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Two American scientists, left, David Julius (born November 
4, 1955) and right, Ardem Patapoutian (born October 2, 
1967), won this year's Nobel Prize in Medicine for under-
standing  key mechanisms by which people feel heat, cold, 
touch and their own bodily movements. Today, their discov-
eries are used to develop therapeutic modalities for a wide 
range of diseases, including chronic pain. 
Dva američka naučnika, levo, Dejvid Džulijus (rođen 4. 
novembra 1955) i desno, Ardem Patapoutijan (rođen 2. 
oktobra 1967), dobitnici su ovogodišnje Nobelove nagrade za 
medicinu za razumevanje ključnih mehanizama pomoću 
kojih ljudi osećaju toplotu, hladnoću, dodir i sopstvene 
pokrete tela. Danas se njihova otkrića koriste za razvoj 
terapijskih modaliteta za širok spektar bolesti uključujući 
hronični bol. 
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Clinical significance of matrix metalloproteinase (MMP)-2 and MMP-9 
expression in laryngeal squamous cell carcinoma 

Klinički značaj ekspresije matriks metaloproteinaza (MMP)-2 i MMP-9 kod 
skvamocelularnog karcinoma larinksa 

 
Dejan Rašić*, Aleksandar Perić*†, Biserka Vukomanović Djurdjević†‡,  

Jelena Sotirović*†, Nenad Baletić*†, Milanko Milojević*†, Ljubomir Pavićević*, 
Aleksandar Dimić* 

Military Medical Academy, *Clinic for Otorhinolaryngology, ‡Institute of Pathology, 
Belgrade, Serbia; †University of Defence, Faculty of Medicine of the Military Medical 

Academy, Belgrade, Serbia 

Abstract 
 
Background/Aim. The previous researches suggest that matrix 
metalloproteinases (MMPs) have the ability to degrade extracellu-
lar matrix components and play an important role in malignant 
tumour progression and metastasis. The aim of this study was to 
investigate MMP-2 and MMP-9 expression in the tissue of laryn-
geal squamous cell carcinoma (LSCC) and to evaluate their clini-
cal significance. Methods. In this prospective study the samples 
of tumour tissue of seventy patients with LSCC (45 glottic and 
25 supraglottic), and samples of laryngeal mucosa of 70 patients 
with chronic laryngitis were immunohistochemically stained for 
MMP-2 and MMP-9. We studied the relationships between 
MMPs tissue expression and clinical and histological characteris-
tics of the patients with LSCC in comparison to the patients with 
chronic laryngitis. Results. MMP-2 and MMP-9 expression was 
significantly higher in the tissue of both glottic and supraglottic 

LSCC than in chronically inflamed laryngeal mucosa (p < 0.001 
and p < 0.001, respectively). There were positive correlations be-
tween epithelial MMP-2 expression and the presence of perineu-
ral invasion (r = 0.515, p < 0.008), lymphovascular invasion (r = 
0.559, p < 0.004) and disease recurrence (r = 0.415, p < 0.039) in 
supraglottic LSCC, as well as between MMP-2 expression and 
the presence of the exophytic type of tumour growth (r = 0.347, 
p < 0.020) in glottic LSCC. Epithelial MMP-9 expression was as-
sociated with lymphovascular invasion (r = 0.331, p < 0.026) and 
the presence of the exophytic tumour growth (r = 0.474, p < 
0.001) in glottic LSCC. Conclusion. MMP-2 and MMP-9 can be 
used as potential biomarkers for the assessment of LSCC pro-
gression. 
 
Key words:  
biomarkers; glottis; immunohistochemistry; larynx, 
neoplasms; laryngitis; matrix metalloproteinases. 

Apstrakt 
 
Uvod/Cilj. Prethodna istraživanja sugerišu da matriks-
metaloproteinaze (MMP) imaju sposobnost da razgrađuju 
komponente vanćelijskog matriksa i imaju veliku ulogu u 
progresiji malignih tumora i nastanku metastaza. Cilj ove 
studije je bio da se ispita ekspresija MMP-2 i MMP-9 u tkivu 
skvamocelularnog karcinoma larinksa (SCKL) i da se proce-
ni njihov klinički značaj. Metode. U prospektivnoj studiji, 
uzorci tumorskog tkiva 70 bolesnika sa SCKL (45 sa karci-
nomom glotisa i 25 sa karcinomom supraglotisa) i uzoraka 
tkiva sluznice larinksa 70 bolesnika sa hroničnim laringiti-
som bojeni su imunohistohemijski na MMP-2 i MMP-9. 
Ispitivana je povezanost između nivoa imunohistohemijske 
ekspresije MMP i kliničkih i histoloških karakteristika 
bolesnika sa SCKL u odnosu na bolesnike sa hroničnim lar-
ingitisom. Rezultati. Ekspresija MMP-2 i MMP-9 bila je 
značajno viša u tkivu glotičnog i supraglotičnog SCKL u 

odnosu na ekspresiju ispitivanih MMP u tkivu hronično in-
flamirane sluznice larinksa (p < 0,001 i p < 0,001, redom). 
Nađena je pozitivna korelacija između epitelne ekspresije 
MMP-2 i perineuralne invazije (r = 0,515; p < 0,008), lim-
fovaskularne invazije (r = 0,559; p < 0,004) i pojave recidiva 
bolesti (r = 0,415; p = 0,039) kod supraglotičnog SCKL, kao 
i između ekspresije MMP-2 i pojave egzofitičnog tipa rasta 
tumora (r = 0,347; p = 0,020) kod glotičnog SCKL. Ek-
spresija MMP-9 u epitelu bila je povezana sa limfovaskular-
nom invazijom (r = 0,331; p = 0,026) i pojavom egzofit-
ičnog tumorskog rasta (r = 0,474; p < 0,001) kod glotičnog 
SCKL. Zaključak. Endopeptidaze MMP-2 i MMP-9 mogu 
biti korišćene kao potencijalni biomarkeri za procenu pro-
gresije SCKL. 
 
Ključne reči: 
biomarkeri; glotis; imunohistohemija; larinks, 
neoplazme; laringitis; matriks metaloproteinaze. 
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Introduction 

Laryngeal malignant tumours make about 1%–2% of 
all malignant tumours in the human population 1. Laryngeal 
squamous cell carcinoma (LSCC) is more common in male 
than in female population, occurring usually between the 
fifth and seventh decade of life. The most important etio-
logical factors for LSCC occurrence are tobacco smoking, 
consumption of alcoholic drinks, gastroesophageal reflux, 
human papillomavirus (HPV) infections, air pollution, a di-
et low in fruits and vegetables. Alcohol in combination 
with tobacco significantly increases the risk of laryngeal 
cancer 1. 

The prognosis of LSCC depends on the region involved 
in malignant disease formation, actual stage of disease, 
which can be determined by Tumour Node Metastasis 
(TNM) classification. Survival is significantly reduced due to 
the cancer development and spread of the disease (local or 
regional recurrence and distant metastasis occurrence) 2. In 
recent years, molecular investigations have discovered many 
mechanisms of oncogenesis in malignant tumours. The ex-
pression of the specific tumour markers is associated with 
development and biological behaviour of laryngeal carcino-
ma. Prognostic value identification of some tumour markers 
would be of great help in selecting treatment modalities, 
which is of crucial significance for the prognosis of the dis-
ease. Matrix metalloproteinases (MMPs) are the family of 23 
endopeptidases, or gelatinases, structurally very similar pro-
teolytic enzymes which have the ability to degrade extracel-
lular matrix components 3. Thus, MMPs play important role 
in tumour progression and metastasis. The elevated levels of 
MMPs can be detected in the tumour tissue and serum of pa-
tients with advanced cancer. MMPs may be activated by var-
ious agents including other protease. Depending on the type 
of substrate which degrades or structural domains, MMPs 
can be divided into 6 subgroups. MMP-2 and MMP-9 have 
the ability to destroy the type IV collagen, which is a very 
important component of basement membrane 4. This is a key 
moment, which is necessary for tumour growth and distant 
metastasis onset. Some published papers have shown that 
MMP-2 and MMP-9 may play important roles in the pro-
gression of the head and neck squamous cell carcinoma 4, 5. 
However, the results regarding the correlation of MMP-2 and 
MMP-9 expression levels with clinical and pathological 
characteristics, as well as with prognosis of LSCC, are not 
consistent. The identification of patients with a high risk of 
tumour development, the presence of subsequent locoregion-
al tumour recurrence, as well as the existence of regional me-
tastases, are very important for the prognosis of the disease, 
as well as for the choice of  the best treatment modality.  

The aim of the study was to evaluate the clinical sig-
nificance of MMP-2 and MMP-9 expression in the tissue 
samples of patients with LSCC, comparing their expression 
in glottic and supraglottic region of the larynx. To our 
knowledge, this is the first study completely investigating 
the relationships between the MMPs expression, clinical 
characteristics of LSCC, 5-year survival rates, and the 

presence of lymphovascular and perineural invasion of the 
malignant cells in patients with LSCC. 

Methods 
Study population 

This prospective, observational, cross-sectional study 
included a total of 140 patients, 70 with histologically veri-
fied LSCC and 70 with chronic laryngitis. The patients with 
the malignant tumour were divided into groups with respect 
to: the localization of the tumour in the larynx (supraglottic, 
glottic); TNM stages of the disease; a degree of tumour dif-
ferentiation (good, moderate, poor); the disease stages (I, II, 
II, IV); the types of tumour growth (infiltrative, exophytic, 
mixed); the development of locoregional recurrence (with or 
without disease recurrence); disease-free interval (with or 
without that), and 5-year survival (with or without 5-year 
survival). The patients diagnosed, treated and followed-up 
for LSCC for a period of minimlly 5 years (between 2010 
and 2017) in our Clinic for Otorhinolaryngology were in-
cluded in this prospective, observational study. The control 
group consisted of patients diagnosed and treated for chronic 
laryngitis in the same period. Pathological and immunohisto-
chemical analyses of tissue specimens were performed at the 
Institute of Pathology by the same experienced pathologist. 
The research was approved by the Ethics Committee of our 
Institution. A written informed consent was obtained from all 
participants to use their medical data.  

The criteria for inclusion in the study were histologically 
verified LSCC and histologically verified chronic inflammato-
ry changes in laryngeal mucosa, including the patients with 
keratosis (hyperkeratosis, parakeratosis, etc). All patients en-
rolled in the study underwent a primary surgical treatment. 
They were interviewed about their profession, history of ma-
lignant diseases in the family, their habits and health sta-
tus. The criteria for exclusion from the study were other ma-
lignant diseases, previous radiotherapy or chemotherapy, pre-
viously performed surgical treatment of laryngeal tumour, sys-
temic diseases affecting the larynx, laryngeal benign pseudo-
tumours (vocal fold oedema, polyps, granulomas, etc). 

Histopathological examination 

Tissue specimens, that were obtained during the laryn-
gomicroscopy or laryngectomy, were fixed for 24 h in 4% 
buffered formaldehyde solution. Then, they were washed by 
water and dehydrated by concentrated ethanol (70% up to 
absolute), then lipofilled in xylene and embedded in paraf-
fin. Paraffin blocks were sectioned at the thickness of 3–5 
μm. The sections were stained with hematoxylin-eosin 
(HE). The type and dimensions of tumour, histological and 
nuclear grade, perineural and lymphovascular invasion, ke-
ratinisation of tumour, spread beyond the larynx or in the re-
gional lymph nodes were determined by the prepara-
tions. Determination of TNM status was done according to 
the TNM classification of American Joint Committee on 
Cancer (AJCC) 6. 
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Immunohistochemical staining 

Immunohistochemical staining includes a series of techno-
logical procedures: deparaffining after cutting the sections of 3–
4 μm form paraffin mold and drying phase following the sinking 
in xylene, alcohol and distilled water then proteolytic digestion. 
Deparaffined sections were cooked twice in a microwave oven 
in a cuvette with 250 mL of citrate buffer solution (10 mmol/L) 
at a maximum temperature, for five min. After that, sections 
were cooled in a citrate buffer at the room temperature for 30 
min and washed with distilled water two times for thirty 
sec. The next phase involved the blocking of endogenous perox-
idase: tissue sections were placed in 3% hydrogen peroxide for 
five min; then washed with distilled water, overlaid with a phos-
phate-buffered saline three times for two min. Immunohisto-
chemical staining was performed with human anti-MMP-2 and 
anti-MMP-9 antibodies (R&D Systems, Inc, Minneapolis, 
USA). The analysis of MMP-2 and MMP-9 expression levels 
was performed semi-quantitatively on the basis the intensity of 
staining cytoplasm of epithelial and stromal cells by light mi-
croscopy. The staining was negative when no cells stained for 
MMP-2 or MMP-9 were found. Immunoreactivity was graded 
from 1 to 3 : 1 = weak (0%–10% stained cells), 2 = moderate 
(10%–50% stained cells) and 3 = strong (more than 50% stained 
cells). 

Study power and the number of participants 

According to the results of the previous study performed 
by Peschos et al. 7, we expected the difference of 20% in the ex-
pression of MMP-9 between LSCC tissue and chronic laryngitis 
tissue. The type I error (α-level) was set to 0.05. Using z-test 
(differences in proportions between independent groups), we 
calculated the minimum of 70 participants would be required in 
each group to raise the study power of 80%. For the calculation 
of the number of participants in each group, the G⃰ Power 3.1.9 
programme (Heinrich Heine Universität, Düsseldorf, Germany) 
was used. 

Statistical analysis 

Statistical analysis of the data was done with the statistical 
software package, SPSS Statistics 18 (SPSS INC, Chicago, Illi-
nois, USA). As the majority of variables were expressed as cat-
egorical data (frequencies), we used the χ2 test to compare the 
values of different frequencies. In case of continuous data, the 

variables were presented as mean value ± standard deviation 
(SD), median, min and max values. Kolmogorov-Smirnov test 
was used for the evaluation of the normality of the data distribu-
tion. The levels of statistical significances between the two 
groups were assessed by the t-test and Mann-Whitney test. A 
one-way analysis of variance (ANOVA) was used to calculate 
the differences among three groups of participants. To assess the 
levels of the statistical differences, we performed a post-hoc 
Dunn-Bonferroni correction. For the comparison of the disease 
free interval and 5-year survival between glottic and supraglottic 
LSCC, we used Kaplan-Meier analysis. The Pearson’s and 
Spearman’s correlation analyses were used to establish the value 
of relation between parameters. All the differences were esti-
mated at p < 0.05 to be statistically significant. 

Results 

The mean age of patients with LSCC was 59.4 (± 7.1) 
years, range from 40–79 years. There were 60 (85.7%) male 
and 10 (14.3%) female patients. Among them, 45 (64.3%) of 
patients had glottic LSCC and 25 (35.7%) of patients had su-
praglottic LSCC, mean age of 59.7 (± 6.8) years and 58.8 (± 
7.7), respectively. The majority of patients with glottic 
LSCC were in T1/T2 stage, whereas the majority of supra-
glottic LSCC patients were in T3/T4 stage. Table 1 shows 
the distribution of patients according to T and N stages. The 
most common stage of glottic LSCC was I (53.3%), and the 
most common stage in supraglottic LSCC was IV (40.0%).  
It was found that more frequent lymph node metastases (N+ 
status) were present in supraglottic than in glottic LSCC 
(40% vs 4.4%) (Table 1). The 5-year survival rates for glottic 
LSCC and supraglottic LSCC were 77.8% and 76.0%, re-
spectively. The disease-free interval was present in 71.1% of 
the glottic LSCC patients and 68.0% of the supraglottic 
LSCC. We found no significant difference regarding the dis-
ease-free interval and 5-year survival between glottic and su-
praglottic LSCC (p = 0.835 and p = 0.776, respectively). 

The positive MMP-2 expression in epithelial cells was 
detected in 65 (92.9%) of patients with LSCC (Figure 1a). In 
stromal cells, positive immunostaining was found in 66 
(94.3%) of cases. In patients with the diagnosis of chronic 
laryngitis, the MMP-2 expression was negative in 72.9% of 
specimens (Figure 1b). 

The positive MMP-9 epithelial immunostaining was de-
tected in all LSCC specimens (Figure 2a). Positive stromal 
expression of MMP-9 was detected in 69 (98.6%) of LSCC 

Table 1 
Distribution of patients according to T and N stages 

Region of larynx T n (%) N n (%) 
Glottis T1/T2 36 (80) N0 43 (95.6) 

T3/T4 9 (20) N+ 2 (4.4) 
Glottis total  45 (100)  45 (100) 

Supraglottis T1/T2 7 (28) N0 15 (60) 
T3/T4 18 (72) N+ 10 (40) 

Supraglottis total  25 (100)  70 (100) 
T1-T4 – tumour stage; N – lymph node; N0 – without 
lymph node metastasis; N+ – with lymph node metastasis.  
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specimens. In patients with chronic laryngitis, moderate 
MMP-9 expression was found in 47.1% of tissue specimens 
(Figure 2b). Our results revealed significantly higher MMP-2 
and MMP-9 expression in both epithelium and stromal tissue 
specimens of patients with glottic and supraglottic LSCC in 
comparison to patients with chronic laryngitis (p < 0.001 and 

p < 0.001, respectively). These results are presented in Fig-
ure 3.   

In patients with glottic LSCC, we found a positive cor-
relation between the epithelial and stromal MMP-2 expres-
sion (r = 0.315, p < 0.05). We also found a positive relation-
ship between the epithelial MMP-2 and epithelial MMP-9 

  a)    b) 
Fig. 1 – Immunoreactivity of matrix metalloproteinase (MMP)-2 in (hematoxylin-eosin, 

 x40): a) laryngeal squamous cell carcinoma (LSCC); b) chronic laryngitis. 
 

 a)     b) 
Fig. 2 – Immunoreactivity of matrix metalloproteinase (MMP)-9 in (hematoxylin-eosin, 

 x40): a) laryngeal squamous cell carcinoma (LSCC); b) chronic laryngitis. 
 

 a)  b) 

 c)  d) 
Fig. 3 – Comparison of matrix metalloproteinase (MMP) expression in tissue 

specimens of patients with glottic squamous cell carcinoma (SCC), supraglottic 
SCC, and chronic laryngitis: a) expression of MMP-2 in epithelium (MMP-2E);  

b) expression of MMP-2 in stroma (MMP-2S); c) expression of MMP-9 in 
epithelium (MMP-9E); d) expression of MMP-9 in stroma (MMP-9S).  

