAR model development
For 3D-QSAR modelling, the Pentacle version 
1.0.6, Molecular Discovery Ltd (https://www.
moldiscovery.com/) was used. Unlike other 
3D-QSAR methodologies such as CoMFA and 
CoMSIA, which require prior alignment of mol-
ecules to calculate descriptors, Pentacle uses 
grid-independent descriptors (GRIND).24 For 
calculation of these descriptors molecule was 
placed in 3D-grid and subjected to interactions 
with different probes that represent most com-
mon type of ligand-receptors interactions. These 
included DRY probe that represent hydrophobic 
interactions, N1 probe that represents hydrogen 
bond acceptor (HBA) groups, O probe represent-
ing hydrogen bond donors (HBD) and TIP probe 
describing steric interactions. At each grid point, 
the steric and electrostatic interactions of attrac-
tion and repulsion between the probe and the 
molecule were calculated, to define molecular in-
teraction fields or MIFs. ALMOND algorithm was 
then used to extract regions (nodes) that were 
characterised by most intense favourable inter-
actions for each probe. Number of these extract-
ed nodes was set to 100. Consistently Large Auto 
and Cross Correlation (CLACC) algorithm was 
used to transform these nodes into GRIND de-
scriptors that represent distance between same 
and different nodes. Initial number of calculated 
descriptors was reduced using fractional factori-
al design (FFD) method. For correlation between 
descriptor values and DPP-4 inhibitory activities, 
Pentacle used Partial Least Squares (PLS) regres-
sion. Number of latent variables was set to 5.

Validation of 3D-QSAR model
Validation of the 3D-QSAR model was performed 
based on internal and external validation pa-
rameters. Internal validation was achieved using 
compounds from training set to obtain follow-
ing validation parameters: squared correlation 
coefficient or coefficient of determination (R2), 
cross-validated coefficient of determination (Q2) 
and Root Mean Square Error of Estimation (RM-
SEE). The Q2 parameter was calculated based on 
the LOO (Leave One Out) method, meaning that 
one component from the training set was left out 
each time and a new model was formed from the 
remaining molecules. This process was repeated 
until each component from the set was omitted 
once. Based on the obtained model, the activity 
of molecules from the training set was predicted 
and the difference between LOO-predicted and 

experimental activities e(i) was calculated. The 
sum of squared e(i) gave PRESS (Predicted Residu-
al Sum of Squares):

(Eq 1.)

(Eq 2.)

(Eq 4.)

(Eq 3.)

PRESS was used to calculate RMSEE and Q2:

where n represented number of compounds in 
training set, Yobs was experimentally determined 
DPP-4 inhibitory activity and Ytraining was mean 
value of the experimental activities for the train-
ing set.

Model was considered able to reliably predict ac-
tivity of compounds from training set if: R2 > 0.6, 
Q2 > 0.5 and RMSEE < 0.5.25, 26

Test set was used for external validation of model 
and calculation of following parameters:

where Yobs (test) was experimentally determined 
DPP-4 inhibitory activity of compounds in test set 
and Ypred (test) predicted inhibitory activity of com-
pounds in test set.

RMSEP value was calculated according to Eq. 2, 
where n represented number of compounds in 
test set.

In addition,         parameters                                              of 
external validation27, 28 were calculated. Model 
was considered able to reliably predict activity of 
external compounds if:

𝑟𝑟"#   (𝑟𝑟"# , 𝑟𝑟"
/#,  𝑟𝑟"#%%%  i 𝛥𝛥𝑟𝑟"# ) 

(𝛥𝛥𝛥𝛥$%)	<	 
R2pred	>	0.5,	𝑟𝑟"# 	and	𝑟𝑟"

/#	>	0.5,  

Using the training set, a 3D-QSAR model was 
formed, whose predictive power was checked 
through calculation of internal and external val-
idation parameters. The experimental and pre-
dicted activities (pIC50) for the training and test 
set compounds, together with the calculated vali-
dation parameters are presented in Table 1.

(𝑟𝑟"#$$$) 
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Table 1: Experimental and predicted activities of compounds from data set with calculated values of 
validation parameters

Compound

Compound

Compound

Compound

Training set

Test set

Experimental
pIC50

Experimental
pIC50

Experimental
pIC50

Experimental
pIC50

Predicted
pIC50

Predicted
pIC50

Predicted
pIC50

Predicted
pIC50

7.740

7.010

7.640

6.740

7.430

7.120

7.060

7.680

5.990

6.820

7.190

7.520

6.580

7.570

7.540

6.630

6.310

6.840

8.150

5.800

6.440

6.890

6.870

7.080

7.160

6.660

7.220

7.060

6.910

7.040

8.400

8.633

6.651

6.769

7.000

6.994

7.131

7.044

5.941

7.213

6.912

7.107

6.657

7.945

7.520

6.720

6.290

6.090

7.090

6.570

8.300

7.040

6.680

6.110

6.940

6.880

7.150

6.760

8.700

8.400

6.480

7.648

7.102

7.521

7.141

7.438

7.114

7.182

7.403

5.935

6.763

7.270

7.278

6.582

7.696

7.476

6.563

6.389

6.964 R2 = 0.96; Q2 = 0.71

7.528

6.650

6.110

6.103

7.018

6.817

8.331

7.100

6.593

6.191

7.104

6.804

7.088

6.905

8.722

8.258

6.530

L1

L2

L3

L5

L7

L8

L9

L10

L11

L12

L14

L15

L16

L18

L19

L20

L21

L24

L4

L6

L13

L17

L22

L23

L25

L26

L27

L28

L30

L31

L32

L33

L36

L37

L38

L39

L40

L41

L43

L44

L45

L47

L48

L29

L34

L35

L42

L46

Table 2: Summary of the most important grid-independent descriptors (GRIND) variables

HBA: hydrogen bond acceptor; HBD: hydrogen bond donor;

Variable Node pair Distance [Å] Impact Description

Distance between two HBA.

Distance between the two steric centres located at the C4 position of the benzene ring.

Distance between the hydrophobic centre such as triazolopyrazine ring and the and the HBD.

Distance between the benzene ring and the ammonium ion as HBD.

Distance between the hydrophobic bicycle and the HBA such as triazole nitrogen.

Distance between the piperazine and the steric centre at the benzene ring.

Distance between the triazole and the steric centre at the benzene ring.

Distance between the HBD at the C3 position of butanone and the steric centre at the benzene ring.

Distance between triazole nitrogen and bulky radical, such as trifluoromethyl group, on triazole.

Distance between HBA and steric centre, not present in all compounds.

168

210

281

289

347

446

457

569

624

671

1N1-N1

TIP-TIP

DRY-O

DRY-O

DRY-N1

DRY-TIP

DRY-TIP

O-TIP

N1-TIP

N1-TIP

+

+

+

-

+

+

+

-

-

-

12.8 - 13.2

2.4 - 2.8

3.6 - 4

6.8 - 7.2

2.8 - 3.2

15.5 - 15.6

19.6 - 20

10 - 10.4

4.8 - 5.2

23.6 - 24

RMSEP = 0.396; R2
pred = 0.610

r      = 0.5525; r       = 0.5023

r      = 0.5274;         = 0.0502

2
m

2
m

/2
m

2
mr
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Figure 2: Plot of experimental versus 3D-QSAR predicted DPP-4 inhibitory activities, expressed as pIC50 values

Figure 3: The most important variables that have positive (red) and negative (blue) influence on dipeptidyl peptidase 4 (DPP-4) inhib-
itory activity. Hydrophobic regions are depicted in yellow, steric hot spots in green, hydrogen bond acceptors (HBA) regions in blue 
and hydrogen bond donors (HBD) regions in red

275Rogić and Gagić. Scr Med 2022 Dec;53(4):271-9.
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Figure 4: Structures of selected designed compound from S- and N-series with highest predicted dipeptidyl peptidase 4 (DPP-4) 
inhibitory activity

276 Rogić and Gagić. Scr Med 2022 Dec;53(4):271-9.
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The good predictive power of the model can be 
shown in the plot of experimental versus pre-
dicted pIC50 values (Figure 2) of compounds from 
training and test set. The even distribution of 
pIC50 values around the regression line indicated 
a small difference between the experimental and 
model-predicted values.

The most important variables were selected to ex-
plain influence of present structural characteris-
tic on DPP-4 inhibitory activity (Table 2).

Selected variables with positive and negative in-
fluence on the activity are presented in Figure 3.

Sitagliptin and compound L45 (Figure 1) were 
used as lead compounds to design new DPP-4 in-
hibitors. Two series of compounds were designed, 
S-series based on sitagliptin structure and N-se-
ries based on L45 structure (Figure 4). Activities 
of designed compounds were predicted using 
3D-QSAR model (Table 3).

Table 3: Predicted DPP-4 inhibitory activities of selected designed 
compounds from S- and N-series

Compound CompoundExperimental
pIC50

Experimental
pIC50

S13

S18

S20

S24

S28

S62

S64

S66

S72

S75

S77

S78

S85

S98

S102

S103

N3

N5

N7

N20

N25

N29

N30

N38

N39

N46

N49

N50

N59

N63

N69

N72

N78

N79

N80

7.762

7.765

7.795

7.818

7.822

7.859

7.895

8.277

7.773

8.230

7.750

8.039

8.178

7.765

8.437

8.354

7.825

7.881

8.362

7.745

8.201

8.244

7.847

7.805

8.456

8.258

7.764

7.775

7.837

7.806

7.948

8.123

8.174

7.851

8.485

Discussion

QSAR modelling is one of the most frequently 
used in silico techniques, often applied in the ear-
ly stages of the discovery of potential drugs, pri-
marily in order to identify, design and optimise 

lead compounds and to predict toxic properties. 
Here, 3D-QSAR methodology was used to define 
key structural determinants that potent DPP-4 
inhibitor should possess and that information 
was used to design new compounds as poten-
tial DPP-4 inhibitors. After developing 3D-QSAR 
model, internal and external validation proce-
dure was performed, in order to demonstrate its 
reliability. Coefficient of determination parame-
ter (R2) was calculated which indicates how well 
the model reproduces the experimental data and 
Q2 which is a measure of the model’s internal pre-
dictive power (Table 1). Values of R2 = 0.96 and Q2 
= 0.71 show that model was good at predicting ac-
tivities of compounds from training set. However, 
true predictive power of model lies in its ability 
to predict activities of external compounds that 
are not used for building the QSAR model. Based 
on the values of calculated parameters of exter-
nal validation (Table 1), it can be concluded that 
this model can be reliably used for that purpose.
In the next step, the interpretation of the ob-
tained GRIND variables was approached (Table 
2) in order to define the pharmacophore respon-
sible for the DPP-4 inhibitory activity. That infor-
mation was used to design new potential DPP-4 
inhibitors based on structural modification on 
sitagliptin (S-series) and compound L45 (N-se-
ries), as a compound with the highest activity in 
data set. Of the 100 designed compounds from 
S-series, 16 compounds (Figure 4) were predict-
ed to have better activity compared to sitagliptin 
(pIC50 > 7.740), while of the 82 designed N-series 
compounds, 19 compounds (Figure 4) showed 
better predicted activity compared to sitagliptin 
(Table 3).

Based on the predicted activities of compounds 
from S-series it can be concluded that following 
structural features are essential for good DPP-4 
inhibitory activity: 

• methyl group at the N1 position of the tri-
azole ring (S-13, S-64, S-66, S-75, S-77, S-78, 
S-98, S-102);

• methylamino group at the C3 position of the 
butane chain (S-62, S-64, S-66, S-78, S-98);

• hydroxymethyl group at C4 of the butane 
chain (S-28, S-62, S-64, S-77, S-78, S-98, 
S-102, S-103);

• monochloro-/dichloro-fluoromethyl group 
at the C3 position of the triazole ring, pro-
vided that at least two of the aforemen-
tioned functional groups are present in 
the structure (S-75, S-77, S-78, S-98, S-102, 
S-103). The exception is S-85 with an ureido 
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Conclusion

In this study 3D-QSAR methodology was em-
ployed in order to define pharmacophore re-
sponsible for DPP-4 inhibitory activity and 
design new compounds with enhanced activ-
ity. The reliability of the developed 3D-QSAR 
model was confirmed by thorough internal 
and external validation. Guided by the ob-
tained GRIND variables, new compounds were 
designed by structural modification of the 

group at the N1 position, which significant-
ly increases activity;

• functional groups such as the nitro group 
at the C4 position of the benzene ring (S-
98), ethyl (S-24) and methoxy group (S-72) 
at the C4 position of the butane chain show 
moderate increase in activity.

After analysing most active compounds from 
N-series these structural characteristics were 
identified as important for high activity:

• bromine at the C4 position of benzene (N-7, 
N-20, N-59, N-80);

• methylpyridinium ion at position C4 of the 
condensed cycle (N-25);

• methyl group at the C4 position of the bu-
tane chain (N-29, N-79);

• methylthiazole instead of methylimid-
azole at the C4 position of the condensed 
cycle (var 624); methylthiazole with bro-
mine at the C4 position of benzene slightly 
increases activity compared to methylthi-
azole alone (N-39 and N-80);

• switch of triazolopyrazine bicycle to pyra-
zolopyrazine (N-46);

• formamide group at the C2 position of the 
butane chain, provided that the C4 posi-
tion of benzene is chlorine instead of flu-
orine; formamide alone does not affect the 
activity so much (N-69 and N-72);

• 3,5-dinitrophenyl group at the C7 position 
of the triazolopyrazine (N-78);

• introduction of functional groups such as 
triazole ring (N-3), difluorochlorometh-
yl (N-5, N-38), dibromomethyl (N-79), di-
chloromethyl (N-63), hydroxymethyl (N-
50), fluorine instead of trifluoromethyl 
group (N -49, N-50), 2-buten-1-yl (N-20) 
and ethyl (N-30), leads to a moderate in-
crease in inhibitory activity.

leading molecules sitagliptin and compound 
L45. Groups that favourably influenced the ac-
tivity (electronegative sternal group at the C4 
position of benzene, donor of hydrogen bonds 
in the condensed cycle, amino group at the C3 
position of the butane chain) were left in the 
structure. As a result, 35 new compounds with 
better predicted inhibitory activity compared 
to sitagliptin, were designed. The modifica-
tions that led to an increase in inhibitory ac-
tivity were the introduction of a methyl group, 
the substitution of one/two fluorine atoms in 
the trifluoromethyl group with chlorine, the 
introduction of hydroxymethyl, ureido groups, 
changes in the condensed cycle and the intro-
duction of thiazole instead of imidazole in the 
structure of L45. Results from this study can 
be used as a basis for further structural mod-
ifications and optimisation of designed com-
pounds as new potential DPP-4 inhibitors.
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Abstract
Background/Aim: Unintentional injuries among children and adolescents have 
become a common issue in public healthcare. The study objective was to anal-
yse the characteristics and identify predictors associated with unintentional 
injuries in children and adolescents treated in emergency medical services 
(EMS) in the Republic of Srpska, Bosnia and Herzegovina.
Methods: A cross-section study with retrospective analysis of WebMedic e-da-
tabase from 14 EMS, in the period between January 2018 and December 2020 
was conducted. Research included patients with unintentional injuries, aged ≤ 
19 years, of both sexes. For comparison between groups, Chi-squared and mul-
tivariate logistic regression were used in risk factor analysis. 
Results: A total of 1,856 cases were identified, most injuries resulted from falls 
(46.7 %) and traffic injuries (26.9 %). Boys were significantly more affected by 
injuries than girls (p < 0.001). Falls were the major cause for reporting to EMS 
among age groups of children (0-9 years) and adolescents (10-14 years), where-
as injuries in traffic were dominant in adolescents aged 15 to 19. The most com-
mon injuries were head injuries (35.7 %). Risk factors of unintentional injuries 
were age (p < 0.001), sex (p = 0.046), weekday (p = 0.016), winter (p = 0.014), 
body region (head, abdomen, lower and upper limbs (p < 0.001), thorax (p = 
0.009)). 
Conclusions: There were significant differences in characteristics of uninten-
tional injuries according to age and sex. Chances for occurrence of unintention-
al injuries among children increased with their age, especially for boys. These 
differences might indicate areas where preventive measures should be under-
taken.  
  
Key words: Unintentional injury; Child; Adolescent; Emergency medical ser-
vices.
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Introduction

Unintentional injuries have become a common 
worldwide issue in the field of public health 
due to a wide range of morbidity and mortality 
among children and adolescents. Leading causes 
were traffic injuries, falls, burns, poisonings and 
drowning.1-4 Children and adolescents account 
for almost 30 % of the world population. They 

are particularly vulnerable to injuries due to 
their active and discovery driven nature in early 
years and risk-taking behaviour in adolescent 
years. According to the Global Burden of Disease 
2017 study, an estimated 1900 children and 
adolescents die every day as a result of an injury.5 
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World Health Organization (WHO) suggests that 
92 % of all deaths caused by injuries in children 
aged 0 to 4 are a result of unintentional injuries, 
in children aged 5 to 14 this share is 84 % and 
56 % in young people aged 15 to 29.6 For each 
child that dies from unintentional injuries, there 
are even more hospitalised and there is a higher 
number of them treated in emergency services.7 
In the European Union, 1 in 10 children each year 
suffer injuries that require emergency medical 
services.8 Eurostat reports for the EU-27 in the 
period of 2009-2018 have confirmed a well-
known fact that children and adolescents are 
exposed to the highest risk from injuries when 
compared to adult population.9 

Despite enormous progress in other areas of 
medicine, it seems that prevention of injuries 
is poorly targeted, inadequately financed and 
rarely evaluated.10 More importantly, most of 
these unintentional injuries are preventable, 
whereas the costs of their treatment are high.8 
During the last fifty years, children’s health has 
significantly changed. Wide-spread immunisation 
programs have almost completely eliminated 
the threat from infectious diseases. Injuries 
are the ones that pose a threat to the health of 
all children.11 The rapid wave of urbanisation, 
demographic and dietary transitions, economic 
growth and technological development brought 
to a change in the epidemiological profile of 
most countries.12 Changes of lifestyle and 
psychological characteristics of children such as 
impulsivity, curiosity, lack of knowledge make 
them vulnerable to occurrence of various types 
of injuries.13 

In the Republic of Srpska, Bosnia and Herzegovina, 
there are no registers of unintentional injuries and 
there are no available data on the characteristics 
of children and adolescents requiring treatment 
in the Emergency Medical Service of the Republic 
of Srpska (EMS RS). Since unintentional injuries 
are predictable, a comprehensive assessment of 
the causes and characteristics of unintentional 
injuries in children and adolescents is of 
crucial importance and represents the basis for 
understanding the magnitude of this problem in 
country, as well as creating effective preventive 
measures. 

Therefore, the objective of this study was to 
analyse the characteristics and identify risk 
factors associated with unintentional injuries in 
children and adolescents who were treated in the 
EMS RS of Bosnia and Herzegovina.

Methods

Settings and participants
The study was approved by the Ethics Committee 
for Research on Humans and Biological Material, 
University of Banja Luka Faculty of Medicine (No 
18/4.3/20) and Ministry of Health and Social 
Welfare of the Republic of Srpska (No 11/04-
500-565/19). Retrospective analysis of the 
WebMedic e-database extracted data from 14 
EMS RS for the period from 1 January 2018 to 
31 December 2020 and included in total 17,029 
children and adolescents aged ≤ 19 years, of both 
sexes, diagnosed with injuries. Patients who 
were diagnosed with at least one unintentional 
injury according to The International Statistical 
Classification of Diseases and Related Health 
Problems 10th Revision (ICD-10) from Chapter 
XIX “Injury, poisoning and certain other 
consequences of external causes” (S00-T98), 
the cause of which was coded and categorised 
under Chapter XX “External causes of morbidity 
and mortality” (V01-Y98), were selected as the 
research subjects. Data on unintentional injuries 
were categorised according to age groups: 
children (< 1, 1-4, 5-9 years), adolescents (10-14 
and 15-19 years) as well as by the characteristics 
of unintentional injuries. 

Data collection
The data of patients (age ≤ 19 years) who visited 
14 EMS RS over the observation period of three 
years and were diagnosed with at least one 
diagnosis of unintentional injury upon admission 
were reviewed. Unintentional injuries were 
identified according to ICD-10, marked with 
codes S00-T98.14 For patients who had at least 
one diagnosis with an S-code different types of 
injuries related to single body regions or T-code 
to cover injuries to multiple or unspecified body 
regions as well as poisoning and certain other 
consequences of external causes, it was crucial 
to search for additional diagnoses that included 
external causes of unintentional injuries referred 
to in Chapter XX indicated by an external cause 
(V01-Y98), ICD-10. For the purposes of this 
research, the identification of codes of external 
causes, which by their mechanisms led to the 
occurrence of unintentional injuries, was carried 
out according to WHO recommendations and 
included: road traffic injuries (V01-V04, V06, 
V09-V80, V87, V89, V99), fire/burns (X00-X09, 
X10-X19), poisonings (X40-X49), falls (W00-W19) 
and drowning (W65-W74).3 All patients whose 
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Table 1: The primary characteristics of patients treated in emer-
gency medical services (EMS) for unintentional injuries

Variables n %

Age in years (n = 1,856; M = 10.36. SD = 6.30)

Region EMS* RS and injury hours
(M = 16.02; SD = 6.34)

Outcome in EMS

Children
(n = 839; 45.2 %)

Adolescents
(n = 1017; 54.8 %)

< 1 year

1-4 years

5-9 years

Sex

Male 

Female

11

483

345

346

671

0.6

26.0

18.6

18.6

36.2

10-14 years

15-19 years

Banja Luka region (n = 9 EMS)

Bijeljina region (n = 2 EMS)

Doboj region (n = 2 EMS)

East Sarajevo region (n = 1 EMS)

Outpatient treatment/discharged 

Referred to another centre for
hospital treatment

1332

524

1593

211

21

31

449 24.2

1407 75.8

85.8

11.4

1.1

1.7

71.8

28.2

n = number; M = mean value; SD = standard deviation; RS = the Republic of Srpska; 
EMS = Emergency medical service.

Resultsinjuries were verified as intentional (violence, 
suicide, self-harm) were excluded. 

The demographic characteristics of the patients, 
which included: age, sex, local distribution 
of EMS according to regional centres of the 
Republic of Srpska Public Health Institute and 
time of reporting to the EMS were collected. 
The characteristics of unintentional injuries, 
which included five external causes of injury 
and the nature of the injury that occurred as a 
consequence of their action were monitored. 
External causes included traffic injuries, burns, 
poisoning, falls and drowning. The effects of 
external factors included an analysis of injuries 
according to the body region (head, neck, chest, 
abdomen/lumbar spine and pelvis, upper limbs, 
lower limbs, multiple injuries) for injuries caused 
by falls and road traffic injuries, whereas injuries 
caused by burns, poisoning and drowning were 
classified according to the nature of injuries 
(burns according to localisation, poisoning 
with medicinal or non-medicinal substances 
as well as other effects of external causes). The 
outcome variables referred to treatment status 
categorised as treated/discharged or referred 
to another centre for hospital treatment. Based 
on the obtained data, the characteristics of 
injuries regarding age and sex were described 
and risk factors associated with the occurrence 
of unintentional injuries were identified. 

Data analysis
The statistical analysis included descriptive 
statistics (mean value, standard deviation, 
frequency, percentage), bivariate analysis using 
the Chi-square test for comparison between 
groups. The multivariate logistic regression 
analysis for assessment of risk factors was used. 
Incidence rates of children and adolescents with 
unintentional injuries were calculated based on 
national demographic data for the population 
aged ≤ 19 years obtained from the Republic of 
Srpska Institute for Statistics.15 Incidence rates 
of unintentional injuries were expressed as the 
number of cases per 100,000 persons per year 
for the age ≤ 19 years with a confidence interval 
of 95 %, for 2018, 2019 and 2020, respectively. 
The statistical analysis was performed by the 
software SPSS version 25.0. The level of statistical 
significance was set at p < 0.05.

Characteristics of the sample
In the period from 1 January 2018 to 31 December 
2020, a total of 17,029 children and adolescents 
diagnosed with injuries coded S00-T98 were ex-
amined in 14 EMS in the Republic of Srpska and 
unintentional injuries were identified in 1,856 
cases (664/699/493/for each observed year, re-
spectively). Unintentional injuries accounted for 
10.9 % of all examinations for the age ≤ 19 years. 
The incidence of unintentional injuries among 
children and adolescents aged 0 to 19 years 
was 313/100,000 (95 % CI = 289-337) for 2018, 
333/100,000 (95 % CI = 309-358) for 2019 and 
226/100,000 (95 % CI = 206-246) for 2020. The 
average age of the patients was 10.36 years (SD = 
6.30), with boys vs girls ratio of 2.54. Adolescents 
aged 15 to 19 (36.2 %) were the most exposed to 
unintentional injuries. The primary characteris-
tics of patients treated in EMS for unintentional 
injuries are presented in Table 1.

Causes and characteristics of unintentional 
injuries in children and adolescents in rela-
tion to the age and sex
Out of all five causes that led to unintentional 
injuries, the most common ones were injuries 
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caused by falls (46.7 %) and road traffic inju-
ries (26.9 %). Observing at the age groups, falls 
were the leading cause of unintentional injuries 
among the group of children from 0 to 9 years 
(< 1 year (63.6 %), from 1 to 4 years (49.1 %), 
from 5 to 9 years (69.3 %)) and among adoles-
cents aged 10 to 14 (59.5 %). Among adolescents 
aged 15 to 19, the leading causes were injuries in 
traffic (45.6 %). There was a statistically signifi-
cant difference (p < 0.001) between the external 
causes that, by their mechanisms, led to uninten-
tional injuries in relation to the age of children 
and adolescents (p < 0.001) (Table 2).

Table 2: The causes of unintentional injuries among children and adolescents in relation to the age 

Table 3: The causes of unintentional injuries among children and adolescents in relation to the sex

Variables

Variables

Total

Total

X2-test
p-value

X2-test
p-value

Age (in years)

Sex

< 1 1-4 10-145-9 15-19
Adolescent

Female

Children

Male

Causes of UI

Causes of UI

Road traffic 
injuries

Road traffic 
injuries

Fire/Burns 

Fire/Burns 

Poisoning

Poisoning

Falls

Falls

Drowning

Drowning

Total

Total

V01-V04, V06, 
V09-V80, V87, 

V89, V99

V01-V04, V06, 
V09-V80, V87, 

V89, V99

X00-X09, 
X10-X19

X00-X09
X10-X19

X40-X49

X40-X49

W00-W19

W00-W19

W65-W74

W65-W74

n

n

n

n

n

n

n

n

n

n

n

n

%

%

%

%

%

%

%

%

%

%

%

%

ICD-10 code

ICD-10 code

n = number; UI = unintentional injury; ICD-10 = International Classification of Diseases Tenth Revision; X2 - Chi-square test; p - value statistically 
significant (p < 0.05)

n = number; UI = unintentional injury; ICD-10 = International Classification of Diseases Tenth Revision; X2 - Chi-square test; p - value statistically 
significant (p < 0.05)

2

18.2

1

9.1

1

9.1

7

63.6

0

0.0

11

0.6

51

10.6

172

35.6

23

4.8

237

49.1

0

0.0

483

26.0

283

21.2

191

14.3

102

7.7

755

56.7

1

0.1

1332

71.8

216

41.2

123

23.5

72

13.7

112

21.4

1

0.2

524

28.2

499

26.9

314

16.9

174

9.4

867

46.7

2

0.1

1856

100

55

15.9

42

12.2

7

2.0

239

69.3

2

0.6

345

18.6

85

24.6

43

12.4

12

3.5

206

59.5

0

0.0

346

18.6

306

45.6

56

8.3

131

19.5

178

26.5

0

0.0

671

36.2

499

26.9

314

16.9

174

9.4

867

46.7

2

0.1

1856

100.0

525.43

< 0.001

190.023

< 0.001

After examining the relationship between the 
causes that led to the occurrence of unintention-
al injuries in relation to sex, a statistically sig-
nificant difference was noted, with boys being 
more affected by those injuries (p < 0.001). Un-
intentional injuries caused by falls were the most 
common reason for visits to EMS, accounting for 
a total of 46.7 % of all cases, 56.7 % of them were 
boys and 21.4 % were girls. After falls, injuries in 
traffic were identified as the second most com-
mon cause of injuries between the sexes, account-
ing for 26.9 % of all cases of unintentional inju-
ries, 21.9 % of them were boys and 41.2 % were 
girls. Causes of unintentional injuries in relation 
to sex are presented in Table 3.