***p < 0.001 vs chronic laryngitis. 
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immunostaining (r = 0.313, p = 0.05). Also, there was a posi-
tive correlation between the epithelial and stromal MMP-9 
expression (r = 0.435, p = 0.01). In patients with supraglottic 
LSCC, there was a statistically significant relationship be-
tween the epithelial and stromal MMP-2 expression (r = 
0.397, p = 0.05), also between the epithelial MMP-2 and epi-
thelial MMP-9 (r = 0.517, p = 0.01) and stromal MMP-9 ex-
pression (r = 0.491, p = 0.05). Also, we found a positive cor-
relation between the epithelial and stromal MMP-9 expres-
sion (r = 0.497, p = 0.05) in supraglottic LSCC. All results 
regarding the correlations between tested marker expressions 
are presented in Table 2.  

The correlations between stromal MMP-2 and MMP-9 
expressions and clinicopathological characteristics of both 
glottic and supraglottic LSCC were not presented due to the 
statistical insignificances. The statistically significant correla-
tions between the expression of MMP-2 in epithelial cells and 
clinicopathological features of LSCC are shown in Table 3. 

Our study showed that epithelial MMP-2 expression is 

not in correlation with T or N stages, nuclear grade and clini-
cal stages, disease-free interval and 5-year survival. 

In supraglottic LSCC, the MMP-2 epithelial expression 
was in correlation with the presence of perineural (r = 0.515, p 
= 0.008) and lymphovascular (r = 0.559, p = 0.004) invasion. 
A correlation between the epithelial MMP-2 expression and 
local recurrences of the primary supraglottic cancer (r = 0.415, 
p = 0.039) was noticed as well. Also, a significant negative 
correlation was recorded between the MMP-2 epithelial ex-
pression and histological stage (r = -0.521, p = 0.008) in su-
praglottic LSCC. The MMP-2 tumour cell expression was in 
correlation with the presence of exophytic type of tumour 
growth in glottic LSCC (r = 0.347, p = 0.020). In supraglottic 
LSCC, we found no association between the type of tumour 
growth and the level of MMP-2 expression.  

The most important correlations between the MMP-9 
epithelial expression and clinicopathological features of 
LSCC are presented in Table 3.  

The present study revealed neither the correlation be-

Table 2 
Correlations between MMPs expressions in glottic and supraglottic region of the larynx 

 
Region of larynx  MMP-2E MMP-2S    MMP-9E   MMP-9S 
Glottis MMP-2E r – 0.315 0.313 0.180 

p  0.035 0.037 0.236 
MMP-2S r   0.259 0.229 

p   0.086 0.131 
MMP-9E r   – 0.435 

p    0.003 

Supraglottis MMP-2E r – 0.397 0.517 0.491 
p  0.049 0.008 0.013 

MMP-2S r  – 0.110 0.347 
p   0.601 0.089 

MMP-9E r   – 0.497 
p    0.012 

r – Spearman’s correlation coefficient; p – probability; MMP – matrix metalloproteinase; E– expression in 
epithelium; S – expression in stroma. 

Table 3  
Correlations between expressions of MMP-2 and MPP-9 in epithelial cells and  

clinicopathological features of LSCC  

Region of larynx     Clinicopathological features 
MMP-2 
(n = 70) 

MMP-9  
(n = 70) 

r p r p 
Glottis Histologic grade -0.188 0.215 -0.257 0.284 

LV invasion  0.083 0.588 0.031 0.026 
PN invasion 0.074 0.542 0.100 0.409 
Local recurrence -0.211 0.164 0.178 0.332 
Exophytic growth 0.347 0.020 0.474 0.001 

Supraglottis Histologic grade -0.521 0.008 -0.358 0.187 
LV invasion 0.559 0.004 0.345 0.092 
PN invasion 0.515 0.008 0.161 0.442 
Local recurrence 0.415 0.039 0.183 0.401 
Exophytic growth 0.265 0.201 -0.228 0.273 

r – Pearson’s correlation coefficient; p – probability; MMP – matrix metalloproteinase; 
LV – lymphovascular; PN – perineural; LSCC – laryngeal squamous cell carcinoma. 
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tween the epithelial MMP-9 expression and some clinico-
pathological characteristics (T stage, N stage, clinical stage, 
nuclear stage, histological stage), nor the correlation with 
disease-free interval and 5-year survival.  

Epithelial MMP-9 expression significantly correlated 
with the presence of lymphovascular invasion (r = 0.334 p 
= 0.026) and with the presence of exophytic type of the tu-
mour growth (r = 0.474, p = 0.001) in glottic LSCC. In pa-
tients with supraglottic localization of SCC, there were no 
similar relationships. We found no statisticaly significant 
relationship between the expression of MMP-9 in epithelial 
cells and perineural invasion in the LSCC.  

Discussion 

Our research, as well as the previous studies 7–18 , 
demonstrated that MMP-2 and MMP-9 are highly ex-
pressed in tissue of LSCC in comparison with the mucosa 
of patients with chronic laryngitis, benign laryngeal pseudo-
tumours (vocal fold polyps, oedemas, granulomas, etc), and 
normal laryngeal mucosa. MMPs are produced by various 
types of cells such as epithelial, inflammatory cells, fibro-
blasts, macrophages in both epithelium and stroma 3–5, 7–11. As 
well as in the study of Uloza et al. 8, we demonstrated that 
MMP-2 and MMP-9 are produced by both epithelial and 
stromal cells in LSCC. However, Uloza et al. 8 found a sig-
nificantly higher expression of these markers in stromal 
than in epithelial cells. We found no statistical differences 
between stromal and epithelial expression of the examined 
enzymes. Also, we found a positive relationship between 
the epithelial and stromal MMP-2 and MMP-9 expression 
in both glottic and supraglottic region of the larynx. 

Earlier studies presented the contradictory results re-
lated to expression of the MMPs and their relationships 
with clinical and pathological features of LSCC. Our study 
demonstrated no statistically significant relationship be-
tween MMP-2 and MMP-9 expression and the clinical 
stage of LSCC, which is in accordance with the studies pre-
sented by Liu et al. 10 and Wael and Manal 11.   

The presence of locoregional lymph node metastases 
is an important prognostic factor. We found no correlation 
between MMP-2 and MMP-9 expression and the presence 
of lymph node metastases, which is in accordance with 
the study performed by Akdeniz et al. 12. On the other 
hand, in the studies presented by Sarioglu et al. 13 and by 
Yuce et al. 14, overexpression of MMP-2 and MMP-9 was 
found to be significantly higher in cases of lymph node 
involvement in patients with glottic 13 and supraglottic 14 
LSCC.    

The histological grade of tumour may be a predictor 
of cancer behaviour and contribute to the finding of the 
best modality of the treatment. In order to determine the 
significance of MMP-2 and MMP-9 expression, many re-
searchers have evaluated the relationship between the 
MMP tumour expression and the level of tumour histologi-
cal differentiation. However, the results are not consistent. 
Sarioglu et al. 13 indicated that MMP-2 expression is not 
associated with the level of differentiation of LSCC. Our 

study generally demonstrated no such relation, but in pa-
tients with supraglottic carcinoma localisation, a negative 
correlation was found between the expression of MMP-2 
and the histological grade of the tumour. So, our results 
suggest that lower level of epithelial MMP-2 expression 
could be associated with the higher level of differentiation 
of supraglottic LSCC.   

The previous studies demonstrated that the higher ex-
pression of MMP-2 and MMP-9 is associated with poor 
outcome of oncological treatment 4, 5, 7. Many researchers 
pointed out high MMP-2 and MMP-9 expression as a po-
tential marker of worse prognosis in patients with laryngeal 
cancer. Although we found no such relationship, Mallis et 
al. 15 showed a statistically significant difference (p < 0.05) 
for the 5-year overall survival rate between the groups with 
positive and negative MMP-2 expression in patients with 
glottic LSCC.   

Numerous studies assessed the MMP-2 and MMP-9 
immunostaining in the laryngeal cancer. In only few stud-
ies, the laryngeal subregions were investigated separate-
ly 7, 10, 15. Our study compared the immunoreactivity of 
MMP-2 and MMP-9 in patients with supraglottic and glot-
tic LSCC. We found that the level of MMP-2 expression is 
significantly related to the presence of perineural and lym-
phovascular invasion, and the presence of local disease re-
currence in the supraglottic region. So, according to our re-
sults, MMP-2 could be considered as a potential predictive 
factor for the estimation of spreading the disease in patients 
with supraglottic LSCC. 

Our results demonstrated a positive correlation be-
tween epithelial MMP-9 expression and the presence of 
lymphovascular invasion in patients with glottic LSCC. 
Wittekindt et al.17 found a positive correlation between 
MMP-9 expression and blood vessel density, suggesting 
that MMP-9 may be a potential target to disrupt tumour 
neovascularisation during the oncological therapy of 
LSCC. A recent study by Colovic et al. 18 demonstrated 
the overexpression of MMP-9 in patients with tumour re-
lapses. MMP-9 could be considered as a potential predic-
tive factor for the assessment of spreading and recurrence 
of primary disease in glottic region of the larynx. Finally, 
our results showed a highly significant positive correla-
tion between the level of MMP-2 and MMP-9 im-
munostaining and the presence of exophytic tumour 
growth only in glottic LSCC, suggesting the importance 
of MMP-2 and, especially, MMP-9 expression as poten-
tial predictors for the feature of vegetant type of tumour 
growth in glottic LSCC. 

However, our study had some limitations. Due to the 
financial reasons, we did not perform the measurement of 
MMP-2 and MMP-9 levels in the serum of patients with 
LSCC. Also, we did not evaluate the quantitative real-time 
polymerase chain reaction reactivity for the messenger 
RNA (mRNA) production for MMP-2 and MMP-9. The 
previous investigations demonstrated important relation-
ships between the serum level/mRNA tissue immunostain-
ing for MMP-2/MMP-9 and clinical stage, nodal status and 
survival rates in patients with LSCC 19–21. 



Vol. 78, No. 10 VOJNOSANITETSKI PREGLED Page 1027 

Rašić D, et al. Vojnosanit Pregl 2021; 78(10): 1021–1027. 

Conclusion 

This study demonstrated a higher expression of MMP-2 
and MMP-9 in both epithelium and stroma of patients with 
LSCC in comparison to patients with chronic laryngitis. Our 
results suggest that MMP-2 expression can serve as a poten-

tial parameter for the detection of patients with supraglottic 
LSCC who are at a high risk of perineural and lymphovascu-
lar invasion and developing disease recurrence. MMP-9 ex-
pression can be a strong predictor of the presence of exo-
phytic type of tumour growth, as well as of the presence of 
lymphovascular invasion in glottic LSCC. 
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Abstract 
 
Background/Aim. Defining renal replacement therapy 
(RRT) initiation in critically ill patients with acute kidney in-
jury (AKI) has become an imperative for nephrologists and 
intensivists. The aim of this study was to determine 28-day 
survival and the renal function recovery in patients with 
AKI. Methods. A single-center retrospective study includ-
ed 385 surgical and non-surgical patients with AKI and epi-
sode of AKI in chronic kidney disease who were admitted 
to the Emergency Center of Clinical Center of Vojvodina 
(Novi Sad, Serbia) between 2014 and 2017 and received 
RRT. Patients with the Kidney Disease Improving Global 
Outcomes (KDIGO) stage 2 AKI and/or volume overload 
were assigned to the “early” group with RRT (dialysis) start 
within 24 h of the diagnosis; patients with poor response to 
conservative treatment or evidence of clinical complications 
associated with AKI were assigned to the “late” RRT group. 
Results. Based on the retrospective analysis we found that 
241 patients (62.6%) received “early” RRT within 24 h. Pa-
tients in the “early” RRT group had significantly higher sur-

vival compared to the “late” RRT group (63.9% vs. 36.1%; 
p = 0.001). The “early” RRT group had more patients with 
renal function recovery (56.8%), but without statistical 
significance (p = 0.514). The patients who started RRT 
within 24 hours with the Sequential Organ Failure As-
sessment (SOFA) score of 1–3 were twice likely to recover 
renal function in relation to the patients with the SOFA 
score of 4 or higher [odds ratio (OR) = 2.01; 95% confi-
dence interval (CI): 1.37–2.95; p < 0.001], while septic pa-
tients had a 62% lower chance of renal function recovery 
in relation to non-septic patients (OR = 0.38; 95%  CI: 
0.18–0.82; p = 0.013). In the “late” RRT group, it was 
found that non-diabetic patients had 3.8 times greater 
chance for renal function recovery compared to diabetic 
patients (OR = 3.53; 95% CI: 1.27–9.83; p = 0.016). Con-
clusions. Patients with the early initiation of RRT had 
significantly improved 28-day survival.  
 
Key words:  
acute kidney injury; renal dialysis; mortality; risk 
assessment; survival; time factors. 

 
Apstrakt 
 
Uvod/Cilj. Definisanje početka primene metoda zamene 
funkcije bubrega kod kritično obolelih sa akutnim oštećen-
jem bubrega postaje imperativ nefrolozima i intezivistima. 
Primarni cilj studije je bio ustanoviti preživljavanje 
bolesnika 28-og dana od prijema, a sekundarni cilj 
oporavak funkcije bubrega. Metode. U Urgentnom centru 
Kliničkog centra Vojvodine (Novi Sad, Srbija) sprovedeno 
je retrospektivno ispitivanje koje je uključilo 385 hiruških i 
nehirurških bolesnika sa akutnim oštećenjem bubrega i 
akutizacijom hronične bubrežne insuficijencije u periodu 
od 2014. do 2017. godine, kojima su primenjene metode 
zamene funkcije bubrega. Bolesnici sa Kidney Disease Im-

proving Global Outcomes (KDIGO) stadijumom 2 i/ili 
hipervolemijom unutar 24 h od potvrđenog akutnog 
oštećenja bubrega imali su “rani” početak dijalize, dok su 
“kasni” početak imali bolesnici sa slabijim odgovorom na 
konzervativnu terapiju ili kliničkim komplikacijama pov-
ezanim sa akutnim oštećenjem bubrega. Rezultati. Retro-
spektivnom analizom je utvrđeno da je kod 241 bolesnika 
(62,6%) dijaliza rano započeta, unutar 24 h. Bolesnici koji 
su „rano” započeli dijalizu imali su značajno bolje preži-
vljavanje u poređenju sa bolesnicima koji su imali „kasni” 
početak dijalize (63.9% vs. 36.1%; p = 0.001). Kod nešto 
većeg broja bolesnika sa „ranim” početkom dijalize došlo 
je do oporavka funkcije bubrega (56,8%), ali razlike nisu 
bile značajne (p = 0.514). Bolesnici sa „ranim” početkom 

mailto:vknezevic021@gmail.com
mailto:violeta.knezevic@mf.uns.ac.rs


Vol. 78, No. 10 VOJNOSANITETSKI PREGLED Page 1029 

Knežević V, et al. Vojnosanit Pregl 2021; 78(10): 1028–1035. 

dijalize i Sequential Organ Failure Assessment (SOFA) skorom 
1–3 imali su 2 puta veću šansu da oporave funkciju 
bubrega u odnosu na bolesnike sa SOFA skorom ≥ 4 [odds 
ratio (OR) = 2,01; 95% confidence interval (CI): 1,37–2,95; 
p < 0,001], dok su bolesnici sa sepsom imali za 62% manju 
šansu oporavka funkcije bubrega u odnosu na bolesnike 
bez sepse (OR = 0,38; 95% CI: 0,18–0,82; p = 0,013). U 
grupi sa „kasnim” početkom dijalize utvrđeno je da 
bolesnici koji nemaju dijabetes imaju 3,8 puta veću šansu 

za oporavak funkcije bubrega u odnosu na obolele od di-
jabetesa (OR = 3,53; 95% CI: 1,27–9,83; p = 0,016). 
Zaključak. Značajno bolje preživljavanje 28-dana imali su 
bolesnici kojima je zamena funkcije bubrega dijalizom „ra-
no“ započeta.  
 
Ključne reči: 
bubreg, akutna insuficijencija; bubreg, dijaliza; 
mortalitet; rizik, procena; preživljavanje; vreme, faktor. 

 

Introduction 

In the past decade, acute kidney injury (AKI) has be-
come a well-recognized global occurrence that affects devel-
oped and developing countries alike, with initiatives like the 
Saving Young Lives and the International Society for Neph-
rology’s 0by25 Initiative aiming at reducing the economic, 
social and healthcare burden imposed by AKI 1. AKI fre-
quently occurs in critically ill patients and severe AKI is as-
sociated with hospital mortality in 60% of the cases 2. Those 
that survive the initially high mortality rate associated with 
dialysis-requiring AKI, mostly become independent of renal 
replacement therapy (RRT) within a year, but some of them 
do go on to develop chronic kidney disease (CKD) and even 
progress to end-stage renal disease 3. The fundamental prin-
ciple in the treatment of AKI is to correct the underlying 
cause, but besides hemodynamic resuscitation and removal 
of nephrotoxins, we lack any established pharmacotherapy. 
Although drugs are tested for the prevention and/or treatment 
of AKI, RRT appears to be our only efficacious option at the 
time. Thus, the management of AKI is largely limited to pre-
venting further deterioration and the loss of function with the 
use of temporizing actions in severe cases until RRT is estab-
lished 4. Dialysis as the method of RRT, along with mechan-
ical ventilation, vasoactive therapy and nutritional support, is 
one of the defined life-sustaining technologies in the current 
treatment of the critically ill. A recent trend suggests an in-
creasing use of RRT in critically ill patients with AKI 5. De-
spite the research and growing clinical experience in dialysis, 
the optimal time to start RRT in a critical disease complicat-
ed with AKI is unclear 2. Heterogeneity in operational defini-
tions of “time”, “threshold” or “criteria” in individual obser-
vational data (often with variable designs and methodologi-
cal qualities) have probably interfered with clear conclusions 
that could guide clinical practice on this issue 6. It is unclear 
whether a preventive/early strategy of the initiation of RRT 
in order to avoid complications associated with AKI leads to 
better patient outcomes and the use of health services, or a 
more conservative strategy, in which RRT is started as a re-
sponse to the development of complications, provides better 
results. Neither the standard clinical parameters, nor the new 
biomarkers that have been introduced to clarify the definitive 
ideal time more precisely, nor the clinical picture have opti-
mized patient outcomes 2. The primary objective of this 
study was 28-day patient survival and the secondary objec-
tive was renal function recovery in patients with “early” 
RRT compared with those with “late” RRT. 

Methods 

We performed a single-center retrospective study of 
385 surgical and non-surgical adult patients with AKI and 
episode of AKI in CKD who were admitted to the Intensive 
Care Unit (ICU) and Intensive Internal Medicine Unit at the 
Emergency Center (Clinical Center of Vojvodina, Novi Sad, 
Serbia) between 2014 and 2017 and received RRT (dialysis). 
Patients with the Kidney Disease Improving Global Out-
comes (KDIGO) stage 2 AKI (serum creatinine 2–2.9 times 
baseline and urine output < 0.5 mL/kg/h for 12 h) and/or 
volume overload were assigned to the “early” group with 
RRT start within 24 h of the diagnosis; patients with a poor 
response to the conservative treatment or evidence of clinical 
complications associated with AKI were assigned to the 
“late” RRT group. Although the condition of certain patients 
called for the start of RRT in the first 12 hours, they were 
denied this request at that time due to the organization of the 
team for starting RRT at weekends or at night, the unavaila-
bility of the apparatus and/or difficulty in placing the dialysis 
catheter. Other reasons for postponement were surgical in-
terventions or radiological tests that were to be performed 
before the start of the RRT. Some patients started the treat-
ment with intermittent dialysis at the time of hemodynamic 
stability or the unavailability of the apparatus since “more 
severe” patients and/or the ones who were occasionally dia-
lyzed with it had the need for it. Patients with an immediate 
RRT indication having at least one of the following condi-
tions from the beginning were excluded:  laboratory analysis 
at the admission urea > 50 mmol/L, K > 6.5 mmol/L, 
pH < 7.15 in the context of either pure metabolic acidosis or 
mixed acidosis despite medical treatment; acute pulmonary 
edema due to fluid overload causing severe hypoxemia, as 
well as patients treated with conservative therapy. We ana-
lyzed: demographic data, comorbidities, laboratory and clini-
cal data in confirmed AKI [urea, creatinine, C-reactive pro-
tein (CRP), procalcitonin (PCT), oliguria/anuria] and before 
continuous RRT (CRRT) initiation (urea, creatinine, 24 h di-
uresis (mL); the use of vasopressor therapy and mechanical 
ventilation; hospital length of stay (days); CRRT modalities: 
continuous venovenous hemodiafiltration (CVVHDF), con-
tinuous venovenous hemofiltration (CVVHF), continuous 
venovenous hemodialysis (CVVHD), CVVHD combined 
with CVVHDF; and those achieved ultrafiltration (UF). The 
choice of RRT modalities (intermittent or continuous) was at 
the discretion of clinicians, and based on international guide-
lines 7. The RRT regimen was daily or every second day, de-
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pending on clinical, laboratory parameters and response to 
the therapy. CRRT was done on the Multifilter and the Pris-
maflex; standard high-flux filters and membranes/adsorbers 
were used in septic patient: EMiC2 hemofilter (Fresenius 
Medical Care, Bad Homburg, Germany, 1.8 m2 surface area), 
oXiris [Gambro, AN-69 based membrane, surface treated by 
polyethyleneimine (PEI) and grafted with heparin] and Cy-
toSorb (total surface of > 40,000 square meters). The CRRT 
prescription included: treatment modality, blood flow, dilu-
tion mode, replacement and dialysis fluid flow, and the pa-
tient's weight and heparin anticoagulation, according to clin-
ical practice guideline 7. Organ dysfunction was quantified 
using the Sequential Organ Failure Assessment (SOFA) 
score. 

Statistical methods 

Descriptive and inferential statistical methods were 
used for the data analysis. Numerical characteristics are 
presented by the arithmetic mean, the median with 
interquartile range (IQR, 25–75 percentiles) and the standard 
deviation, while the attributive characteristics are expressed 
by frequency and percentage. The χ2 test was used to 
compare the differences between different groups, and the 
Cox regression model was used to test the predictor of 
recovery and failure of the renal function, as well as to 
calculate survival with respect to the selected indicators. 
Three Cox regression models were made. In the first model, 
renal function recovery over a period of one month was used 
for the outcome variable, and the following: gender, age, 
CRRT 24 h, UF, urea at admission, urea at the start of 
CRRT, creatinine at admission, creatinine at the start of 
CRRT, CRP, PCT, surgical patients, sepsis, cardiovascular, 
cerebrovascular, pulmonary, digestive and other diseases and 
diabetes mellitus were used as independent indicators. For 
the formation of the other two models, the sample was 
selected with regard to the onset of CRRT. The outcome 
variable in both models is non-recovery of renal function 
selected with regard to the onset of CRRT (CRRT > 24 h and 
CRRT < 24 h) over a period of one month, and the 
independent indicators were the same as in the first model, 

with the exception of CRRT 24 h. There was a statistical 
significance if p < 0.05, and a high statistical significance if 
p < 0.001. The IBM SPSS Statistical Package for Social 
Sciences 21 software package was used for statistical data 
processing.  

Results 

We found that 241 (62.6%) patients (male 65.4%), 
mean age 60.6 received “early” RRT within 24 h, and 144 
(37.4%) patients (male 70.8%) mean age 63.5 received late 
RRT after 24 h. All studied comorbidities were more preva-
lent in “early” RRT, and cardiovascular diseases were the 
most prevalent comorbidity in both groups of patients. Pa-
tients in the “early” RRT group had a higher rate of sepsis 
and less frequent use of mechanical ventilation and vasopres-
sor therapy compared to the “late” RRT group (54.7% vs 
41.7%; 58.3% vs 70.8%; 56.7% vs 75.7%, respectively). The 
presence of adsorptive membrane/adsorbers according to the 
type and the number of procedures in both groups was simi-
lar. Over 50% in both groups had the SOFA score ≥ 4. Medi-
an diuresis (mL) before RRT was smaller in the “early” 
group compared to the “late” group (150 vs 400, respective-
ly); median urea (mmoL) and creatinine (µmoL) were simi-
lar in both groups (25.1 vs 25 and 449 vs 458, respectively). 
The most common treatment modality in both groups was 
CVVHDF and the achieved UF was higher in “early” RRT 
compared to “late” RRT (2,279 vs 2,017 mL). Mean length 
of hospital stay was similar in both groups (8 vs 7 days) (Ta-
ble 1). The patients in whom CRRT started within 24 hours 
had significantly better survival (p < 0.001) and better recov-
ery of renal function, but without statistical significance 
(p = 0.551) compared to the patients in whom RRT started 
after 24 h (Figures 1 and 2). The SOFA score and sepsis 
were differentiated as predictors of renal function recovery. 
The patients with the SOFA score 1–3 had 1.7 times higher 
chance for renal recovery in relation to the patients with the 
SOFA score ≥ 4 [odds ratio (OR) = 1.79; 95% confidence 
interval (CI): 1.31–2.46; p < 0.001], while septic patients had 
a 53% lower chance to recover their renal function in relation 
to the patients with no sepsis (OR = 0.47; 95% CI: 0.24–

 
Fig. 1 – Patient survival depending on the time of renal 

replacement therapy initiation. 

 
Fig. 2 – Recovery of renal function depending on the 

time of renal replacement therapy initiation. 
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Table 1 
Demographic and clinical data of patients treated with renal replacement therapy (RRT) 

Variable RRT < 24 h (n = 241) RRT > 24 h (n = 144) 
n (%) n (%) 

Sex   
male 
female 

157 (65.4) 
83 (34.6) 

102 (70.8) 
42 (29.2) 

Age (years), mean (SD) 60.06 (13.6) 63.5 (13.4) 
 CRRT modality, n (%)   

CVVHDF 92 (38.3) 57 (39.6) 
CVVHD 84 (35.0) 54 (37.5) 
CVVH 15 (6.3) 7 (4.9) 
CVVHD+CVVHDF 49 (20.4) 26 (18.1) 

Comorbidities, n (%)   
cardiovascular diseases 154 (64.2) 69 (47.9) 
pulmonary diseases 24 (10.0) 13 (9.0) 
gastrointestinal diseases 30 (12.5) 17 (11.8) 
diabetes mellitus 56 (23.3) 22 (15.3) 
cerebrovascular diseases 23 (9.6) 9 (6.3) 
chronic kidney disease  29 (12.1) 6 (4.2) 
other  64 (26.7) 41 (28.5) 
without comorbidities 29 (12.1) 13 (9.0) 

Recovery of renal function, n (%) 137 (56.8) 68 (47.2) 
Nonsurvivors, n (%) 87 (57.6) 83 (57.6) 
Septic patients, n (%)  131 (54.6) 60 (41.7) 
Surgical patients, n (%)  63 (26.3) 43 (29.9) 
Oliguric/anuric patients, n (%) 105 (43.3) 47 (32.6) 
Diuresis (mL), median (IQR)  150 (0–750) 400 (0–1015) 
Physiological support, n (%)    

invasive mechanical ventilation 140 (58.3) 102 (70.8) 
vasopressors 136 (56.7) 109 (75.7) 

Number of procedures with adsorptive 
membrane/adsorber, n (%)   

1–2  64 (26.3) 34 (23.9) 
≥ 3 31 (12.8) 16 (11.3) 
0 148 (60.9) 92 (64.8) 

Type adsorptive membrane/adsorber, n (%)   
EMiC2 81 (33.3) 42 (29.6) 
oXiris 3 (1.2) 2 (1.4) 
CytoSorb 1 (0.4) - 
EMiC2 + oXiris 7 (2.9) 6 (4.2) 
oXiris + CytoSorb 1 (0.4) - 

SOFA score, n (%)   
0 2 (0.8) 1 (0.7) 
1 32 (13.2) 7 (4.9) 
2 25 (10.3) 23 (16.2) 
3 35 (14.4) 12 (8.5) 
≥ 4  149 (61.3) 99 (69.7) 

UF (mL), median (IQR) 2279 (1360 - 2983) 2017 (1310–2734) 
Urea at admission (mmoL), median (IQR) 25.1 (18.8–36.7) 25 (18.3–35.2) 
Urea at the start of RRT (mmoL), median (IQR) 29.2 (22.2–40.8) 29.05 (20.4–40.0) 
Creatinine at admission (µmoL)-median (IQR) 421 (228–585) 330 (222–500) 
Creatinine at the start of RRT (µmoL)-median (IQR) 449 (284–603) 458 (278–631) 
CRP (mg/L), median (IQR) 120 (37.3–253.8) 121.5 (55.9–244.4) 
PCT (ng/L), median (IQR) 4.7 (0.9–22) 5.2 (1.2–19.5) 
Length of hospital stay (days), median (IQR) 8 (4.0–13) 7 (5.0–12) 
CRRT – continuous renal replacement therapy; CVVHDF – continuous venovenous hemodiafiltration; 
CVVHD – continuous venovenous hemodialysis; CVVH – continuous venovenous hemofiltration;  
CVVHD+CVVHDF – CVVHD combined with CVVHDF; UF – ultrafiltration; CRP – C-reactive protein; 
PCT – procalcitonin; SOFA – Sequential Organ Failure Assessment; SD – standard deviation; IQR – 
interquartile range. 
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0.90; p = 0.024) (Table 2). The patients who started RRT 
within 24 hours with the SOFA score of 1–3 were twice like-
ly to recover renal function in relation to the patients with the 
SOFA score of 4 or higher (OR = 2.01; 95% CI: 1.37–2.95; 
p < 0.001), while septic patients had a 62% lower chance of 
renal function recovery in relation to non-septic patients 
(OR = 0.38; 95% CI: 0.18–0.82; p = 0.013). In the “late” 
RRT group, it was found that non-diabetic patients had 3.8 
times higher chance for the renal function recovery com-

pared to diabetic patients (OR = 3.81; 95% CI: 1.35–10.76; 
p = 0.012) (Table 3).  

Discussion 

Numerous organizations have published their studies 
and guides in order to better inform the clinical practice 8. 
Each organization has recognized the limitations of the pre-
sent evidence and the associated clinical uncertainty, there-

Table 2 
Predictors of renal function recovery regardless of the time of renal  

replacement therapy (RRT) initiation 
Variable B p 
Sex -0.177 0.260 
Age -0.005 0.350 
Ultrafiltration 0.000 0.695 
Urea at admission 0.003 0.692 
Urea at the start of RRT -0.005 0.544 
Creatinine at admission 0.000 0.631 
Creatinine at the start of RRT 0.000 0.833 
C-reactive protein 0.000 0.859 
Procalcitonin 0.001 0.415 
Surgical patients 0.072 0.677 
Septic patients 0.761 0.024 
Cardiovascular diseases 0.188 0.282 
Pulmonary diseases 0.221 0.418 
Gastrointestinal diseases 0.338 0.165 
Diabetes mellitus 0.294 0.140 
Cerebrovascular diseases -0.275 0.314 
Other -0.012 0.941 
Number procedures with adsorptive  
membrane/adsorber 

0.518/ 
-0.038 

0.264/ 
0.875 

Type adsorptive membrane/adsorber 0.228 0.533 
SOFA score 0.586 0.000 

SOFA – Sequential Organ Failure Assessment.  

 
Table 3 

Predictors of renal function recovery depending on the time of renal  
replacement therapy (RRT) initiation 

 Variable 
RRT < 24 h RRT > 24 h 

B p B p 
Sex -0.241 0.222 -0.258 0.402 
Age -0.005 0.420 0.000 0.995 
Ultrafiltration 0.000 0.926 0.000 0.432 
Urea at admission 0.008 0.426 -0.002 0.885 
Urea at the start of RRT -0.005 0.609 -0.020 0.129 
Creatinine at admission 0.001 0.441 -0.001 0.129 
Creatinine at the start of RRT 0.001 0.431 -0.001 0.448 
C-reactive protein 0.000 0.659 0.000 0.873 
Procalcitonin -0.001 0.658 0.005 0.119 
Surgical patients 0.150 0.511 -0.050 0.866 
Septic patients 0.944 0.013 -0.356 0.745 
Cardiovascular diseases 0.374 0.096 0.190 0.554 
Pulmonary diseases 0.277 0.382 0.095 0.866 
Gastrointestinal diseases 0.382 0.199 0.399 0.415 
Diabetes mellitus 0.133 0.559 1.337 0.012 
Cerebrovascular diseases -0.220 0.492 -0.172 0.764 
Other -0.037 0.858 -0.074 0.808 
Number procedures with adsorptive  
membrane/adsorber 

0.573 
-0.038 

0.296 
0.903 

-0.992 
-0.307 

0.438 
0.533 

Type adsorptive membrane/adsorber 0.370 0.397 0.348 0.617 
SOFA score 0.698 0.000 0.503 0.097 

                       SOFA – Sequential Organ Failure Assessment. 
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fore each of them recommended that additional high-quality 
studies should be carried out 9.  

Previous studies have shown different results regarding 
heterogeneity of the population, the definition of the criteria 
for starting RRT, primary and secondary outcomes. In most 
studies, for the purpose of analyzing all causes of mortality, 
clinical indications and AKI classification have been used 
more frequently than biochemical parameters in order to de-
fine “early” and “late” RRT 10. Our mixed population of pre-
dominantly non-surgical ICU patients started “early” RRT, 
according to the KDIGO practice guides that include state-
ments about the time to start RRT in critically ill patients in 
the KDIGO 2 stage and/or hypervolemia within 24 hours. On 
the other hand, “late” RRT started in patients with developed 
complications related to AKI or the ones who had not re-
sponded to the conservative treatment. At the early onset of 
CRRT there was a higher percentage of oliguric/anuric, sep-
tic patients with comorbidities and a lower need for mechan-
ical ventilation and vasoactive support, which were contribu-
tory indicators for a faster response in a clinical decision 
about supportive therapy. In comparison with the patients 
with “late” RRT, diuresis median was lower and the median 
of the achieved UF during RRT was higher, which, along 
with a better recovery of the renal function, indirectly indi-
cates hypervolemia as an important additional criterion for 
starting RRT. The authors of two previously conducted me-
ta-analyses, which included a total of 38 studies predomi-
nantly retrospective and of different quality, came to similar 
conclusions as ours, reporting a significant improvement in 
the 28-day mortality with “early” RRT 11, 12. Other three 
studies have been conducted. Two of them [the multicenter 
randomized controlled trial (RCT) and the retrospective 
study] included septic patients and used different criteria of 
AKI classification for starting RRT in relation to our study 
design, but at the same RRT initiation time, showed a signif-
icant reduction in mortality in “early” RRT groups, while the 
third multicenter RCT conducted three years later found that 
there was no difference in mortality between the “early” and 
the “late” onset of RRT in 224 postoperative cardiosurgical 
patients 13–15.  

In fact, since 2012, the majority of the published studies 
have not supported the benefit of “early” RRT in critically ill 
patients. Conducting a meta-analysis of 36 predominantly 
retrospective studies, it was established that the early initia-
tion of RRT in critical patients did not improve survival for 
28 or 30 days, nor did it reduce the length of stay in the ICU 
or the overall length of hospitalization. In the abovemen-
tioned studies, biochemical markers according to the Risk, 
Injury, Failure, Loss of kidney function, and End-stage kid-
ney disease (RIFLE) classification, Acute Kidney Injury 
Network (AKIN) stages and time-based cut-offs were used 
(e.g. within the defined admission time or the development 
of the biochemical “start time”) for defining the early start of 
RRT. However, the “early” RRT according to one author 
was the “late” RRT according to another author, which made 
it difficult to interpret the results. The “late” onset included 
classical indications of RRT that did not respond to con-
servative treatment 16.  

A meta-analysis which included both the Artificial Kid-
ney Initiation in Kidney Injury trial (AKIKI) and Effect of 
Early vs Delayed Initiation of Renal Replacement Therapy 
on Mortality in Critically Ill Patients With Acute Kidney In-
jury trial (ELAIN) was subsequently published, including a 
total of 10 RCT with 1,672 participants combined. As the au-
thors concluded, there appeared to be no added benefit of an 
early start of RRT on 30-, 60- and 90-day mortality “with re-
spect to all-cause mortality, dialysis dependence, and recov-
ery of renal functions or hospital stay”. It was also found that 
there was no difference in reported complications: catheter-
related infections, bleeding, hypotension, electrolyte disor-
ders, thrombocytopenia, arrhythmias. It should be noted that 
the ELAIN single-center study analyzed 231 predominantly 
surgical patients with AKI and the episode of AKI in CKD in 
which the early criterion was the KDIGO 2 within 8h. It was 
established that there was no difference between the early 
and the late onset of RRT compared to the 28-day mortality 
(30.4 vs. 40.3%, respectively; p = 0.11). The exclusion of pa-
tients with urgent indications for RRT, as well as the fact that 
only 3.4% of the patients did not start RRT in the “early” 
group, were probably some of the reasons for the difference 
in reducing the 90-day mortality by comparing the “early” 
and “late” RRTs (39.3% vs. 54.7%, respectively; p = 0.03).  