284 Jović et al. Scr Med 2022 Dec;53(4):281-9.



CONTENT

Table 4: Consequences of external causes of unintentional injuries among children and adolescents in relation to age

Consequences of external causes 
(S00-T98) Total X2-test

p-value

Age (in years)

< 1 1-4 10-145-9 15-19
AdolescentChildren

Head (S00-S09)

Burns specified by site (T20-T28)

Burns multiple unspecified body 
regions (T29-T32)

Poisoning by drugs, medicaments 
and biological substances (T36-T50)

Toxic effects of substances chiefly 
nonmedicinal as to source (T51-T65)

Sequelae of injuries (T90-T98)

Injury area body (Falls, Road traffic injuries)

Nature of injury (Burns, Poisoning, Drowning)

Neck (S10-S19)

Thorax (S20-S29)

Abdomen, lower back, lumbar spine, 
pelvis and external genitals (S30-S39)

Upper limbs (S40-S69)

Lower limbs (S70-S99)

Multiple body regions  (T00-T07)

Total

n

n

n

n

n

n

n

n

n

n

n

n

n

%

%

%

%

%

%

%

%

%

%

%

%

%

n = number; X2 - Chi-square test; p - value statistically significant (p < 0.05)

7

63.6

0

0.0

0

0.0

0

0.0

2

18.2

0

0.0

0

0.0

1

9.1

0

0.0

1

9.1

0

0.0

0

0.0

11

100.0

163

33.7

9

1.9

6

1.2

17

3.5

0

0.0

483

100.0

39

11.3

3

0.9

1

0.3

6

1.7

2

0.6

345

100.0

41

11.8

2

0.6

1

0.3

11

3.2

0

0.0

346

100.0

52

7.7

4

0.6

4

0.6

127

18.9

0

0.0

671

100.0

296

15.9

18

1.0

13

0.7

161

8.7

2

0.1

1856

100.0

213

44.1

7

1.4

3

0.6

5

1.0

35

7.2

15

3.1

10

2.1

160

46.4

8

2.3

1

0.3

9

2.6

65

18.8

41

11.9

10

2.9

104

30.1

10

2.9

12

3.5

9

2.6

85

24.6

58

16.8

13

3.8

179

26.7

38

5.7

16

2.4

12

1.8

100

14.9

76

11.3

63

9.4

663

35.7

63

3.4

32

1.7

35

1.9

287

15.5

190

10.2

96

5.2

489.52

< 0.001

489.52

< 0.001

Consequences of external causes 
The characteristics of the nature of the injury 
that occurred was analysed due to the cause re-
lated to age of children and adolescents. In in-
juries caused by falls and road traffic injuries, 
three most common positions in relation to the 
body region were identified. Head injuries were 
the most common in all age groups with 35.7 % 
and the most vulnerable group were children un-
der the age of 1 (63.6 %). In addition to head inju-
ries, upper limbs injuries were the most common 
ones with a total share of 15.5 %, most of them in 
the group of adolescents aged 10 to 14 (24.6 %). 
Similar situation was identified in injuries of the 
lower limbs and their total share was 10.2 % in 

the same age group (16.8 %). Compared to other 
age groups, children aged 1 to 4 were most ex-
posed to burns (33.7 %), whereas poisoning by 
substances of non-medical origin was most often 
identified in adolescents aged 15 to 19 (18.9 %). 
The age of children and adolescents was identi-
fied as a statistically significant predictor for the 
occurrence of unintentional injuries caused by 
external factors (p < 0.001) (Table 4). 

Risk factors connected with unintentional 
injuries in children and adolescents 
The multivariate logistic regression to analyse 
the risk factors among injured children and ad-
olescents treated for unintentional injury in the 
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Discussion

EMS RS (Table 5) was used. After observing age 
as a risk factor, children aged 1 to 4 years (p < 
0.001), 5 to 9 years (p = 0.001) and 10 to 14 years 
(p = 0.021) had a significantly lower chance of 
unintentional injury compared to adolescents 
aged 15 to 19. It was determined that boys had 
a significantly higher risk compared to girls (p = 
0.047). Unintentional injuries occurred more of-
ten during working days (p = 0.016). For different 
body injuries where the injury occurred, head (p 
< 0.001), thorax (p = 0.009), abdomen (p < 0.001), 
upper and lower limbs (p < 0.001), had a lower 
risk of injury compared to multiple body regions.

This study showed that the total share of uninten-
tional injuries in the Republic of Srpska EMS was 

Table 5: Risk factors among injured children and adolescents treated for unintentional injuries in the 
Republic of Srpska emergency medical services (EMS)

Factors p-valueOR 95 % CI
(lower-upper bound)

OR – Odds ratios; CI – Confidence interval; Reference – reference category; EMS = Emergency medical service; p - values were calculated 
by logistic regression analysis.

0.864

0.568

0.833

0.876

0.568

1.069

0.795

0.615

0.489

0.560

0.945

1.032

0.794-1.125

0.879-1.212

0.527

0.698

0.531

1.147

0.790

1.165

   0.559

< 0.001

   0.001

   0.021

0.529-1.411

0.517-0.624

0.746-0.930

0.782-0.980

0.518-0.623

0.932-1.227

0.669-0.945

0.521-0.727

0.443-0.541

0.503-0.622

< 0.001

   0.339

   0.009

< 0.001

< 0.001

< 0.001

0.471-0.597

1.003-1.313

0.655-0.952

1.029-1.318

< 0.001

0.046

0.014

0.016

Reference

Reference

Reference

Reference

Reference

Reference

Age (years)

> 1

1-4

5-9

10-14

15-19

Age group

Children (0-9 years)

Adolescent (10-19 years)

Sex

Male

Female

Days of the week

Working days

Weekend

Season

Spring

Summer

Autumn

Winter

Body part injured

Head

Neck

Thorax

Abdomen

Upper limbs

Lower limbs

Multiple body regions

10.9 % and that there were differences that var-
ied according to the causes depending on the age 
and sex of children and adolescents. The results 
of the Spanish National Study from 2017 showed 
that EMS visits due to unintentional injuries have 
increased and that they cause significant morbid-
ity.8 The share of unintentional injuries in EMS 
was 20 %, whereas international research shows 
a slightly higher percentage (30.0 %) of injured 
children and adolescents in EMS due to uninten-
tional injuries.8, 16 The detailed data on uninten-
tional injuries in the RS EMS are not regularly 
collected. From a multidisciplinary point of view, 
there is a need for better recording of the external 
causes that lead to injuries and the circumstanc-
es under which they occur and the introduction 
of a registry that would document unintentional 
injuries in the RS EMS with the aim of reviewing 
this issue and establishing more effective preven-
tion measures.
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Strengths and limitations

Results from this study showed that falls where 
the leading cause of injuries among children aged 
0 to 9 and adolescents aged 10 to 14, whereas 
road traffic injuries were the most common rea-
son for visiting the RS EMS in the group of ado-
lescents aged 15 to 19 years. Similar results were 
presented in the review paper by Dellinger and 
Gilchrist,17 where falls were the leading cause 
of non-fatal injuries in younger children, where-
as injuries caused by traffic accidents were the 
leading cause of injuries in adolescents aged 17 
to 18. Several studies have confirmed that unin-
tentional falls were the leading cause of non-fatal 
injuries in ER visits in children under 14 years of 
age.18, 19 In countries with low net national prod-
uct, 40 % of all falls occur exactly among children 
and adolescents under 15 years of age.12

This research also showed the existence of sex 
differences where boys were significantly more 
represented in RS EMS. The predominance of 
the male gender according to the causes of un-
intentional injuries is also suggested in other 
studies and WHO reports.1, 3, 10 The reason boys 
are more prone to injury is explained by previ-
ously conducted research that indicates that sex 
differences might be the result of biological fac-
tors,21 a more dynamic lifestyle, less controlled 
behaviour10 and a higher level of physical activity 
and different patterns of behaviour compared to 
girls.22 Boys are more at risk of unintentional in-
juries irrespective of the injury mechanism.23

The results obtained after analysing injuries 
according to body regions showed that head in-
juries were the most dominant ones in all age 
groups, with children younger than 1 year affect-
ed the most, which is in accordance with previous 
studies.1, 24 Young children are more likely to suf-
fer head injuries than older children and one of 
the reasons is the size of the child’s head, the soft 
and elastic bones of the skull and the weaker sup-
porting structures of the neck, that all contribute 
to head impact, which is different from that of an 
adult.10 Head injuries are common, with specific 
characteristics among certain groups, requiring 
not only individual emergency medical care but 
prevention strategies on the population level.24

This research showed that during the three-year 
period, there were no fatal outcomes registered 
in the RS EMS. A large percentage of patients 
were referred to another centre for hospital 
treatment, which is worrying information and 
may point to severity of the injuries. On the other 

hand, Eurostat reports that in EU member states 
and according to data from the EU Injury Data-
base for the period from 2009 to 2018, 12.72 % 
of cases required hospital treatment and 87.28 % 
were treated in outpatient clinics, emphasising 
that children, adolescents and young adults are 
at the highest risk of injury.9 Analysing the risk 
factors, our research showed that boys were at a 
higher risk of unintentional injuries compared to 
girls, which is in line with the previous findings.4, 

25 The reason for this could be the fact that boys 
are more physically active than girls and show 
more interest in competitive and physical activ-
ities and games.25 The risks of unintentional inju-
ries are multifactorial in nature. They are mainly 
defined by children’s individual factors such as 
age, sex, psychological factors and behavioural 
factors, then by social and financial factors of the 
family, but also by other factors in the child’s so-
cial environment.26 Evaluating the risk factors, a 
significant correlation between age and uninten-
tional injuries was found and the occurrence of 
unintentional injuries increased with the chil-
dren’s age, which is in accordance with previous 
studies.25, 26

First, according to authors' knowledge this is the 
first study in the Republic of Srpska, Bosnia and 
Herzegovina that examined the characteristics of 
unintentional injuries in children and adolescents 
treated in EMS. Second, the major strength were 
and the robust sample size. The results provide 
data on the causes that led to unintentional inju-
ries according to the age and sex of the children, 
the characteristics of the injuries and certain risk 
factors related to them. However, there are also 
several limitations. First, even though data from 
14 EMS RS was analysed, 9 of these were in Banja 
Luka region, therefore other regions in the Re-
public of Srpska were under-represented, so it is 
necessary to avoid generalisation of the results. 
Secondly, the e-database did not contain infor-
mation on factors from the social environment 
of children and adolescents and information on 
family characteristics (level of parents' educa-
tion, material status, etc) and the risk factors 
cannot be adequately assessed without this in-
formation. Therefore, future research should be 
focused directly on the mentioned factors related 
to the occurrence of unintentional injuries among 
this population.
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Abstract
Background/Aim: Sulphur mineral water is widely used in the treatment of 
musculoskeletal diseases. Hydrogen sulphide is an important regulator of bone 
metabolism and its application in the treatment of osteoporosis is intensively 
researched. The aim of this study was to analyse biochemical and histological 
effects of H2S containing mineral water of “Mlječanica” spring on ovariecto-
my-induced experimental osteoporosis in rats.
Methods: In this experiment a 14-week-old Wistar female rats were used. The 
animals undergone bilateral ovariectomy (OVX groups) as an experimental 
model for oestrogen-deficient osteoporosis. After six weeks, animals were di-
vided into control and the experimental group. Rats from the experimental 
group treated with H2S (SW group) containing mineral water ad libitum during 
five weeks. Biochemical parameters for monitoring sulphur water effects were 
concentration in serum of osteocalcin, alkaline phosphatase, calcium and phos-
phorus. Histological analyses of the left tibia coloured with haematoxylin-eosin 
were carried out. 
Results: Regarding the biochemical parameters, a statistically significant in-
crease was observed in the OVX group for osteocalcin, alkaline phosphatase 
calcium and phosphorus compared to the sham-operated (CNT) group (p < 
0.01). In SW + OVX, alkaline phosphatase was statistically significantly de-
creased (p < 0.01) and serum osteocalcin and phosphorus increased (p < 0.01). 
Calcium values were increased without significance. In the OVX + SW group, 
histological analyses showed numerous osteoblasts along the trabecular end-
osteum and the growth of young chondrocytes in the central bone zone and 
their migration to the peripheral parts. 
Conclusion: Drinking the H2S containing “Mlječanica” mineral water has led to 
decreased alkaline phosphatase, increased osteocalcin and phosphorus con-
centration in serum and stimulated the bone reparation in osteoporotic rats.

Key words: Osteoporosis; Hydrogen-sulphide; Sulphur water; Bone metabolism.
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Introduction

With population aging there is an increase in the 
number of people with osteoporosis. It is esti-
mated that 10 % of total population is suffering 
from osteoporosis. Decreased mineralisation and 
impaired bone microarchitecture in osteoporo-
sis leads to fractures.1 Forearm, hip and verte-

bral fractures are the most common osteoporo-
sis consequences. Fractures cause chronic pain, 
disabilities and increased health care costs and 
mortality in elderly patients.2 Treatment periods 
for osteoporosis are very long and last for years, 
even decades. The most common type is post-
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Methods

Experimental animals
The twenty 14-week-old female Wistar rats, 
weighing between 180-220 g were used in this 
study. The animals were housed in Plexiglas cag-
es, with the room temperature regulated at 22 ± 
2 °C, humidity of 55 % ± 15 % and a 12/12 h light/
dark cycle. All procedures on animals were con-
ducted in accordance with the Guidance for the 
Care of Animals in Experimental Researches and 
approved by the Ethics committee for the Protec-
tion and Welfare of Experimental Animals of the 
Faculty of Medicine, University of Banja Luka.

Experimental osteoporosis
Experimental osteoporosis was induced by bi-
lateral ovariectomy of 14-week-old female rats 
as most often used experimental model for 
post-menopausal osteoporosis with some modifi-
cations.18 Ovariectomy was performed in general 
anaesthesia induced by ketamine (ketamine hy-
drochloride injection USP 50 mg/mL Rotexmed-
ica, Tritan, Germany) in doses of 0.15 mL/100 g 
and diazepam 0.1 mg/100 g body weight (Bense-
din® amp 10 mg/2 mL, Galenika a.d. Belgrade, 
Serbia). The anaesthetics were given intramuscu-
larly. 

A surgery was performed by all principles of 
asepsis and antisepsis and ventral approach was 
used as a method for ovariectomy as described 
previously.19 Shortly, the cut was made along the 
central abdominal line and after the left horn 
of uterus was exposed the ligature of left ovary 
with surrounding adipose tissue was done and 
ovary was removed. The same procedure was re-
peated for the right ovary. After the ovariectomy 
was successfully done, the abdominal wall and 
the skin were sewed separately and antibiotic 
(neomycin-bacitracin combination) powder (Bi-
vacyn®, Lek, Ljubljana, Slovenia) was applied on 

menopausal osteoporosis, while the secondary 
osteoporosis is caused by malignancy, endocrine 
and systemic diseases. Due to very serious co-
morbidities the growing number of patients is not 
able to be treated with pharmacological therapy.3 
This represents a major challenge for treatment 
safety and encourages investigation of new ther-
apeutic modalities.
 
Hydrogen sulphide (H2S) is endogenously pro-
duced gas in human cells and regulates many 
physiological and pathophysiological functions.4 
Within the last several years the studies related 
to effects of H2S on bone metabolism have been 
intensified.5 With aging, the concentration of en-
dogenous H2S levels in the blood decreases and 
becomes negatively associated with oxidative 
stress.6 Its reduction is registered both in ova-
riectomised mice7 and in a rat model with a me-
thionine-reduced diet.8 It is possible to apply H2S 
exogenously using H2S donors with therapeutic 
effects that have been intensively studied. It is 
known that H2S stimulates osteoblastogenesis 
and H2S donors are currently being tested on ex-
perimental oestrogen deficient model. Grassi et 
al showed that in ovariectomised mice treated 
with the H2S-donor GYY4137 (GYY), the serum 
H2S was normalised, trabecular bone loss was 
prevented and bone formation was increased.9

There are natural mineral waters that are rich 
with sulphur in the forms of sulphurous ions 
(SO4

2-) and dissolved H2S gas. Mineral waters with 
the S2- level of at least 1 mg/L are characterised 
as “sulphurous waters”. Our country is rich with 
H2S containing mineral water springs.10 The use 
of sulphur containing waters for bath, inhalation 
or drinking has been known in balneology since 
ancient times.11 The positive effects of sulphur 
containing mineral waters on dermatological and 
cardiovascular disease are well explained in the 
literature.12, 13

The natural healing springs with sulphur con-
taining water have been known in the area of 
Kozarska Dubica town, in north-west of the Re-
public of Srpska, Bosnia and Herzegovina, since 
ancient times and have been used for the treat-
ment of mainly local residents in the form of bath. 
The first mineral water spring in “Mlječanica” 
was discovered by locals digging wells on their 
lands. Among folks, they were referred to by pe-
jorative name “stinkies”, because of their scent of 
rotten eggs. The well-known Austrian balneolo-
gist, E. Ludwig, was the first to mention the min-
eral water “Mljecanica” in his book back in 1888.14 
It has been shown that this mineral water had 

positive clinical effects on lower limb spasticity 
after stoke, as well as the positive effects on hy-
pertension.15, 16 Although, this mineral water has 
been widely used as balneotherapy for musculo-
skeletal disorders, the effects of H2S containing 
mineral water “Mlječanica” has not been studied 
in osteoporosis.17 So, the aim of this study was to 
analyse biochemical and histological effects of 
H2S containing mineral water from “Mlječanica” 
spring on experimental oestrogen deficient oste-
oporosis in rats.
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Results

Biochemical analysis
The average values of serum alkaline phospha-
tase, calcium, osteocalcin and phosphorus were 
significantly increased in ovariectomised rats 
compared to controls. In rats treated with H2S 
containing mineral water the alkaline phospha-
tase was decreased. At the same time this treat-
ment did not affect the calcium level, while the 
levels of osteocalcin and phosphorus were in-
creased significantly (Table 2). 

Pathohistological analysis
No macroscopic changes in bones were observed 
of the tibia in control animals. Histology of its 
cross-section showed a normal cortical compact 
bone structure with an outer periosteum, a ma-
trix containing blood vessels and osteocytes 
within their lacunae and a smooth endosteal sur-“<…” – below the limit of detection

Parameters Measurement 
Units Values

Temperature
Concentration H+

Conductivity at 20 oC
Fixed residue at 105 oC
Turbidity
Alkalinity 
Total hardness, CaCO3 
Dissolved total hydrogen sulphide 
(H2S) and free gas
Ammonium ion NH4

+

Nitrites NO2

Calcium 
Magnesium 
Sulphates 
Hydrogen-phosphate
Chlorides 
Iron total
Sodium
Potassium

oC
pH

mS cm-1 (20 oC)
mg/L
NTU

mmol/L
mg/L
mg/L

mg/L
mg/L

mg/L Ca++

mg/L Mg++

mg/L SO4
--

mg/L HPO4
--

mg/L Cl-

mg/L Fe
mg/L Na+

mg/L K+

12.6
6.9- 7.1

4150
4069
91.6

501.5
1995

136
71.3
0.95
0.10

359.7
266.8
2380
0.65

< 5.0
< 0.05

433
3.5

Table 3: Physicochemical parameters of “Mlječanica” spring 
mineral water

the skin in thin layer. After the operations were 
completed, the animals were housed in individu-
al cages and monitored for following seven days 
to be sure that the wounds were properly cica-
trised. After the ovariectomies were successful-
ly done, the animals were kept at the same stan-
dard laboratory conditions for following 6 weeks 
during which the oestrogen deficient osteoporo-
sis was developed.20

Experimental design
Twenty rats were randomly divided into control 
and experimental group. The sham operated rats 
were assigned to the first control group (CNT, n 
= 6), while the ovariectomised rats were divided 
in two groups: group I (OVX group, n = 6) treat-
ed with tap water and group II (OVX + SW, n = 8) 
treated with H2S containing mineral water from 
“Mlječanica” spring. All animals were offered to 
drink water ad libitum (an average of 25 mL per 
day) during five weeks. At the end of experimen-
tal protocol, all animals were anaesthetised and 
sacrificed by exsanguination. 

The physicochemical parameters of the “Mlječan-
ica” mineral water were previously determined 
by a certified laboratory at the Institute of Public 
Health of the Republic of Srpska (Table 1).

Test conditions for all parameters but conductiv-
ity, active reaction (H+) and fixed residue were 
measured at temperature 21 ± 3 °C.

Biochemical analyses of blood samples
For biochemical analysis the blood samples were 
taken from periorbital veins. The sample was tak-
en (3 mL) after 11 weeks at end of experiments. 
The serum samples were stored at -20 °C until the 
final biochemical analyses. The osteocalcin (OC) 
level was determined using immunochemical 
method by means of COBAS E411 (Roche Diag-
nostics GmbH, Mannheim, Germany), while alka-
line phosphatase level (AP), serum calcium (Ca) 
and phosphorus (P) levels were measured using 
COBAS C311 (Roche Diagnostics GmbH, Mann-
heim, Germany).

Histological analysis of bone
For histological analysis the left tibia was pre-
pared and fixed in 10 mL 10 % formalin. After 28 
days of fixation, tibias were dehydrated, decalci-
fied through classical histological procedure, em-
bedded in paraffin and cut with microtome into 
5 μm thick longitudinal sections. Sections of tibia 
were stained with haematoxylin and eosin (HE) 
and histological analysis were done on light mi-
croscope Reichert (model 310 professional com-
pound, Vienna, Austria).

Statistical analysis
The numeric data were shown as mean values ± 
standard deviation. Significance of differences of 
mean values of tested biochemical parameters 
between control and experimental group was 
determined by using t-test. Significance level was 
set at p < 0.05.
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CNT - control, sham operated; OVX - ovariectomised; SW - sulphurous water; 1p < 0.01; NS - not significant

Parameters t-value t-value
CNT

(mean ± SD)
OVX

(mean ± SD)
OVX + SW

(mean ± SD)

Alkaline phosphatase (U/L)
Calcium (mmol/L)
Osteocalcin (ng/L)
Phosphorous (mmol/L)

77.4 ± 6.54
2.39 ± 0.02
12.6 ± 1.46
2.15 ± 0.01

-20.860
-9.375

-20.690
-4.769

3.111
-0.657
-3.889
-6.176

152.7 ± 4.81

2.54 ± 0.031 

28.2 ± 0.861             

2.45 ± 0.011

133.9 ± 13.061

2.58 ± 0.07NS

31.90 ± 2.001

2.66 ± 0.01a

Table 2: The average value of serum alkaline phosphatase, calcium, phosphorus, and osteocalcin (mean ± SD) 
in the sham-operated control, ovariectomised rats and ovariectomised rats treated with H2S containg water 

face (Figure 1a). Particularly, at the periosteal 
side of the cortical bone, connective and muscle 
tissues were visible, along that at the endosteal 
side of the medullary canal the structure was 
filled with bone marrow. Blood vessels and os-
teocytes in their lacunae can be seen in the bone 
matrix (Figure 1b).

Figure 1a: A cross-sectional image in the cortical compact bone 
of the tibia of the control group of the sham-operated (CNT) rats 
(H & E x 250). It showed a normal cortical compact bone struc-
ture with an outer periosteum (one arrow), a matrix containing 
blood vessels and osteocytes within their lacunae and a smooth 
endosteal surface (arrows). Figure 2a: On the cross-section of the tibia in the osteoporotic 

group of rats (OVX), multiple resorption cavities (long arrows) 
and eroded endosteal surfaces are visible (shot arrow) (H & E 
x 250)

Figure 2b: On the cross-section of the tibia in the osteoporotic 
group of rats (OVX) shows a discontinuous bone network trabec-
ulae with filling extensions bone marrow (H & E x 250)

Figure 1b: A cross-sectional image of bone the sham-operated 
(CNT) group (H & E x 100). On the periosteal side of the cortical 
bone (CNT group), connective and muscle tissue is visible, and 
along the endosteal side of the medullary canal, the structure is 
filled with bone marrow. Blood vessels and osteocytes in their 
lacunae can be seen in the bone matrix. 

Macroscopically, the tibias of ovariectomised rats 
did not deviate in shape and size from tibias of 
normal control animals. However, in the cross 
sections of tibia, the results revealed further 
progress of osteoporosis (Figures 2a, 2b). The 
medullary canal and area containing bone mar-
row were more extended. Focally, in the cortical 
bone, the whole osteon was decomposed and re-
placed by a cavity filled with bone marrow. Thus, 
the cortical bone showed histological features of 
trabecular bone (Figures 2a, 2b) indicating that 
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Discussion

In order to examine the effects of H2S containing 
“Mlječanica" mineral water on oestrogen-defi-
cient osteoporosis, the well-known model with 
ovariectomised rats was used. The values of al-
kaline phosphatase, phosphorus, calcium and os-
teocalcin in the control group after ovariectomy 
were elevated indicating the development of os-
teoporosis. In the experimental group that was 
treated with sulphur containing mineral water 
during five weeks, the significant decrease in 
alkaline phosphatase and significant increase in 
osteocalcin and phosphorus were noticed. These 
changes indicate increased osteoblast activity in 
the group treated with H2S containing mineral 
water. Histological analysis confirmed the exis-
tence of bone reparation in the group that were 
treated with sulphur water.