Meta-analysis of four RCTs showed similar results, 
except that a higher risk of catheter-related infections was 
reported at the early onset of RRT 17, 18. A meta-analysis with 
six RCT that provided similar conclusions was conducted the 
same year, after which 4 additional RCT and 41 
observational studies were included (a total of 51 studies) 
whose results showed that the “early” RRT was associated 
with a reduced risk of all causes of mortality, although the 
results were taken with caution, given the variety of design 
studies. 

In our study of the early onset of RRT, we established a 
better 28-day renal function recovery, although the differ-
ences between the groups were not statistically significant. 
The ELAIN study indicated significant benefit since the ear-
ly onset of RRT in renal function recovery (53.6% vs. 
38.7%, p = 0.02), and the last meta-analysis also showed sig-
nificant renal function recovery in 14 studies with 2,570 pa-
tients 10. When we established a better renal function recov-
ery, we tried to determine which predictors could affect this 
outcome. By applying multivariate Cox regression analysis 
in the total sample as well as in patients who started RRT 
early, SOFA score and sepsis stood out as significant predic-
tors or renal function recovery. Namely, the patients with the 
1–3 SOFA score who started RRT early, were two times 
more likely to recover from renal function in comparison to 
patients with the SOFA score 4 and above, while septic pa-
tients had a 62% lower chance to recover their renal function 
compared to non-septic patients. Contrary to our results, in a 
large retrospective study of the critically ill with AKI, older 
age, heart conditions and admission to ICU were significant-
ly linked to a lower rate of renal function recovery 60–120 
days after discharging from ICU 19. However, in another ret-
rospective study, Pistolesi et al. 20, concluded that older age, 
oliguria, sepsis and a higher SOFA score in 264 cardio-
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surgical patients with severe AKI within the first week of 
CRRT start were independent prognostic indicators for non-
recovery of renal function. However, in the late RRT group it 
was found that the patients without diabetes had a 3.8 times 
higher chance of recovering renal function compared to the 
patients with diabetes. Patschan and Müller 21 suggested that 
diabetes mellitus potentially increases AKI risk and long-
term mortality/morbidity of AKI. Thakar et al. 22 showed that 
AKI episodes are associated with a cumulative risk of devel-
oping progressive CKD in diabetic patients, independently of 
other risk factors of progression. Unlike our results, the re-
sults of Johnson et al. 23 showed that AKI was diagnosed in 
403 patients, 20.5% of whom were diabetic patients. Short-
term renal function recovery was greater in diabetic patients 
(87% vs. 63%, p = 0.001) and the development of advanced 
CKD was lower (14%) in comparison with the non-diabetic 
ones 23. In our study, a better renal function recovery at the 
late onset of RRT in non-diabetic patients requires additional 
testing of long-term renal recovery and the number of epi-
sodes of AKI in these patients compared to the patients at the 
risk of diabetes and the diabetics.  

Also, it should be noted that in the studies similar to 
ours, the predictors of primary and secondary outcomes 
were less examined, because the main focus was on finding 
criteria for early/late start of RRT and predicting the out-
comes. 

Since each center has a limited number of patients for 
whom supportive therapy at the same time can be provided 
(in relation to resources, time, staff), the onset of RRT within 
12 hours can lead to shortening the duration of RRT 

initiation or to a delay in starting RRT for other patients. 
This comes to light if there is at the same time more than one 
urgent indication for patients of different age, comorbidity, 
etc. regardless of the defined criteria for the early onset of 
RRT. The current watchful waiting strategy (in the absence 
of urgent indications) allows for a greater impact of the 
doctor’s clinical decision based on long-term experience and 
teamwork. However, if the “real” timing of the onset of RRT 
is not recognized, the ability to carry out RRT in already 
developed complications associated with AKI and renal 
function recovery is reduced. 

There are some limitations associated with our study. 
We performed a single-center retrospective study. All our 
patients received RRT, there was no control group (due to 
the limited data availability), nor the possibility that delay-
ing RRT could provide time for renal function recovery. 
Unlike other studies, we did not obtain the full data on 
“early” RRT-related complications, or the data on long-
term outcomes 17, 18, 24. 

Conclusion 

The patients who had early started RRT had significant-
ly better 28-day survival. A further prospective research of 
the primary and secondary outcome predictors is necessary. 
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Abstract 
 
Background/Aim. Contrast echocardiography (CE) is an 
echocardiographic modality where ultrasound contrast 
echocardiographic agent (CEA) is introduced peripherally 
for the image enhancement. The aim of this study was to 
present the initial clinical experience of the use of CEA 
Optison™ (GE Healthcare, Princeton, NJ) at the Institute 
for Cardiovascular Diseases of Vojvodina, Serbia and pro-
spectively monitor the occurrence of possible side effects. 
Methods. A total of 357 patients were referred for resting 
or stress echocardiographic examinations, with an approved 
indication for CEA administration. The average age of pa-
tients was 63.3 years (range, 21–92 years), 62% of them 
were men. Most of the patients (77.31%) had some form of 
ischemic heart diseases. Hypertension was the most fre-
quent risk factor (77.03%), but 57 patients had diabetes 
mellitus and 33 patients had chronic kidney disease as 
comorbidity. Most (90.5%) of the patients were on beta 
blocker therapy, 83.5% of them on angiotensin converting 
enzyme/angiotensin receptor blockers. Majority (80.3%) of 
the patients received single or dual (49.5%) antiagregation 

therapy, 74 (26.3%), of them were on anticoagulation thera-
py, 55.1% of the patients were taking diuretics. The global 
ejection fraction (EF) was preserved in 39.85% of them, the 
majority (136 of them), had left ventricle (LV) impairment, 
with an EF less than 50%. Patients were followed up for 30 
minutes after CEA administration for potential side effects. 
In 118 patients, vital signs (heart rate, oxygen saturation, 
body temperature, systolic and diastolic blood pressure) 
were measured before and 30 minutes after CEA admin-
istration. Results. The administration of CEA was not as-
sociated with side effects. Diastolic blood pressure drop  
and heart rate increase were statistically, but not clinically 
significant (p = 0.027 and p = 0.028, respective-
ly). Conclusion. Changes in analyzed vital signs were clini-
cally non relevant. CE is a safe noninvasive diagnostic mo-
dality for patients undergoing rest and stress echocardiog-
raphy. 
 
Key words:  
adverse drug reaction reporting systems; 
cardiovascular diseases; comorbidity; contrast media; 
echocardiography. 

Apstrakt 
 
Uvod/Cilj. Kontrastna ehokardiografija (CE) je dijagnos-
tička metoda koja podrazumeva aplikaciju kontrastnog 
agensa (CEA) u perifernu venu u cilju poboljšanja ehokar-
diografske slike. Cilj rada bio je, da se prikaže inicijalno is-
kustvo upotrebe Optisona™ (GE Healthcare, Princeton, NJ) 
kao CEA u Institutu za kardiovaskularne bolesti Vojvodine, 
Sremska Kamenica, Srbija, kao i prospektivno praćenje po-
jave eventualnih neželjenih efekata. Metode. Procedura CE 

je urađena kod 357 bolesnika kod kojih je postavljena indi-
kacija za primenu CEA u miru i/ili testu stres ehokardio-
grafije. Prosečna starost ispitanika je bila 63,3 godine (u 
opsegu 21–92 godine), među kojima je bilo 62% ispitanika 
muškog pola. Ispitanici su imali različite kliničke dijagnoze, 
ali najveći broj bolesnika (77,31%) imao je neku formu 
ishemijske bolesti srca. Hipertenzija je bila najčešći faktor 
rizika kod ispitanika (77,03%), a od komorbiditeta, šećerna 
bolest je bila prisutna kod 57 bolesnika, a 33 bolesnika je 
imalo hroničnu bubrežnu insuficijenciju. Većina bolesnika 
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(90,5%) je uzimala beta blokatore, a 83,5% je koristilo inhib-
itore angiotenzin konvertujućeg enzima (ACE) ili blokatore 
angiotenzinskih receptora. Monoterapiju je dobijalo 80,3%, 
a  dvojnu antiagregacionu terapiju 49,5% bolesnika, dok je 
74 (26,3%) bolesnika dobijalo antikoagulantnu terapiju. Diu-
retike je koristilo 55,1% bolesnika. Sa očuvanom globalnom 
ejekcionim frakcijom (EF) leve komore (LK) bilo je 39,85% 
bolesnika, a većina (njih 136) je imala smanjenu EF LK 
(manju od 50%). Nakon primene CEA, bolesnici su praćeni 
još 30 minuta zbog moguće pojave neželjenih efekata. Kod 
118 bolesnika su pre i 30 minuta nakon davanja CEA 
praćeni vitalni parametri (frekvencija srca, saturacija krvi 
kiseonikom, temperatura tela, sistolni i dijastolni krvni priti-

sak). Rezultati. Nakon primene CEA nisu zabeležene 
nuspojave. Zabeleženi su statistički značajno, ali ne i klinički 
značajno, smanjenje dijastolnog krvnog pritiska (p = 0,027), 
kao i povećanje frekvencije otkucaja srca (p = 
0,028). Zaključak. Promene praćenih vitalnih parametara 
nemaju klinički značaj. CE je sigurna neinvazivna ehokardi-
ografska metoda za pacijente podvrgnute CE u miru i testu 
stres ehokardiografije. 
 
Ključne reči: 
lekovi, neželjeno dejstvo, sistemi za izveštavanje; 
kardiovaskularne bolesti; komorbiditet; kontrastna 
sredstva; ehokardiografija. 

 

Introduction 

Today, echocardiography is growing side by side with 
modern technology and achievements in the field of other 
noninvasive modalities. Contrast echocardiography (CE) is a 
simple method where transpulmonary contrast echocardio-
graphic agent (CEA) is introduced peripherally for the image 
enhancement. The clinical use of CE is defined both by the 
European Association of Echocardiography and by the 
American Society of Echocardiography (ASE) 1, 2. 

The initial use of the CE were in technically difficult or 
uninterpretable echo images 3. The first indication for the use 
of CE was to enable the visualisation of the endocardial bor-
der of the left ventricle (LV) when two or more contiguous 
segments were not seen well with native-noncontrast echo-
cardiography 4. 

Studies demonstrated the efficiency and safety of CEA 
improving the diagnostic utility of both rest and stress echo-
cardiography (SE) 5–8. 

For transpulmonary CEA, the indication in clinical car-
diology is the enhancement of the left ventricule (LV) endo-
cardial border, accurate and repeatable measurements of vol-
umes, global and regional LV function, especially in patients 
who are candidates for chemotherapy, to establish the diag-
nosis of apical hypertrophy, LV thrombus or other intracar-
diac mass evaluation, noncompaction cardiomyopathy 
(CMP), to assess myocardial perfusion (MP) in rest and in 
multiparametric SE studies to assess coronary flow reserve 
(CFR) and/or viability, too 1, 2, 9.  

The contraindications in nonpregnant adults are allergic 
reactions to the components of the CEA, precaution is rec-
ommended for patients with pulmonary hypertension (PH) 
and right to left (R-L) shunts. Side effects are rare and usual-
ly not serious 1, 2. 

CE reduced intra- and interobserver variability in echo-
cardiography interpretation, medical costs, mortality, and 
exposure to the ionizing radiation that is associated with oth-
er imaging modalities. The applications in research and off-
label indications are also growing 1, 2. 

The aim of this study was to present the initial experience 
after application of Optison™ (GE Healthcare, Princeton, NJ) 
as a CEA in routine medical practice at the Institute for Cardi-
ovascular Diseases of Vojvodina, Sremska Kamenica, Serbia. 

Methods 

This observational prospective study was conducted 
from March 2017 to November 2019 at the Institute of Car-
diovascular Diseases of Vojvodina in Sremska Kamenica, 
Serbia. During this period, a total of 357 patients with tech-
nically difficult echocardiographic examinations underwent 
CE. Informed consent was obtained from all patients. Data 
collected from each subject included demographic character-
istics, history of illness, and information on allergies.  

Patients with known hypersensitivity to perflutren,  
blood products, or albumin as well as individuals with previ-
ous history of food allergies were not included in the study. 
The presence of any infection or fever was also excluding 
criteria. Clinical diagnoses, risk factors and comorbidities, 
medications of the patients, LV ejection fraction (EF) and 
indications for CE are shown in Table 1. 

CE was performed using ultrasound machines (GE Viv-
id 9 and VividXPRo) equipped with broadband transducers 
and low-mechanical index (MI) contrast-specific presets. 
The recommended MI in this diagnostic procedure is 0.2 or 
lower, which was used in this study. 

In this study, CEA (Optison™), as an injectable sterile 
suspension, was used which consisted of microspheres filled 
with perflutren gas with a shell of human serum albumin. 

Baseline native echocardiography was always per-
formed before CE.  

Preparation and administration of CEA required atten-
tion to the storage, preparation and application. The glass vi-
als of the CEA were stored in a refrigerator with  tempera-
ture between 2–8 °C. The preparation protocol and the ad-
ministration method followed the instruction given by the 
manufacturer 3. Adherence to the prescribed preparation pro-
tocol is crucial for good image quality. Optison™ was al-
ways applied as a bolus injection in this study, the amount of 
the CEA in the syringe was gently agitated immediately be-
fore the application after it exceeded a room temperature. 

Patients were prepared and inserted with i.v. canulla 
with at least 20 gauge with the 3-way stopcock into the pe-
ripheral vein, usually into the right arm. The rate of the iv. 
bolus did not exceed 1 mL per second, flushed with 10 mL 
saline. 
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The administered doses of CEA in our study were not 
specified in most of the patients, the bolus injection of the 
CEA was 0.3 or 0.4 mL iv. followed by a 10 mL slow saline 
flush. The maximum total dose did not exceed 1.5 mL, 
whenever the image was acceptable; the dose of the Opti-
son™ was repeated, except in SE studies where usually at 
least two bolus doses were given, during the resting phase 
and in the peak phase. The administered doses of Optison™ 

were effective, sufficient to opacify the LV cavity and endo-
cardial border in all cases of resting and SE. 

Statistical analysis 

Continuous variables were presented as mean ± stand-
ard deviation. Categorical variables were presented as fre-
quencies in percentages. Statistical significance was calcu-

Table 1 
Clinical characteristics of patients underwent contrast echocardiography (CE) 

Characteristics Values 
Total number (%) 357 (100) 
Gender, n (%) 357 (100) 

male 244 (68.3) 
female 113 (31.7) 

Age (year), mean ± SD 63.28 ± 11.40 
BSA (m2), mean ± SD 1.99 ± 0.22 
Clinical diagnoses, n (%) 357 (100) 

ischemic heart diseases 276 (77.31) 
rhythm disturbances 101 (28.29) 
patients with pacemakers, ICD or CRT 21 (5.88) 
cardiomyopathies 85 (23.81) 
congenital and valvular heart diseases 96 (26.89) 

Risk factors and comorbidities, n (%) 357 (100) 
hypertension 275 (77.03) 
diabetes mellitus 59 (16.53) 
chronic kidney disease 33 (9.24) 
obstructive lung diseases 17 (4.76) 

Medications of the patients receiving CE, n (%) 285 (100) 
ACE inhibitors/AT blockers 238 (83.5) 
beta blockers 258 (90.5) 
statins 210 (73.7) 
dual antiagregation therapy 141 (49.5) 
aspirin 229 (80.3) 
anticoagulant therapy 74 (26.3) 
diuretics 157 (55.1) 
Ca antagonists 41 (14.4) 

EF LV (%), n (%) 332 (100) 
< 40 96 (28.9) 
40–50 104 (31.3) 
> 50 132 (39.8) 

Indications for transpulmonary CE, n (%)  357 (100) 
better endocardium delineation 82 (22.97) 
LV EF estimation 31 (8.68) 
apex of the LV (parietal thrombus) 59 (16.53) 
hypertrophy of the LV 10 (2.80) 
congenital heart diseases with or without bubble test 10 (2.80) 
intracavitary mass/other then LV apex 6 (1.68) 
suspected aortic dissection 3 (0.84) 
transoesophageal echocardiography 4 (1.12) 

   SE (dobutamine, adenosine and dobutamine, pace maker, exercise) 152 (42.58) 
SD – standard deviation; ACE – angiotensin converting enzyme; BSA – body 
surface area; ICD – implantable cardioverter defibrillator; CRT – cardiac 
resynchronization therapy; AT – angiotensin receptor; EF – ejection fraction;  
LV – left ventricle; SE – stress echocardiography . 
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lated by the Student’s t-test and p < 0.05 and was considered 
statistically significant. 

Results 

The average age of patients was 63.28 ± 11.40 years, 
the youngest patient was 21 and the oldest one 92 years old.  
More than two thirds of patients were men (68.3%). 

The patients who were referred for routine resting or SE 
examinations with an approved indication for CEA admin-
istration, fulfilled at least one of the indications listed in Ta-
ble 1. 

Most of the patients (77.31%) had some form of is-
chemic heart diseases (IHD). Rhythm disturbances, CMPs, 
congenital and valvular heart diseases were also present 
among the tested patients. Since CE was introduced, apical 
hypertrophic CMP was newly diagnosed in 3 of them. 

Patients were with a large number of comorbidities 
(Table 1). 

The first line indications were: better delineation of the 
LV endocardium, estimation of the LVEF and better evalua-
tion of the apex of the LV. 

In 3 of the patients, when CE was introduced, apical 
hypertrophic CMP was newly diagnosed. One patient was 
diagnosed with CE successfully with LV diverticulum. 

Most of SE studies were indicated for patients with previ-
ous history of IHD and chest pain. Exercise, pace maker (PM), 
dobutamin and adenosine SE were performed with Optison™. 

There were 2 CE exercise SE for valve diseases-mild aortic ste-
nosis, and for congenital heart diseases, by which two patients 
had corrected transposition of the great arteries. In 4 patients the 
indication for Optison™ administration was the left auricle ex-
ploration before electroconversion. In patients with suspected 
aortic dissection, the diagnoses were excluded 3 times with CE, 
and in one patient the dissection was confirmed with CE. 

Patients were followed up for 30 minutes for any side 
effects and symptoms as flushing, headache, chest pain, back 
pain, skin rash, palpitations, dyspnea, nausea, vomiting, diz-
ziness or vertigo. None of these or other adverse effects (AE) 
or side effects were present in our group. No allergic or ana-
phylactoid reactions occurred. 