It has been shown that H2S is a key molecule in 
the maintenance of bone mass, by regulating the 
entry of calcium ions through Ca++ channels and 
osteogenic differentiation of stem cells. Its defi-
ciency reduced the differentiation of stem cells 
and thus affects the bone formation.21 In vitro ex-
periments on human periodontal ligament cells 
treatment with H2S increased protein expression 
levels of alkaline phosphatase, osteocalcin and 
collagen type I.22 The metalloproteinase activity 
in bone matrix was reduced after exposure to H2S 
which accelerates matrix mineralisation.20 The 
study of Xu et al showed that H2S protects osteo-
blast cells from the harmful effects of hydrogen 
peroxide (H2O2) and other free radicals.23

The natural mineral waters have a specific and 
stabile chemical composition with potential for 
different therapeutic effects. “Mlječanica” min-
eral water contains dissolved H2S gas in a con-
centration of 71.3 mg/L and total gas concentra-
tion of 136 mg/L.10 The pH values, as well as the 
water temperature could significantly affect the 
gas stability. This water has a pH of 6.9-7.1 and is 

Figure 3a: On the cross section on the tibia in the osteoporotic 
group of rats treated with H2S containing mineral water (OVX + 
SW group), showing preserved bone architecture compared to 
the ovariectomised (OVX) group (H & E x 100). Bone trabecula 
with irregular bone lamellae and osteocytes located in their la-
cunae (shot arrow). Bone trabecula with irregular bone lamellae 
and osteocytes located in their lacunae (shot arrow). The spaces 
between the trabeculae are filled with bone marrow. Numerous 
osteoblasts line the trabecular endosteum (long arrows). Dis-
crete osteoid deposits can be seen (thick arrow).

Figure 3b: On the cross section on the tibia in the osteoporotic 
group of rats treated with H2S containing mineral water (OVX + 
SW group), showing preserved bone architecture compared to 
the ovariectomised (OVX) group (H & E x 100)

the bone become more porous. There were mul-
tiple resorption cavities and eroded endosteal 
surfaces were visible. Centres of enchondral ossi-
fication were visible while trabeculae were per-
forated and very thinned. The trabeculae within 
cancellous bone were short, parallel and trans-
versally connected, aligned towards the mechan-
ical load distribution (Figure 2b).

In the experimental group treated with H2S 
containing water, preserved bone architecture 
compared to the ovariectomised were observed. 
The cross-section of the tibia showed the bone 
trabecula with irregular bone lamellae and os-
teocytes located in their lacunae. The spaces 

between the trabeculae were filled with bone 
marrow. There were numerous osteoblast lines 
with trabecular endosteum and discrete oste-
oid deposits (Figure 3a). Along with osteocytes 
in the bone tissue, the growth of young chondro-
cytes (in the central zone) that migrate to the pe-
ripheral parts of the bone were seen (Figure 3b).
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considered as slightly acidic mineral water. Acid-
ic waters have the highest gas stability, while in 
the physiological range of pH 7.2-7.4, only a third 
of the sulphur was presented as H2S gas. Sulphur 
(S--) is inert in alkaline waters and does not have a 
beneficial therapeutic effect.24

In vivo studies demonstrated the beneficial effect 
of drinking of natural sulphur containing water 
on animal models of diabetes and glucose metab-
olism, as well as gastroprotection, antioxidant 
effects in intestinal physiology and improvement 
of lipid metabolism and lipid lowering effect.25-31 
It can be concluded that there is no evidence of a 
minimum effective concentration of H2S in drink-
ing water. Different concentrations of H2S in nat-
ural waters exhibit different biological effects re-
gardless of H2S level. The composition of mineral 
waters is specific and it is certain that H2S in com-
bination with other minerals like calcium, mag-
nesium, or bicarbonates can lead to different bio-
logical responses of certain organs and tissues.32

In a clinical study that was conducted on patients 
with knee osteoarthritis, who used to drink “Ml-
ječanica” mineral water, the lipids were signifi-
cantly lowered in a short-term period.33 Bulgarian 
authors performed a clinical trial with sulphated 
mineral water, but with much lower sulphate 
content, on the oxidative status and markers of 
inflammation on healthy volunteers. The intake 
of this mineral water improved the redox status 
of the body.34 In clinical practice, the sulphurous 
mineral water is more often used in the form of 
baths and less often by drinking because of its 
unpleasant rotten egg smell. When the H2S gas is 
used for bath treatment it penetrates through the 
skin 150 times more rapidly than if used in other 
forms. H2S gas has a role in many biological pro-
cesses depending on its concentrations. Certain-
ly, a higher concentration of this gas in the blood 
is achieved if both modalities of gas intake are 
used, ie through the skin and through intestinal 
resorption. High levels of gas intake could be tox-
ic, while the low levels are well tolerated and have 
antioxidants, anti-inflammatory and cytoprotec-
tive effects.35 A recent study has proved that the 
physiological concentration of H2S in the periph-
eral blood ranges from 30 to 100 μmol/L, but 
there was no evidence of its level in bone tissue.36 
In this study, only one modality of gas resorption 
was used and water was taken ad libitum without 
the possibility of dosing the H2S concentration.

The limitation of this study is that the H2S blood 

concentrations in ovariectomised rats before the 
beginning of experiment was not determined. 
Future experimental studies should clarify the 
mechanisms of action of H2S containing mineral 
water on prevention of osteoporosis. A well-de-
signed clinical study on patients with osteopenia 
and osteoporosis would contribute to the im-
provement of the clinical application of natural 
mineral water with H2S and more precise dosing 
of both, the baths and oral use.

Conclusion

Drinking of H2S containing mineral water led 
to decreased alkaline phosphatase, increased 
osteocalcin and phosphorus concentration in 
serum and stimulated the bone reparation in 
osteoporotic rats. 
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Abstract
Background/Aim: With an increase in cardiac output, blood pressure values in 
pregnancy increase. The aim of the study was to examine the effect of prenatal 
exercises on the circulatory parameters and the correlation between blood 
pressure and nailfold capillary parameters in healthy pregnant women.
Methods: The blood pressure shape and length of nailfold capillary were as-
sessed in 35 non-exercising pregnant women and 35 pregnant women who ex-
ercised, at the beginning of the study (between 20 and 32 gestational week) and 
the end of the study (28 – 40 gestational week). 
Results: The elevation in blood pressure was significantly lower in pregnant 
women who exercised in relation to non-exercising pregnant women. After 
eight weeks, the length of the capillary loops was increased by 30 µm and the 
number of pregnant women with pronounced shape changes of capillary loops 
increased, with no difference between the groups. Non-exercisers had a cor-
relation between the change in diastolic pressure and the increase in capillary 
length (r = 0.53, p = 0.001). In the experimental group, the correlation between 
the change in blood pressure and the increase in the length of capillary loops 
was not determined. 
Conclusion: Prenatal physical activity had a beneficial impact on the circula-
tion of pregnant women. In pregnant women in the third trimester, after eight 
weeks of follow-up, the length of the nailfold capillary loops and the presence of 
pronounced shape changes of capillary loops were increased, without differ-
ence between exercisers and non-exercisers. In non-exercising pregnant wom-
en, the capillary length was increased with the elevation of diastolic blood pres-
sure, while the correlation was not found in pregnant women who exercised.

Key words: Prenatal exercises; Pregnancy; Blood pressure; Nailfold capillary; 
Computer-assisted image analysis.

Copyright © 2022 Ljubojević et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.

Correspondence:
VESNA LJUBOJEVIĆ
E: vesna.ljubojevic@med.unibl.org

1. Department of Histology and Embry-
ology, Faculty of Medicine, University 
of Banja Luka, Banja Luka, the Repub-
lic of Srpska, Bosnia and Herzegovina.

2. University Clinical Centre of Republic 
of Srpska Banja Luka, the Republic of 
Srpska, Bosnia and Herzegovina.

3. Midwifery, Faculty of Medicine, Univer-
sity of Banja Luka; Pregnancy Centre 
“Radosnica”, Banja Luka, the Republic 
of Srpska, Bosnia and Herzegovina.

4. Department of Physical Medicine and 
Rehabilitation, Faculty of Medicine, 
University of Banja Luka, Banja Luka, 
the Republic of Srpska, Bosnia and 
Herzegovina.

5. Institute for Physical Medicine and Re-
habilitation “Dr Miroslav Zotović”, Banja 
Luka, the Republic of Srpska, Bosnia 
and Herzegovina.

6. Department of Gynaecology and Ob-
stetrics, Faculty of Medicine, University 
of Banja Luka, Banja Luka, the Repub-
lic of Srpska, Bosnia and Herzegovina.

7. Department of Ophthalmology, Faculty 
of Medicine, University of Banja Luka, 
Banja Luka, the Republic of Srpska, 
Bosnia and Herzegovina.

Introduction

In pregnancy, the circulatory system is adapted to 
adequately meet the demands of the mother and 
fetus. With an increase in cardiac output, blood 
pressure values in pregnancy are increased, sys-
temic vasodilation leads to a decrease in total 

peripheral resistance of blood vessels and blood 
pressure remains within the normal range.1-5 
Pregnancy-induced hypertension (PIH) is one of 
the main causes of morbidity (up to 10 %) and 
mortality in pregnant women (up to 14 %).6-8 In 
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hypertension, there is a disturbance of the bal-
ance of vasomotor influences that leads to vaso-
constriction and possible closure of vessels in the 
microcirculation.

In pregnancy, with the development of hyperten-
sion, there is a rarefaction of nailfold capillaries.3, 

9 This is in line with the findings in adults with 
borderline and hypertensive values who have a 
rarefaction of the skin capillaries and morpho-
logical changes (dilatation, tortuosity, crossover, 
avascular fields, microhaemorrhage), which gen-
erally reflects changes in most capillary beds of 
the organism.10 Adults who do regular physical 
activity have lower blood pressure values. Haak-
stad et al found that blood pressure values in 
normotensive pregnant women who exercised 
regularly were lower.11 In the prenatal period, ex-
ercise intervention reduces the number of preg-
nancy complications by 40 %.12-14

Data on the influence of prenatal exercises on 
blood pressure values and microcirculatory 
characteristics in pregnant women with a nor-
mal pregnancy are rare. Nailfold capillaroscopy 
is a non-invasive method that provides insight 
into microcirculatory changes and provides an 
opportunity to assess the effect of treatment. 

The aim of the study was to examine the effect of 
prenatal exercises on the circulatory parameters 
and the correlation between blood pressure and 
nailfold capillary parameters in healthy pregnant 
women, in order to apply moderate physical ac-
tivity in the prevention of hypertension in preg-
nant women.

Methods

The study included seventy pregnant women and 
was conducted at the Faculty of Medicine, Uni-
versity of Banja Luka, Bosnia and Herzegovina 
and at the Health Centre “Sveti Vračevi Čelinac”. 
On the Clinicaltrials.gov database, the trial was 
registered and the identifier was NCT05001906. 
During prenatal appointments with the gynae-
cologists, healthy nulliparous pregnant women, 
inactive with no previous regular structured ex-
ercises, were recruited to the prenatal program. 
After the gynaecological examination and confir-
mation of healthy pregnancy, pregnant women 
were included in the program. The respondents 
joined the program during the second and third 

trimester, ie from 20th to 32nd week of gesta-
tion at the earliest. One cycle of psychophysical 
preparation for childbirth lasted for 8 weeks. The 
respondents received oral and written informa-
tion about the study. The study was approved by  
the Ethics Committee of the Faculty of Medicine 
Banja Luka (decision No 18/4.3.25/20). The cri-
teria for inclusion were: age of pregnant women 
from 20 to 40, a normal pregnancy confirmed by 
a gynaecologist, duration of pregnancy from 20th 
to 32nd gestational week and single pregnancy. 
Exclusion criteria were: pregnancy-induced hy-
pertension, bleeding, rupture of the amniotic sac, 
premature birth, intrauterine growth restric-
tion, anaemia, not being regular in the physical 
exercise program and at the participant’s own 
request.

The respondents were divided into control and 
experimental group. The control group consisted 
of 35 pregnant women who attended theoretical 
classes on childbirth and did not exercise. The 
sedentary participants continued their regular 
daily activities and life habits. The experimental 
group consisted of 35 pregnant women who at-
tended theoretical classes and prenatal exercises 
for 45 min, three times a week, in the program 
of psychophysical preparation for childbirth. 
The prenatal exercise program was prepared 
according to the recommendations of the Amer-
ican College of Obstetricians and Gynaecologists 
(ACOG recommendations).15 The exercise pro-
gram was presented with: muscle stretching ex-
ercises, exercises to strengthen the abdominal 
wall, exercises to increase pelvic mobility, pelvic 
floor muscle training and breathing and relax-
ation techniques. The exercise included moderate 
walking for about 5 minutes, followed by exercis-
es for 30 minutes. During exercises, ten to twelve 
repetitions were conducted in two to three series. 
The exertion of pregnant women was monitored 
on the basis of the subjective feeling of exertion. 
Exercising was stopped when the subjective feel-
ing was “moderately difficult”. Exercises of me-
dium intensity were performed, using the Borg 
scale as a reference.

The blood pressure of pregnant women was mea-
sured with a standard mercury manometer. The 
blood pressure, the shape and length of nailfold 
capillary loops were assessed at the beginning of 
the study, between 20 and 32 weeks of gestation 
(time point 1) and at the end of the study, after 
eight weeks of theoretical classes in the control 
group and eight weeks of prenatal exercises 
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Results

The control and experimental groups were equal 
with respect to age and gestational age at the 
time of joining the study. In the control group, the 
age of pregnant women was 29.72 ± 3.24 and ges-
tational age was 28.97 ± 3.38. In the experimen-
tal group, the age of pregnant women was 30.12 ± 
3.31 and gestational age was 29.35 ± 3.56 weeks 
of gestation.

Hypertension was developed by four non-exer-
cising pregnant women in the control group. The 
systolic blood pressure was increased by 15.56 
mm Hg, from 111.67 ± 9.41 mm Hg (at the begin-
ning of attending classes on childbirth) to 127.22 
± 13.44 mm Hg (at the end of theoretical classes 
on childbirth) in the control group. The lowest 
change in systolic blood pressure was -10 mm Hg, 
ie there was a decrease in blood pressure by 10 
mm Hg and the highest was 30 mm Hg. Also, the 
diastolic blood pressure was increased by 16.08 
mm Hg, from 71.11 ± 7.85 mm Hg to 87.19 ± 17.97 

in the experimental group, between 28 and 40 
weeks of gestation (time point 2). Nailfold cap-
illaroscopy images were obtained with stereo 
microscope Leica EZ4 and digital video camera 
with adapter LM-Scope. During nailfold capil-
laroscopy, the pregnant woman was sitting with 
an outstretched hand, laid on a table at the level 
of the heart. In order to improve the transparen-
cy of the keratin layer of the nailfold of the fourth 
digit of the left hand, a drop of immersion oil was 
placed on the nailfold.16 Capillary morphometry 
was performed by analysis of digital images of 
capillaries using Image Y software. The normal 
shape of capillaries is a hairpin or inverted letter 
U.16-18 Tortuous capillaries were registered sepa-
rately. Deviation from these forms was registered 
as pronounces shape changes and expressed as 
the number of capillaries with pronounced shape 
changes per 1 mm of distal row capillary in nail-
fold.18 The capillary length was determined as the 
distance between the top of the capillary loop 
and the place where the capillary loop is no lon-
ger visible. 

Statistical analysis of the obtained data was per-
formed using the licensed software version SPSS 
20.0. Data were analysed using descriptive statis-
tical methods, t-test, Chi-square (χ2) test, McNe-
mar test and Pearson correlation test.

mm Hg. The lowest change in diastolic blood 
pressure was 0 mm Hg, ie there was no decrease 
in blood pressure and the highest was 30 mm Hg.

In the experimental group, the mean systolic 
blood pressure was significantly changed by 2.5 
mm Hg from 108.68 ± 9.79 mm Hg to 111.18 ± 
9.77 mm Hg. The lowest change in systolic blood 
pressure was -10 mm Hg and the highest was 30 
mm Hg. The mean diastolic blood pressure was 
not changed. Before intervention diastolic pres-
sure was 68.38 ± 9.43 mm Hg and after 68.24 ± 
8.25 mm Hg. The lowest change in diastolic blood 
pressure was -10 mm Hg and the highest change 
was 20 mm Hg. 

In pregnant women who performed prenatal ex-
ercises the elevation of systolic blood pressure 
and the change of diastolic blood pressure was 
significantly less compared to the elevation of 
systolic and diastolic blood pressure in non-exer-
cising pregnant women (t = -5.892, p < 0.001).

Capillary loops that were aligned in rows were 
differentiated in the nailfold skin with nailfold 
capillaroscopy. In the proximal rows, the capil-
lary loops were perpendicular to the skin surface 
and only the tips of the capillary loops were vis-
ible, while in the distal rows the capillary loops 
were parallel to the skin surface of the nailfold 
and were more accessible for analysis. The arms 
of the capillary loop were clearly visualised and 
the entire capillary loop had the normal shape of 
a hairpin or inverted letter U (Figure 1A).

At the beginning of the study in the control group, 
the tortuosity of nailfold capillary loops (with 
the preserved shape of a hairpin), was found in 
10 pregnant women (28.57 %) and nailfold capil-
lary loops with pronounced shape changes (with 
loss of a hairpin shape) were found in 1 pregnant 
woman (2.86 %) (Table 1 and Figure 1B).

In the experimental group, the tortuosity of 
nailfold capillary loops was found in 9 pregnant 
women (25.71 %) and nailfold capillary loops 
with pronounced shape changes were found in 1 
pregnant woman (2.86 %).

After eight weeks of the prenatal program in 
pregnant women who did not exercise, tortu-
osity of nailfold capillary loops were found in 8 
pregnant women (22.86 %) and nailfold capil-
lary loops with pronounced shape changes in 11 
pregnant women (31.43 %) (Figure 1C and 1D). In 
the experimental group of pregnant women who 
exercised, tortuosity of nailfold capillary loops 
was found in 7 pregnant women (20.00 %) and 
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Figure 2: Relationship between change in systolic blood pres-
sure and increase in nailfold capillary length

Figure 1: Nailfold capillary loops of pregnant women: A) Hairpin 
shape of capillary loops, B) Pronounced bending of the arms of 
capillary loops and haemorrhage (arrow), C) and D) Tortuosity 
and multiply crossings of capillary arms

A

B

DC

Table 1: Shape and length of nailfold capillary in pregnant women at the beginning and end of the intervention

The shape of nailfold capillary
Normal shape

N (%)
Tortuous
capillary

N (%)

Pronounced 
shape changes

N (%)

Number of the capillary with
pronounced shape changes 

(capillary/mm of the distal row)

Control group

Experimental 
group 

Between groups

24 (68.57 %)

16 (45.71 %)

25 (71.43 %)

22 (62.86 %)

10 (28.57 %)

8 (22.86 %)

9 (25.71 %)

7 (20.00 %)

1 (2.86 %)

11 (31.43 %)

1 (2.86 %)

6 (17.14 %)

p = 0.002

p = 0.0018

p = 0.289

1

2.67

1

2.50

Pre-intervention

Pre-intervention

Post-intervention

Post-intervention

p-value*

p-value*

p-value**

P-value* refers to the difference in pronounced shape changes before the intervention and after the intervention in the group; data were analysed with the McNemar test.
P-value** refers to the difference in pronounced shape changes after the intervention between the control group and the experimental group; data were analysed with χ² test.

Table 2: The length of nailfold capillary loops in non-exercising 
pregnant women and pregnant women who exercised, at the 
beginning and end of the prenatal program

The length of
nailfold capillary
loops (µm)

Non-exercising
pregnant women 

Pregnant women 
who exercised 

169 ± 56

199 ± 72

0.03

172 ± 81

202 ± 96

0.05

Pre-intervention

Post-intervention

p-value*

The results are presented as mean values ± standard deviation. Data were analysed with 
the t-test.
P-value refers to the difference in the length of nailfold capillary loops before the interven-
tion and after the intervention in the group.

nailfold capillary loops with pronounced shape 
changes were found in 6 pregnant women (17.14 
%) (Table 1). The average number of capillary 
loops with pronounced shape changes in the con-
trol group was 2.67 capillary/mm and in the ex-
perimental group was 2.50 capillary/mm.

After eight weeks, the number of pregnant wom-

en with pronounced shape changes of capillary 
loops increased significantly in the control group 
(McNemar = 15,000, df = 3, p = 0.002) and the ex-
perimental group (McNemar = 8,000, df = 2, p = 
0.018), while there was no significant differences 
between groups (χ² = 2.485, df = 2, p = 0.289).

At the beginning of the study the average value of 
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Figure 3: Relationship between change in diastolic blood pres-
sure and increase in nailfold capillary length

capillary loop length in non-exercising pregnant 
women was 169 ± 56 µm and in pregnant women 
who exercised was 172 ± 81 µm (Table 2). At the 
end of the study capillary loop length in non-ex-
ercising pregnant women was 199 ± 72 µm and 
in pregnant women who exercised was 202 ± 96 
µm. The mean increase in length was 30 µm in 
both groups. A significant difference in capillary 
length was found between the first measurement 
time and the second measurement time in the 
control group (t = -2.352, p = 0.03) and the exper-
imental group (t = -2.060, p = 0.05).

The values of the change in systolic blood pres-
sure after the intervention were compared with 
the values of the increase in the capillary length 
and the values of the change in diastolic blood 
pressure after the intervention were compared 
with the values of the increase in the capillary 
length. In the control group, no positive correla-
tion was found between the value of the change 
in systolic blood pressure and the value of the in-
crease in the capillary length (r = 0.18, p = 0.299) 
(Figure 2). A positive correlation was found be-
tween the value of the change in diastolic blood 
pressure and the value of the increase in the 
length of capillary in pregnant women who did 
not exercise (r = 0.53, p = 0.001) (Figure 3).

In the experimental group, no connection was 
found between the value of systolic blood pres-
sure change and the value of capillary length in-
crease (r = 0.05, p = 0.761). Also, no connection 
was found between the value of diastolic blood 
pressure change and the value of capillary loop 
length increase (r = 0.16, p = 0.343).

Discussion

Early studies in the area of prenatal exercise have 
shown concerns about the potential risks of exer-
cise to new-born health. Concerns about the safe-
ty of exercise in pregnancy appear to persist.6 In 
this study, the increase in blood pressure was 
significantly lower in pregnant women who per-
formed prenatal exercises for eight weeks. Mod-
erate physical activity had a beneficial impact on 
blood pressure in pregnant women. The develop-
ment of hypertension in pregnancy was accom-
panied by vasoconstriction, which is present in 
all capillaries and also affects the vascularisation 
of the placenta and foetal nutrition.8, 19 With the 
maintenance of blood pressure values in the nor-
mal range, the vascularisation of the placenta is 
better and thus the nutrition and development of 
the foetus.

Haakstad et al analysed the effect of a 12-week 
aerobic exercise (60 min 2 x/week) on the blood 
pressure of pregnant women who joined the ex-
ercise program between 12 and 24 gestational 
weeks. It was found that after the intervention, 
in 36-38 gestation weeks, systolic and diastolic 
blood pressure in resting was significantly lower 
in pregnant women who exercised.11

Rodríguez-Díaz and co-authors investigated the 
effectiveness of physical activity based on the 
Pilates method. After the exercise program of 
8 weeks, there was a decrease in systolic blood 
pressure of 4 mm Hg in pregnant women who 
exercised, while in the control group, systolic 
pressure increased by 8 mm Hg. Diastolic blood 
pressure in the experimental group decreased by 
4 mm after exercise and in the control group in-
creased by 6 mm Hg.20

De Castro et al, using a meta-analysis of ran-
domised studies, found that intervention of pre-
natal exercise was associated with a reduction of 
systolic and diastolic blood pressure compared 
with non-exercising pregnant women.12

Arterial hypertension causes lesions of variable 
intensity to the circulatory system.21 Nailfold 
capillaroscopy revealed rarefaction of functional 
capillaries in the nailfold skin of pregnant women 
with PIH.17 Microcirculation of the nailfold skin 
and retina is available for examination and analy-
sis. Decreased capillary density and shape chang-
es of nailfold were associated with reduced reti-
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nal vessel density.21 Changes in microcirculation 
in these capillary beds indicate that changes are 
present in other capillary beds in the body. Basi-
cally, PIH is generalised vasoconstriction. Recent 
works on the aetiology of PIH indicate increased 
oxidative stress at the level of the placenta and 
damage to the endothelium of placental capil-
laries. Damage to the endothelium of capillaries 
results in inadequate secretion of vasoactive sub-
stances that are vasodilators, resulting in vaso-
spasm.

Normal forms of nailfold capillary loops include 
normal-hairpin capillary loops, normal-tortuous 
capillary loops while retaining the shape of the 
hairpin (the limbs bend but do not cross) and 
normal-crossing capillary loops with retaining 
the shape of the hairpin (the limbs cross once or 
twice).1, 16 Tortuous capillaries in addition to hair-
pin-shaped capillaries were specially set aside in 
this study. The appearance of tortuosity of micro-
circulatory blood vessels indicates initial chang-
es in microcirculation in hypertensive angiopa-
thy. All pregnant women who had a capillary with 
pronounced shape changes at the end of the in-
tervention had capillary tortuosity at the begin-
ning of the study. After 8 weeks in both groups, 
the number of pregnant women with pronounced 
shape changes of capillary and the length of cap-
illary loops increased. No differences between 
groups were found.

Data on the microcirculation of nailfold in preg-
nancy are rare in the literature. The finding of 
the increased number of pregnant women with 
pronounced shape changes after eight weeks of 
follow-up is in line with the finding of a study 
by Pacini and co-workers. Pacini and co-work-
ers have found with capillaroscopy significant 
physiological variations of nailfold microcircula-
tion during gestation and a progressive increase 
of neoangiogenesis during normal pregnancy.22 
Neoangiogenesis in capillaroscopy has also been 
described as abnormal shapes of nailfold capil-
lary.23

In a previous study Bojanić and al found that in 
non-exercising pregnant women, who had an in-
crease in blood pressure, the density of nailfold 
capillaries did not change after eight weeks of fol-
low-up. Also, in pregnant women who exercised 
and who had systolic blood pressure increase 
with no change in diastolic blood pressure, no 
change in capillary density was found. It was con-
cluded that the increase in blood pressure maybe 

has a greater effect on the other morphological 
characteristics of nailfold capillaries, such as the 
shape or length of capillaries.24 Thevissen et al 
stated that it can be assumed that during normal 
pregnancy the diameters of the capillary become 
larger.1

In this study, in non-exercising pregnant women, 
a positive correlation was found between the val-
ue of change in diastolic blood pressure and the 
increase in capillary loop length. No correlation 
was found between the value of the change in 
systolic blood pressure and the increase in the 
length of the capillary loop. In pregnant women 
who exercised, no connection was found between 
the change in systolic and diastolic blood pres-
sure and the increase in capillary loop length.

So far, studies have not analysed the relation-
ship between changes in blood pressure and the 
diameter of capillary loops in pregnant women. 
In a study in normotensive patients, there was a 
connection between the value of blood pressure 
and the density of skin capillaries in which the in-
crease in the value of blood pressure decreases 
the density of nailfold capillaries.3

Conclusion

Prenatal physical activity had a beneficial im-
pact on the circulation of pregnant women. 
Pregnant women who exercised during preg-
nancy had a smaller elevation of blood pres-
sure. In pregnant women in the third trimes-
ter, after eight weeks of follow-up, the nailfold 
capillary loops were longer and the number 
of pregnant women with pronounced shape 
changes of nailfold capillary was increased, 
without a difference between exercisers and 
non-exercisers. In non-exercising pregnant 
women, the capillary length increases with the 
elevation of diastolic blood pressure. The cor-
relation between systolic blood pressure and 
capillary length was not found in non-exercis-
ing pregnant women. In pregnant women who 
exercised, no correlation was found between 
the increase in blood pressure and the length 
of capillary loops.
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Abstract
Background/Aim: Optimal intake of magnesium minerals is essential in main-
taining the coordinated physiological functions of cells, tissues and organs. The 
importance of this element is reflected in the fact that it is the fourth most abun-
dant cation in the human body, participating as a cofactor in more than three 
hundred enzymatic reactions. Its presence is necessary for the proper function-
ing of a number of vital functions, such as glycaemic control, the work of the 
heart and the vascular system and it can potentially play a role in the regulation 
of body weight. Aim of this study was to investigate the effects of subchronic 
intake of magnesium hydrocarbonate-rich water on changes in body weight, 
organ weight and cardiovascular variables in rats with streptozotocin-induced 
diabetes. 
Methods: Wistar rats (n = 28) were divided into 4 groups: two control groups, 
on tap water (TW-C, n = 7) and magnesium hydrocarbonate-rich water (MW-C, 
n = 7); and two experimental groups with streptozotocin-induced diabetes, on 
tap water (TW-DM, n = 7) and magnesium hydrocarbonate-rich water (MW-DM, 
n = 7). The values of body weight, organ weight and cardiovascular parameters 
were compared after 6 weeks between control groups of rats on subchronic 
treatment with tap water (TW-C) and magnesium hydrocarbonate-rich water 
(MW-C) and between groups with streptozotocin-induced diabetes on tap wa-
ter (TW-DM) and with magnesium hydrocarbonate-rich water (MW-DM). 
Results: By comparing the values of cardiovascular parameters between 
groups, significant (p < 0.05) positive effects of magnesium hydrocarbon-
ate-rich water were registered on the values of systolic and pulse blood pres-
sure in diabetic rats fed with magnesium hydrocarbonate-rich water (MW-DM) 
compared to those fed with tap water (TW-DM). In contrast, no significant ef-
fect of magnesium hydrocarbonate on changes in body weight and organ weight 
was observed. 
Conclusion: Based on the results, the beneficial effects of magnesium hydro-
carbonate-rich water in the regulation of blood pressure can be clearly ob-
served. Potential effects on other cardiovascular variables and body weight and 
organ weight should be further investigated.
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Introduction

Magnesium is the fourth most abundant cation 
in the human body, while at the intracellular 
level, it occupies the second place.1 The body of 
a healthy person contains approximately 1,000 
mmol of magnesium. About 60 % of magnesium 
is found in bones, of which 30 % is exchangeable 
and functions as a stabiliser of serum concentra-
tion. About 20 % is found in muscles, 19 % in oth-
er soft tissues and less than 1 % in extracellular 
fluid. Normal serum values   of healthy individuals 
range from 0.7 to 1.1 mmol/L. Approximately 20 
% of that value is bound to proteins, 65 % is ion-
ised and the rest is complexed with various an-
ions such as phosphate and citrate.2 Magnesium 
participates as a cofactor in more than 300 en-
zymes and thereby regulates several basic func-
tions such as muscle contraction, neuromuscular 
conduction, glycaemic control, myocardial con-
traction and blood pressure. In addition, magne-
sium plays a vital role in energy production and 
cellular energy metabolism, active membrane 
transport of other ions, cellular replication, pro-
tein synthesis and bone development.3-5 Also, 
magnesium acts as an essential cofactor of sever-
al enzymes involved in carbohydrate metabolism 
and is very important in the regulation of heart 
rhythm, vascular tone, peripheral vascular resis-
tance and endothelial function.6, 7

A significant connection between altered magne-
sium homeostasis and the occurrence of type 2 
diabetes mellitus has been established. Numer-
ous epidemiological studies indicate a high prev-
alence of hypomagnesaemia in subjects with type 
2 diabetes and a faster progression of diabetes in 
hypomagnesaemia states has been observed.8-12 
Additionally, it has been observed that hypomag-
nesaemia is more present in people with pre-dia-
betes, insulin resistance or diabetes compared to 
the general population.13 Low serum magnesium 
levels are associated with an increased risk of 
diabetes possibly via insulin resistance routes.14 
It has been shown that oral magnesium supple-
mentation in patients with type 2 diabetes melli-
tus with hypomagnesaemia can improve glucose 
levels as well as insulin sensitivity after eating 
and during fasting.15 Similar effects on sugar reg-
ulation were observed in rats with streptozoto-
cin-induced diabetes, using mineral waters with 
iso-osmolar concentrations of magnesium.16

Magnesium-deficient diet and hypomagnesae-

mia conditions may be contributing factors in 
the pathophysiology of hypertension.17 Consid-
ering the increasing prevalence and incidence of 
hypertension, the identification of effective and 
safe preventive measures that offer even modest 
blood pressure-lowering effects could have a sig-
nificant impact on public health. Several lines of 
evidence from laboratory studies have suggest-
ed potential mechanisms by which magnesium 
exerts its effects on blood pressure. Magnesium 
can play a key role in the regulation of blood 
pressure by directly stimulating the formation 
of prostacyclin and nitric oxide, modulating en-
dothelium-dependent and endothelium-indepen-
dent vasodilation, reducing vascular tone and 
reactivity, as well as preventing vascular damage 
through its antioxidant and anti-inflammatory 
effects.18-23 Besides, an inverse relationship be-
tween magnesium intake and blood pressure has 
been observed and epidemiological data show 
an increased incidence of hypertension in areas 
where water with small amount of magnesium is 
consumed.24 Various observational and experi-
mental studies emphasise the role of magnesium 
deficiency in the pathogenesis of hypertension.25

Hypomagnesaemia is also associated with an in-
creased risk of developing cardiac arrhythmias.26 
Electrocardiogram (ECG) changes associated 
with magnesium deficiency vary and depend on 
the degree of magnesium loss. Mild hypomagne-
saemia leads to sinus tachycardia, tall T wave and 
ST segment depression, while severe hypomag-
nesaemia causes shortening of the PQ interval, 
prolonged QRS and QTc.27 Several studies have 
demonstrated an association between a low se-
rum magnesium and an increased risk of devel-
oping premature ventricular contraction, ven-
tricular tachycardia and polymorphic ventricular 
tachycardia (torsades de pointes).26, 28-31 The use 
of magnesium, as a potent antiarrhythmic agent, 
is justified by a high percentage in patients 
with confirmed supraventricular arrhythmia 
and accompanying decrease in the intracellular 
concentration of magnesium with normal or re-
duced serum concentration. When administered 
as monotherapy, magnesium increases atrial 
antiarrhythmic efficacy.32 Besides, magnesium 
therapy has been shown to be an effective ther-
apeutic method in patients diagnosed with ven-
tricular tachycardia.25 The use of magnesium 
supplements can be potentially effective in the 
case when the patient suffers from ventricular 
tachycardia or ventricular fibrillation resistant 
to conventional therapy.33
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Methods

Results

The research was carried out within the project 
of the Ministry of Education, Science and Techno-
logical Development of the Republic of Serbia, No 
200110/00402, ethically approved by the Minis-
try of Agriculture, Forestry and Water Manage-
ment of the Republic of Serbia and based on the 
existing permission of the Ethics Committee for 
the Protection of the Welfare of Experimental An-
imals of the Faculty of Medicine of the University 
of Belgrade.

In this experimental study lasting for 6 weeks, 
male Wistar albino rats obtained from the vivar-
ium of the Military Medical Academy in Belgrade 
were used, which at the beginning of the exper-
iment were 25-30 days old and weighed around 
160 g. The rats were kept individually in plexi-
glass-transparent cages, under constant ambient 
conditions (temperature 21 ± 2 °C; air humidity 
55 ± 5 %; light-dark cycle for 12 h with the begin-
ning of the light period at 07:30 h), with precise 
daily measurement of intake food and water. The 
bottom of the cage was lined with sand, and food 
and water were available ad libitum.

Diabetes mellitus (DM) was induced by a single 
administration of streptozotocin (C8H15N3O7, Sig-
ma-Aldrich, Darmstadt, Germany) (100 mg/kg) in 
saline solution (0.9 % NaCl). Glycaemic values   from 
blood samples from the tail vein were measured 
72 h after streptozotocin injection and then week-
ly. Ordinary tap water or mineralised magnesium 
hydrocarbonate-rich water (oligomineral, magne-
sium hydrocarbonate, natural spring water “Mg 
Mivela” produced by Nova Sloga d.o.o. Trstenik, 
Serbia; with mineral composition (mg/L), cations: 
Mg2+ 343.000 Na+ 138.000 Ca2+ 21.670, K+ 9.510, 
anions: HCO3

- 2109.400, Cl- 13.400, SO4
2- < 1.000, 

F- 0.205, according to the manufacturer’s declara-
tion on the purchased products.

All experimental animals (28 in total) were divid-
ed into 4 groups (with 7 animals in each individ-
ual group):

1. The group that drank tap water plus a single 
intraperitoneal (ip) treatment with saline solu-
tion (0.9 % NaCl) (TW-C);
2. The group that drank mineralised water rich 
in magnesium hydrocarbonate plus a single ip 
treatment with saline solution (0.9 % NaCl) 
(MW-C);

Comparison of body weight values   between 
control groups of rats on magnesium hy-
drocarbonate-rich water (MW-C) and tap 
water (TW-C) and experimental groups of 
rats with streptozotocin-induced diabetes 
on magnesium hydrocarbonate-rich water 
(MW-DM) and tap water (TW-DM)
By comparing the values   of body weights during 
a period of 6 weeks, a decrease in weight was 
observed (p < 0.01) in the experimental groups 
of rats MW-DM (175.40 ± 9.23 g) and TW-DM 
(168.00 ± 4.74 g) compared to control groups of 
rats MW-C (435.90 ± 9.08 g) and TW-C (433.40 ± 
8.08 g) (Figure 1).

3. The group that drank tap water plus a single 
ip treatment with streptozotocin (100 mg/kg) 
in saline solution (0.9 % NaCl) (MW-DM);
4. The group that drank mineralised water 
rich in magnesium hydrocarbonate plus a sin-
gle ip treatment with streptozotocin (100 mg/
kg body weight) in saline solution (0.9 % NaCl) 
(MW-DM).

The concentration of glucose in blood obtained 
from the tail vein was determined using an AC-
CU-CHEK analyser (Roche Diabetes Care, Inc, In-
dianapolis, USA). During the research, changes in 
body weight were registered weekly in all exper-
imental groups. After the experimental period 
lasting 6 weeks, cardiovascular variables (sys-
tolic blood pressure, diastolic blood pressure, 
mean arterial pressure, pulse arterial pressure 
and heart rate) were evaluated by a non-inva-
sive method through the tail artery [(Rat Tail 
Cuff Method Blood Pressure Systems (MRBP) -R), 
IITC Life Science Inc, Los Angeles, CA, USA)] and 
then animals were sacrificed with a rat guillotine 
when organ weights (heart, liver, right kidney, 
left kidney) were measured.

Statistical analysis
Statistical analysis of the data was done in the 
SPSS v 23.0 application. The normality of data 
distribution was tested with the Shapiro-Wilk 
test. ANOVA test with Tukey post hoc analysis 
was used to compare the statistical significance 
of the difference in parameter values   between 
groups. P value of less than 0.05 in the test was 
considered a statistically significant difference.
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Comparison of organ weight values   be-
tween control groups of rats on magnesium 
hydrocarbonate-rich water (MW-C) and tap 
water (TW-C) and experimental groups of 
rats with streptozotocin-induced diabetes 
on magnesium hydrocarbonate-rich water 
(MW-DM) and tap water (TW-DM)
When examining the organ weight, a significant-
ly lower heart weight (p < 0.01) was noted in the 

Figure 1: Change in body weight of control (TW-C and MW-C, ** 
p < 0.01) and experimental (MW-DM and TW-DM, ## p < 0.01) 
groups of rats in a period of 6 weeks. A statistically significant 
decrease in body weight in the experimental groups is present 
compared to the control group

Table 2: Comparison of the values of cardiovascular variables and glycaemia between control groups of rats on sub-
chronic treatment with tap water (TW-C) and magnesium hydrocarbonate-rich water (MW-C) with groups of rats with 
streptozotocin-induced diabetes on subchronic treatment with tap water (TW-DM) and magnesium hydrocarbonate-rich 
water (MW-DM)

Cardiovascular
variables and
glycaemia

Groups (mean value ± SD)
TW-C MW-C TW-DM MW-DM

119.29 ± 5.19

77.86 ± 6.31

91.67 ± 5.41

41.43 ± 5.29**

407 ± 16**, ##

6.60 ± 0.26**

121.43 ± 7.94

78.00 ± 7.83

92.48 ± 7.58

43.43 ± 4.47*

413 ± 16**, ##

6.46 ± 0.60**

125.75 ± 8.42

73.75 ± 7.37

91.083 ± 7.705

52.00 ± 1.41

359 ± 14

30.81 ± 17.58

111.50 ± 6.45*

70.00 ± 6.48

83.83 ± 6.47

41.50 ± 0.57**

361 ± 12

13.97 ± 5.34*

TA systolic (mm Hg)

TA diastolic (mm Hg)

TA mean (mm Hg)

TA pulse (mm Hg)

Heart rate (min-1)

Glycaemia (mmol/L)

Results are presented as mean ± SD; TA – arterial blood pressure (lat. tensio arterialis); *p < 0.05 vs TW-DM; **p < 0.01 vs TW-DM; ## *p < 0.01 vs MW-DM;

Table 1: Comparison of body weight and organ weight (heart, liver, right kidney, left kidney) between control groups of 
rats on subchronic treatment with tap water (TW-C) and magnesium hydrocarbonate-rich water (MW-C) with groups 
of rats with streptozotocin-induced diabetes on subchronic treatment with tap water (TW-DM) and magnesium hydro-
carbonate-rich water (MW-DM) for a period of 6 weeks

Parameters
Groups (mean value ± SD)

TW-C MW-C TW-DM MW-DM

433.40 ± 8.08**, ##

1.40 ± 0.15**, ##

14.34 ± 1.77 #

1.49 ± 0.12

1.38 ± 0.53

435.90 ± 9.08**, ##

1.40 ± 0.11**, ##

13.39 ± 1.98

1.33 ± 0.17

1.26 ± 0.14

168.00 ± 4.74

0.91 ± 0.30

11.21 ± 2.37

1.35 ± 0.36

1.33 ± 0.29

175.40 ± 9.23

0.95 ± 0.22

10.32 ± 2.32

1.30 ± 0.47

1.43 ± 0.30

Body weight (g)

Heart weight (g)

Liver weight (g)

Right kidney weight (g)

Left kidney weight (g)

Results are presented as mean ± SD. **p < 0.01 vs TW-DM; # p < 0.05 vs MW-DM; ## p < 0.01 vs MW-DM;

experimental groups MW-DM (0.95 ± 0.22 g) and 
TW-DM (0.91 ± 0.30 g) compared to the control 
groups MW-C (1.40 ± 0.11 g) and TW-C (1.40 ± 
0.15 g). Additionally, a smaller liver weight (p < 
0.05) was observed in the MW-DM experimental 
group (10.32 ± 2.32 g), compared to the TW-C 
control group (14.34 ± 1.77 g). No statistical-
ly significant differences were registered in the 
weight of the left and right kidneys comparing 
the experimental and control groups (Table 1).

Comparison of cardiovascular parameters 
between control groups of rats on mag-
nesium hydrocarbonate-rich water (MW-
C) and tap water (TW-C) and experimental 
groups of rats with streptozotocin-induced 
diabetes on magnesium hydrocarbon-
ate-rich water (MW-DM) and tap water (TW-
DM)
Statistical analyses revealed a significant de-
crease in systolic (p < 0.05) and pulse (p < 0.01) 
pressure in the experimental group of rats with 
streptozotocin-induced diabetes who drank mag-
nesium hydrocarbonate-rich water (MW-DM; 
systolic blood pressure 111.50 ± 6.45 mm Hg; 
pulse pressure 41.50 ± 0.57 mm Hg), compared 
to the experimental group with diabetes that 

310 Djuric et al. Scr Med 2022 Dec;53(4):307-13.



CONTENT

Discussion

The results of this study indicated a statistical-
ly significant decrease in body weight, heart and 
liver weight in the experimental groups with 
streptozotocin-induced diabetes (MW-DM and 
TW-DM) compared to the control groups (MW-C 
and TW-C). Similarly, earlier published study also 
compared body weight values   between rats with 
streptozotocin-induced diabetes and a control 
group over a period of 10 weeks. During the first 
7 days, a gradual decrease in body weight was ob-
served in rats with diabetes, followed by a slight 
increase, which never returned to the initial val-
ues   until the end of the follow-up period. At the 
same time, a constant increase in body weight 
was observed in the group of control rats. At the 
end of the ten-week follow-up, a statistically sig-
nificant decrease in weight was recorded in the 
experimental group of rats with diabetes (334 ± 
6 g) compared to the control group (484 ± 28 g).34 

Such data are in agreement with the results ob-
tained in this research and indicate a connection 
between diabetes and the consequent decrease in 
body weight.

Numerous studies point out the potential role of 

drank tap water (TW-DM; systolic blood pres-
sure 125.75 ± 8.42 mm Hg; pulse pressure 52.00 
± 1.41 mm Hg). Significant lower pulse pressure 
values   were observed in the control groups ex-
posed to magnesium hydrocarbonate-rich water 
(MW-C; pulse pressure 43.43 ± 4.47 mm Hg; p < 
0.05) and tap water (TW-C; pulse pressure 41.43 
± 5.29 mm Hg; p < 0.05), compared to the exper-
imental group TW-DM (pulse pressure 52.00 ± 
1.41 mm Hg). Besides, significantly higher heart 
rate values   (p < 0.01) were registered in exper-
imental groups MW-C (heart rate 413 ± 16 beats 
per minute) and TW-C (heart rate 407 ± 16 beats 
per minute), compared to experimental groups 
MW-DM (heart rate 361 ± 12 beats per minute) 
and TW-DM (heart rate 359 ± 14 beats per min-
ute). Glycaemia was significantly higher in TW-
DM group (30.81 ± 17.58 mmol/L) compared to 
all other groups: TW-C (6.60 ± 0.26 mmol/L, p < 
0.01), MW-C (6.46 ± 0.60 mmol/L, p < 0.01), and 
MW-DM (13.97 ± 5.34 mmol/L, p < 0.05). By com-
paring the groups, no statistically significant dif-
ferences were observed in the values   of diastolic 
and mean arterial blood pressure (Table 2).

magnesium as an important aetiological factor in 
the development of essential arterial hyperten-
sion. Although the pathogenesis and exact role 
of magnesium in regulation of blood pressure is 
still an unclear phenomenon, it has been estab-
lished that magnesium affects the contractility of 
the smooth muscles of arterial blood vessels.25 An 
extensive number of experimental studies in var-
ious animal models indicate a pathophysiological 
link between hypertension and lower blood or tis-
sue magnesium content.35-37 Besides, researchers 
successfully induced hypertension in rats whose 
diet was low in magnesium.38 A similar correla-
tion between primary magnesium deficiency and 
the development of essential hypertension has 
been observed in humans. A study conducted in 
Japan (participants were 380 students), showed 
a clear correlation between elevated values of 
systolic blood pressure or essential hypertension 
present in the family history and lower serum 
and erythrocyte values of magnesium ions. These 
findings indicate that magnesium nutritional de-
ficiency is at least one of the potential factors 
in the development of essential hypertension in 
students with a positive family history, as well as 
that genetic predisposition to the development of 
hypertension is associated with primary magne-
sium deficiency.39 Numerous studies have anal-
ysed the effect of consuming magnesium in the 
form of a food supplement on blood pressure. In 
an earlier published research, 70 subjects with 
high-normal blood pressure values were divided 
into two groups: the first consumed only water 
with a low mineral content for 4 weeks; while 
the second group in the same period drank water 
enriched with minerals, combined with natural 
mineral water. Among the subjects who initial-
ly showed a low level of magnesium excretion 
(which indicates a magnesium deficiency), those 
who consumed two mineral-rich waters during 4 
weeks showed a statistically significant decrease 
in blood pressure values.40 During a meta-anal-
ysis that included randomised double-blind pla-
cebo-controlled studies, it was proven that con-
suming magnesium in the form of supplements 
with a mean dose of 368 mg/day during an aver-
age time period of 3 months significantly reduced 
systolic blood pressure values by as much as 2.00 
mm Hg (95 % CI 0.43 to 3.58) and diastolic blood 
pressure by 1.78 mm Hg (95 % CI 0.73 to 2.82). 
Additionally, decreased blood pressure values 
in the group receiving magnesium supplements 
were accompanied by an increase in serum mag-
nesium values by 0.05 mmol/L (95 % CI 0.03 to 
0.07), compared with placebo.41 A similar study 
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showed that the consumption of magnesium as a 
dietary supplement leads to a small but certain-
ly clinically significant reduction in both systol-
ic (a decrease of 3-4 mm Hg) and diastolic blood 
pressure (a drop of 2-3 mm Hg).42 These studies 
suggest that dietary magnesium has a potential 
to lower blood pressure in certain patient groups.
The occurrence of ventricular tachycardia is 
mostly correlated with existing heart diseases, 
metabolic disorders, electrolyte imbalances, hy-
poxaemia or acidosis. However, it is known that 
conditions of hypomagnesaemia can have ar-
rhythmogenic effects.43 The results of performed 
tests did not show a statistically significant de-
crease in heart rate between the control group 
of rats fed with magnesium hydrocarbonate-rich 
water (MW-C) and those fed with tap water (TW-
C). A significant decrease in heart rate was not 
observed between the experimental group with 
streptozotocin-induced diabetes drinking mag-
nesium hydrocarbonate-rich water (MW-DM) 
and the group with streptozotocin-induced di-
abetes drinking tap water (TW-DM). However, 
in one study it was observed that the quartile of 
subjects with the lowest serum magnesium con-
centration had as much as a 50 % greater chance 
of developing atrial fibrillation, compared to sub-
jects with normal and higher daily intake. When 
patients on diuretic therapy were excluded from 
the study, the results remained identical, suggest-
ing that low serum magnesium concentration is 
associated with the development of atrial fibril-
lation even in patients without cardiovascular 
comorbidities.44 Hypomagnesaemia is generally a 
common phenomenon among patients with clini-
cally manifest atrial fibrillation,45 which is why it 
is considered that the application of magnesium 
and thus the normalisation of hypomagnesaemia, 
can be used as a potential therapeutic modality 
in alleviating the symptoms of atrial fibrillation 
in patients on chronic digoxin therapy. Besides, 
the results of one study suggested that the ap-
plication of magnesium can potentially reduce 
the prevalence of ectopic foci in the heart cham-
bers in digoxin-treated patients with a diagnosis 
of chronic atrial fibrillation and accompanying 
hypomagnesaemia of low or moderate degree.46 
Such data from a large number of studies point 
to the potentially beneficial effects of magne-
sium in lowering and stabilising heart rhythm. 
The results of previous study conducted on rats 
with experimentally induced diabetes mellitus 
using streptozotocin, demonstrated the increase 
of the of serum glycaemia level and the changes 
of the lipid profile in these rats compared to the 
healthy controls. On the other hand, subchronic 

intake of magnesium hydrocarbonate-rich min-
eral water alone did not result in any significant 
changes of these parameters. Additionally, this 
study showed that subchronic intake of magne-
sium hydrocarbonate-rich mineral water in the 
control group of rats can result in decreased con-
centrations of fibrinogen. This finding could sug-
gest possible new approach in the treatment of 
various pro-thrombogenic disorders.47
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Abstract
Background/Aim: The trend of using teledentistry increased significantly 
during the pandemic. Many studies have analysed patients' perceptions of 
teledentistry, but no studies have examined the factors that influence these per-
ceptions. Aim of this study was to determine the factors that influenced the 
patient's perception of teledentistry.
Methods: This type of research was a descriptive analysis with a cross section-
al design. A total of 170 respondents filled out a questionnaire containing socio-
demographic data and statements with a Likert scale related to the five percep-
tual domains of teledentistry. The data were analysed for correlation test with 
SPSS and model test with SEM-PLS.
Results: There were only two factors, namely age and level of education that 
appear as factors that affect the patient's perception with a correlation signifi-
cance value of 0.001 for age and 0.005 for education. The value of the correla-
tion coefficient was positive, which means that the higher the age and level of 
education, there was a greater tendency for perceived value to be more strongly 
agreed. These results were reinforced by the results of the coefficient values on 
the SEM-PLS model test which were positive and significant, namely 0.311. The 
results of the goodness of fit analysis in this study were in the moderate catego-
ry with a value of 0.265. However, the imbalance in the number of respondents 
in each sociodemographic group makes the results of this study less represen-
tative. 
Conclusion: There was a significant positive correlation between the level of 
education and the perception of teledentistry. This means that the higher a per-
son's education level, the better his perception of teledentistry. Age had a signif-
icant positive correlation and influence with the patient's perception of teleden-
tistry.

Key words: Telemedicine; Teledentistry; Teleconsultation; Health services; 
Perception.
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Introduction

Based on the WHO suggestion and a study con-
ducted by Glogowsky et al, keeping a distance and 
avoiding contact with other people is the most ef-
fective way to control transmission.1 The trans-
mission of COVID-19 through droplets, aerosols 
and airborne, has caused dental practice to be 

postponed due to the high possibility of contam-
ination with the SARS-CoV-2 virus.2 The Execu-
tive Board of the Indonesian Dental Association 
(PB PDGI) on July 3, 2021 through circular let-
ter number 4072/PB PDGI/VII-2/2021 urged all 
PDGI members not to open a dental practice tem-
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Methods

This research was a descriptive analysis with a 
cross sectional design. The data was taken during 
the National Dental Health Month November 
2021 at the Dental and Oral Hospital, University 
of Muhammadiyah Yogyakarta, Indonesia. The 
sampling technique used was a convenience sam-
ple with a total of 170 respondents. This number 
has met the minimum sample criteria using sta-
tistical power of 123 respondents. This research 
had an ethical clearance from the Ethic Commit-
tee with number code No 188/EC-KEPK FKIK 
UMY/IX/2022.

There were five independent variable affecting 
factors mentioned in the sociodemographic ques-
tionnaire survey: age, gender, educational level, 
past experience and physical environment. Age 
categories were: < 15 years old, 15-24 years old, 
25-44 years old and 45-65 years old. Educational 
level categories were: elementary school, junior 
high school (JHS), senior high school (SHS) and 
bachelor or postgraduate. Experience categories 
were: had or had not experienced teledentistry 
before. Physical environments categories were: 
visual (chatting/messaging), audio (phone call) 
and audio-visual (video conference). The depen-
dent variable consisted of five domains with two 
statements within each domain. The statement 
covered five domains: patient satisfaction, ease 
of use, reliability of teledentistry systems, benefit 
to patients and effectiveness in increasing access 
to clinics.