In 118 patients, vital signs (heart rate, oxygen satura-
tion, body temperature, systolic and diastolic blood pres-
sure) were measured before and 30 minutes after the CEA 
administration (Table 2).  

The average systolic and diastolic blood pressure was 
lower after the administration of Optison™. The diastolic 
blood pressure drop and the heart rate increase for 4.7 
beat/min (on average) were statistically significant (p = 
0.027 and p = 0.028, respectively) but clinically irrelevant.  

 The other followed up parameters were not significant-
ly different after the 30 minutes monitoring time in this pa-
tients subgroup. 

Figure 1 shows CE in a patient with large parietal 
thrombus which is presented as avascular, black formation at 
the LV apex, on transthoracic four chamber view. 

Table 2 
Vital parameters before and after the administration of  

contrast echocardiographic agents in 118 patients 

Parameters Before 
(mean ± SD) 

After 
(mean ± SD) p 

Systolic BP (mmHg) 125.8 ± 14.93 123.5 ± 15.41 0.208 
Diastolic BP (mmHg) 72.5 ± 10.05 69.9 ± 8.88 0.027 
Heart rate (beat/min) 74.9 ± 12.27 78.6 ± 16.76 0.028 
Oxygen saturation (%) 96.8 ± 1.95 96.7 ± 3.10 0.373 
Body temperature (°C) 35.8 ± 0.55 36.3 ± 0.47 0.434 

SD – standard deviation; BP – blood pressure. 
 

 
Fig. 1 – Contrast echocardiography shows large parietal  

thrombosis which is shown as avascular (block) formation at the 
 left ventricle apex on transthoracic four chamber view. 
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In our investigated cohort, in 3 of patients, apical hyper-
trophic CMP was newly diagnosed by using CE (Figure 2). 
Two of them were more than once underwent coronary angi-
ography for the previous IHD suspicion. 

With the use of CE, the LV diverticulum was success-
fully diagnosed in one patient (Figure 3). It was done in dex-
trocardiac patients and with corrected transposion of the 
great arteries but none of them had a R-L shunt. 

Discussion 

Today, there are three new, commercially available 
echocardiographic contrast agents (ECA): Optison™ (GE 
Healthcare Princeton, NJ), Lumason™ (Bracco) and Defini-
ty™ (Lantheus) in Europe and North America, and all of 
them are approved for use by the Food and Drug Administra-
tion (FDA) for the indication of LV opacification (LVO) in 
adults 1, 2. 

The Levovist™ (Schering AG, Berlin, Germany) was 
the first commercially available ECA 10. Initially, the idea 
was to use it in the patients with poor acoustic window or un-
interpretable images 4, 5. 

Currently, Optison™ is the only available CEA in Ser-
bia. Its routine administration started at the Institute of Car-
diovascular Diseases of Vojvodina, Sremska Kamenica in 
2017, after the project was accepted and approved by the Lo-
cal Government 12. The regulatory documents and the per-

mission for this method were obtained from the Republic 
Ministry of Health. 

Optison™ is a sterile, nonpyrogenic suspension of mi-
crospheres or microbubles-filled with perflutren gas in albu-
min shell, that are small and stable enough to pass the pulmo-
nary circulation during the ultrasound imaging procedures. 
The microbubles create an echogenic contrast effect in the 
blood, so this imaging modality is called transpulmonary CE 3. 

It is used mostly for the LVO, for segmental or global 
LV wall motion analysis and for identification of cardiac 
masses. The indications of CE are defined by the European 
Society of Echocardiography and ASE 1, 2, 9, 11. 

A review on the safety of CEA compared to the other 
commonly used radiology contrast agents pronounced them 
safe, reliable and radiation-free diagnostic modality 7, 8. 

To perform CE, in addition to CEA it is necessary to 
possess an ultrasound machine equipped with adequate, low 
MI contrast software. The MI stands for the measure of the 
power generated by the transducer during the echocardio-
graphic examination. 

Side effects of CEAs are rare and usually not serious, 
but the administration can be associated with flushing, head-
ache, nausea, vomiting, dyspnea, chest or back pain. The al-
bumin component of the Optison™ is a derivative of human 
blood, so allergic or anaphylactoid reactions can be expected 
although very rarely 3. 

 
Fig. 2 – Contrast echocardiographic finding of newly diagnosed  

apical hypertrophic cardiomyopathy. 
 

 
Fig. 3 – Left ventricle diverticulum in dextrocardiac  
patient diagnosed using contrast echocardiography. 
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The incidence of an anaphylactoid reaction from CEA 
exposure was estimated at about one in 15,000 13, so our 
sample size could not be able to detect such rare events. 

According to the recommendations, both “physicians 
and sonographers who wish to perform CE, should receive 
training in interpretation and operational details”. The antial-
lergic drugs and the resuscitation equipment have to be 
available in case of emergency 1, 2. 

In our patients, systematic preprocedural detailed histo-
ry was taken with special care to those allergic to proteins 
(blood products, food or some medications). With positive 
history data or even in case of a suspected allergy or elevated 
temperature, the patients were not given CEA, what probably 
increased safety. 

We were eager to experience the advantage of CE in the 
real clinical work, but safety was our great concern in vari-
ous clinical settings, having in mind that Optison™ has been 
available since 2017, but it is still not registered in Serbia. 
For this reason safety was, if not more important, but as im-
portant as the diagnostic efficacy of the CEA. 

The investigated patients were indicated in accordance 
with the latest recommendations 1, 2. More than two thirds of 
them had low EF LV, some of them had acute IHD and con-
gestive heart failure, but all of them tolerated Optison™ 
well. In other reports 14, 15, a low serious side effects rate of 
0.01% was noted in those patients that received CEAs. 

Patients included in our study represent those who are 
seen daily in echocardiographic laboratories, with a high fre-
quency of cardiac risk factors and comorbidities. CE in preg-
nant women and in children under 5 years are however not 
recommended for CE. Chronic renal insufficiency is not, but 
liver insufficiency is an important issue in CE 3. 

Although R-L shunts and PH are not a contraindication 
for CE anymore, we did not administer CEA in patients with 
R-L shunts or Eisenmenger syndrome. Whenever a suspicion 
occurred on a shunt, prior to CEA administration, bubble test 
was done with agitated saline. 

The updated focused guidelines in 2014 for contrast use 
about AE or side effects denounced the risk of iv. commer-
cial contrast agents in patients with small R-L shunts through 
a patent foramen ovale 16. 

Perflutren gas, a component of Optison™, was elimi-
nated through the lungs within 10 minutes  after administra-
tion, but the interaction of Optison™ and other drugs were 
not studied and reported 3. That is why we monitored pa-
tients for oxygen saturation during rest and stress CE, but AE 
never occurred.  Wever-Pinzon et al. 6 published a study on 
1,513 patients with PH who had received CE and were under 
control for 24 hours after the administration, but no respira-
tory decompensation, hypotension, arrhythmias, syncope, 
convulsions, anaphylactic reactions, or death was registered 
among them. 

The preparation and the administration of CEA is an im-
portant part of the imaging. The administered doses of CEA in 
our study were not specified by any protocol. The injected 
doses of Optison™ were sufficient to opacify the LV cavity 
and endocardial border for several minutes in all cases of rest-

ing and SE. No patients received a total of 5.7 mL of CEA 
which is the highest dose proposed by the manufacturer 3. 

The first indication for CEA according to the ASE 
guidelines was that it can “be used for improved endocardial 
visualization (ie., when two contiguous endocardial segments 
of the LV are not observed or to improve Doppler evalua-
tions if the initial spectral signals are inadequate)” 4. 

Today, inadequate segment visualisation is a first class 
recommendation, even one segment of the LV is not visual-
ised 17.  

The latest guideline for chronic coronary syndrome, 
pointed out that this imaging modality with CEA should pre-
cede cardiac magnetic resonance 18. 

CE can accurately detect LV regional wall motion dis-
turbances, even in technically challenging and obese pa-
tients 19. Wall motion and MP analysis improved coronary 
artery disease (CAD) detection during SE with this imaging 
modality. 

Wall motion analysis and MP defect detection were at-
tempted in our patients not only with dobutamine or exercise 
SE, but PM SE as well, where an accelerated contrast SE 
was conducted in 25 of our patients, which is, according to 
our knowledge, the first group of patients with this kind of 
imaging modality. 

In 2014, the contraindication was removed for the use 
of CEA in patients with recent acute coronary syndrome 
(ACS) or clinically unstable IHD 13. Optison™ may also be 
used in ACS, what was presented in Galiuto et al. 20 paper. 

Most resting and SE studies were performed with this 
imaging modality to evaluate LV endocardial border delinea-
tion for regional and segmental wall motion analysis and ac-
curate measurement of the LV volumes and function 21.  

The quantitative assessment of the EF of the LV is an 
important parameter, and CE measurements can provide sim-
ilar values as cardiac magnetic resonance which is a “golden 
standard”. It is well known that LV volumes obtained by CE 
are generally larger than by native echocardiography. CE can 
reduce interobserver variability 21, 22. 

Our big concern was the LV apex visualisation on na-
tive echocardiography, what was the subject of our earlier re-
search 12. Apexes are often incompletely visualised, or tra-
beculations of the apical region can make the examination 
difficult 23. 

It is clinically important to identify otherwise unrecog-
nised thrombus in the apex of the LV. CE can improve the in-
terpretation not only for the presence, but for the absence of an 
apical thrombus, because anticoagulation therapy will be in-
troduced to prevent embolic event if the thrombus is detected, 
otherwise patients would be restricted from the unnecessary 
anticoagulation therapy if thrombus was excluded. Guidelines 
are still non uniform for the treatment of patients with parietal 
thrombi. With CE, the shape, the size and the embologenity of 
the thrombi can be more accurately assessed then with native 
echocardiography. Preventive checkups with CE would be 
necessary in patients prone to develop thrombi with large hy-
pocontractile LV, or with an akinetic segment or aneurysms of 
the LV 9. CE should be an integral part of the individualized 
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follow up and monitoring of anticoagulation therapy for regis-
tered thrombi in the heart chambers. 

Cardiac masses in all heart chambers are an indication for 
CEA use, not only to determine the presence of the mass, but 
the vascularisation with perfusion imaging to determine the 
etiology of the questionable formation. Hyperenhancement of 
the mass would raise suspicion on its malign etiology 24. 

In routine use of CE in patients with anterior MI, 
thrombi were reported in more than 20%, when there was 
even no suspicion at all with native echocardiography 25. 

For the left appendage thrombus detection we per-
formed transesophageal echocardiography (TEE) with CE in 
four of our patients. 

We experienced the advantage of the CE in patients 
with suspected aortic dissection, since the diagnoses of aortic 
dissection by using CE were excluded three times and in one 
patient the dissection was confirmed. 

There were a large number of patients in our investigat-
ed group with arrhythmias or PM, resinchronisation therapy, 
or cardioverter defibrilators, with valvular but also with con-
genital heart diseases. 

The CE should not be withheld on the bases of any di-
agnoses or comorbidity 1 and may reduce health care cost 
because Optison™ helped define abnormalities that required 
appropriate hospitalization for further management 26.  

During SE, CE was an option not only for IHD but for 
valve disesase for better evaluation of the highest velocity in 
mild stenotic lesions. Regional wall motion disturbances were 
registered with CE in rest and SE. The accuracy of CE was not 
compared to noncontrast study results in our patients, but ac-
cording to the published papers of other investigators, there is 
a significantly higher accuracy in SE with CE for the detection 
of CAD, especially if they are done as multiparametric SE, not 
only for endocardial enhancement and wall motion analysis, 
but for coronary flow registration and MP and viability as-
sessment as well 11, 27. CE can improve interobserver agree-
ment for wall motion analysis 28. MP is a promising indication 
in CE, which can give us diagnostic and prognostic infor-
mation. The use of ECA improved not only image quality, but 
the reader confidence of interpretation as well 29. Comprehen-
sive evaluation in IHD is the optimal approach for noninvasive 
assessment of the coronary artery lesions 30. Our great concern 
was the interaction of the CEA with other therapy and medica-
tions. Some of the patients were on anticoagulation therapy 
and had chronic kidney disease (CKD) or obstructive pulmo-
nary diseases. Interactions with medications and Optison™ 
were not investigated or referred to in the previous studies. 
Our patients were on a large variety of medications and had 
different diagnoses and that is important and encouraging for 
the routine clinical use of the CEA. 

In 2007, after 4 deaths and several severe cardiopulmo-
nary reactions occurred after the use of Definity™ and Opti-
son™, the FDA issued a black box warning, which turned 
out to be unjustified 31, but added new contraindication for 
patients with PH and unstable chronic pulmonary disease and 
required a 30 minutes post-procedure monitoring period after 
the use of ECA.  

We decided to follow these instructions and precau-
tions, although the warnings were later withdrawn. The 30 
minutes follow up time after the administration of Optison™ 
was conducted while heart rate, blood pressure, oxygen satu-
ration and body temperature monitoring was completed. Sys-
tolic and diastolic blood pressure was slightly lower in pa-
tients after the administration of Optison™. Heart rate in-
creased after the application of the CEA but it was clinically 
irrelevant. 

Slightly higher temperature was registered in patients, 
in average, after the administration of Optison™, but the 
values were never above 37 °C. We have to point out that pa-
tients with a suspicion of infectious diseases or fever would 
not be given CEA. The minor change of the body tempera-
ture is clinically irrelevant after the administration of CEA. 
Patients with infectious diseases should avoid Optison™, but 
such observation was not a subject of previous reports alt-
hough the manufacturer mentioned it 3. 

The follow up was not continued after this monitoring 
period, thus, it is possible that some events were missed. 
Previous reports found that serious AEs to CEAs (allergic or 
anaphylactoid reactions) occurred early after administration, 
usually within 30 minutes 3, so it is unlikely that significant 
later AEs were missed. 

There have been several published articles and reviews 
arguing both the safety and efficacy of CEAs in several large 
variety of patients, with PH followed up for 24 hours after the 
administration of CEA but no respiratory decompensation, hy-
potension, arrhythmias, syncope, convulsions, anaphylactic re-
actions, or death were registered among these patients 6, 15. 

We think that patients taking cardiovascular medication 
and/or been undergoing SE with or without pharmacological 
stressor are a challenging group to follow up the AEs for 
CEAs, since the interaction of all these medications and CEA 
are difficult to analyse even in randomised circumstances.  

For safety reasons, other authors followed up patients 
for 30 minutes after dobutamine or exercise stress testing 
with CEA. Among the reported symptoms, there were chest 
pain, arrhythmias such as premature atrial contractions, 
premature ventricular contractions, nonsustained ventricular 
tachycardia, hypertension, tachycardia, electrocardiographic 
changes, dyspnea, nausea, vomiting, tremor, and dizziness. 
None of these AEs were attributed to Optison™. There were 
no anaphylactoid reactions or deaths during or after studies 
conducted 8, 34.  

Publishing on the safety and improved efficacy of CE-
As in the retrospective studies 32 showed that propensity-
matched patients who underwent a CE were 24% less likely 
to die within 1 day than patients who did not receive an 
CEA. Similar result was obtained in another study where 
2,518 patients who received CEA had less overall one day 
mortality than patients who did not receive CEA 7. 

Several authors also noted the safety of these agents in 
SE as well as the lack of AEs in long-term follow-up 31, 32. 

In a retrospective study including 5,956 patients who 
received CE and were monitored for AEs, back pain and rash 
were registered in only 0.27% of the observed patients, but 
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there were no cases of serious anaphylaxis or death within 30 
minutes of the contrast administration 8. 

In prospective safety study of Optison™ 33 which included 
203 patients, 37% of the patients had dilated CMP with dimin-
ished LV EF (20%–40%). There were no changes in the moni-
tored vital signs. Patients were also followed up for AEs, but 
none of them were noted. Similar results were obtained in our 
study in patients with dilated CMP (Figure 4). 

A prospective randomized trial showed that an abnormal 
MP with CE was more often observed than in conventional 
SE, and more frequently resulted in revascularization 29. Sig-
nificantly more cases of ischemia were diagnosed with MP CE 
and detected a greater ischemic burden than in the case of wall 
motion analysis in patients undergoing native SE 34.   

Since 2012, the FDA has removed the need for monitor-
ing of patients with PH, unstable chronic pulmonary diseases 
and stress testing 32. In October 2016 shunt contraindications 
were removed 35; since then this modality in patients with PH 
and shunts have not been a contraindication any more. Ac-
cordingly, the monitoring of vital signs can be practiced only 
in selected cases of patients with PH or R-L shunts 1, 2. 

CE is a minimally invasive technique for perfusion 
analysis 36, by which sometimes other diagnostic modality 
can be avoided. When comparing noninvasive diagnostic 
methods in a study conducted by Senior et al. 37, CE demon-
strated superior sensitivity but lower specificity for the detec-
tion of CAD as compared to scintigraphy, when results were 
confirmed by coronary angiography. 

The CE can be and should be routinely used, not only in 
clinics and hospitals, but in every local outpatient office with 
an appropriate echocardiographic facility, since it is a safe 
and cost effective diagnostic modality. 

There is a trend toward improvement in outcomes when 
such patients undergo contrast-enhanced rather than unen-
hanced echocardiography 26, 38. 

Extracardiac application of a CEA, for carotid, femo-
ral, aortic endografts, peripheral perfusion is also recom-
manded. Among others, emerging applications are molec-
ular imaging, targeted drugs-gene therapy and thrombo-
lysis 1, 2. 

Limitations of the study 

The main limitation of this study was the sample size. 