Patients filled out a questionnaire containing 
the patient’s sociodemographic data and 5 Likert 
scale statements 1-5 (strongly disagree-strongly 
agree) which were validated from previous stud-
ies on patients’ teledentistry perceptions.8 Data 
analysis was performed using Statistical Pack-
age for the Social Sciences (SPSS) and Structural 
Equation Model-Partial Least Square (SEM-PLS) 
applications. Statistical significance was set at 
p < 0.05.

porarily except for emergency cases with level 
three personal protective equipment. In addition, 
dentists were also recommended to use teleden-
tistry to provide services to patients.

Teledentistry technology, which is a branch of 
telehealth, is defined as the use of communica-
tion technology to make a diagnosis or obtain in-
formation from patients regarding the required 
care, education, supervision and post-dental mon-
itoring, by dentists or practitioners to patients.3 
Services that can be accessed by teledentistry for 
patients and dentists are teleconsultation, teledi-
agnosis, teletriage and telemonitoring.4 A study 
stated that teledentistry can be a solution for 
dental and oral health services during the pan-
demic.5 The trend of using teledentistry has in-
creased significantly with the COVID-19 pandem-
ic.6 The increasing trend of teledentistry needs to 
be balanced with improving the quality of these 
services.

Various studies have been conducted to evalu-
ate the perception of patients and dentists on 
teledentistry services. Teledentistry is consid-
ered effective to save costs and time required 
to perform maintenance.7 A survey also showed 
data that as many as 97 % of respondents were 
satisfied with teledentistry treatment and as 
many as 96 % of respondents were willing to 
use teledentistry again to conduct consultations 
in the midst of the COVID-19 pandemic.8 Howev-
er, patients have a negative perspective on the 
technology in its implementation. The most fre-
quently encountered barriers from the patient’s 
perspective are patient satisfaction requiring the 
physical presence of a dentist, violation of patient 
privacy and low public knowledge of technology.9 
Technical barriers, access to technology and indi-
vidual cognitive limitations were common in the 
older group of adults.10

According to Jacobalis,11 the patient’s perception 
of health services was influenced by several fac-
tors, namely, age, gender, education level, occupa-
tion, culture, physical environment and personal-
ity and experience. There has been considerable 
literature on patient perceptions of teledentistry 
as a health service.12-15 However, there is no liter-
ature that analyses the relationship between fac-
tors that influence patient perceptions of health 
services and teledentistry services. Hence, the 
purpose of this study was to analyse the rela-
tionship between age, gender, education level, 
occupation, culture, physical environment and 

personality and experience to the five domains 
of teledentistry perception in previous studies, 
namely patient satisfaction, ease of use, teleden-
tistry system, benefit for patients and effective-
ness to improve access to clinics.8
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Results

The patient characteristics obtained in the sec-
ondary data were age, gender, education level, 
experience in using teledentistry and physical 
environment (Table 1). The age distribution of 
respondents was dominated by the age of 15-24 
years as much as 80 % and the age of 25-44 years 
as much as 16.5 %. For gender, it was dominated 
by women with a percentage of 62.4 %. Most of 
the respondents had a high school education lev-
el (47.1 %) and a bachelor’s degree (51.2 %). As 
many as 91.8 % of respondents used teledentistry 
for the first time and 8.2 % had used teledentistry 
services before. The media or physical environ-
ment used in teledentistry visually using the chat 
feature or sending messages between patients 
and dentists still dominated with a percentage 
of 93.5 %, followed by audio-visual in the form of 
video calls at 5.9 % and audio with phone call fea-
tures at 0.6 %.

Table 1: Data characteristics of respondents about teledentistry 
satisfaction

Table 2: Data characteristics of respondents about teledentistry 
satisfaction

Table 3: Distribution of patient's teledentistry perception domains

Table 4: Correlation test results in respondents about teleden-
tistry satisfaction

*Correlation is significant at the p-value 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level (2-tailed)

Q1: first quartile; Q3: third quartile; IQR: interquartile range;

Parameter

Independent Variable

Parameter

Characteristic

Frequency

Interpretation

N Min Max Q1 Q3 IQRMedian

p-value Coefficient correlation

Percentage

Age
< 15 years old
15-24 years old
25-44 years old
45-65 years old

Gender
Male
Female

Educational level
Elementary school
Junior high school (JHS)
Senior high school (SHS)
Bachelor/magister/doctoral (S1/S2/S3)

Experience
Unexperienced
Experienced

Physical environment
Visual
Audio
Audio Visual

Age
Gender
Education level
Experience
Physical environment

Age
Gender
Education level
Experience
Physical environment

Benefit for patients
Ease of use
Effectiveness to improve 
access to clinics
Teledentistry system 
reliability
Patient satisfaction

Significant (very low)
Not significant
Significant (moderate)
Not significant
Not significant

170
170

170

170

170

1
1

1

1

1

5
5

5

5

5

4

4

4

4

4

2
2

2

2

1

2
2

2

2

3

2.7824
2.8294

2.7471

2.7882

2.7412

0.001*
0.439
0.005*
0.627
0.818

0.023
-0.060
0.021

-0.038
0.018

1
136
28

5

106
64

1
2

80
87

156
14

159
1

10

0.60 %
80.00 %
16.50 %
2.90 %

37.60 %
62.40 %

0.60 %
1.20 %

47.10 %
51.20 %

91.80 %
8.20 %

93.50 %
0.60 %
5.90 %

Based on Table 3, it can be seen that the per-
ceived value of each domain had a minimum val-
ue of 1 (strongly disagree) and a maximum val-
ue of 5 (strongly agree). On average, the benefit 
for patients dimension had an average value of 
2.78. The ease of use domain has an average val-
ue of 2.83. The effectiveness to improve access 

to clinics domain had an average value of 2.75. 
The teledentistry system reliability domain had 
an average value of 2.79. The patient satisfac-
tion domain had an average value of 2.74. These 
data indicated that respondents' perceptions of 
teledentistry in each domain had an even distri-
bution between perceptions of strongly agree to 
strongly disagree.

The patients' characteristics data correlated 
with the patients' perception of teledentistry and 
correlation test results are listed in Table 4. The 
results of the Spearman correlation test showed 
that age and education level were significantly 
correlated with patients' perception of teleden-
tistry, each of which was 0.001 for age and 0.005 
for education level. The value of the correlation 
coefficient was positive, which means that the 
higher the age and level of education, the ten-
dency of the perceived value was more strongly 
agreed. On the other hand, the lower the age and 
level of education, the tendency of perceived val-
ue was strongly disagree.
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Discussion

In this research, age had a significant correlation 
and effected perception of teledentistry. The high-
est correlation was in beneft for patient domain 
with p-value 0.008 and lower in teledentistry sys-
tem domain with p-value < 0.001. The research 
showed that age affected the perception, the 
youngest patients precepted benefit of technology 
the most.17 It is different with system reliability, 
older the age of the individual the lower his per-
ception regarding the use of technology was.18

Figure 1: Model results of structural equation model - partial 
least square (SEM-PLS)

After the next Spearman correlation test, the data 
were analysed using SEM-PLS to strengthen the 
correlation findings or the effect of age and ed-
ucation level on patients’ perceptions of teleden-
tistry. Table 5 showed p-value of < 0.001 which 
means that there was a significant influence be-
tween the internal factor variables on the percep-
tion of teledentistry. The coefficient value of the 
internal factor on the perception of teledentist-
ry was 0.311 which was positive and significant. 
This positive value also supported the results of 
the Spearman correlation test, which means that 
the higher the internal factor, the better the per-
ception of teledentistry. Furthermore, godness of 
fit analysis was performed on this data of 0.265 
which according to Hair,16 this value was in the 
moderate category. Thus, the relationship model 
of the patient’s internal factors on the percep-
tion of teledentistry can be accepted because the 
model test was proven to be valid and reliable.

Table 5: Correlation test results in respondents about teledentistry satisfaction

Teledentistry 
Perception

Standard deviation 
(STDEV)

Sample mean
(M)

Original sample
(O)

T-statistics 
(|O/STDEV|) p - values

Internal factor 0.311 0.318 0.066 4.742 0.000

A positive value on the significant test result indi-
cated that the higher the age, better was the pa-
tient’s perception of teledentistry. Age differences 
had a significant effect on a person’s attitude to-
wards health services and information.19 The dif-
ference of attitude on the each age can affected the 
individual attitude toward health service.20

Nowadays, the age group are divided into gener-
ations, there are generation of babyboomers, x, y 
and z. Those generations are classified in accor-
dance with born from age as: 1946-1964 for baby-
boomers, 1965-1979 for generation X, 1980-2001 
for generation Y and the birth 2001 until now are 
called generation Z.21 Babyboomers have higher 
awareness and concern regarding health infor-
mation compared to other generations.22 Beside 
that, babyboomers characterise as a hard workers 
and lifelong learners, so babyboomers can adapt 
to technological developments.23 Generations X, 
Y and Z are exposed to technology earlier so they 
do not find it difficult to adapt. In addition, the 
tendency of pragmatic characteristics of genera-
tions X, Y and Z makes them more dependent on 
technology.24 However, the youngest generations 
have lower awareness and care regarding infor-
mation.22

The finding in this study was that there was a sig-
nificant positive correlation between the level of 
education and the perception of teledentistry. This 
means that the higher a person’s education lev-
el, the better his perception of teledentistry was. 
These findings are in line with research which 
showed that a person’s educational background 
significantly influences an individual’s cognitive 
and behavioural abilities.25 Someone with a high-
er level of education tends to have awareness and 
curiosity about new technologies that are being 
developed, so the level of education is positively 
and significantly correlated with one’s perception 
of technology.26

However, several factors such as gender, experi-
ence and physical environment did not correlate 
with the patient’s perception of teledentistry. 
There was no difference in the perception of males 
and females on the perception of using technolo-
gy, which can occur due to individual exposure to 
technology.27 Another study showed that quantita-
tively, gender differences are not significant with 
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individual perceptions of technology, but qualita-
tively women have better perceptions of technol-
ogy.28 Thus, further studies with qualitative meth-
ods are needed to dig deeper into the influence of 
gender on patient perceptions.

Furthermore, in this study experience in previous 
use of teledentistry was insignificantly correlated 
with perception of teledentistry. Teledentistry, as 
a new technology, was exposed to the public for 
a short period of time. Even though it has been 
used it is still a new thing. Hence, there is no re-
lationship between experience and perception of 
technology.27 In one study, the short period of ex-
posure to technology made the experience insig-
nificant with perceived ease of use.29

The physical environment, which was grouped 
as audio, audio visual and visual in teledentistry 
was intended as an audio call, video call or chat. 
The groups in this study were insignificantly cor-
related. This cannot be used as a finding because 
93.5 % of respondents used the visual physical 
environment through the chat feature. Differences 
in the physical environment in the form of audio, 
audio visual and visual were considered to have 
different effectiveness from the user’s point of 
view.30, 31 Research showed that the use of a phys-
ical audio environment increased productivity in 
terms of time and recipients’ understanding of the 
message more than text or chat.31 The increasing 
trend of video conferencing during a pandemic 
has resulted in a shift in people’s satisfaction, who 
felt that they were more effective in using the au-
dio-visual physical environment in the form of vid-
eo conferencing rather than audio or text calls.30

Some of the results in this study can support the 
theory presented by Jacobalis,11 that age and edu-
cation level were factors that influence a person’s 
perception of health services. Updates in this 
study support that age and education level were 
significantly correlated with patients’ perceptions 
of teledentistry by using two mutually reinforcing 
data analyses, namely the Spearman correlation 
test and the SEM-PLS model test.
 
However, the research still has limitations in the 
research process carried out. The data collection 
technique using the convenience sampling 
method made the distribution of respondents 
uneven so the results presented in this study 
were less representative. In addition, the number 
of respondents in this study was also relatively 
small. Participants who participated in this 

Conclusion

Based on the result, there were only two fac-
tors that influenced the patient’s perception 
of teledentistry services, namely age and level 
of education, with a correlation significance 
value of 0.001 and 0.005, respectively. These 
results were reinforced by the results of the 
coefficient values on the SEM-PLS model test 
which were positive and significant, namely 
0.311. The results of the goodness of fit anal-
ysis in this study were in the moderate cate-
gory with a value of 0.265. However, the im-
balance in the number of respondents in each 
sociodemographic group made the results of 
this study less representative. Thus, further 
research is needed on the factors that influ-
ence teledentistry with a balanced number of 
respondents in each group in order to obtain 
more representative results.
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Abstract
Background/Aim: Muscle strength and endurance recovery of the quadriceps 
after anterior cruciate ligament reconstruction is necessary for normal knee 
function. In addition to the use of the isokinetic dynamometer for diagnostic 
purposes, its possible therapeutic effect is also important, ie targeted correc-
tion of the measured muscle deficit. This work was aimed to examine the level 
of quadriceps strength and endurance recovery 6 months after the anterior cru-
ciate ligament reconstruction in patients who performed isokinetic training 
and to determine whether it is a superior therapeutic intervention compared to 
isodynamic training.
Methods: A total of 70 patients of both sexes were monitored in a prospective 
clinical study. Three months postoperatively, all patients had quadriceps torque 
measured to body weight on an isokinetic dynamometer at angular speeds of 60 
and 180 °/s. Patients were divided into two groups according to the type of ap-
plied rehabilitation protocol. Group A patients (n = 35) underwent a rehabilita-
tion program 5 times a week using an individual kinesitherapy program (iso-
metric and isotonic exercises for quadriceps and hamstrings) and 
neuromuscular electrostimulation of the quadriceps. In addition patients from 
group B (n = 35) were included in targeted isokinetic exercises for the quadri-
ceps. Control isokinetic testing was performed 6 months after surgery. The 
comparison of the effect of the applied therapeutic procedures in groups A and 
B was performed with the Student t-test (p < 0.05).
Results: An average age of patients was 27.29 ± 5.94 years. In patients in group 
B, statistically significantly higher values of the peak torque to body weight 
were measured at angular velocities of 60 and 180 °/s for the quadriceps of the 
operated knee 6 months after reconstruction of the anterior cruciate ligament 
with hamstring tendons (p < 0.05).
Conclusion: Isokinetic training achieved significantly better quadriceps 
strength and endurance in patients 6 months after anterior cruciate ligament 
reconstruction with hamstring tendons compared to dynamic exercises.

Key words: Quadriceps muscle; Rehabilitation; Anterior cruciate ligament re-
construction.
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Introduction

Reconstruction of the anterior cruciate ligament 
(ACL) is necessary to achieve restoration of anat-
omy and static stabilisation after its rupture.1 
The optimal rehabilitation programme after ACL 

reconstruction is one of the most dynamic areas 
of research in rehabilitation.2 In kinesitherapy, 
three types of therapeutic exercises are used: 
static, dynamic and isokinetic. The main differ-
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Methods

Results

Patients of both sexes, after anterior cruciate liga-
ment reconstruction using hamstring graft were 
included in a prospective clinical study. Three 
months postoperatively, all patients quadriceps 
peak torque to body weight were measured on 
the isokinetic dynamometer at the angular veloc-
ity of 60 and 180 °/s.

ence between the mentioned types of therapeu-
tic exercises is the state of muscle tone and the 
length of muscle fibres. During static exercise, 
muscle tone increases but the length of muscle fi-
bres does not change. Dynamic exercise shortens 
muscle fibres during which muscle tone varies. 
Isokinetic exercise means exercising always at 
the same speed with variable resistance. In con-
trast to the dynamic exercise, where muscle work 
changes with the angle of action of the force, con-
stant muscle work is achieved during isokinetic 
exercise.3 Bearing in mind this fact, isokinetic ex-
ercises provide the possibility of targeted correc-
tion of the measured deficit of muscle strength 
and endurance. However, for their performance, 

A total of 70 patients of both sexes (predominate-
ly male), with an average age of 27.32 ± 2.21 years 
were included in the study (Table 2).

Table 1: Differences in applied rehabilitation program between 
patients in group A and B

Type of therapeutic 
intervention Group A Group B

Neuromuscular electrostimulation
Dynamic exercises
Isokinetic exercises
Group A – Patients rehabilitated using dynamic exercises 
Group B- Patients rehabilitated using dynamic + isokinetic exercises

+
+
-

+
+
+

Table 2: General characteristics of the examined sample

Group p-valueN Gender Age 
(Mean ± SD)

Group A
Male Female

Group B
Total
Group A – Patients rehabilitated using dynamic exercises 
Group B- Patients rehabilitated using dynamic + isokinetic exercises

35
35
70

31
29
60

4
6

10

27.21 ± 1.45
27.43 ± 2.97
27.32 ± 2.21

p = 0.62
p = 0.75
p = 0.69

Sixth month after ACL reconstruction significant-
ly higher values of peak torque to body weight at 
the angular velocity 60 °/s were measured in pa-
tients from group B (t = 7.19, p < 0.05) (Table 3).

The same results were recorded by monitoring 
the quadriceps peak torque to body weight at an-
gular velocity 180 °/s in patients from group B (t 
= 2.08, p < 0.05) six months after ACL reconstruc-
tion (Table 4).

Patients were divided into two groups accord-
ing to the type of applied rehabilitation protocol. 
Group A patients (n = 35) underwent a rehabilita-
tion program 5 times a week using an individual 
kinesitherapy program (isometric and dynamic 
exercises for quadriceps and hamstrings) and 
neuromuscular electrostimulation of the quad-
riceps. Patients from group B (n = 35) were in-
volved in targeted isokinetic exercises for the 
quadriceps (Table 1).

Control isokinetic testing was performed 6 
months after surgery. The comparison of the 
effect of the applied therapeutic procedures be-
tween the groups A and B was performed with 
the Student’s t-test. Level of statistical signifi-
cance was set at p < 0.05. 

isokinetic systems (dynamometers) are needed, 
which enable first the diagnosis of muscle perfor-
mance deficits and later their targeted therapeu-
tic correction. Because of high costs, these sys-
tems are often not available to all rehabilitation 
facilities.4 

This work was aimed to determine the recovery 
of muscle strength and endurance of the quadri-
ceps in patients 6 months after reconstruction 
of the ACL with hamstring tendons and to deter-
mine are isokinetic exercises a superior thera-
peutic intervention in the rehabilitation of these 
patients compared to dynamic exercises.
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Examination

Examination

Deficit 
(Mean %)

Deficit 
(Mean %)

Deficit 
(Mean %)

Deficit 
(Mean %)

Group A
Peak torque to 

body weight (Nm)
Non-operated leg

Peak torque to 
body weight (Nm)

Operated leg

Group A
Peak torque to 

body weight (Nm)
Non-operated leg

Peak torque to 
body weight (Nm)

Operated leg

Group B
Peak torque to 

body weight (Nm)
Non-operated leg

Peak torque to 
body weight (Nm)

Operated leg

Group B
Peak torque to 

body weight (Nm)
Non-operated leg

Peak torque to 
body weight (Nm)

Operated leg

Group A – Patients rehabilitated using dynamic exercises 
Group B- Patients rehabilitated using dynamic + isokinetic exercises

Group A – Patients rehabilitated using dynamic exercises 
Group B- Patients rehabilitated using dynamic + isokinetic exercises

Student's t-test * p < 0.05

Student's t-test * p < 0.05

3 months
postoperatively

6 months
postoperatively

3 months
postoperatively

6 months
postoperatively

299.5

300.4

212.1

221.5

300.3

310.7

214.3

231.6

218.2

240.5

208.2

211.5

222.4

268.5

209.4

223.7

27.15

19.94*

1.84

4.52*

25.94

13.58*

2.29

3.45*

Table 3: Mean values of quadriceps peak torque to body weight at angular velocity 60 °/s in patients of group A and group B (3 and 
6 month after the anterior cruciate ligament (ACL) reconstruction)

Table 4: Mean values of quadriceps peak torque to body weight at angular velocity 180°/s in patients of group A and group B (3 and 
6 month after anterior cruciate ligament (ACL) reconstruction)

Discussion

Rupture of the ACL causes instability, which is a 
potential cause of secondary damage to other 
structures in the knee, which may lead to the ear-
lier development of osteoarthritis.5 The dynamic 
stability of the knees, which is achieved by ade-
quate strength of the muscles of the upper legs 
and their mutual balance, is the task of postoper-
ative rehabilitation.6 It is crucial for the secondary 
prevention of re-injuries to the operated knee.7

To know what type of therapeutic exercise should 
be applied and in what dose (level of load, dura-
tion of the exercise, duration of the break between 
exercises and the total number of repetitions), it 
is necessary to make an objective assessment of 
the state of muscle performance (strength, power, 
work, endurance) of the targeted muscle groups 
that will be treated. After the standardised mea-
surement methodology on isokinetic dynamome-
ters, a report in written form for each examinee 
was obtained. This report contained parameters 

of strength (peak torque, peak torque to body 
weight), power (average power), work (average 
work), endurance and the classic agonist/an-
tagonist ratio. The advantages of this method of 
measuring quadriceps and hamstrings muscle 
performance are an objective insight into the con-
dition of the tested musculature, the possibility 
of prescribing a targeted kinesitherapy program, 
repeatability of measurements and the possibility 
of comparison in terms of assessing the effective-
ness of the prescribed therapy.8

Therefore, respecting the physiology of graft heal-
ing and applying different types of therapeutic ex-
ercises in different phases after ACL reconstruc-
tion, it is necessary to strengthen the knee flexors 
and extensors, improve their endurance and ade-
quately balance them biomechanically.9

In the last ten years, a lot of research has been done 
in the field of muscle recovery of the thigh mus-
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Conclusion

Isokinetic training achieved significantly bet-
ter quadriceps strength and endurance in pa-
tients 6 months after anterior cruciate liga-
ment reconstruction with hamstring tendons, 
compared to dynamic exercises.
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cles after ACL reconstruction.10-14 Although the re-
lationship between quadriceps strength and the 
functional status of the knee has been controver-
sial for some time, evidence has been found that a 
strong quadriceps stabilises the knee joint during 
walking and all other activities of daily living in 
patients after the ACL rupture.15 After the rupture 
of this ligament, the strength of the quadriceps 
is reduced to a greater extent compared to the 
hamstrings due to the neuromuscular imbalance 
caused by damage to the proprioceptive elements 
and adaptation to the phenomenon of “avoiding 
the quadriceps” during walking.16

This research dealt with the influence of isokinet-
ic exercises on the degree of recovery of muscle 
strength and strength of the lower leg muscula-
ture 6 months after the reconstruction of the ACL. 
In patients from group A who were rehabilitated 
without isokinetic exercises, significantly weaker 
quadriceps strength was found, compared to the 
patients from group B. Looking at the postoper-
ative results for the assessment of quadriceps 
strength at an angular velocity of 60 °/s, signifi-
cant differences were found in patients from both 
examined group in the sixth postoperative month 
after ACL reconstruction, but this improvement 
was statistically more significant in subjects from 
the group B.

A group of German researchers reported similar 
results. Kline et al proved that the torque value of 
the quadriceps force at an angular velocity of 60 
°/s 6 months after the reconstruction of the ACL 
with a patellar graft was significantly lower than 
expected and that the return to sports activities 
could not be recommended to the patients who 
participated in this research.17 One of the causes 
of this discrepancy between results in this paper 
and the mentioned study is certainly the differ-
ence in the choice of graft and consequently the 
type of applied postoperative rehabilitation pro-
tocol.

Li et al studied the effect of a moderated rehabili-
tation protocol lasting 12 weeks and determined 
by isokinetic measurement that there was no sig-
nificant improvement in quadriceps strength 3 
months postoperatively in patients from the ex-
amined sample. This result positively correlates 
with the results of this research.18

Researchers from Poland also proved the positive 
effect of isokinetic exercises that were carried out 
as part of the rehabilitation program in 16 - 24 
postoperative weeks, which was reflected in a sig-
nificant improvement in the value of the quadri-
ceps force torque at an angular speed of 60 °/s.19

Torque of force versus body weight for the quadri-
ceps at an angular velocity of 180 °/s is, in fact, an 
indicator of quadriceps endurance. Mikkelsen et al 
showed that good quadriceps strength and endur-
ance helped patients return to pre-injury activity 
levels more quickly.20

This study showed that group B patients who 
underwent postoperative rehabilitation using a 
combined rehabilitation protocol had significant-
ly better values of quadriceps force torque at an 
angular velocity of 180 °/s 6 months after ACL re-
construction than patients who were rehabilitated 
using dynamic exercises.

Numerous studies confirm these facts because 
quadriceps weakness after ACL reconstruction is a 
well-documented area.21, 22 Authors have not found 
studies that refute the results of this research.
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Abstract
Background/Aim: Irritable bowel syndrome (IBS) belongs to the gastrointes-
tinal disorders characterised by abdominal discomfort and pain, altered consti-
pation, diarrhoea and stomach distension. The aim was to assess relationship 
between the selected genetic polymorphisms with IBS, their combined geno-
type effect as well as to assess a difference in the distribution of allele and gen-
otype frequencies of selected loci between case and control group.
Methods: This was a prospective study which included 29 participants, 20 in-
dividuals diagnosed with IBS based on Rome III criteria and 9 healthy individu-
als. The study analysed the selected genetic polymorphisms as possible risk 
factors for IBS according to the model of the case-control study. Genotyping was 
performed for FKBP5, DRD2 and DAT polymorphisms qualified as risk factors 
for IBS in previous researches. 
Results: The results revealed a significant association between DAT polymor-
phism with IBS, both, at the allelic level (p = 0.006) and genotype level (p = 
0.031). Individuals with 434 allelic variant in the genotype have six time higher 
probability for developing IBS, in comparison to the individuals without this 
allelic variant. The statistical association between other analysed polymor-
phism and IBS was not reached. The analysis of combined effects of selected 
polymorphisms revealed no association with IBS, except FKBP5 and DAT which 
result was at the level of statistical significance (p = 0.05).
Conclusion: Further analysis which would include DAT polymorphism with 
larger sample size, as well as other genes involved in dopamine neurotransmit-
ter system would be of great interest to define closer conclusion of IBS aetiolo-
gy. 