Conclusion 

Contrast echocardiography with Optison™ as a CEA, is 
a very safe, noninvasive diagnostic modality, useful in a 
large variety of clinical settings, in patients being on medical 
treatment and undergoing resting and SE in the routine eve-
ryday clinical practice. It is important to check all the issues 
before performing CE concerning the patient selection which 
should be individualized, to exclude persons with allergy and 
to strictly follow the administration methodology. Vital pa-
rameter changes after Optison™ administration were clini-
cally irrelevant. 
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Abstract 
 
Background/Aim. Children with attention-deficit hyper-
activity disorder (ADHD) show lower degree of recogni-
tion of their own emotions and greater behavioral difficul-
ties than children who do not have this disorder. This also 
affects the recognition of other people's emotions that are 
expressed not only by their language content, but also by 
their facial expression and the way they express the emo-
tional message through speech. Most research in this area 
focuses on recognizing emotions based on facial expres-
sions rather than on emotions in speech. The aim of this 
study was to examine how children with ADHD recognize 
emotions in speech (joy, anger, fear, sadness) and affective 
attitudes (threat and commandment) in relation to children 
of typical development. Methods. The study included 31 
children with ADHD and 29 typical developmental chil-
dren aged 6 to 13. To assess the ability to recognize emo-
tions and affective attitudes, a corpus of Speech Emotion-
al Expression and Attitudes (Govorna emocionalna ekspresija i 
stavovi – GEES, in Serbian) was used. This corpus included 
sentences that expressed emotions of anger, joy, fear, and 

sadness, and of affective attitudes, threat and command. 
Results. The results obtained showed that children with 
ADHD had worse recognition of emotions and affective 
attitudes in speech than children of typical development (t 
= 8.81; p = 0.000). Joy was the only emotion where no sta-
tistically significant difference was found. In all other emo-
tions and affective attitudes, statistically significant differ-
ences were found (p < 0.01). Also, the results showed that 
there was a statistically significant association between age 
and recognition of emotion and affective attitudes in both 
groups, but this association was more pronounced in chil-
dren of typical development. Conclusion. The results of 
this study provided important clues about the perception 
of emotions and affective attitudes in speech in children 
with ADHD. These results are very important for the 
conception of therapeutic procedures, especially in the de-
velopment of strategies for modeling the behavior of chil-
dren with ADHD. 
 
Key words:  
affective symptoms; attention deficit disorder with 
hyperactivity; emotions; speech. 

Apstrakt 
 
Uvod/Cilj. Deca sa poremećajem pažnje i hipe-
raktivnošću (ADHD) pokazuju slabije prepoznavanje 
sopstvenih emocija i veće ispoljavanje teškoća u ponašanju 
od dece koja nemaju tu smetnju. Samim tim je pogođeno i 
prepoznavanje tuđih emocija koje se ispoljavaju ne samo 
jezičkim sadržajem već i izrazom lica i načinom izražavanja 
emotivne poruke govorom. Cilj ovog istraživanja je bio da 
se ispita kako deca sa ADHD prepoznaju emocije u go-
voru (radost, ljutnju, strah, tugu) i afektivne stavove 
(pretnju i zapovest) u odnosu na decu sa tipičnim razvo-
jem. Većina istraživanja iz ove oblasti fokusirana je na 
prepoznavanje emocija na osnovu izraza lica, a ne na os-
novu emocija u govoru. Metode. Istraživanje je obuhvati-
lo 31 dete sa ADHD i 29 dece sa tipičnim razvojem uzras-

ta od 6 do 13 godina. Za procenu sposobnosti prepoz-
navanja emocija i afektivnih stavova korišćen je korpus za 
procenu Govorne emocionalne ekspresije i stavova 
(GEES). U tom korpusu su bile rečenice koje su izražavale 
emocije ljutnje, radosti, straha i tuge, a od afektivnih 
stavova pretnju i zapovest. Rezultati. Deca sa ADHD 
imala su lošije prepoznavanje emocija i afektivnih stavova 
u govoru u odnosu na decu sa tipičnim razvojem (t = 8.81; 
p = 0.000). Radost je bila jedina emocija gde nije utvrđena 
statistički značajna razlika. Za druge emocije i afektivne 
stavove utvrđene su statistički značajne razlike (p < 0.01). 
Utvrđena je statistički značajna povezanost između uzrasta 
i prepoznavanja emocija i afektivnih stavova u obe grupe, 
ali je ta povezanost bila izraženija kod dece sa tipičnim 
razvojem. Zaključak. Rezultati istraživanja su dali važne 
pokazatelje o percepciji emocija i afektivnih stavova u go-
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voru kod dece sa ADHD. Ovi rezultati su veoma bitni za 
osmišljavanje terapijskih procedura, posebno u razvoju 
strategija za modeliranje ponašanja dece sa ADHD. 
 

Ključne reči: 
afektivni simptomi; hiperkinetički sindrom; emocije; 
govor. 

 

Introduction 

Attention deficit hyperactivity disorder (ADHD) is di-
agnosed in childhood or adolescence and is characterized 
by three groups of persistent symptoms: hyperactivity, at-
tention deficit and impulsiveness 1. In addition, children 
with ADHD can have a number of comorbid externalizing 
and internalizing psychiatric conditions such as anger, ag-
gression, behavioral disorders, delaying responsibilities, 
anxiety, depression, guilt 2. ADHD affects optimal chil-
dren's development, their self-esteem, weakens social con-
tacts with parents and teachers 3, 4, but it also affects the oc-
currence of school skills difficulties and academic failure 5, 6. 
Worldwide prevalence of ADHD ranges from 5% to 7% 7, 8. 
The high prevalence of this disorder has attracted a great 
deal of attention from researchers and clinicians trying to 
understand the causes and mechanisms leading to the onset 
of characteristic symptoms of ADHD, as well as finding the 
best therapy for it. ADHD is believed to be a neurobehav-
ioral developmental disorder but its pathophysiology has 
not been fully known yet. So far, the investigated causes of 
ADHD can be classified into two categories: environmental 
and molecular-genetic. In the category of environmental 
causes, those arising from obstetric complications 9, fetal or 
infantile exposure to various agents 10, as well as the condi-
tions in which children grow and develop, have been stud-
ied 11–13. Molecular genetic causes have been extensively 
investigated in the field of dopamine transmission 14, or 
catecholaminergic dysregulation 15. 

Studies conducted in recent years show that children 
with ADHD have specific social deficits such as: poor 
recognition of role-playing behaviors, inflexibility in re-
sponses, inability to modify their own behavior in response 
to changes in environmental demands, and unconscious sub-
tle, but very important social cues 16–18. Research findings up 
till now have suggested that impaired social skills and pre-
sent behavioral problems in children and adolescents with 
ADHD are not fully explained by additional comorbidities or 
secondary consequences in the form of executive function 
deficits 19–21. A number of authors believe that answers relat-
ed to social skills disorders and behavior in children and ado-
lescents with ADHD can be found in understanding possible 
deficits in emotion recognition. Studying the emotional com-
petence of children with ADHD can be an important com-
plement to these children's social skills research. In order for 
children to engage in appropriate social interactions, they 
must be able to recognize and make judgments about the 
emotions of others. The ability to interpret and respond ap-
propriately to the emotions of others is crucial for interper-
sonal interactions. Evidence to support this finding can be 
found in studies of the social functioning of children with au-

tism and their poor recognition and processing of emo-
tions 22.  Based on this, it can be assumed that in children 
with ADHD, there is an association between poor social 
skills and difficulties in recognizing emotions.  

Research to date has shown that children with ADHD 
show poorer results in recognizing facial emotions than the 
typical population 17, 23, 24. For these children, tasks that re-
quired the interpretation of emotional cues from face photos 
were difficult and they made more mistakes solving those 
tasks than the typical population 25. Also, it was difficult for 
children and adolescents with ADHD to reconcile the prima-
ry emotion face expression with the emotional message of 
the story read to them 26. There is evidence that children with 
ADHD were less successful in recognizing their own emo-
tions 27.  

It is important to note that most of the research per-
formed so far has been examining the recognition of facial 
emotions and contextual cues in children with ADHD. The 
general impression is that there is no research related to 
recognizing emotions in the voice. Through research done 
on typical developmental children, it has been concluded 
that the emotional properties of vocal cues can influence 
the infant's focus on objects and the exploratory behavior 
of the world 28–30. Typical developmental children have 
been shown to be able to accurately classify prosody as joy 
or sadness at a very young age 31. A survey of typical de-
velopmental children aged 5 to 10 has shown that children 
as young as five are able to easily and accurately recognize 
and interpret a range of emotional cues from the voice 32. 
Also, this research has shown that there is improvement in 
results with advancing age. There is a very interesting 
study comparing the recognition of emotions on the basis 
of visual (facial expressions), auditory (speech) and audio-
visual (facial expressions and speech) modalities of infor-
mation transmission. Children between the ages of 5 and 18 
were exposed to: only auditory, only visual or audio-visual 
modalities of parent-child communication. For younger 
children (up to 8), the auditory canal was more important 
than the visual. Older children, on the other hand, relied 
more on visual cues 33. 

In their interactions with others, children, just like 
adults, need to interpret a wide range of social signals to un-
derstand the intentions and feelings of others. The ability to 
distinguish social signals is thought to develop very early, as 
early as about the fifth month of life. Babies at that age are 
able to respond to approvals and bans 34, even when spoken 
in an unfamiliar language 35. These discriminations can be 
made on the basis of differences in lower cognitive stimulus 
classes, such as Fo's height, while connecting auditory cues 
to social circumstances and events require more sophisticat-
ed cognitive abilities 36. These findings highlight the im-



Page 1048 VOJNOSANITETSKI PREGLED Vol. 78, No. 10 

Plećević V, et al. Vojnosanit Pregl 2021; 78(10): 1046–1052. 

portance of auditory modality in recognizing emotion in 
speech as an important component of understanding social 
communicative context.  

One of the reasons for performing our study was the 
small number of studies that dealt with examining the abili-
ties of children with ADHD as well as of the typical popula-
tion children to understand and recognize the emotional 
forms of spoken expression. Based on the evidence that this 
form of obtaining information about the emotional back-
ground of spoken expression plays an important role in chil-
dren's behavior and directing attention to important compo-
nents of the environment, it can be assumed that children 
with ADHD have altered patterns of processing emotions in 
speech relative to the typical population. This was the start-
ing point of this research.     

The aim of the study was to evaluate the ability to rec-
ognize emotions and affective orders in speech, and to exam-
ine whether there were differences in their recognition in 
children with ADHD compared to the typical population 
children. It has been hypothesized that children with ADHD 
perform worse in recognizing emotions and affective speech 
orders than the typical population children, and that there is a 
difference in the ability to recognize different types of emo-
tions and affective speech orders in this population of chil-
dren. 

Methods 

The research was approved by the Academic Council 
and Ethics Committee of the Faculty of Special Education 
and Rehabilitation, University of Belgrade, Serbia and the 
consent was also signed by the parents of children who par-
ticipated in this research. All participants were examined 
individually in the Speech Therapy Cabinet “Plećević” in 
Belgrade, Serbia. Speech and language status of children 
was assessed by the Speech and Language Test Battery of 
the Institute for Experimental Phonetics and Speech Pa-
thology in Belgrade, Serbia which is standardly used in the 
Serbian speaking language. The diagnosis of ADHD was 
made at the Institute of Mental Health by competent neu-
rologists and psychiatrists and the children sent for reha-
bilitation to the Speech Therapy Cabinet “Plećević”. Based 
on the received medical records, information was obtained 
on the type and severity of the disorder present, and this in-
stitution followed the protocol recommended by the Amer-
ican Pediatric Academy 1. The protocol includes: detailed 
medical history, general and neurological medical examina-
tion, parent-child interview, Swanson, Nolan and Pelham 
Teacher and Parent Rating Scale (SNAP IV scale), child 
observation, psychological tests for measuring intelligence 
quotient (IQ) as well as social and emotional adaptability 
tests and neuropsychological tests for diagnosing specific 
learning disorders. At the time of testing, children with 
ADHD did not use pharmacotherapy, and the rehabilitation 
program they attended included metacognitive strategies, 
psychomotor reeducation, neurofeedback training, and 
sports and recreational therapy.   

The criteria for determining whether children would be 
included in the sample of this study were as follows: children 
had no other disorders or disorders, no other neurological or 
psychiatric illnesses, did not use pharmacological therapy, all 
children on the Raven matrices had scores above 80 and all 
children on the SNAP IV scale had over 70% expression of 
combined type ADHD symptoms. The experimental group 
was selected from the population of children who, due to 
ADHD, were included in the rehabilitation program of the 
Speech Therapy Cabinet “Plećević”. The control group also 
met the above criteria (except those related to the severity of 
ADHD) and was selected from a population of children who 
attended regular schools and were never included in defec-
tology or speech therapy programs.    

Assessment of emotion recognition and affective 
attitudes was performed using the Speech Emotional 
Expression and Attitude Assessment Corps (Govorna 
ekspresija emocija i stavova − GEES) 37, which was accepted 
by the Institute for Experimental Phonetics and Speech 
Pathology and the Center for the Advancement of Life 
Activities, Belgrade, Serbia. The speech materials were 
uttered by six actors (three women and three men) who are 
final year students of the Faculty of Dramatic Arts (FDU). 
The recording of the voice base was performed using 
professional digital audio equipment in the antisonor room of 
the FDU studio. The choice of recorded spoken content 
respected the criteria of the phonetic and linguistic 
proportions of the Serbian language. For the purposes of this 
research, a portion of the GEES corpus was used, namely: 3 
short sentences for 4 primary emotions, totaling 12 
sentences, and 3 sentences for 2 affective attitudes, totaling 6 
sentences uttered by a male speaker. Accurately recognized 
emotions and affective attitudes were scored with 1 point, so 
the maximum score for each task group was 3 points and the 
maximum total score for GEES was 18 points. Inaccurate 
answers and no responses were scored with 0 points, so the 
minimum score could be 0 points for each task group and 
also for the total score at GEES. The test was performed 
during one encounter and the children were presented with 
the pronunciation of selected sentences in a randomized 
schedule. The task was for the children to recognize the 
emotion and affective attitude in the spoken material, 
without paying attention to the linguistic content, and to 
verbalize their observations. To help them, they were 
provided with a list of selected emotions in writing. The 
recorded material was presented using computer equipment 
and the participants used headphones. Children were 
expected to respond within 300 to 6,000 ms and the next task 
was set 1,200 ms after the registered response. If no response 
was given, it was automatically switched to the next task. 
The GEES internal consistency was good (α = 0.831). 

A total of 60 children were included in the study. 
Descriptive statistics, 95% confidence interval, effect 

size (Cohen's d), t test for independent samples, t test for de-
pendent samples and Pearson's correlation coefficient were 
used in the analysis of the results. Statistical analysis was 
performed using the IBM SPSS 25 software package. 
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Results 

The study involved 60 children, which were divided in-
to two groups: 31 (51.7%) of children with ADHD and 29 
(48.3%) typical population children. The children were from 
6 to 13 years old [mean age ± standard deviation (SD) = 9.25 
± 1.97]. Based on the t test for independent samples, it was 
concluded that the two groups did not differ significantly in 
terms of age [t (58) = -0.974, p = 0.332]. There were 51 
(85%) boys and 9 (15%) girls in relation to gender in the 
sample. The t test for two independent samples showed no 
statistically significant difference with respect to gender [t 
(58) = 1.913, p = 0.061]. Speech and language assessment 
was performed prior to the GEES examination and the re-
sults showed that children from the two observed groups did 
not differ statistically in terms of achievement [t (58) = 
0.942, p = 0.327]. 

Table 1 shows the arithmetic mean, standard devia-
tion, and 95% confidence interval and statistical signifi-
cance of differences in arithmetic means for recognizing 
emotions and affective speech orders in ADHD and the 
typical population. Children with ADHD best recognized 
joy and typical children sadness. The affective threat order 
was the least recognized in children with ADHD and in the 

typical population, fear emotions and the affective com-
mand order. 

The typical population of children was better in recogniz-
ing most emotions and affective orders with a statistically 
higher significant difference (p < 0.01) than children with 
ADHD, except for the joy emotion, where statistical signifi-
cance was not established. Based on the analyzed effect size 
(Cohen's d) for all statistically significant differences found in 
recognizing emotions and affective orders, it can be concluded 
that there was a large difference in effect for emotions: fear (d 
= 1.13), sadness (d = 1.23) and anger (d = 1.42) as well as for 
affective orders threat (d = 2.01) and command (d = 0.98). The 
effect size for the overall results was also large (d = 2.28).  

The results presented in Table 2 indicated that children 
with ADHD recognize emotions and affective orders with 
different success, whereas this was not the case with the typ-
ical population. Children with ADHD had a statistically sig-
nificantly better recognition of joy than all other emotions 
and affective orders, and the statistical significance of differ-
ences also appears in fear–threat and sadness–threat. The 
typical population children differently recognized only the 
emotion of sadness in relation to the affective command or-
der. Both groups of children had statistically significant 
higher recognition of emotions than affective accounts. 

Table 1 
Recognition of emotions and affective speech orders in ADHD patients relative to a typical population 

Parameter 
ADHD patients (n = 31) Typical population (n = 29) 

t-test mean ± SD 95% confidence interval mean ± SD 95% confidence interval 
lower upper lower upper 

Emotion       t p 
joy 2.48 ± 0.77 2.20 2.77 2.72 ± 0.53 2.52 2.92 1.41 0.167 
fear 1.61 ± 0.84 1.30 1.92 2.48 ± 0.69 2.22 2.74 4.36 0.000 
sadness 1.81 ± 0.98 1.45 2.17 2.76 ± 0.51 2.56 2.95 4.76 0.000 
anger 1.48 ± 0.99 1.12 1.85 2.62 ± 0.56 2.41 2.83 5.49 0.000 

Affective orders   
threat 1.19 ± 0.91 0.86 1.53 2.69 ± 0.54 2.48 2.90 7.79 0.000 
command 1.58 ± 1.12 1.17 1.99 2.48 ± 0.69 2.22 2.74 3.78 0.000 

Total 10.13 ± 2.96 9.04 11.22 15.76 ± 1.80 15.07 16.45 8.81 0.000 
ADHD – affective orders in attention-deficit hyperactive disorder; SD – standard deviation. 