Key words: Irritable bowel syndrome; Polymorphisms; FKBP5; DRD2; DAT.
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Introduction

Irritable bowel syndrome (IBS) belongs to the 
group of gastrointestinal disorders character-
ised by abdominal pain, discomfort, diarrhoea 
and stomach distension, affecting approximate-
ly 6 % of population.1 Its pathophysiology is not 
completely understood, but its multifactorial ba-
sis which includes brain-gut disorders, visceral 

hypersensitivity, altered microbiota, psychiatric, 
social and genetic factors are widely accepted as 
possible causes.2, 3 Clinical findings in patients 
with IBS besides gastrointestinal difficulties, in-
cludes fatigue, depression and anxiety.4, 5 Since, no 
relevant biomarkers for IBS are available, diagno-
sis is based on the patient’s subjective symptoms, 
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medical history, endoscopic exams and Bristol 
stool chart.6, 7 Due to its heterogenic complexity, 
many researches are based on the molecular-ge-
netic causes of the disease. For one of the possible 
causative agent of IBS is considered single nucle-
otide polymorphism (SNP) within FKBP5 (FK506 
binding protein 5) gene. FKBP5 is a protein cod-
ing gene located on the chromosome 6 at the 
p21.3 with the role in intracellular glucocorticoid 
signalling and in increased response to the stress 
and major depression.8 Among three described 
SNPs within the FKBP5 gene, the most studied is 
rs1360780, where T allele causes higher values 
of cortisol in comparison to the carriers of allele 
C.9, 10 Thus, previous studies have linked allele T 
with depression, anxiety, posttraumatic stress 
syndrome and irritable bowel disease (IBD).11 
The next selected polymorphisms belongs to the 
dopamine neurotransmitter system, which, to-
gether with serotonin neurotransmitter system 
is considered to play very important role in the 
aetiology of IBS.12, 13 The genetic variant in the 
dopamine neurotransmitter system is DAT (do-
pamine transporter) gene, located on the chro-
mosome 5 at the p15.3. This polymorphic variant 
is a polymorphism of variable number of tandem 
repeats (VNTR) with 3-11 repeats, but the most 
common polymorphisms are 9 (440 bp) and 10 
(480 bp). Dopamine relaxes smooth muscles in 
gastrointestinal tract.14, 15

Besides DAT, dopamine receptor D2 (DRD2), 
(rs1799732) was another analysed dopamine 
neurotransmitter gene. DRD2 encodes D2 sub-
type of the dopamine receptor and it is located 
at the on the chromosome 11 at q22-q23.16 Since 
physiological function of dopamine is relaying on 
the action of its receptors, some researches re-
vealed that altered D2 receptor function, by ge-
netic polymorphism in its gene, causes lower lev-
els of dopamine in patients with ulcerative colitis 
and Crohn’s disease compared to the healthy con-
trols.17 Dysfunction in serotonin and dopamine 
neurotransmitter system leads to the changes 
in the bowel motility.18, 19 These facts were taken 
into consideration during the selection of poly-
morphisms in this association-study, according 
to the case-control model. 

The aim of this study was to determine an asso-
ciation between selected polymorphisms, their 
combined genotype effect with IBS, as well as to 
assess a difference in the distribution of allele 
and genotype frequencies of selected loci be-
tween case and control group.

Methods

Experiment design, patients and controls
The research represented an association study 
of selected genetics polymorphisms considered 
as risk factors for IBS disease. The study includ-
ed 20 patients diagnosed with IBS according to 
Rome III criteria3 and 9 healthy controls. The 
inclusion criteria for case control group were 
healthy patients with no IBS symptoms with pos-
itive family history of colorectal cancer who went 
through annual screening colonoscopy. Since pa-
tients and controls were recruited at the Clinic, 
patients with any symptoms of IBS or any other 
gastrointestinal disorder could not be enrolled in 
the study as healthy controls.

The patients and controls were selected at the Uni-
versity Clinical Centre of the Republic of Srpska, 
at the department of Gastroenterology and Hepa-
tology. After confirming voluntary participation 
in the study by signing previously approved in-
formed consent document, all participants com-
pleted standardised clinical questionnaires and 
provided biological specimens for further stage. 
Total genomic DNA was isolated from 5 mL of pe-
ripheral blood according to Miller.20 Molecular ge-
netic analysis were performed for three selected 
genetics polymorphisms which were described 
as possible risk factors for developing IBS. The 
selected polymorphisms were within the FKBP5, 
DRD2 and DAT (SLC6A3) genes. The analysis were 
performed at the laboratory of Human Genetic of 
Institute for Genetic Engineering and Biotechnol-
ogy of Sarajevo University. 

Molecular Genetic analysis
Molecular Genetics analysis for FKBP5 genes 
was performed by allele-specific amplification 
assay (ASA-PCR), followed by electrophoretic 
separation on 2 % agarose gel.  Primer used for 
FKBP5 analysis were FC: GGC TTT CAC ATA AGC 
AAA GTT AC (Forward primer with C at the end, 
as wild type variant), FT: GGC TTT CAC ATA AGC 
AAA GTT AT (GGC TTT CAC ATA AGC AAA GTT 
AT with T as mutation), R: TGA ATC TGA GAA 
AGG TTA AGT GG, while expected length of the 
product were 220 bp. DRD2 (rs1799732) poly-
morphism was performed by Restriction Frag-
ment Length Polymorphism (PCR-RFLP) meth-
od,21 followed by electrophoretic separation on 
2 % agarose gel. Primers used for this reaction 
were F: AAA TTT CCA TCT CGG CTC CT and R: 
GAG GAG CAC CTT CCT GAG TG, while expected 
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Results

The study enrolled 29 patients of both genders, 
18 (62 %) males and 11 (38 %) females. Of the 
total number of enrolled patients, 20 were diag-
nosed with IBS according to Rome Criteria III and 
9 patients were controls without any gastrointes-
tinal difficulties.

Genotyping of FKBP5 (rs1360780) polymorphism 
was performed for the 19 patients with IBS and 9 
controls. The CC (wild type genotype) was not de-
tected in neither examined group, while the fre-
quency of CT genotype was 95 % in patients with 
IBS and 100 % in the case control group. The fre-
quency of TT genotype was 5 % in patients with 
IBS, while in case control group TT genotype was 
not detected. The frequency of allele C was 45 % 
and 55 % of allele T in the group of patients with 
IBS, while in case control study the frequency of 
both allele was 50 %. The Fisher exact test did 
not reveal statistically significant association of 
rs1360780 polymorphism with IBS, either at the 

length of products were 300 bp and 160/140 bp. 
DAT polymorphisms was detected by convention-
al PCR method, followed by sequencing of PCR 
products on 3500 Genetics Analyzer (Applied 
Biosystems). Primers used for this amplification 
were F: 6-FAM-GGT GTA GGG AAC GGC CTG AGA 
G and R: CTT CCT GGA GGT CAC GGC TCA AGG 
(471/434 bp). Cycling conditions were: initial de-
naturation at 95 °C 5 min; denaturation at 95 °C, 
30 s; annealing 50 °C, 30 s; elongation 72 °C, 45 s, 
40 cycles and final elongation 72 °C, 7 min. 

Statistical analysis 
The results were expressed numerically or by 
base pair according to the determined length of 
selected fragment or as a difference in a nucleo-
tide. For the samples in both examined groups, in 
which genotyping was performed, the allele and 
genotype frequencies were determined as well as 
Hardy-Weinberg equilibrium for all four select-
ed polymorphisms. Statistical package MedCalc 
17.4.4 was used to assess associative analysis 
(Fisher exact test) and χ2 test to determine an as-
sociation of selected polymorphisms with occur-
rence of IBS. Powermarker software was used to 
assess the association of several combined geno-
types with IBS. Significance level was determined 
as (p ≤ 0.05).

Table 1: Association of alelle and genotypes of FKBP5, DRD2 
and DAT polymorpishms with IBS and HWE

Polymorphism Allele Exact 
p-value 

Genotype Exact 
p-value

HWE

0.610

0.251

0.006

FKBP5

DRD2

DAT

0.548

0.568

0.031

0.000

0.512

0.023

FKBP5- FK506 binding protein 5; DRD2- Dopamine receptor D2 ; DAT- dopamine trans-
porter; HWE- Hardy-Weinberg equilibrium; IBS- Irritable bowel syndrome;

allelic level (p = 0.761) nor at the level of genetic 
association (p = 0.548). The genotype frequency 
were in Hardy Weinberg equilibrium (HWE). 

The genotyping for DAT polymorphisms was 
performed for all 29 samples. The frequency of 
472/472 (wild type genotype) was 25 % in the 
group of patients and 33 % in the case control 
group. The frequency of 434/434 genotype was 
45 % in the group of patients, but this genotype 
was not detected in the case control group. The 
frequency of 472 allele was 43.5 % in the group 
of patients and 83.3 % in the case control group, 
while the 434 allele was 57.5 % in the patients 
with IBS and 16.6 % in the case control group. 
Genotype frequencies of analysed polymorphism 
were not in HWE (HWE = 0.023). However, the 
associative analysis revealed that DAT polymor-
phism has strong statistical association with IBS, 
both, at the allele level (p = 0.006) and genotype 
level (p = 0.031), which is presented in Table 1. 
Individuals with 434 allelic variant in the geno-
type had six time higher probability for develop-
ing IBS, in comparison to the individuals without 
this allelic variant.

The next analysed polymorphism in DRD2 gene 
(rs1799732) was genotyped for all 29 samples and 
expected fragments were 300 bp and 160/140 bp. 
The frequency of 300/300 was 5 % in the group 
of patients, but it was not detected in the group 
of controls. The frequency of 300/160/140 geno-
type was 30 % in the group of patients and 11 % 
in the group of controls. However, the frequency 
of 160/140/160/140 (wild type) genotype was 65 
% in the group of patients and 88 % in the group 
of controls. The frequency of 300 allele was 20 
% in the group of patients and 5 % in control 
group, while frequency of 160/140 allele was 80 
% in the group of patients and 94 % in the con-
trol group. The frequency of allele 300 was 20 % 
in the group of patients and 5 % in the case con-
trol group, while the frequency of 160/140 allele 
was 80 % in the group of patients and 94 % in 
the case control group. Genotype frequencies of 
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Discussion

IBS is biopsychosocial disorder which appearance 
is characterised by several factors including in-
testinal motility disorders, gastrointestinal sen-
sational abnormalities, various intestinal inflam-
mations and infections, psychological and other 
affective disorders.2, 22 Due to its heterogenic and 
multifactorial basis, this study aimed to analyse 
several selected polymorphism which are possi-
ble biomarkers for IBS. The study of Camileri et 
al, analysed 4456 polymorphism of which 12 were 
within the FKBP5 gene.23 Their study revealed that 
2 out of 12 were significant after Bonferroni cor-
rection. In this research FKBP5 gene (rs1360780) 
analysed by the Fisher exact test did not reveal a 
statistically significant association with IBS, nei-
ther at the allelic nor at the genotype level. The 
genotype frequencies were in HWE, thus the ob-
tained result can be considered as valid. Higher lev-
el of cortisol are characteristic for the carriers of T 
allele,9 in comparison to C allele (wild type), while 
genotype results from presented study showed 
that only one sample (P019) was homozygote (TT 
genotype), while the rest of the patients had CT 
genotype. In the case control group, all patients 
were heterozygote carriers. The sample P019 is 
a patients with subtype IBS-D, even though was 
the only detected case, further research could be 
focused on the analysis of this SNP with specific 
diarrhoea predominant subtype of IBS, in order to 
make more precise conclusion about its eventual 
connection. On the other side, some researches 

analysed polymorphism were not in equilibrium 
(HWE = 0.5120). No statistical association with 
IBS was detected neither at the allelic (p = 0.251), 
nor genotype level (p = 0.568).

The analysis of combined effects of 2, 3 and 4 
polymorphic variants was did not reveal statis-
tically significant association with IBS, howev-
er, the combination of FKBP and DAT1 polymor-
phism was at the level of statistical significance 
(p = 0.05), which is presented in Table 2.

Table 2: Combined effects of polymorphisms with IBS

Combined effects of
polymorphisms 

p-value

DRD2-FKBP5

FKBP5-DAT

DRD2-FKBP5-DAT

0.2678

0.0535

0.1945

FKBP5- FK506 binding protein 5; DRD2- Dopamine receptor D2 ; DAT- dopamine trans-
porter; IBS-Irritable bowel syndrome;

showed an association of altered dopamine recep-
tor D2, caused by SNP (rs1799732) with various 
type psychotic disorders, overweight, obesity and 
hedonic hunger.24 Also, deletion of C allele within 
this polymorphism causes lower level of dopamine 
which can be bounded to its receptors, thus caus-
ing lower levels of this hormone in patients with 
ulcerous colitis and Crohn’s disease compared to 
the healthy controls.17 Besides dopamine receptor 
D2, dopamine transporter DAT is another gene 
with possible role in IBS.25 Since dopamine and 
serotonin transporters have an important role in 
activation of muscle contractions and colon mo-
tility10 it was aimed to investigate the role VNTR 
in DAT gene with IBS. Results revealed no statis-
tical association at the allelic and genotype level 
between DRD2 and IBS. Genotype frequencies for 
DRD2 polymorphisms were not in HWE. Also, cur-
tain deviation from equilibrium were noticed in 
the genotype frequencies for DAT polymorphism. 
The deviation can be explained as a real associa-
tion of this genetic marker with the analysed trait, 
as well as due to the small sample size. Analysing 
DAT polymorphism, the strong association with 
IBS was found at the allelic (p = 0.006) and geno-
type (p = 0.023) level, which leads to the conclu-
sion that DAT polymorphism could be associated 
with IBS in the analysed group of patients. To the 
authors’ knowledge, this was the first study inves-
tigating an association of selected polymorphism 
with IBS. However, the combined effects of these 
polymorphism showed no statistically significant 
association with IBS.

Conclusion

This study represents very important step in 
identification of gene candidates and theirs al-
lelic variants as possible causes of IBS, as well 
as for better understanding this phenotypi-
cally unusable and aetiologically complex dis-
ease. However, the study was limited with the 
number of patients enrolled in the research, 
particularly healthy controls, since not many 
patients with positive family history of col-
orectal cancer are aware of preventive colo-
noscopies, which was the main reason to visit 
the specialist. Besides larger sample size, more 
gene candidates should be examined in order 
to define more precise conclusion. Since IBS is 
very heterogeneous disorder many different 
factors are participating in its ethology which 
should be also taken into consideration.

330 Milovac et al. Scr Med 2022 Dec;53(4):327-31.



CONTENT

Conflict of interest

None.

Acknowledgements

None.

References

1. Sundin J, Aziz I, Nordlander S, Polster A, Hu YOO, Hug-
erth LW, et al. Evidence of altered mucosa-associated 
and fecal microbiota composition in patients with irri-
table bowel syndrome. Sci Rep 2020;10(1):1–13. 

2. Melchior C, Fremaux S, Jouët P, Macaigne G, Raynaud 
JJ, Facon S, et al. Perceived gastrointestinal symptoms 
and association with meals in a French cohort of pa-
tients with irritable bowel syndrome. J Neurogastroen-
terol Motil 2021 Oct 30;27(4):574-80. 

3. Drossman DA. The functional gastrointestinal dis-
orders and the Rome III Process. Gastroenterology 
2006;130(5):1377–90. 

4. Skrzypczak-Zielinska M, Gabryel M, Marszalek D, Do-
browolska A, Slomski R. NGS study of glucocorticoid re-
sponse genes in inflammatory bowel disease patients. 
Arch Med Sci 2021;17(2):417–33. 

5. Henström M, D’Amato M. Genetics of irritable bowel 
syndrome. Mol Cell Pediatr 2016;3(1):3–7. 

6. Moraes L, Magnusson MK, Mavroudis G, Polster A, 
Jonefjäll B, Törnblom H, et al. Systemic inflammatory 
protein profiles distinguish irritable bowel syndrome 
(IBS) and ulcerative colitis, irrespective of inflam-
mation or IBS-Like symptoms. Inflamm Bowel Dis 
2020;26(6):874–84. 

7. Shah C, Grover AS, Dhore P, Shukla A, Abraham P, Bha-
tia SJ. Fecograph: A graphical representation of daily 
stool forms to subtype irritable bowel syndrome in of-
fice practice. JGH Open 2019;3(3):224–7. 

8. Criado-Marrero M, Smith TM, Gould LA, Kim S, Pen-
ny HJ, Sun Z, et al. FKBP5 and early life stress affect 
the hippocampus by an age-dependent mechanism. 
Brain Behav Immun Health 2020 Sep 17;9:100143. doi: 
10.1016/j.bbih.2020.100143.

9. Norlin AK, Walterb S, Theodorsson E, Tegelstrom V, 
Grodzinsky E, Jones MP, et al. Cortisol levels in hair are 
altered in irritable bowel syndrome - A case control 
study in primary care. J Psychosom Res 2017;93(1):69–
75. 

10. Fujii T, Ota M, Hori H, Hattori K, Teraishi T, Matsuo J, et 
al. The common functional FKBP5 variant rs1360780 is 
associated with altered cognitive function in aged indi-
viduals. Sci Rep 2014;4:1–6. 

11. Kuo B, Bhasin M, Jacquart J, Scult MA, Slipp L, Riklin 
EIK, et al. Genomic and clinical effects associated with 
a relaxation response mind-body intervention in pa-
tients with irritable bowel syndrome and inflammato-
ry bowel disease. PLoS One 2015;10(4):1–26. 

12. Mohr S, Fritz N, Hammer C, Martínez C, Berens S, 
Schmitteckert S, et al. The alternative serotonin 
transporter promoter P2 impacts gene function in fe-
males with irritable bowel syndrome. J Cell Mol Med 
2021;25(16):8047–61. 

13. Cerantola S, Caputi V, Contarini G, Mereu M, Bertazzo A, 
Bosi A, et al. Dopamine transporter genetic reduction 
induces morpho-functional changes in the enteric ner-
vous system. Biomedicines 2021;9(5):1–17. 

14. Belkacemi L, Darmani NA. Dopamine receptors in em-
esis: Molecular mechanisms and potential therapeutic 
function. Pharmacol Res 2020;161(105124):1–60. 

15. Gros M, Gros B, Mesonero JE, Latorre E. Neurotransmit-
ter dysfunction in irritable bowel syndrome: Emerg-
ing approaches for management. J Clin Med 2021 Jul 
31;10(15):3429. doi: 10.3390/jcm10153429.

16. Zhang S, Zhang J. The association of DRD2 with insight 
problem solving. Front Psychol 2016;7:1–8. 

17. Magro F, Cunha E, Araujo F, Meireles E, Pereira P, 
Dinis-Ribeiro M, et al. Dopamine D2 receptor poly-
morphisms in inflammatory bowel disease and 
the refractory response to treatment. Dig Dis Sci 
2006;51(11):2039–44. 

18. Mittal R, Debs LH, Patel AP, Nguyen D, Patel K, O’Con-
nor G, et al. Neurotransmitters: The critical mod-
ulators regulating gut-brain axis. J Cell Physiol 
2017;232(9):2359–72. 

19. Camilleri M. Serotonin in the gastrointestinal tract. 
Curr Opin Endocrinol Diabetes Obes 2009;16(1):53–9. 

20. Miller SA, Dykes DD, Polesky HF. A simple salting out 
procedure for extracting DNA from human nucleated 
cells. Nucleic Acids Res 1988 Feb 11;16(3):1215. doi: 
10.1093/nar/16.3.1215.

21. Ota M, Fukushima H, Kulski JK, Inoko H. Single nucleo-
tide polymorphism detection by polymerase chain re-
action-restriction fragment length polymorphism. Nat 
Protoc 2007;2(11):2857–64. 

22. Zamani M, Alizadeh-Tabari S, Zamani V. Systematic re-
view with meta-analysis: the prevalence of anxiety and 
depression in patients with irritable bowel syndrome. 
Aliment Pharmacol Ther 2019;50(2):132–43. 

23. Camilleri M. Irritable bowel syndrome: How useful is 
the term and the ‘diagnosis’? Therap Adv Gastroenter-
ol 2012;5(6):381–6. 

24. Aliasghari F, Nazm SA, Yasari S, Mahdavi R, Bonyadi M. 
Associations of the ANKK1 and DRD2 gene polymor-
phisms with overweight, obesity and hedonic hunger 
among women from the Northwest of Iran. Eat Weight 
Disord 2021;26(1):305–12.

25. Zhi SL, Schmauss C, Cuenca A, Ratcliffe E, Gershon MD. 
Physiological modulation of intestinal motility by en-
teric dopaminergic neurons and the D2 receptor: Anal-
ysis of dopamine receptor expression, location, devel-
opment and function in wild-type and knock-out mice. 
J Neurosci 2006;26(10):2798–807.

331Milovac et al. Scr Med 2022 Dec;53(4):327-31.



CONTENT



CONTENT

Tatjana Erceg-Rukavina,1 Dragana Dragičević-Cvjetković,1, 2 Dragan M 
Djuric,3 Miloš P Stojiljković,4, 5 Ranko Škrbić4, 5

 
Erceg-Rukavina et al. Scr Med 2022 Dec;53(4):333-6.

ORIGINAL ARTICLE
DOI:10.5937/scriptamed53-41890

The Effect of Sulphate-Sulphide Mineral Baths on Blood 
Glucose Level in Patients With Knee Osteoarthritis 

This article should be cited as follows: Erceg-Rukavina T, Dragičević-Cvjetković D, Djuric DM, Stojiljković MP, Škrbić R. The effect of sulphate-sulphide mineral baths on blood glucose level in 
patients with knee osteoarthritis. Scr Med 2022 Dec;53(4):333-6.

Received: 22 December 2022
Accepted: 26 December 2022

ARTICLE INFO

Abstract
Background/Aim: Type 2 diabetes is a common comorbidity in patients with 
knee osteoarthritis. Bearing in mind that obesity and insulin resistance are risk 
factors for the development of knee osteoarthritis, physical therapy and bal-
neotherapy containing hydrogen sulphide (H2S) has a positive effect on the 
functional and metabolic status of these patients. This work was aimed to in-
vestigate the effect of sulphate-sulphide-rich mineral baths containing H2S on 
the level of serum glucose in patients with knee osteoarthritis.
Methods: An open prospective randomised clinical trial included patients suf-
fering from stage I and II of the knee osteoarthritis. Patients were divided into 
two groups of 40 subjects each: control group and experimental group. All sub-
jects underwent inpatient physical treatment consisting of kinesitherapy and 
transcutaneous electrical nerve stimulation (TENS) 6 days a week. Patients 
from experimental group, in addition to all the mentioned treatments, also took 
sulphate-sulphide mineral water baths once a day for 30 minutes for 7 days, 
unlike the patients from control group who took tap water baths, according to 
the same schedule. The level of serum glucose was monitored in all patients on 
admission, after discharge and 6 months after the treatment. The Student t-test 
was used for statistical data processing and p < 0.05 was considered as statisti-
cally significant. 
Results: Study included 80 patients of both sexes, with an average age of 67.00 
± 5.75 years. All patients had elevated serum glucose values on admission. The 
initial levels of glycaemia in the control and experimental groups were not sig-
nificantly different (6.99 ± 1.95 and 7.88 ± 1.90 mmol/L, respectively). At dis-
charge, patients who performed balneotherapy had a statistically significant 
decrease in serum glucose values compared to patients from the control group 
(by 1.84 vs 0.26 mmol/L, p < 0.001). This effect did not persist six months after 
the end of the treatment (p > 0.05).
Conclusion: The application of balneotherapy with sulphate-sulphide mineral 
baths containing H2S as a potent gas transmitter significantly reduces serum 
glucose levels in patients with knee osteoarthritis.

Key words: Hydrogen sulphide; Balneology; Osteoarthritis; Knee.

Copyright © 2022 Erceg-Rukavina et al. This is an open access article distributed under the Creative Commons Attribution License (CC BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.

Correspondence:
TATJANA ERCEG-RUKAVINA
E: dr.tanjaerceg@gmail.com
M: +387 65 737 936

1. Institute of Physical Medicine and Re-
habilitation “Dr Miroslav Zotović”, 
Banja Luka, the Republic of Srpska, 
Bosnia and Herzegovina.

2. Department of Physical Medicine and 
Rehabilitation, Faculty of Medicine, 
University of Banja Luka, the Republic 
of Srpska, Bosnia and Herzegovina.

3. Institute of Medical Physiology "Rich-
ard Burian", Faculty of Medicine, Uni-
versity of Belgrade, Belgrade, Serbia.

4. Department of Pharmacology, Toxi-
cology and Clinical Pharmacology, 
Faculty of Medicine, University of 
Banja Luka, Banja Luka, the Republic 
of Srpska, Bosnia and Herzegovina.

5. Centre for Biomedical Research, Fac-
ulty of Medicine, University of Banja 
Luka, Banja Luka, the Republic of 
Srpska, Bosnia and Herzegovina.

Introduction

Osteoarthritis (OA) is a slowly progressive, de-
generative and chronic disease that occurs as a 
result of damaged joint cartilage.1 According to 

data from the World Health Organisation (WHO), 
9.6 % of men and 18 % of women over the age of 60 
have symptomatic OA.2 Given that life expectancy 
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Methods

This research was conducted as an open, con-
trolled, prospective clinical trial at the Hospital 
for Physical Medicine and Rehabilitation “Ml-
ječanica” from December 2017 to April 2019 and 
was approved by the Ethics Committee of the 
Hospital. It included 80 patients aged between 
40 and 75 with radiographic confirmation of 

has increased due to the advancement of medicine 
and the improvement of living conditions, it is ex-
pected that an increasing number of people will 
have complaints related to OA. There is more and 
more evidence that OA is also a “metabolic disor-
der” associated with abdominal obesity, insulin 
resistance, high blood lipid levels and elevated 
blood pressure.3 Each of the factors mentioned is 
an important risk factor for the development of 
diabetes mellitus and cardiovascular diseases4-7 
and the combination of these factors is associ-
ated with an increase in the risk on the occur-
rence and progressing of the knee OA.8 Elevated 
values of blood glucose disturb the homeostasis 
of chondrocytes by various mechanisms.9-11 Bal-
neotherapy and especially the hydrogen sulphide 
bath, takes an important place in the treatment 
of degenerative rheumatism. H2S an important 
vasoprotective gas transmitter in those diseas-
es where endothelial dysfunction is a central is-
sue, such as hypertension, diabetes mellitus and 
atherosclerosis, which in the future provides an 
opportunity for H2S donor compounds to take a 
place in the prevention and treatment of these 
pathological conditions and diseases.12 Being a 
gas, H2S can be absorbed by numerous routes. It 
is able to penetrate the skin and mucosae and can 
therefore act at the cell level both in the skin and 
in internal organs of our organism. This means 
that the topical application of sulphurous mineral 
waters rich in hydrogen sulphide has the poten-
tial to treat disorders of the internal organs such 
as high blood pressure, ischaemia and conditions 
affecting the kidneys or nervous system. Many 
authors have examined the mechanisms of action 
of mineral waters and their therapeutic effects 
and certain inorganic components have been 
linked to the effects of curing baths.13-17

This work was aimed to investigate the effect of 
sulphate-sulphide-rich mineral baths containing 
H2S on the level of blood glucose in patients with 
knee OA.

gonarthrosis who gave written consent to par-
ticipate in the study. Subjects were divided into 
two groups of 40 subjects each, experimental and 
control group.

All subjects were given the same physical treat-
ment every day for a period of 4 weeks, six days a 
week, which consisted of the application of trans-
cutaneous electrical nerve stimulation (TENS) to 
the affected knee for 30 minutes, an individual 
kinesitherapy programme to increase the muscle 
strength of the quadriceps and exercises to in-
crease the range of motion in the affected knee 
for 30 minutes. The experimental group was 
treated with baths of sulphate-sulphide mineral 
water18 at a temperature of 33-35 ºC every day for 
20 minutes and the control group with baths of 
tap water under the same conditions.

There was a 30-minute break between proce-
dures.

The study did not include persons with contra-
indications for balneotherapy on behalf of the 
cardiovascular system, kidney and liver patients, 
persons with acute illness, recent trauma, sur-
gery in the last three months before the study, 
insulin-dependent diabetics, persons suffering 
from neurological diseases, as well as people with 
communication disorders. The exclusion criteria 
were the worsening of the patient’s general con-
dition, as well as personal reasons. Blood glucose 
values were measured by standard enzyme tech-
niques in all subjects at admission, after 4 weeks 
and after 6 months during which the patients 
stayed at home. All subjects had the same diabet-
ic menu consisting of three meals and two snacks. 
A total of 4 patients were excluded from the study 
from the experimental group due to hypertensive 
crises that did not resolve with antihypertensive 
drugs during the second week after the start of 
the baths.