 
Table 2 

Differences in recognition of emotions and ADHD patients and typical population 

Pairs 
ADHD patients Typical population 

mean ± SD 
t-test 

mean ± SD 
t-test 

t p t p 
Joy – fear 0.87 ± 1.09 0.44 0.000 0.24 ± 0.95 1.37 0.182 
Joy – sadness 0.68  ± 1.17 3.23 0.000 -0.03 ± 0.57 -0.33 0.744 
Joy – anger 1.00  ± 1.32 4.23 0.001 0.10 ± 0.86 0.65 0.522 
Joy – threat 1.29 ± 1.07 6.71 0.003 0.03 ± 0.78 0.24 0.816 
Joy – command 0.90 1.33 3.79 0.001 0.24 ± 0.83 1.56 0.126 
Fear – sadness -0.19 ± 1.22 -0.88 0.383 -0.28 ± 0.75 -1.98 0.062 
Fear – anger 0.13 ± 1.41 0.51 0.612 -0.17 ± 0.83 -0.89 0.387 
Fear – threat 0.42 ± 1.02 2.28 0.000 -0.21 ± 0.73 -1.53 0.133 
Fear – command 0.03 ± 1.33 0.13 0.892 0.00 ± 0.96 0.00 0.902 
Sadness – anger 0.32 ± 1.27 1.40 0.163 0.13 ± 0.74 1.00 0.322 
Sadness – threat 0.61 ± 1.12 3.06 0.000 0.07 ± 0.59 0.63 0.533 
Sadness – command 0.23 ± 1.31 0.97 0.345 0.28 ± 0.65 2.29 0.032 
Anger – threat 0.29 ± 1.21 1.33 0.193 -0.07 ± 0.84 -0.44 0.662 
Anger – command -0.09 ± 1.51 -0.36 0.721 0.24 ± 0.83 0.89 0.383 
Threat – command -0.39 ± 1.17 -1.84 0.082 -0.03 ± 0.77 1.44 0.162 
Affective orders – emotion -4.61 ± 2.01 -12.77 0.000 -5.41 ± 1.29 -22.49 0.000 

ADHD – affective orders in attention-deficit hyperactive disorder; SD – standard deviation. 
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This study also examined the association between age 
and recognition of emotions and affective speech orders in 
children with ADHD and children of typical development. 
Pearson's correlation coefficient and confidence interval 
(CI) for linear correlation were used for this analysis. In 
children with ADHD, a mean association between age and 
command recognition was found r (31) = 0.481, p < 0.01 
with 95% CI: 0.15–0.71; age and overall scores r (31) = 
0.373, p < 0.05, with 95% CI: 0.02–0.64; and age and over-
all recognition scores of affective orders r (31) = 0.434, p 
< 0.05, with a 95% CI: 0.09–0.68. In the typical develop-
ment children, a greater association between age and 
recognition of emotions and affective speech orders was 
found compared to children with ADHD. Mean correlation 
with age in typical population children was found in fear 
recognition r (29) = 0.441, p < 0.05, with 95% CI: 0.08–
0.69; sadness r (29) = 0.401, p < 0.05, with 95% CI: 0.04–
0.67; and command r (29) = 0.445, p < 0.05 with 95% CI: 
0.08–0.69. High correlation with age was recorded in over-
all scores r (29) = 0.512, p < 0.01 with 95% CI: 0.17–0.74. 
In contrast to children with ADHD, in the typical popula-
tion children mean correlation between the age and total 
scores in the recognition of affective orders r (29) = 0.443, 
p < 0.05 with 95% CI: 0.08–0.69 and overall scores in the 
recognition of emotions r (29) = 0.401, p < 0.05 with 95% 
CI: 0.04–0.67 were recorded. All reported correlations were 
statistically significant.  

Discussion 

Considering that there is not much research that has 
examined emotion recognition solely on the basis of speech 
prosody labels in children with ADHD, the discussion on 
this research is limited to the small number of available 
papers. 

The analyzed results indicate a statistically significant 
poorer recognition of the emotions and affective attitudes 
in speech of children with ADHD compared to the typical 
population. Differences were observed in quantitative indi-
cators but also in structure because the typical population 
children were most sensitive to recognizing sadness, then 
joy, threat, anger and least sensitive to recognizing fear and 
command. ADHD children recognized joy best, followed 
by sadness, fear, command and anger, while threat was the 
worst. The only emotion in speech that children with 
ADHD recognized similarly to the typical population chil-
dren was joy (positive emotion) and there was no signifi-
cant difference. 

Similar results were obtained by Shapiro et al. 38 who 
used an alternative model of emotion representation, that is, 
tasks related to recognizing emotions from the face and in 
prosody. The results of their study showed that children 
with ADHD were less likely to recognize emotion in 
prosody and in cross-modal tasks where they were required 
to match that emotion with the appropriate facial 
expression. In the face recognition tasks, children with 
ADHD achieved very similar results to those of the typical 
population 38. Corbett and Glidden 39 also found in their 

study mild to moderate difficulties in recognizing emotions 
in prosody. Based on such results, many studies supported 
the thesis that the right cerebral hemisphere correlates with 
the emotion recognition deficit 39–41.  

Children with ADHD were significantly more likely to 
recognize joy over all other emotions and in relation to 
threat and command. A significant difference was still 
present in the better recognition of the fear and sadness in 
relation to the threat. In the typical population, a significant 
difference appeared only in the better recognition of 
sadness in relation to the command, while all other 
emotions and affective attitude threat were equally well 
recognized. Most studies that dealt with emotion 
recognition support the result of this research, which 
indicates that positive emotions are better recognized than 
negative ones in children with ADHD 17, 23, 42. Some authors 
explain this difference in recognition of different emotions 
by deficits in verbal and nonverbal attention, which may 
contribute to incorrect or incompletely processed labels of 
speech stimuli. Based on their opinion, children with 
ADHD generally pay attention to the most prominent 
features of speech impulse from the environment, while 
subtle information does not come into their focus and thus 
remain unrecognized 39. 

However, the question arises as to why children with 
ADHD successfully recognize joy (positive emotion) rather 
than, for example, anger (negative emotion), although both 
emotions are strong and usually emphasized through 
speech prosody. These results cannot be fully explained by 
attention deficit such as brevity, selectivity, poor focus etc. 
Consideration should also be given to the possible altered 
patterns and mechanisms of processing the emotional cues 
in speech primarily due to the lack of recognition of its own 
anger and fear 43 or as a result of unconsciously ignoring 
such emotions. This interpretation can be substantiated by 
the result that children with ADHD were the least sensitive 
in recognizing anger, and threats, which, despite carrying a 
strong message, remain poorly recognized.  

Interestingly, emotions were better recognized than af-
fective attitudes in both groups of children. This is im-
portant information for all significant persons from the 
child's environment: parents, educators, teachers as well as 
professionals involved in the treatment and rehabilitation of 
children with ADHD. Affective attitudes are usually used 
to warn of the danger, inhibition and interruption or to con-
trol children's negative behavior. The command and threat 
are clearly not adequate speech patterns through which the 
child can recognize the information conveyed to them from 
the environment. This is an important finding that needs to 
be considered in an educational and therapeutic context 
when it comes to determining approaches for working with 
this population of children.  

The association between age and recognition of emo-
tion and affective attitudes was much more pronounced in 
the typical population than in children with ADHD. In this 
study, growing up has been shown to improve overall out-
comes, overall affective attitudes, and command recogni-
tion. However, this influence was not recorded on the indi-
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vidual emotion recognition results as in the typical popula-
tion. This means that with age, children with ADHD have 
not made significant progress in recognizing individual 
emotions in speech, but significant improvement has been 
observed in recognizing threat and command. Over the 
years, children seem to learn patterns of behavior that stem 
from command and threats, but they still do not rely on the 
truly recognized and experienced emotions that underlie 
those affective attitudes (such as anger, fear). It would be 
very interesting to focus future research on exploring the 
relationship between primary emotions and affective atti-
tudes, as well as exploring mechanisms for recognizing and 
understanding affective attitudes in children with ADHD.   

The limitations of this research are related to a rela-
tively small sample, especially when it comes to the popu-
lation of girls. Also, a dilemma was raised regarding the 
language corpus, which was filmed with actors and objec-
tively represented the played emotional roles. It is certain 
that real situations would give a better emotional expres-
sion, but this is questionable approach since it touches the 
intimacy of the people who would be filmed. 

Conclusion 

Hyperactivity, impulsivity, and attention deficit disorder 
are certainly key factors contributing to the difficulties of 
children with ADHD. However, the results of this study 
suggest that deficits in understanding the emotional 
information may also be another critical factor affecting the 
problems that occur in the daily functioning of children with 
ADHD. One consequence of these difficulties is the avoidance 
or inappropriate response to social situations that require 
recognition of emotional information. Also, understanding and 
accepting the fact that children with ADHD have objective 
impediments to the processing of emotional voice messages 
and affective orders will contribute to better acceptance of 
these children by the loved ones and the social environment, as 
well as by the professionals involved in the treatment and 
education of these children. 
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Abstract 
 
Background/Aim. Injury to the anterior cruciate ligament 
(ACL) of the knee is the most common ligament injury that 
requires operative treatment. So far, multiple ACL recon-
struction (ACLR) techniques using a variety of graft types 
and implants that fixate the grafts have been described. The 
aim of the study was to compare two different ACLR tech-
niques using two implant types for suspensory graft fixation 
in the femoral tunnel. Methods. This randomized-
prospective study encompassed 60 patients/subjects who 
underwent ACLR in the period between January 2015 and 
December 2017 at the Department of Orthopaedics and 
Traumatology of Military Hospital “Dr Vladan Djordjević” 
Niš. The ACLR in all patients included in the study was per-
formed using a quadruple semitendinosus-gracilis (STG) 
graft with two types of suspensory fixation on the lateral 
femoral cortex, whereas the graft fixation in the tibial tunnel 
was performed using an osteoconductive bioresorbable 
screw. The post-operative knee stability was assessed 24 
months after surgery using the Lachman test and the lateral 

pivot shift test, as well as the KT-1000 arthrometer test. 
Results. In patients whose graft was fixated using a fixed-
length loop implant, the mean post-surgery knee stability, 
measured with the KT-1000, was 1.167 ± 0.780; in patients 
whose graft was fixated using an adjustable-length loop im-
plant, the mean value of the KT-1000 was 1.100 ± 0.894 (p 
= 0.605). The mean post-surgery International Knee Doc-
umentation Committee (IKDC) score for the fixed-length 
loop group was 84.887 ± 9.0207, while for the adjustable-
length loop the score was 88.327 ± 7.302. The mean 
Lysholm score was 93.50 ± 6.872 for the fixed-length loop 
group of patients and 94.00 ± 5.527 for the adjustable-
length loop group of patients. Conclusion. Both types of 
implants can be used with success during ACLR, because 
the functional results of operative treatment using both im-
plants were identical after surgery. 
 
Key words:  
anterior cruciate ligament; anterior cruciate ligament 
reconstruction; orthopedic procedures; treatment 
outcome; transplants. 

 
Apstrakt 
 
Uvod/Cilj. Oštećenje prednje ukrštene veze kolena je 
najčešća povreda ligamenata koje zahteva operativno lečen-
je. Do sada je opisano više tehnika rekonstrukcije prednje 
ukrštene veze raznim tipovima graftova i implantanata 
kojima se graftovi fiksiraju. Cilj rada bio je da se uporede 
dve različite tenike rekonstrukcije prednje ukrštene veze 
korišćenjem dva tipa implantata za suspenzionu fiksaciju 
grafta u femoralnom tunelu. Metode. Ovom randomi-
zovanom, prospektivnom studijom obuhvaćeno je 60 paci-
jenata podvrgnutih rekonstrukciji prednje ukrštene veze u 
periodu januar 2015–decembar 2017. godine, na Odeljenju 

za ortopediju i traumatolgiju Vojne bolnice “Doktor Vladan 
Đorđević” u Nišu. Jednoj polovini pacijenata urađena je 
fiksacija grafta u femoralnom tunelu implantatom sa 
fiksnom, a drugoj polovini sa promenljivom dužinom omče. 
Postoperativna stabilnost kolena procenjivana je 24 meseci 
posle operativnog zahvata Lachman, Lateral Pivot Shift tes-
tom, kao i merenjem artrometrom KT 1000. Rezultati. 
Kod pacijenata kojima je izvršena fiksacija grafta implanta-
tom sa fiksnom dužinom omče srednja vrednost stabilnosti 
kolena posle operativnog zahvata merena artrometrom KT 
1000 iznosila je 1,167 ± 0,780, dok je kod pacijenata sa vari-
jabilnom dužinom omče ista iznosila 1,100 ± 0,894 (p = 
0,605). Srednja vrednost International Knee Documentation 
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Committee (IKDC) skora postoperativno za grupu sa fiksnom 
omčom iznosila je 84,887 ± 9,0207, a kod onih sa 
promenljivom omčom 88,327 ± 7,302. Srednja vrednost 
Lysholm skora za grupu pacijenata sa fiksnom omčom je bi-
la 93,50 ± 6,872,  a za grupu sa promenljivom dužinom 
omče 94,00 ± 5,527. Zaključak. Oba implantata se mogu 
uspešno koristiti prilikom rekonstrukcije prednje ukrštene 

veze jer su funkcinalni rezultati operativnog lečenja uz 
njihovo korišćenje pokazala identičan postoperativni re-
zultat. 
 
Ključne reči: 
ligament, prednji, ukršteni; rekonstrukcija; ortopedske 
procedure; lečenje, ishod; graftovi. 

 

Introduction 

Injury to the anterior cruciate ligament (ACL) of the 
knee is the most common ligament injury that requires op-
erative treatment. It is usually a non-contact injury, occurring 
due to dynamic knee valgus 1. Untreated injuries can pro-
gress to early osteoarthrosis, which is why prompt and prop-
er treatment is required 2. Patient treatment can be nonopera-
tive and operative. Nonoperative treatment is prescribed for 
patients who do not have demanding functional requirements 
and who are prepared to accept certain functional limitations 3. 
The goals of operative treatment are to achieve complete 
functional recovery of the injured knee and to reduce the risk 
of early osteoarthrosis and damage of other knee structures 4. 
So far, multiple ACL reconstruction (ACLR) techniques us-
ing a variety of graft types and implants that fixate the grafts 
have been described. The functional result of treatment de-
pends on graft type and quality, tunnel position, and graft 
fixation stability 5, 6. Since 1995, titanium buttons with a loop 
have been used as implants for suspensory fixation of the 
graft in the femoral tunnel during ACLR. There are two 
types of titanium buttons in use: one with a fixed-length loop 
and the other with an intraoperative adjustable-length loop 7.  

The aim of the study was to compare two different 
techniques of ACLR using two types of implants for suspen-
sory fixation of the semitendinosus-gracilis (STG) graft in 
the femoral tunnel. 

Methods 

This randomized-prospective study encompassed 60 pa-
tients who underwent ACLR in the period between January 
2015 and December 2017 at the Department of Orthopaedics 
and Traumatology of Military Hospital “Dr. Vladan 
Djordjević” Niš. The ACLR in all patients included in the 
study was performed using a quadruple STG graft with two 
types of suspensory fixation on the lateral femoral cortex, 
whereas the graft fixation in the tibial tunnel was performed 
using an osteoconductive bioresorbable screw. One half of  
the patients had their femoral tunnel graft fixated using an 
implant with adjustable-length loop, while the other half had 
their graft fixated with a adjustable-length loop implant (Fig-
ure 1). The choice of implant for the purpose of graft fixation 
in the femoral tunnel, with either a fixed-length or an adjust-
able-length loop, was made based on randomization using a 
table generated by a random number by means of Stat Trek 
random number generator 8. Only the scrub nurse was famil-
iar with the randomized list. On the day of each surgery, she 

would inform the surgeon about which implant for graft fixa-
tion in the femoral tunnel should be used according to the 
randomized table. The fixed-length loop implant used was 
the VersiTomic G-Lok (Stryker, Kalamazoo, Michigan, 
USA), while the adjustable-length loop used was the ACL 
TightRope RT (Arthrex, Naples, Florida, USA). The anatom-
ic ACLR in each patient from both groups was performed 
identically, by creating three portals, and the graft fixation in 
the tibial tunnel was performed by means of a bioresorbable 
screw. The femoral portion of the graft was 25 mm long for 
both groups of subjects, whereas the graft socket length was 
determined differently for each group 9.  
 

 
Fig. 1 – Femoral cortical suspension devices:  

1) Adjustable-length loop device;  
2) Fixed-length loop device. 

 
The length of the femoral graft socket in the femoral 

tunnel during fixation with a titanium button with a fixed-
length loop was determined according to the following for-
mula: planned graft length in the femoral tunnel + 10 mm. 
Implant loop length was determined according to the formu-
la: total tunnel length (TTL) – socket length (SL). The first 
loop that was longer than the value obtained by applying the 
formula was used to fixate the graft (Figure 2). 

In titanium implants with an adjustable-length loop, the 
femoral tunnel length was fixed at 27 mm. The implant was 
introduced up to 25 mm, while 2 mm were left for additional 
graft tensioning after fixation in the tibial tunnel. The tunnel 
position was verified postoperatively through X-ray imaging, 
which encompassed knee images, tunnel images during a 40-
degree knee flexion, and a lateral image of a fully extended 
knee. The femoral tunnel position was determined according 
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to the method by Sommer et al. 10, who designed the ACL 
ruler for use in clinical practice. The ruler consists of a tem-
plate for femoral tunnel verification in anterior-posterior 
(AP) and lateral knee X-rays. The lateral X-ray is used to 
identify and draw the Blumensaat line (B-line) and the line 
that cuts it perpendicularly and is drawn over the final curve 
of the intercondylar notch roof. The ruler is placed on the 
lateral X-ray such that the horizontal line follows the Blu-
mensaat line and the ruler marker follows the perpendicular 
line, after which the values from the schematic representa-
tion on the ruler are read (Figure 3). To assess the femoral 
tunnel position in the frontal plane, another part of the ruler 
is placed over the AP radiograph. It is necessary to position 
the template horizontally by placing the ruler circle over the 
middle of the notch and then to read the tunnel position, 
which is schematically divided into four types (Figure 4).  

 

 
Fig. 3 – Femoral tunnel placement 

measurement on the lateral plane with 
anterior cruciate ligament (ACL) ruler. 

 
Fig. 4 – Femoral tunnel placement 

measurement on the anterior-posterior plane 
with a anterior cruciate ligament (ACL) ruler. 

 
Tunnel position in the tibia was determined in relation 

to the M-point in the central plane (Figure 5) and in relation 
to the B-line during full knee extension (Figure 6). The M-
point is the cross point between the vertical line that starts 
from the medial intercondylar tubercle and the horizontal 
joint line of the tibia. The tunnel position on the AP X-ray is 
divided into three types: Type A – medial position of the 
tunnel in relation to the M-point; Type B – the tunnel passes 
through the M-point; and Type C – lateral position of the 
tunnel in relation to the M-point 11. 

The B-line is a straight line drawn through the roof of 
the femoral intercondylar notch on the lateral X-ray. The 
tunnel position was classified into four types: Type I – the 
tibial tunnel was entirely placed in front of the B-line; Type 
II – the tibial tunnel axis was anterior to the B-line; Type III 
– the tibial tunnel axis was behind the B-line; and Type IV – 

 
Fig. 2 – Calculation for femoral cortical 

suspension devices with fixed-loop length: 
1) Total tunnel length (TTL); 2) Socket 

length (SL). Loop length = TTL−SL (use 
first larger size of loop). 
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the tibial tunnel was entirely placed behind the B-line (Fig-
ure 6). 