The Student t-test was used for statistical data 
processing. A level of p < 0.05 was considered 
statistically significant. Tests were performed on 
IBM SPSS v 16.0 software.

Figure 1a: Curl’s formula of sulphate-sulphide mineral water 
‘’Mlječanica’’

M 3.500 H2S 136.0 T 14.0 0C

334 Erceg-Rukavina et al. Scr Med 2022 Dec;53(4):333-6.



CONTENT

Results

A total of 80 patients (47 women and 33 men, av-
erage age 66.80 years) participated in the study, 
40 in each group. Patients from the examined 
groups did not differ significantly in terms their 
gender or age (average age of patients in control 
and experimental groups were 67.5 ± 6.1 and 66.5 
± 5.4, respectively) (Table 1). 

aChi-square test; bANOVA; SD: standard deviation;
Control group (treatment without sulphate-sulphide mineral water baths);
Experimental group (treatment with sulphate-sulphide mineral water baths);

Control group (treatment without sulphate-sulphide mineral water baths);
Experimental group (treatment with sulphate-sulphide mineral water baths);
SGC: serum glucose concentration in mmol/L; SD: standard deviation;
Serum glucose concentration (SGC) 1 - value on admission;
Serum glucose concentration (SGC) 2 - value on discharge;
Serum glucose concentration (SGC) 3 - value after 6 months of treatment;
ΔSGC (1 month- admission) – differences in value from SGC on admission 
and discharge;
ΔSGC (6 month -discharge) - differences in value from SGC on discharge 
and 6 months after treatment;
¶ - Student t-test; p < 0.05;

Parameters

Serum 
glucose

Mean MeanSD SD

p-value

p-value

Control
group

Control
group

Experimental 
group

Experimental 
group

Sex
Male N (%)
Female N (%)

Age
Mean ± SD

SGC 1
SGC 2
SGC 3
ΔSGC

ΔSGC
(1 month - admission)

(6 month - admission)

15 (40.5)
22 (59.5)

67.5 ± 6.1

6.99
6.73
6.91

7.88
6.04
7.35

1.95
1.51
1.68

1.90
1.15
1.55

0.290
< 0.001

0.880

10 (28.6)
25 (71.4)

66.5 ± 5.4 0.790b

0.451a

-0.26 -1.84-0.26 1.36 < 0.001

¶

¶

-0.08 -0.53-0.08 0.98 0.035

Table 1: Demographic characteristics of the sample

Table 2: The values of serum glucose in patients with knee os-
teoarthritis on admission, discharge and 6 months after treat-
ment with sulphate-sulphide mineral water baths

Patients in both groups had similarly elevated av-
erage blood glucose values on admission. A signif-
icant decrease in blood glucose values was con-
firmed in the group that used sulphate-sulphide 
mineral water baths and not in the control group 
of patients (1.84 vs 0.26 mmol/L, p < 0.001), but 
these values were not maintained at the control 
measurement after 6 months (Table 2). 

Discussion

Elevated blood glucose values lead to reduced ex-
pression on the membrane of the chondrocyte of 
the glucose transporter protein type 1 (GLUT1) 
carrier that takes up intracellular glucose, which 
leads to the accumulation of glucose in the chon-
drocyte, an increase in reactive oxygen species 
(ROS) and cell death. It was found that H2S, a new-
ly discovered gas transmitter, plays an important 
role in regulating the homeostasis of glucose me-
tabolism.12 H2S can be produced endogenously in 
B cells, liver, adipose tissue, skeletal muscle and 
hypothalamus. H2S is thought to regulate blood 
glucose metabolism by inhibiting insulin secre-
tion in pancreatic islet B cells, inhibiting glucose 
uptake as well as glycogen storage. It plays an im-
portant role in the regulation of insulin sensitiv-
ity in insulin-responsive tissues. H2S values were 
found to be lower in the plasma of individuals 
with diabetes mellitus, compared to the values in 
healthy individuals. Balneotherapy with sulphu-
rous mineral water, thanks to the presence of H2S, 
is the main responsible agent for antioxidant and 
hypoglycaemic effects. In a study that included pa-
tients with gastrointestinal complaints, the influ-
ence of the use of sulphur balneotherapy on blood 
glucose levels during a two-week treatment was 
examined. A statistically significant reduction in 
glycaemia was found in the group that received 
balneotherapy.13 However, many important ques-
tions related primarily to the concentration of 
H2S are still unknown and the problem connected 
with the application of balneotherapy is also the 
definition of the balneotherapy dose.

This study showed that the exogenous applica-
tion of H2S through sulphate-sulphide mineral 
baths leads to a short-term decrease in glycaemic 
values in patients with knee OA. Considering the 
way of reabsorption and the endogenous effect of 
H2S, this effect can be explained by the influence 
on H2S ion channels, but also by its immunomod-
ulatory role. The results obtained 6 months after 
the end of the treatment can be interpreted in the 
light of poor compliance with the applied thera-
peutic measure, in this case, H2S. The effect did 
not persist due to the interruption of balneother-
apy because the extract of exogenous H2S was not 
constantly present and the level of endogenous 
H2S was blocked by an elevated level of glucose 
in the blood.

A group of Italian authors also reported positive 
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Conclusion

Sulphate-sulphide mineral water applied in 
the form of baths statistically significantly re-
duces blood glucose values in patients with go-
narthrosis in the short-term follow-up period. 
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Abstract
Renal tumours of childhood are rare, although they are one of the most common 
solid tumours in children. They include numerous entities, which have different 
clinical, histological, molecular biological and prognostic features, so their pre-
cise diagnosis and staging are critical for appropriate treatment. The most com-
mon is Wilms’ tumour (WT) with ~80-85 % of all cases, whereas other entities 
including mesoblastic nephroma, clear cell sarcoma, rhabdoid tumour, renal 
cell carcinoma, metanephric tumours and others are very rare (2-4 % each) 
which explains why they represent a big diagnostic challenge for diagnostic pa-
thologists. They are subclassified into three risk groups – low, intermediate and 
high – which have different treatments and prognosis. There are two big study 
groups which have different approaches but remarkable similar outcomes. The 
International Society of Paediatric Oncology approach (followed in most of the 
world) is based on preoperative chemotherapy, followed by surgery and further 
therapy, whereas the Children’s Oncology Group approach (followed mainly in 
the United States and Canada) is based on primary surgery, followed by postop-
erative treatment.

Kew words: Renal tumours; Wilms’ tumour; Prognostic groups; Clinico-patho-
logical features.
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Introduction

Renal tumours comprise about 7 % of all tumours 
in children up to 15 years of age.1 Wilms tumour 
(WT) (nephroblastoma) is by far the most common 
(80-85 % of all renal tumours), whereas all other 
tumours are very rare (2-4 % each). The rarity 
of these tumours has been the main reason that, 
for more than 50 years, they are being treated in 
multicentre studies in the United States (through 
the Children’s Oncology Group - COG) and Europe 
(International Society of Paediatric Oncology 
– SIOP),2 which follow different treatment 
strategies. The COG treatment strategy includes 
primary nephrectomy followed by postoperative 
therapy, whereas the SIOP strategy typically 
includes preoperative chemotherapy followed by 
nephrectomy and postoperative therapy. In both 

approaches postoperative therapy primarily 
depends on histological subtype and stage. 
Because histological criteria for subtyping and 
staging of WT differ between COG and SIOP, it is 
not possible to simply compare the results type-
for-type and stage-for-stage, but nevertheless 
their survival results are remarkably similar.2 
The current SIOP and COG classifications 
distinguish three treatment groups: low-, 
intermediate- and high-risk tumours (Table 1).3, 4 
The correct assignment of tumour stage is one of 
the most critical and demanding responsibilities 
of the pathologist.5 The staging criteria have 
changed over time as the significance of different 
findings have become apparent.6
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Table 1: Histological risk classifications for Wilms’ tumour

International Society 
of Paediatric Oncology 

(SIOP)

Children's Oncology 
Group (COG) 

Low risk

- Cystic partially differentiated

nephroblastoma*

- Completely necrotic Wilms’

tumour

Intermediate risk

- Epithelial, stromal, mixed,

regressive types

- Focal anaplasia

High risk

- Diffuse anaplasia

- Blastemal type

* Cystic partially differentiated nephroblastoma treated with surgery only

Low risk

- Cystic partially differentiated

nephroblastoma*

Intermediate risk

- Favorable histology Wilms’

tumour

- No evidence of anaplasia

High risk

- Diffuse anaplasia

- Focal anaplasia

Wilms’ tumour
WT is a malignant embryonal tumour deve-
loping from nephrogenic blastema and 
histologically it resembles the foetal kidney. 
It is typically diagnosed in children 3-4 years 
of age, it is uncommon in neonates and infants 
and exceptionally rare in adults.7 It shows racial 
differences and the prevalence rate is the same in 
Europeans and North Americans (8 per million), 
but it is more common in Africans and least 
common in East Asian population. There is a 
slight female predominance.7

Clinically, it is usually discovered as an 
asymptomatic abdominal mass, but in 20-30 % 
of cases it may present with clinical signs and 
symptoms including abdominal pain, haematuria, 
hypertension and anaemia. Although the majority 
of patients are non-syndromic, in 10-15 % of 
patients it is associated with syndromes and 
congenital anomalies.8 Syndromes with a high-
risk (> 20 %) of developing WT are WAGR (WT 
– aniridia – genitourinary anomalies – range 
of intellectual disabilities) and Denys-Drash 
syndrome (congenital nephropathy, WT and 
intersex disorders), moderate risk (5-20 %) is 
associated with Beckwith-Wiedemann syndrome, 
Simpson-Golabi-Behmel syndrome and Fraiser 
syndrome and low-risk is associated with Bloom 
syndrome, DICER1 syndrome, Li-Fraumeni 
syndrome and isolated hemihypertrophy. 
Recognition of these predisposition syndromes 
is important for clinical follow up of affected 
children. In 1-2 % of cases, WT is familial.9

Pathologically, WT presents as a large, solitary 
mass, however, in 10 % of cases it is multinodular. 

In 5-10 % of patients it presents as bilateral 
disease.10 Histologically, classical/typical WT 
consists of three components: blastemal, epithelial 
and stromal (Figure 1), but many WT contain only 
two or one component. These components may be 
present in various proportions and each one may 
show a different line and degree of differentiation, 
resulting in numerous histological appearances. 
Preoperative chemotherapy may modify original 
histological features by destroying different 
tumour cells and inducing maturation of other 
components.11 Some WTs show prominent 
heterologous differentiation of their components 
(skeletal muscle, adipose tissue, cartilage, bone, 
squamous epithelium, mucinous epithelium, etc.) 
resulting in so-called ‘teratoid’ appearance.12 
In the SIOP classification, WT are subclassified 
into types depending on the percentages of 
the chemotherapy-induced changes and viable 
tumour components, resulting in eight types 
and three risk groups (Table 2).4 In the COG 
classification, the only histological feature of 
adverse prognostic significance is anaplasia, 
which is found in about 8-10 % of cases.13 Anaplasia 
may occur in any cell type and it is defined as the 
presence of large atypical multipolar mitoses, 
together with marked nuclear enlargement and 
hyperchromasia (Figure 2).14 Anaplasia is further 
subclassified as focal (FA) and diffuse anaplasia 
(DA). FA is defined as the presence of anaplastic 
changes in one or a few sharply demarcated foci 
within the primary tumour, without evidence of 
marked nuclear atypia elsewhere in the tumour. 
DA is defined as non-localised anaplasia and/or 
anaplasia beyond the original tumour capsule; 
FA with marked nuclear atypia elsewhere in the 
tumour; anaplasia that is not clearly demarcated 
from non-anaplastic tumour; anaplasia in 
intrarenal vascular extensions, extrarenal 
invasive sites or metastases; and anaplasia in 
a random biopsy sample.14 Despite relatively 
simple criteria, diagnosis of anaplasia is still a big 
diagnostic problem for practising pathologists, 
with 30-50 % of cases being misdiagnosed by 
institutional pathologists.15 In COG, FA and DA 
are regarded as high-risk tumours, whereas in 
the SIOP classification FA is subclassified in the 
intermediate-risk group and DA in the high-risk 
group.4 Diffuse anaplasia is associated with a poor 
prognosis, especially at the higher stage. Anaplasia 
is not obliterated or induced by preoperative 
chemotherapy. It is associated with p53 mutations 
and is often positive on p53 immunohistochemical 
staining. In the SIOP classification of WTs treated 
with preoperative chemotherapy, blastemal-type 
WT is also subclassified into the high-risk group.4 
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WT most commonly metastasizes to the lungs and 
lymph nodes, whereas bone and brain metastases 
are rare.

Table 2: Histological criteria for Wilms’ tumour subtyping in 
SIOP classification

Tumour type Histological features (% of a tumour)
CIC Epithelium Stroma Blastema

Completely necrotic

Regressive

Mixed

Mixed

Epithelial

Stromal

Blastemal

100

> 66

< 66

< 66

< 66

< 66

< 66

0

0 - 33

0 - 65

0 - 89

66 - 100

0 - 33

0 - 33

0

0 - 33

0 - 65

0 - 89

0 - 33

66 - 100

0 - 33

0

0 - 33

0 - 65

0 - 10

0 - 10

0 - 10

66 - 100
CIC - chemotherapy-induced changes; SIOP - International Society of Paediatric On-
cology;

Figure 1: Wilms’ tumour, mixed type, consisting of blastemal, 
epithelial and stromal components

Figure 2: Wilms’ tumour, anaplastic type, showing atypical mito-
ses, nuclear enlargements and hyperchromasia

In several studies, significance of impaired 
regulation of genes and their protein products 
involved in cell cycle control and DNA repair has 
been investigated for prognostic and therapeutic 
stratification of different histological types of 
WT, using immunohistochemical and genetic 
methods. Although the results of some p53 
mutation studies have shown that their detection 
could contribute to the stratification of prognostic 
risk, especially associated with anaplastic WT,16-18 
the practical significance of such testing has not 
been established.

Also, although some association of surviving 
and cyclin A immunoexpression levels with 
histological types of WT was demonstrated, 
the differences observed were not statistically 
significant.19, 20

WT develops from precursor lesions which are 
called nephrogenic rests (NR) which represent 
abnormally persistent (after 36 weeks of 
gestation) foci of embryonal cells.15 NR are 
found in 30-40 % of unilateral and in over 90 % 
of bilateral WT,21, 22 and are subclassified into 
perilobar and intralobar NRs, depending on 
their localisation within the renal lobe. Both 
types are further subclassified into dormant, 
sclerosing and hyperplastic NRs and they may 
regress to fibrous tissue or progress to WT.15 

Perilobar NR are associated with overgrowth 
syndrome (hemihypertrophy, Beckwith-Wiede-
mann syndrome); they are found at the renal 
lobe periphery and are composed of epithelial, 
stromal and blastemal structures (Figure 3a). 
Intralobar NR are often associated with WAGR 
and Denys-Drash syndromes.21 They are found 
within the renal lobe, usually contain abundant 
stroma and typically bland with the adjacent 
kidney (Figure 3b).

The genetics of WT shows a significant 
degree of heterogeneity – there are different 
tumour suppressor genes and different ge-
netic mechanisms, with losses and gains of 
chromosomal material, some translocations and 
methylation and imprinting changes.23 The only 
identified WT gene is WT1, on chromosome 11p13, 
its prevalence is 10-20 % and it is associated with 
stromal differentiation in WT. The second gene, 
WT2 is almost certainly on chromosome 11p15, 
but it is still to be identified. Epidemiological 
studies suggest at least three types of genetic 
pathway in WT pathogenesis.23 The NWTS 5 
trial showed that loss of heterozygosity on 
both chromosomes 16q and 1p was associated 
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Figure 3a, 3b: Nephrogenic rests: A. perilobar nephrogenic rest;
B. intralobar nephrogenic rest

A

B

with an unfavourable outcome,24 and this has 
been introduced in COG treatment stratification. 
However, only ~5 % of patients with non-
anaplastic WT show these abnormalities, making 
it irrelevant for the majority of patients with WT. 
On the other hand, 1q gain has been found in 28-
40 % of patients with WT and it has been shown 
to be associated with poor prognosis, prompting 
CG to introduce it as a new prognostic stratifier, 
whereas in SIOP UMBRELLA 2016 Study it is being 
prospectively studied.25

The prognostic factors in WT in COG and SIOP 
are tumour histological type and stage. In 
addition, in SIOP, prognostic factors also include 
tumour volume before and after preoperative 
chemotherapy in defined cases and responsiveness 
of lung metastases to initial chemotherapy in 
some groups. In COG, additional prognostic factors 
are age, tumour weight, rapidity of lung nodule 
response and molecular markers.26

Relapses occur in ~15 % of children and the majority 
within 2 years of diagnosis. The overall survival 
for patients with WT is now over 90 %; therefore, 
at present the focus is reduction of treatment in 
order to reduce therapy-related sequelae.27, 28

Cystic renal tumours
Entirely cystic renal tumours include cystic 
partially differentiated nephroblastoma (CPDN) 
and cystic nephroma (CN). They are rare and 
although they share many histological features 
(sharp demarcation from the renal parenchyma, 
cysts of different shapes and sizes, septa are the 
only solid parts and they may contain tubules 
and, in CPDN, foci of blastema (Figure 4), they are 
unrelated entities with CN belonging to DICER 
1-related tumours,29 whereas CPDN is part of 
a WT spectrum. They are both treated with 
surgery only and have excellent prognosis. Other 
renal tumours may show a prominent cystic 
appearance (but are almost never completely 
cystic), such as pre-treated WTs, mesoblastic 
nephroma, clear cell sarcoma of the kidney 
(CCSK) and even rhabdoid tumour of the kidney 
(RTK) and since their treatment and prognosis 
are very different, it is critical to diagnose them 
accurately.

Figure 4: Cystic partially differentiated nephroblastoma

Mesoblastic nephroma
Mesoblastic nephroma (MN) accounts for 2-3 % 
of all paediatric renal neoplasms and is regarded 
as a low-grade mesenchymal/myofibroblastic 
tumour of the kidney. It typically occurs in 
infancy and it is often congenital. About 90 % 
of cases present in the first nine months of life, 
whereas it nearly never occurs after 3 years of 
age.30 MN presents as an abdominal mass (~75 % 
of cases), hypertension (~20 %) and haematuria 
(~10 %).31 It is not associated nephrogenic rests, 
or with syndromes or congenital anomalies 
typical for WT and it is never metastatic or 
bilateral at presentation.

Macroscopically, it is presented as a solitary 
mass near the renal sinus. Histologically, it 
shows classical, cellular type and mixed pattern. 
The classical type (~25 % of cases) consists of 
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Figure 5a, 5b: Mesoblastic nephroma: A. classical type; B. cel-
lular type

A

B

Figure 6: Clear cell sarcoma of the kidney showing characteris-
tic vascular pattern

spindled cells with low mitotic activity, arranged 
in intersecting fascicles (Figure 5a), shows no 
capsule and infiltrates the renal parenchyma, 
renal sinus or perirenal fat. EGFR internal 
tandem duplication is a consistent and recurrent 
genetic event.32 The cellular type (~65 % of cases) 
consists of densely packed plump, round cells 
with vesicular nuclei and a small to moderate 
amount of cytoplasm (Figure 5b). Although it 
has no capsule, it is usually sharply demarcated 
from the renal parenchyma. It shares the same 
genetic abnormality as infantile fibrosarcoma: a 
t(12;15)(p13;q25) translocation with resultant 
ETV6-NTRK3 fusion.33 MN is treated with 
complete surgical excision, resulting in excellent 
survival.34 Rare local recurrences, particularly of 
cellular type, are due to incomplete resection and 
exceptionally rare cases of distant metastases 
have been reported.34 They all develop within 12 
months after the diagnosis, so patients should be 
followed up closely for at least 1 year. Relapses 
are treated with surgery too and chemotherapy 
is used only if tumours are inoperable. The 
differential diagnosis includes metanephric 
stromal tumour, clear cell sarcoma of the kidney 
and stromal-type WT. The correct diagnosis 
should be established on the basis of clinical, 
histological and molecular features of these 
tumours.

Clear cell sarcoma of the kidney
Clear cell sarcoma of the kidney (CSSK) 
represents ~3 % of renal tumours of childhood. 
Its peak incidence is between 2 and 4 years of age 
and it shows a male-to-female predominance of 
around 2:1.35 Clinically, it presents as a palpable 
abdominal mass, rarely with pain and gross 
haematuria. It is not associated with syndromes 
or congenital anomalies, it is never bilateral at 
presentation and no familial cases have been 
described.

Histologically, CCSK shows a wide histological 
spectrum of different patterns, including classical, 
epithelioid, spindled, sclerosing, palisading, 
myxoid, cystic and pleomorphic, which explains 
why it is the most frequently misdiagnosed renal 
tumour of childhood. Different patterns are usually 
found within the same tumour. The classical 
pattern is characterised by well-defined cords or 
nests of undifferentiated large cells with bland, 
empty-looking nuclei containing finely dispersed 
chromatin and usually no nucleoli. However, this 
pattern is seen in only ~30 % of cases. The most 
distinguishing feature is the delicate vascular 
network (Figure 6), which separates tumour cells 
into trabeculae or nest.36

Recent molecular studies revealed that 80-90 % of 
CCSK show internal tandem duplications within 
exon 16 of BCOR (BCOR ITD), ~5 % the t(10;17)
(q22;p13) translocation (resulting in a YWHAE-
NUTM2 fusion) and BCOR-CCNB3 gene fusion - 
these genetic alterations appear to be mutually 
exclusive. The remaining ~5 % of CCSK shows 
no genetic abnormalities and they may not be 
genuine CCSK.37, 38

Local lymph nodes are the most common 
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metastatic site at presentation for CCSK, but 
the bone is the commonest site for metastatic 
relapse.35 The introduction of doxorubicin has 
resulted in a remarkable improvement in the 
prognosis of stage I-III tumour.35

Rhabdoid tumour of the kidney
Rhabdoid tumour of the kidney (RTK) accounts 
for about 2 % of paediatric renal tumours. The 
mean age at diagnosis is 1 year and the median age 
is 11 months. Over 80 % of cases are diagnosed 
in the first 2 years of life and the diagnosis is 
debatable after the age of 5 years.39

Figure 7: Rhabdoid tumour of the kidney, showing non-cohe-
sive cells with large nuclei, prominent nucleoli and abundant 
cytoplasm 

Figure 8: Metanephric tumors: A. metanephric stromal tumour; 
B. metanephric adenoma

The tumour is associated with hypercalcaemia 
and synchronous or metachronous brain 
tumours. Characteristic histological features are 
the presence of large, non-cohesive tumour cells 
with eccentric large nuclei and very prominent 
eosinophilic central nucleoli (present in virtually 
all cases) and hyaline intracytoplasmatic inclusions 
(often seen only focally) (Figure 7). In addition 
to the classical pattern, the tumour may show 
numerous other patterns, including classical, 
sclerosing, epithelioid, clear cell sarcoma-like, 
lymphomatoid, vascular, pseudopapillary and 
cystic patterns.40 Immunohistochemically, in 
addition to vimentin (positive in all cases), 
RTK co-expresses different markers, including 
desmin, myoglobin, EMA, NSE, neurofilaments, 
S100 protein and CD99 (which are usually 
focally positive and not present in all cases).41 
However, the diagnostic immunohistochemical 
feature is absence of immunoreactivity for 
INI1 marker in the tumour cell nuclei. Genetic 
abnormalities of hSNF5/INI1 tumour suppressor 
gene on chromosome 22q11.12 has been 
identified in children with renal and extra-renal 
rhabdoid tumours and the atypical teratoid 

rhabdoid tumour of the brain.42 The differential 
diagnosis of RTK includes renal medullary 
carcinoma (also INI1 negative tumour), cellular 
mesoblastic nephroma, CCSK, blastemal WT and 
Ewing sarcoma. RTK is a highly invasive, lethal 
neoplasm which gives early metastases in lung, 
lymph nodes, liver, bone and brain. The prognosis 
is very poor with 80-90 % of patients dying 
within a few months of the diagnosis.39

Metanephric tumours
Metanephric tumours include a spectrum of rare 
entities, including metanephric stromal tumour 
(MST), metanephric adenofibroma (MAF) and 
metanephric adenoma (MA).43

Histologically, MST is a pure stromal tumour 
showing characteristic hypo- and hypercellular 
areas (resulting in a nodular appearance on low 
power view) (Figure 8a), concentric collarets 
of tumour around entrapped tubules and blood 
vessels which may show angiodysplasia. It 
occurs from 2 days to 156 months of age (median 
13 months) and it should be considered in the 
differential diagnosis of stromal tumours in 
children older than 3 years of age, when MN does 

B

A
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Conclusion

Renal tumours of childhood are a fascinating 
group of tumours where a remarkable progress 
in classification, treatment and understanding 
of molecular biology has been made. This has 
only been possible because of close collabora-
tion between patients, clinicians, pathologists 
and molecular biologists and their participa-
tion in national and international multicentre 
trials where all data have been systematically 
and meticulously collected and studied. Since 
these tumours are rare, they still represent 
a diagnostic problem and central pathology 
review in multicentre trials is essential for 
assigning the appropriate treatment. Molecu-
lar biology markers are likely to play an even 
more important role in future trials.

Figure 9: Renal cell carcinoma associated with MiTF translocation

not occur. It is treated with surgery only and has 
the same excellent prognosis as MN.43

MAF occurs in children and young adults and 
exhibits a mixture of stromal elements (identical 
to those in MST) and well-defined areas of 
immature epithelium (tubules and papillae).43

Finally, MA is more commonly found in adults 
than in children. It is usually small (up to 2 cm) 
and composed of monotonous small, closely 
packed tubules which show no mitoses.

Characteristically, there is no capsule between 
the tumour and the adjacent renal parenchyma 
(Figure 8b). MA may be difficult to distinguish 
from epithelial-predominant WT and there may 
be a close pathogenetic relationship.43

Renal cell carcinomas
Renal cell carcinomas (RCC) represent 3.5 % of 
renal tumours in children aged 0-14 years and 
70 % in children aged 15-19 years. They show 
significant clinical, histological and genetic 
differences from RCC seen in adults.44 The most 
common type in children is translocation-
associated RCC (MiT-RCC) (Figure 9), followed by 
papillary type RCC, whereas clear cell RCC, which 
is the most common type in adults, is very rare in 
children.

They usually present with haematuria, abdominal 
and/or flank pain and abdominal/flank mass. 
The majority of patients (48 %) presents as 
stage I and ~10 % as metastatic (stage IV) 
disease. The most common metastatic sites are 
lung and liver.44 After differences in malignant 
potential have been observed within rare RCC 
groups, histological, immunohistochemical and 
genetic characteristics that could contribute 

to prognostic risk stratification have been 
underway for many years.45

Localised RCC is curable with surgery alone 
and their prognosis is very good (~90 % overall 
survival). High-stage RCC (stage III-IV) show 
a dismal prognosis (~22 % overall survival). 
Recent studies showed an improved prognosis 
with adjuvant therapy and this should now be 
considered as standard.44

Renal medullary carcinoma is a rare, highly 
aggressive tumour occurring in children and 
young adults with sickle cell trait or disease. 
Patients usually present with widespread 
metastases and show no response to chemo- or 
radiotherapy, resulting in a poor survival (mean 
4 months).46

Other entities
Several other rare tumours have been recently 
identified in the kidney. Some have been 
recognised by the application of molecular 
biology techniques, such as Ewing sarcoma,47 
desmoplastic small round cell tumour,48 and 
synovial sarcoma,49 whereas others, such as 
anaplastic sarcoma of the kidney50 and mixed 
epithelial and stromal tumour of the kidney,51 
have been recognised on the basis of their 
characteristic clinicopathological features 
observed by examination of large series of cases 
from the multicentre studies.
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Abstract
Background/Aim: Coma is the most severe disturbance of consciousness from 
which the patient cannot wake up and in which there is no verbal and motor 
response or opening of the eyes. The aim of the research was to establish the 
frequency of occurrence of coma and the aetiology of coma in the Banja Luka 
Emergency Department (ED). Also, the goal was to analyse the accuracy of the 
referral diagnosis and potential factors that can help the doctor in making a 
correct diagnosis.
Methods: A retrospective cross-sectional study was conducted. In the ED data-
base, in the period from January to September 2022, all patients diagnosed with 
coma have been found. The gender and age of the patient, vital parameters, per-
formed diagnostic methods and therapy were recorded. The referral diagnosis, 
the department to which the patient was referred, as well as the final diagnosis 
determined in hospital conditions were recorded.
Results: In the period from January to September 2022 there were 95 patients 
who were diagnosed with coma. The average age of the patients was 67.76 ± 
16.56 years, there were 56 (58.9 %) men and 39 (41.1 %) women. Of that num-
ber, 41 (43.2 %) patients were diagnosed with hypoglycaemic coma and those 
patients were treated in the field. Out of 54 patients, 32 (59.3 %) patients had a 
confirmed referral diagnosis, while 22 (40.7 %) patients had another diagnosis 
established at the hospital. All patients with suspected intracranial bleeding or 
stroke were correctly diagnosed and adequately referred, while all patients 
with a confirmed diagnosis of sepsis and shock were incorrectly referred (χ2 = 
30.563, p < 0.001).
Conclusion: The most frequent were coma caused by hypoglycaemia and coma 
caused by brain ischaemia and non-traumatic bleeding, which were adequately 
recognised and treated and/or referred. Coma caused by sepsis and shock of 
different aetiology was not recognised as such and was referred to a neurolo-
gist, where precious time was wasted. In order to reduce errors in the field, it is 
necessary to pay more attention to the anamnestic data on diseases and per-
form a somatic and neurological examination adequately.

Key words: Coma; Differential diagnosis; Prehospital treatment; Emergency 
Department.
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Introduction

Coma is the most severe disorder of conscious-
ness from which the patient cannot wake up and 

in which there is no verbal and motor response 
and opening of the eyes.1 Coma is an emergency 
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condition that implies the application of clearly 
defined therapeutic procedures immediately af-
ter examining the patient, in order to maintain 
vital functions and protect the brain from serious 
or irreversible damage.2

Numerous structural damages [ischaemic insult 
or stroke in the upper part of the medulla oblon-
gata, aneurysm rupture and subarachnoid haem-
orrhage, head trauma (concussion or contusion, 
epidural or subdural haematoma), hydrocephalus 
(acute), brain abscess, brain tumour] and global 
disorders [drugs and toxins (barbiturates, carbon 
monoxide, ethyl alcohol, methyl alcohol, opioids), 
hypothermia, infections (meningitis, encephalitis, 
sepsis), central nervous system vasculitis, meta-
bolic disorders (eg, diabetic ketoacidosis, hepatic 
coma, hypoglycaemia, hyponatremia, hypoxia, 
uraemia] of the central nervous system cause 
coma.3

According to the different causes of coma itself, 
several types of coma can be distinguished:4 

a) Toxic-metabolic encephalopathy. This is an 
acute state of brain dysfunction with symp-
toms of confusion and/or delirium or coma. 
The condition is usually reversible. The causes 
of toxic-metabolic encephalopathy are differ-
ent. They include systemic diseases, infections, 
organ failure and other conditions (eg, hepatic 
encephalopathy). 
b) Persistent vegetative state. This is a state 
of severe unconsciousness. The person is not 
aware of his surroundings and is not capa-
ble of voluntary movement. With a persistent 
vegetative state, some patients may progress 
to wakefulness, but without improvement in 
higher brain functions. In the persistent vege-
tative state there are cycles of respiration, cir-
culation and sleep and wakefulness.
c) Medically induced. This type of temporary 
coma is used to protect the brain from oede-
ma after an injury. The patient receives a con-
trolled dose of anaesthetic, which causes a lack 
of sensation or consciousness. Doctors then 
closely monitor the person’s vital signs. This 

method of applying anaesthetics with the aim 
of inducing coma occurs only in hospital inten-
sive care units.

The causes of coma are numerous and the rec-
ognised aetiological cause of coma in the field rep-
resents a real challenge for the doctor, because, 
from the aetiological cause of coma depends on 
whom we refer the patient to (neurologist, inter-
nist, toxicologist, neurosurgeon...), as well as the 
initial therapeutic treatment. Furthermore, the 
outcome of treatment of comatose patient is influ-
enced by aetiology, because by wrong referral, the 
patient loses valuable time.5

At the primary level, rating scales are applied, 
most often the Glasgow Coma Scale (GCS) and the 
“alert, verbal, pain, unresponsive” (AVPU) scale. 
Some of the confusing factors that can lead to mis-
interpretation of the results of these diagnostic 
tests, as well as in the application of rating scales, 
are: unpredictable changes in patient alertness, 
sensorimotor impairments and patient sedation.6

The GCS was changed with the additions from 
2014, because the GCS has limited application 
when the patient has immobilised limbs, when 
he has a spinal cord injury that leads to paralysis, 
when he has damage to the speech centres in the 
brain or is deaf,7 when he is intubated or has a tra-
cheostomy that prevents speech, as well as bilat-
eral damage to the third cranial nerve.8

Therefore, in addition to the GCS, the Full Outline 
of Unresponsiveness Score (FOUR), a scale for 
assessing the degree of consciousness disorders 
intended for use in acute disorders of conscious-
ness, regardless of the cause, is applied (Table 1).9, 

10 Lower scores indicate higher coma severity.

The aim of the research was to establish the fre-
quency of occurrence of coma and the aetiology of 
coma in the Banja Luka Emergency Department 
(ED). Also, the goal was to analyse the accuracy 
of the referral diagnosis and potential factors that 
can help the doctor in making a correct diagnosis.

Table 1: Full Outline of Unresponsiveness Score - FOUR SCORE

Eye Response Motor response 
(upper extremities) Brainstem reflexes Respiration pattern

Eyelids open or opened, tracking,
or blinking to command (+4)

Eyelids open but not tracking (+3) 

Eyelids closed but open to loud
voice (+2) 

Eyelids closed but open to pain (+1)

Eyelids remain closed with pain (0)

Thumbs-up, fist, or peace sign (+4)

Localising to pain (+3)

Flexion response to pain (+2)

Extension response to pain (+1)

No response to pain orgeneralised 
myoclonus status (0)

Pupil and corneal reflexes
present (+4)

One pupil wide and fixed (+3)

Pupil OR corneal reflex 
absent (+2)

Pupil AND corneal reflexes 
absent (+1)

Absent pupil, corneal, and 
cough reflexes (0)

Not intubated, regular
breathing pattern (+4)

Not intubated, Cheyne-
Stokes breathing pattern (+3)

Not intubated, irregular 
breathing (+2)

Breathes above ventilatory 
rate (+1)

Breathes at ventilator rate or 
apnoea (0)
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Methods

Results

A retrospective cross-sectional study was con-
ducted. In the ED database, in the period between 
1 January 2022 and 1 October 2022, all patients 
diagnosed with coma were found (International 
Classification of Diseases (ICD): R40, E16, I63 and 
further listed). ED protocols, as well as the Emer-
gency and Family Medicine Information Systems 
(WebMedic) of the Republic of Srpska database, 
were used. The gender and age of the patient, vi-
tal parameters, performed diagnostic methods 
and therapy were recorded. The referral diagno-
sis, the department to which the patient was re-
ferred, as well as the final diagnosis determined 
in hospital conditions were recorded.

In the period between 1 January 2022 and 1 Octo-
ber 2022 there were 95 patients who were diag-
nosed with coma. The average age of the patients 
was 67.76 ± 16.56 years, there were 56 (58.9 %) 
men and 39 (41.1 %) women.

Out of that number, 41 (43.2 %) patients were 
diagnosed with hypoglycaemic coma and those 
patients were treated in the field. There was no 
statistically significant difference in relation to 
gender (Fisher test: χ2 = 0.834, p = 0.404) and age 
of patients (Man-Whitney U-test: U = 903.5, p = 
0.264) and whether it was hypoglycaemic coma 
or not. Those patients were not included in fur-
ther analysis.

Of the remaining 54 patients, there were 34 (63.0 %) 
men and 20 (37.0 %) women. Basic descriptive 
data about the patients are shown in Table 2.

Table 2: Characteristics of patients diagnosed with coma

Parameter Range Minimum Maximum Average VarianceStandard 
deviation

Age

Systolic BP

Diastolic BP

Pulse

SaO2

Blood glucose

94.00

170.00

120.00

160.00

100.00

27.90

100.00

210.00

120.00

160.00

100.00

29.00

65.76

110.46

55.11

80.53

79.77

8.46

65.76

110.46

55.11

80.53

79.77

8.46

6.00

40.00

0.00

0.00

0.00

1.10

372.74

2014.06

1416.06

942.64

1022.85

25.15

Pulse: beats per minute; BP: blood pressure in mm Hg; SaO2: arterial oxygen saturation percentage; Blood glucose in 
mmol/L: normal grange – between 3.9 mmol/L and 5.6 mmol/L.

Data were analysed using IMB SPSS for Windows 
v 18.0. The normality of the data distribution was 
determined using the Kolmogorov-Smirnov test 
and based on the results, appropriate paramet-
ric/non-parametric statistical tests were applied: 
Chi-squared test, Student t-test/Man-Whitney 
U-test, ANOVA/Kruskal-Wallis test. The level of 
statistical significance was taken at p < 0.05.

The frequency in relation to which specialist the 
patient was referred to is shown in Figure 1.

Out of 54 patients, 32 (59.3 %) patients had a 
confirmed referral diagnosis, while 22 (40.7 %) 
patients had another diagnosis established at the 
hospital. Analysis of vital parameters did not re-
veal a statistically significant difference in rela-
tion to gender (χ2 = 1.519, p = 0.262) and age (U = 
304.0, p = 0.908), as well as to any vital parame-
ter and whether the patient was confirmed with a 
referral diagnosis or not (systolic blood pressure 
(BP): U = 147.0, p = 0.065; diastolic BP: U = 148.0, 
p = 0.064; pulse: U = 101.5, p = 0.933, SaO2: U = 
130.0, p = 0.086, glucose: U = 75.5, p = 0.143).

For easier analysis, confirmed diagnoses were 
grouped into the following categories: ICD 
I61-I63, ICD G40, sepsis and shock, head injuries 
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Discussion

The results showed that the most common were 
coma caused by hypoglycaemia and coma caused 
by brain ischaemia and non-traumatic bleeding, 
which were adequately recognised based on the 
clinical picture and clinical examination and were 
adequately treated and/or referred. Coma caused 
by sepsis and shock of different aetiology, which 
was just behind in frequency, was not recognised 
as such and was referred to a neurologist, where 
precious time was wasted. The same was the case 
with coma caused by meningitis, poisoning, ven-
tricular tachycardia (VT), complete atrio-ven-
tricular block and conversion reaction.

From a practical point of view it is good that all 
patients were treated according to the principle 
of preventing hypoxia and maintaining perfusion, 
which in fact is common regardless of the pre-
sumed aetiologic agent. What is not good is that 
there was no recorded data about GCS and mea-
sured temperature. Also, inadequate taking of 
anamnestic data about previous diseases as well 
as symptoms that preceded the coma, which are 
closely related to the coma, were not adequately 
taken. Sometimes, pulse measurement were only 
by using a pulse oximeter.

The emphasis is on referring the vast majority of 
patients to a neurologist, which in itself suggests 
that often the factors that cause “non-neurolog-
ical” coma are overlooked. “Non-neurological” 
causes of coma actually represent a challenge for 
doctors in the field and recognising them ade-
quately effects the outcome.

Taking into account the frequency of aetiological 
causes of coma, the results of this retrospective 
study were compared with other studies. In the 
observational study by the author Forsberg and 
associates in which 938 patients participated, in 

and other diagnoses. The other diagnoses in 
two cases were cancer complications, complete 
AV block, acute respiratory insufficiency, acute 
poisoning, ventricular tachycardia and one 
case each of acute stress reaction, aortic dissec-
tion, meningoencephalitis. Their distribution is 
shown in Figure 2.

Figure 1: Frequency of referral of patients with coma to a spe-
cific specialist

Figure 3: Ratio of in-hospital confirmed pre-hospital diagnoses

Figure 2: Causes of coma confirmed in hospital

Significantly younger patients were diagnosed 
with epilepsy compared to other diagnoses (Kru-
skal-Wallis test: χ2 = 10.766, p = 0.029). There was 
no significant difference in relation to gender and 
confirmed diagnosis (χ2 = 8.208, p = 0.078). Sys-
tolic pressure was significantly lower in patients 
diagnosed with sepsis and shock compared to 
other diagnoses (χ2 = 10.989, p = 0.027). Other 
parameters were not statistically significant (di-
astolic BP: χ2 = 9.094, p = 0.059; pulse: χ2 = 2.294, 
p = 0.682; SaO2: χ2 = 4.027, p = 0.402; Glucose: χ2 = 
3.301, p = 0.509).

The analysis revealed a significant difference 
between the initial diagnosis and the diagno-
sis confirmed at the hospital (χ2 = 30.563, p < 
0.001). Namely, all patients with diagnosed ICD 
I61-I63 were correctly diagnosed and adequately 
referred, while all patients with a confirmed di-
agnosis of sepsis and shock were incorrectly re-
ferred (Figure 3).
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38 % of patients the aetiological cause of coma 
was poisoning, 24 % focal neurological lesion, 21 
% metabolic disorders, 12 % epileptogenic caus-
es, 12 % psychogenic.11 It can be noted that in this 
study, poisoning as an etiological cause was found 
in a low percentage, statistically insignificant, 
while metabolic causes, including hypoglycae-
mia, sepsis, shock of various aetiologies, occupied 
the first place. The results of focal neurological 
lesions were similar in percentage.

In a study that dealt with the frequency and type 
of coma in the emergency department by the 
Forsberg and associates, where 875 patients par-
ticipated and they were divided into two groups: 
one with metabolic 72 % and the other with 
structural damage 28 %. Similarity can also be 
seen in the aetiological causes of coma.12

The limitation of this study is that it was a ret-
rospective cross-sectional study, with a relative-
ly small sample and only in one ED, so it is more 
difficult to extrapolate the data to the general 
population. This study can serve as a pilot study 
for a prospective study where better records of 
anamnestic data and performed diagnostic and 
therapeutic procedures would be performed.

Conclusion

Statistically, the most common were comas 
caused by hypoglycaemia and comas caused 
by brain ischaemia and non-traumatic bleed-
ing, which were adequately recognised on the 
basis of the clinical picture and clinical exam-
ination and were adequately cared for and/or 
referred. Coma caused by sepsis and shock of 
different aetiology, which was just behind in 
frequency, was not recognised as such and was 
referred to a neurologist, where precious time 
was wasted. The same is the case with coma 
caused by meningitis, poisoning, VT, complete 
atrioventricular block and conversion reac-
tion.

In order to reduce errors in the field, it is neces-
sary to pay more attention to anamnestic data 
about diseases (kidney and liver insufficiency, 
endocrinological diseases, addiction diseases, 
symptoms that preceded coma, falls, especial-
ly in alcoholics, etc) and to perform a somatic 
and neurological examination adequately.
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Introduction

Case History

Coronavirus disease 2019 (COVID-19) is an illness 
caused by novel severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). The illness 
was initially noted in Wuhan in December 2019 
and has since spread across the world. Children 
have been affected by the COVID-19, however 
they appear to have had a milder disease course 
and better prognosis than adults.1 Despite the 
fact that pulmonary illness is the main clinical 
symptom, patients frequently show signs of dam-
age to other organs, such as the gastrointestinal 
(GI) tract and liver, which sharply raises their 
mortality. Although these individuals frequently 
have modest liver enzyme increase, incidents of 
serious liver injury have also been documented. 
In this case report, a COVID-19 case that mani-
fested as acute liver failure is described.

A 6-year-old boy presented to the hospital with 
complaints of fever for 6 days with mild upper 
right quadrant pain. Patient also had 2-3 episodes 

of vomiting associated with nausea and passage 
of high coloured urine for 3 days with hypersom-
nolence for 1 day. There was no history of cough, 
sore throat or breathlessness. His past medical 
history was unremarkable. Parents denied tak-
ing any recent over-the-counter or herbal drugs 
in the prior weeks.

On presentation, patient  was vitally stable, tem-
perature was 39.8 °C. Icterus was present. Pa-
tient  was lethargic with disorientation in time. 
On examination, there was right hypochondriac 
tenderness and enlarged liver with liver span of 
12 cm. There was no splenomegaly or ascites. Re-
spiratory system evaluation revealed no abnor-
malities. At the time of his admission, his labora-
tory results were as follows: haemoglobin: 11.6 g/
dL; leucocyte: 4300 cells/mm3; platelets: 115,000 
cells/uL; serum bilirubin: 4.1 mg/dL; aspartate 
transaminase (AST): 9116 U/L; alanine trans-
aminase (ALT): 3797 U/L; alkaline phosphatase: 
519 U/L; total protein: 6.8 g/dL; albumin 3.5 g/
dL and international normalised ratio (INR): 2.9. 
An ultrasound of the abdomen showed minimal 
ascites and hepatosplenomegaly. IgM hepatitis A, 
IgM hepatitis E, the surface antigen of the hepa-
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Figure 1: Serial serum bilirubin and international normalised ratio (INR) levels of the patient with COVID-19

Figure 2: Serial aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels of the patient with COVID-19

titis B virus (HbSAg), anti-HCV, Epstein-Barr vi-
rus (EBV) DNA polymerase chain reaction (PCR) 
and cytomegalovirus (CMV) DNA PCR serological 
testing were conducted; all results were negative. 
IgM leptospira, dengue IgM and dengue nonstruc-
tural protein 1 (NS1), rapid malarial antigen tests 

were all negative. His autoimmune workup came 
out negative, as did his serum ceruloplasmin lev-
el. Prior to admission, a nasopharyngeal swab 
was performed as per standard hospital proce-
dure and the reverse transcription polymerase 
chain reaction (RT-PCR) result showed COVID-19 
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infection. Patient  had a peripheral oxygen satu-
ration of 99 % at room air and no evidence of in-
terstitial pneumonia was found on a chest X-ray.

The patient was managed conservatively with an-
tibiotics, vitamin K supplementation and anti-he-
patic encephalopathy measures. He improved 
during the hospital stay. Serial laboratory testing 
revealed a downward trend in liver enzymes (Fig-
ure 1), INR and serum bilirubin levels (Figure 2). 
After 20 days, a second nasopharyngeal swab for 
the SARS CoV-2 PCR test came out negative. After 
23 days in the hospital, the patient was released 
in good clinical condition and was symptom-free 
from a hepatic and respiratory standpoint.

Discussion

Corona viruses are single-stranded RNA viruses 
that belong to the Coronaviridae family and the 
Orthocoronavirinae subfamily. In Wuhan, China, 
in December 2019, SARS-CoV-2, a new virus, was 
found to be the source of a cluster of pneumonia 
cases.2 Due to the virus quick global spread and 
substantial number of hospital admissions and 
fatalities, the World Health Organization (WHO) 
has classified it as a global pandemic. COVID-19 
is largely seen as a pulmonary illness and often 
appears with signs of viral pneumonia. Increas-
ing evidence, however, points to the involvement 
of many organ systems, including the liver and GI 
tract, with more than 60 % of patients exhibiting 
GI symptoms (anorexia, diarrhoea, nausea and 
vomiting) and a sizeable fraction of cases exhibit-
ing increased liver biochemistries.3

Liver damage in the context of COVID-19 may be 
complex. An infection of liver cells by a virus may 
cause liver damage directly. This virus enters the 
host cell by binding to the angiotensin converting 
enzyme 2 (ACE2) receptor,4 where it multiplies 
and infects additional cells throughout the upper 
respiratory tract and lung tissue. According to 
Chai et al, ACE2 is expressed by bile duct cells as 
well as liver cells.5 Additionally, in severely sick 
COVID-19 patients, immune-mediated inflamma-
tion such as cytokine storm and hypoxia brought 
on by pneumonia may exacerbate liver damage or 
ultimately result in liver failure. The majority of 
drugs used to treat moderate to severe COVID-19 
patients, on the other hand, have distinct profiles 
of liver damage. Moreover, a previously undetect-
ed liver condition is frequently ambiguous.

The severity of liver damage can vary from as-
ymptomatic biochemical abnormalities to, in 
rare instances, abrupt liver failure. The preva-
lence of liver damage in COVID-19 patients var-
ied from 58 % to 78 %, with a larger percentage 
present in severe COVID-19 cases. Liver damage 
was mostly detected by raised AST, ALT and total 
bilirubin levels along with slightly reduced albu-
min levels.5 AST and ALT elevations are typically 
moderate (ie, 5 times the upper limit of normal); 
nonetheless, very high aminotransferase levels 
and severe acute hepatitis have also been record-
ed.6 In the pattern of elevation, AST is frequently 
higher than ALT. Although the ACE2 receptor is 
more usually expressed on cholangiocytes than 
hepatocytes, AST and ALT are more frequently 
increased than bilirubin or alkaline phosphate. 
When severe and non-severe COVID-19 patients 
were compared, those with severe illness had a 
higher frequency of liver function abnormalities 
such hypoalbuminemia, gamma-glutamyl trans-
ferase (GGT), aminotransferase elevations and 
bilirubin elevations.7

Upon evaluating the past literature, it was discov-
ered that there was just one research that showed 
blood ALT and AST levels in severe COVID-19 
patients climbed to 7,590 U/L and 1,445 U/L, 
respectively. SARS-CoV-2 infections in children 
are more likely to be asymptomatic and result in 
minor symptoms.8 Amir Saeed et al described a 
case of a kid, age 11, who had COVID-19 and had 
acute liver failure.9 Based on a study of the few 
available literature, presented case seems to 
represent a rare instance of COVID-19 infection 
manifesting as acute liver failure. In this period 
of COVID-19 infection, clinicians should be aware 
that abrupt liver failure may be the virus’ early 
manifestation. Patients with COVID-19 risk fac-
tors who present with acute hepatitis should be 
isolated and tested for the virus. To ascertain 
how frequently this presentation occurs, more 
observational studies are required.
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words should be selected from Medical Subject Head-
ings (MeSH). Letters to the editor and obituaries do not 
need to have key words.

3. Text
The text of the articles includes the following chapters: 
Introduction, Methods, Results and Discussion. Longer 
articles may need subheadings within some sections 
to clarify their content. Case reports should have four 
sections: Introduction, Case history, Discussion and 
Conclusion.

Introduction. After the introductory notes, the aim of 
the article should be stated in brief (the reasons for the 
study or observation), only signi�icant data from the lit-
erature, but not extensive, detailed consideration of the 
subject, nor data or conclusions from the work being 
reported.
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Methods. Selection of study or experimental subjects 
(patients or experimental animals, including controls) 
should be clearly described. Methods, apparatus (man-
ufacturer's name and address in parentheses) and pro-
cedures should be identi�ied in suf�icient detail to al-
low other workers to reproduce the results. References 
should be cited for established methods, including the 
statistical ones. Identify precisely all drugs and chem-
icals used, with generic name(s), dose(s), and route(s) 
of administration. Statements on the study approval 
by the Ethics Committee for human or animal studies 
should be included.

Results should be presented in logical sequence in the 
text, tables and illustrations. Emphasise or summarise 
only important observations.

Discussion is aimed to emphasise new and signi�icant 
aspects of the study and conclusions that result from 
them. Relate the observations to other relevant studies.

Conclusion should be linked with the goals of the 
study, but avoid unquali�ied statements and conclu-
sions not completely supported by your data. 

Tables
Each table should be typed single-spaced on a separate 
sheet, numbered in the order of their �irst citation in 
the text in the upper right corner and supplied with a 
brief title each. Explanatory notes are printed under 
a table. Each table should be mentioned in the text. If 
data from another source are used, acknowledge them  
fully. Each table should be named in order to indicate 
the author's name the number of the table, (eg John-
son_Table 1). The place of the table in the text should 
be marked as in the following example: “(Table 1 near 
here)”.

Illustrations
Any forms of graphic enclosures are considered to be 
�igures and should be submitted as additional databas-
es in the System of Aseestant. Letters, numbers, and 
symbols should be clear and uniform, of suf�icient size 
that when reduced for publication, each item will still 
be legible. Each �igure should be named in order to in-
dicate the author's name and the number of the �igure 
(eg Johnson_Figure 1). If a �igure has been published, 
state the original source.

Captions for illustrations are typed on a separate page, 
with Arabic numbers corresponding to the illustra-
tions. If used to identify parts of the illustrations, the 
symbols, arrows, numbers, or letters should be iden-
ti�ied and explained clearly in the legend. The method 
of staining and magni�ication in photomicrographs 
should be explained. Captions should be detailed 
enough to allow for understanding of the content of 
the �igure without previous reading of the text. The 
place of the �igure in the text should be marked as in 
the following example: “(Figure 1 near here)”.

Abbreviations and acronyms
Authors are encouraged to use abbreviations and ac-
ronyms in the manuscript in the following manner: 
abbreviations and acronyms must be de�ined the �irst 
time they are used in the text and thereafter must be 
consistently used throughout the whole manuscript, 
abbreviations should be used only for terms that ap-
pear more than three times in text; abbreviations 
should be sparingly used. Use of abbreviations in the 
titles should be avoided. Even if used after its de�ini-
tion in the abstract, the same de�inition and repetition 
of the abbreviation should be performed the �irst time 
it is used in the text. In order to assure self-explan-
atory nature of the tables and �igures, abbreviations 
and acronyms should be de�ined in the captions and 
then introduced, irrespective of whether it was done 
earlier in the text.

4. References
References should be superscripted and numerated 
consecutively in the order of their �irst mentioning 
within the text. All the authors should be listed, but 
if there are more than 6 authors, the �irst 6 should 
be quoted, followed by comma and "et al". Abstracts, 
secondary publications, oral communications, unpub-
lished papers, of�icial and classi�ied documents should 
not be used. References to papers accepted but not yet 
published should be cited as ”in press“. Data from the 
Internet are cited with the date of citation. Articles 
from the e-journals should always contain DOI code.
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