All patients included in the study had identical tunnel 
positions. The following criteria needed to be met for inclu-
sion in the study: patients with a unilateral lesion of the knee 
ACL that occurred no more than 10 months prior to recon-
struction; with or without a minor lesion of the medial or lat-
eral meniscus (up to 50% of the surface); without arthrotic 
changes and neuromuscular diseases; with 1A femoral tunnel 
position, with 4B tibial tunnel position; with a willingness to 
participate in the study and to adhere to the rules for clinical 
and functional evaluation and for rehabilitation. 

The postoperative rehabilitation treatment was conduct-
ed according to a previously devised plan and program, and 
it began the first day after surgery with certain limitations. 
The most notable limitations include not allowing the pa-
tients to lean on the operated leg one month after the surgery 
and allowing them to run only in a straight-line three months 
after and with direction change six months after the surgery. 
Complete return to the preinjury physical activities was al-
lowed nine months after the surgery, while the functional 
knee testing was performed 24 months after the surgery. 

Both groups of patients had identical grafts, tibial fixa-
tion, tunnel position, and postoperative rehabilitation treat-
ment, the only difference being the manner of fixation in the 
femoral tunnel. There were no reports of postoperative com-
plications among patients included in our study. 

A special form to be filled out was designed for the 
purpose of this study. One portion of the form, pertaining to 
sociodemographic characteristics, was filled out by the pa-
tients themselves. For the purpose of a more reliable analysis 
of the functional results, the patients also filled out author-
ized scoring tools for the functional assessment of the knee: 
the International Knee Documentation Committee (IKDC) 
Subjective Knee Evaluation Form and the Lysholm Knee 
Scoring Scale. The other portion of the form was filled out 
by a given physician based on the interview with the patient 
and the physical examination. KT-1000 arthrometer (MED-
metric, San Diego, California, USA) was used to measure 
objective knee stability and the results were then written in 
the form. 

The Mann-Whitney U test, the Fisher’s exact test, and 
the t-test were used for statistical analysis of the results. All 
the results were statistically processed by means of SPSS 
software (SPSS for Windows release 12.0; IBM Corp). The 
values of p < 0.05 were considered statistically significant. 

Results 

The sociodemographic characteristics of the patients in-
cluded in the study, shown in Table 1, indicate that there 
were no statistically significant differences between the two 
groups of patients with regard to sex, age, left/right leg, and 
the time from injury to ACLR surgery. 

 
Fig. 5 – Types of tibial tunnel position in the frontal plane in relation to the 

M-point. 

 

 
Fig. 6 – Type of tibial tunnel position in the sagittal plane in relation to the B-line. 
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Table 2 shows the postoperative knee stability and 
functional results for both groups of patients, again with no 
established statistically significant differences between the 
groups. For the subjects whose graft was fixated with a 
fixed-length loop implant, the mean value of postoperative 
knee stability measured using the KT-1000 arthrometer was 
1.167 ± 0.780, whereas the same value for the subjects with 
adjustable-length loop was 1.100 ± 0.894. The mean value of 
the postoperative IKDC score was 84.887 ± 9.0207 for the 
fixed-loop group and 88.327 ±7.302 for the adjustable-loop 
group. The mean Lysholm score was 93.50 ± 6.872 for the 
fixed-loop group and 94.00 ± 5.527 for the adjustable-loop 
group. 

Discussion 

There have been numerous studies attempting to deter-
mine which graft type and fixation method is the best, but 
there is yet to be a consensus among researchers, which is 
why there is still a broad range of options when choosing a 
suitable graft type and fixation method 12. The time that has 
passed from injury to the ACLR surgery is a factor that sig-
nificantly impacts the postoperative result 13.  

Shelbourne et al. 14 state that at least three weeks should 
pass between the injury and ACLR to reduce the risk of ar-
throfibrosis. On the other hand, Bottoni et al. 15 believe that 
satisfactory clinical results can also be achieved if the ACLR 
is performed soon after the injury, although they do not 

claim that all reconstructions should be performed in the 
acute stage. There is currently no consensus about how much 
time needs to pass between the injury and the ACLR nor 
about when the ACLR should be considered “early” and 
when “delayed” 16. There is also no consensus about the def-
inition of early and delayed ACLR. Meighan et al. 17 define 
early ACLR as one performed within two weeks from injury, 
whereas Hur et al. 18 define it as one performed within the 
first three weeks from injury. For Church and Keating 19, 
however, early ACLR is performed up to 12 months from in-
jury, and they believe that this is the optimal period to per-
form the surgery. The mean time from injury to ACLR in the 
present study was different between the two considered 
groups: 4.125 months for the fixed-loop group and 4.7 
months for the adjustable-loop group. The surgery was per-
formed after at least one month after injury for both groups, 
and the longest periods between injury and surgery were 9 
months in the fixed-loop group and 10 months in the adjust-
able-loop group. 

Investigation of the preferences regarding graft type and 
surgical technique used by the surgeons from the Magellan 
Society revealed that they most often choose STG graft 
(58%) for primary ACLR, form the tunnel anatomically 
(62%), prevalently as a single bundle (75%), and use suspen-
sory fixation as the graft fixation method (52%) 20. This cor-
responds to the surgical technique as well as graft and im-
plant selection discussed in the present study. Pokharel et 
al. 21 as well as Boyle et al. 22, independently compared the 

Table 1 
Sociodemographic characteristics of the patients underwent to anterior cruciate ligament construction (ACLR) 

Parameter Fixed loop (n = 30) Adjustable loop (n = 30) p 
Age (years), mean ± SD 27.87 ± 6.902 26.87 ± 6.388 0.5631 

Sex (male/female), n 26/4 27/3 1.002 

Side (left/right), n 12/18 14/16 1.002 
Time from injury to ACLR (months), mean  4.173 4.7 1.002 

SD – standard deviation;  
1Mann-Whitney U test; 2Fisher's Exact Test. 
 
Table 2 

Postoperative knee stability and functional results for both group of patients 
Parameter Fixed loop (n = 30) Adjustable loop (n = 30) p  
KT-1000 arthrometer* measurement (mm), mean ± SD 1.167 ± 0.781 1.100 ± 0.894 0.6051 

Lysholm Score, mean ± SD 93.50 ± 6.872 94.00 ± 5.527 0.9941 
2000 IKDC score, mean ± SD 84.887 ± 9.021 88.327 ± 7.303 0.1231 
Lachman test, n (%)   1.002 

stable 23 (76.66) 25 (83.33)  
gradus 1 7 (23.34) 5 (16.67)  
gradus 2 0 (0) 0 (0)  

Pivot-shift test, n (%)   1.002 
stable 28 (93.33) 30 (100)  
gradus 1 1 (3.33) 0 (0)  
gradus 2 1 (3.33) 0 (0)  

*KT-1000 knee ligament artrometer (MEDmetric, San Diego, California); IKDC – International Knee 
Documentation Committee.  
1Mann-Whitney U test; 2Fisher's Exact Test. 
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treatment outcome for two groups of patients who had un-
dergone ACLR with fixed- and adjustable-length loop im-
plants. They concluded that both patient groups showed sig-
nificant improvements in their functional results after the 
surgery without any statistically significant differences be-
tween the groups. The analysis of the results obtained in the 
present study led to the same conclusion: there was a signifi-
cant improvement in the functional results across both 
groups and there was no statistically significant difference 
regarding knee stability and functional results between the 
two groups.  

Similarly, Mariscalco et al. 9 also did not find any sta-
tistically significant differences in functional results between 
the group of patients who underwent ACLR with graft length 
in the femoral tunnel less than 25 mm and the group whose 
graft length in the femoral tunnel was 25 mm or longer. In 
the present study, the minimum intratunnel graft length in the 
femoral tunnel for the ACLR was 25 mm. 

 Standard suspensory technique of titanium button fixa-
tion with a fixed-length loop requires a specific tunnel length 
that exceeds the length of the intratunnel portion of the 
graft 23, 24. The extra space is necessary for the button to go 
through the entire tunnel and back in order to fixate the graft; 
however, it also creates conditions for the so-called “bungee 
cord” effect, which is considered to be a major cause of graft 
tunnel dilatation and graft loosening, which in turn diminish-
es the functional result. With the said implant, there is no 
compression to the tunnel walls, which negatively affects 
both the primary tightness of fixation and the biological in-
corporation of the graft. In contrast to the fixed-length loop 
implant, a new generation implant with intraoperatively ad-
justable loop length potentially resolves the aforementioned 
issues by completely filling the formed femoral tunnel with 
the graft, which provides compression to all tunnel walls in-
cluding the tunnel roof, leaving no empty space to be filled 
with synovial fluid and ultimately enabling a faster and more 
secure graft incorporation 25–27. In addition, when the entire 
tunnel length is filled by the graft, the graft-tunnel interface 
increases, which in turn increases the surface area of colla-
gen that anchors the graft in the tunnel, thus reducing the 
probability of graft slippage – this directly impacts later 
functional result 28. In the present authors’ opinion, this is 
one of the more relevant issues, which requires further inves-
tigation. It was not possible to conduct postoperative mul-
tislice computed tomography (MSCT) monitoring of the pa-
tients included in this study, but they nevertheless showed no 
clinical signs of graft loosening. The patients were monitored 
clinically 24 months after the surgery. 

Eguchi et al. 29 suspect that when implants with an ad-
justable-length loop are used, the loop can loosen postopera-
tively, which could later cause graft loosening and conse-
quently diminish functional result. This postoperative com-
plication was not registered in the present study. As opposed 
to Eguchi et al. 29, Smith et al. 30 conducted a controlled in-
vitro biomechanical study comparing multiple types of im-
plants and concluded that the initial strength and elongation 
of implants with a fixed-length and adjustable-length loops 
are equal. Wise et al. 28 also assessed the results of ACLR 

with fixed- and adjustable-length loops. Their study showed 
that the clinical laxity, or the measure of anterior tibial trans-
lation in the injured knee obtained from the KT-1000, which 
was 3 mm larger than in a healthy knee, was found in 6.1% 
of the adjustable-loop patients and in 12.5% of the fixed-loop 
patients. The present study did not include any patient with a 
postoperative laxity larger than 3 mm compared to a healthy 
knee. 

 Based on the results from numerous studies, including 
the present one, it can be concluded that an implant with an in-
traoperatively adjustable loop length is more advantageous 
than the fixed-length loop device, as it provides more freedom 
to the surgeon to form the femoral tunnel by eliminating the 
need to calculate the length of the femoral tunnel and the 
loop 12. Furthermore, implants with adjustable-length loops 
enable intraoperative graft retensioning after fixation in the 
tibial tunnel, which allows poor graft tension to be corrected 27. 

Accordingly, in addition to making a decision on which 
graft type and tunnel position to choose, the surgeon can also 
control graft tension during the entire surgical procedure and 
thus put the entire preoperative plan into effect. 

Limitations of the study 

The minimum postoperative time for patient monitor-
ing in this study was only two years. Knee computed to-
mography was not performed, even though it is the most re-
liable method for assessing tunnel dilatation, because the 
rules of the healthcare institution where the study was con-
ducted prohibit this diagnostic method for postoperative 
monitoring of patients who do not suffer from any other 
health issues. 

Conclusion 

Based on the results obtained in the course of the pre-
sented study, it can be concluded that both types of implants 
discussed can be used with success in ACLR, because the 
functional results after operative treatment of ACLR with 
both implants were identical. After knee stability measure-
ments and the assessment of functional results by means of 
scores and tests, the study did not establish any statistically 
significant differences in the results of anterior crucial liga-
ment reconstruction between the patients with fixed-length 
loop and those with adjustable-length loop titanium implants. 
This study focused on knee stability assessment after anterior 
crucial ligament reconstruction using two different implant 
types, but there is ample room for further research in terms 
of the stability of the implant itself and tunnel dilatation, 
which can be conducted with the aid of additional diagnostic 
methods and over a longer monitoring period. 
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Abstract 
 
Background / Aim. The sciatic nerve (SN) is a mixed 
nerve formed in pelvis by joining of L4 - S3 anterior spinal 
nerve roots. SN can be under the pressure in different re-
gions throughout its course. However, the most frequent 
site of impingement is under the piriformis muscle which 
causes the occurrence of piriformis syndrome. High division 
of SN has its relevance considering the fact that it leads to 
the compression of nerve resulting in piriformis syndrome. 
The aim of this study was to determine the connection be-
tween anatomical parameters of pelvis and high division of 
SN, which is considered to be one of the most common 
causes of piriformis syndrome in both genders. Methods. 
This study was conducted on 28 formalin fixed cadavers of 
both genders at the Institute of Anatomy, Faculty of Medi-
cine, University of Belgrade (Belgrade, Serbia) and the De-
partment of Anatomy, School of Medicine, University of St 
Andrews (St Andrews, United Kingdom). For the measur-
ing of required dimensions, we used a ruler and a caliper. 
Results. A statistically significant difference in the values of 
bispinal and bituberal lines was observed. A high division of 
SN was found on 58.33% of the male cadavers and 80% of 
the female cadavers. A statistically significant difference in 
the mean value of the bituberal line between the male and 
female sex was also recognised. Conclusion. The connec-
tion between the anatomical parameters of the pelvis and 
the level of division of the SN is confirmed. Although on 
the basis of the results it could be assumed that people with 
smaller pelvic dimensions would have greater likelihood of 
developing a piriformis syndrome, the other factors, such as 
biomechanics related to a wider „Q angle“ in women that 
could result in a higher incidence of piriformis syndrome, 
should also be considered.   
 
Key words:  
anatomy, regional; cadaver; piriformis muscle 
syndrome; sciatic nerve; sex characteristics. 

Apstrakt 
 
Uvod/Cilj. Sedalni živac (n. ischiadicus) je mešoviti živac koji 
nastaje u karlici od prednjih grana kičmenih (spinalnih) 
živaca od L4-S3. Tokom svog puta, n. ischiadicus može da 
bude podložan pritisku u različitim regionima, a naročito u 
predelu zgloba kuka od strane piriformnog mišića što 
prouzrokuje simptome piriformnog sindroma. Visoka 
podela nerva klinički je značajna zbog toga što ona najčešće 
ima za posledicu kompresiju nerva, odnosno piriformni 
sindrom. Cilj rada je bio ispitivanje povezanosti anatomskih 
parametara karlice sa visinom podele n. ischiadicusa kod oba 
pola, uz pretpostavku da ispitivani parametri utiču na samu 
podelu nerva koja se smatra jednim od glavnih uzročnika 
piriformnog sindroma. Metode. Studija je sprovedena na 28 
formalinskih kadavera oba pola na Institutu za anatomiju 
Medicinskog fakulteta Univerziteta u Beogradu (Beoigrad, 
Srbija) i Institutu za anatomiju Medicinskog fakulteta 
Univerziteta u St Andrews-u (St Andrews, Velika Britanija). 
Za merenje parametara dimenzija karlice korišćeni su lenjir i 
kaliper Rezultati. Uočena je statistički značajna razlika u 
vrednosti bispinalne i bituberalne linije. Visoka podela je 
pronađena u 58.33% uzoraka muškog pola i 80% uzoraka 
ženskog pola. Takođe, ustanovljena je statistički značajna 
razlika u srednjoj vrednosti bituberalne linije između 
muškog i ženskog pola. Zaključak. Veza između 
anatomskih parametara karlice sa nivoom podele n. 
ischiadicusa je potvrđena. Iako bi se na osnovu rezultata 
moglo pretpostaviti da će osobe sa manjim dimenzijama 
karlice imati veću verovatnoću da se kod njih razvije 
piriformni sindrom, trebalo bi uzeti u obzir i druge faktore 
kao što je biomehanika koja je povezana sa širim uglom m. 
quadriceps femoris-a („Q angle“) kod žena s posledičnom 
većom učestalošću piriformnog sindroma. 
 
Ključne reči:  
anatomija, regionalna; kadaver; n. ischiadicus; 
sindrom, piriformni; pol, karakteristike. 
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Introduction 

Sciatic nerve (SN) is the longest and the widest nerve of 
the human body. It is a mixed nerve formed in pelvis by join-
ing of L4-S3 anterior spinal nerve roots. At the level of the 
sacroiliac joint, the SN can be almost 2 cm wide. The main 
reason for the high division of the SN is its size 1. 

The SN exits the pelvic cavity wrapped with a single 
epineurium through the greater sciatic notch under the pi-
riformis muscle. Most often, at the level of superior angle of 
popliteal cavity, the SN is divided into the terminal branches, 
medial tibial nerve and lateral common fibular nerve 2. Once 
it enters gluteal region through the infrapirifom opening, it 
moves over the pelvitrochanteric muscles, covered with glu-
teus maximus muscle and soft tissue 3. The SN then descends 
between tuberosity of ischium inside, and the greater tro-
chanter of femur, which is outside. In the thigh, the SN is lo-
cated posterior from the adductor magnus muscle and anteri-
or from the long head of biceps femoris muscle3. In this area, 
the nerve is particularly vulnerable to injury during the ad-
ministration of intramuscular injections 4. Motor branches of 
the SN are responsible for the innervation of hip and knee 
joint, while the sensitive branches innervate almost the entire 
lower leg, with the exception of the anterior inner part of the 
lower leg and the medial edge of the foot 2. By achieving a 
close relationship with the piriformis muscle, the SN in glu-
teal region can cause the occurrence of the “piriformis syn-
drome” 4. Because of the common distal attachment with the 

piriformis, the muscle on the greater trochanter of femur, ob-
turator internus muscle, as well as superior and inferior ge-
mellus muscle, have the ability to compensate for the loss of 
its function 3. 

According to the classification of Beaton and Anson 5, 
anatomical variations of the SN relative to the 
pelvitrochanteric piriformis muscle can be classified into 
several types: type 1 (undivided nerve below undivided 
muscle); type 2 (division of the nerve between and below 
undivided muscle); type 3 (division above and below 
undivided muscle); type 4 (undivided nerve between heads); 
type 5 (division between and above heads); type 6 
(undivided nerve above undivided muscle) (Figure 1). 

Babinski et al. 6 also described the new anatomical var-
iation in which the common fibular nerve extends above and 
the tibial nerve below, relative to the superior gemellus mus-
cle. All these classifications are important in surgery to de-
termine the cause and location of nerve compression and the 
appropriate treatment. It is believed that divided piriformis 
muscle is an important cause of the piriform syndrome, be-
cause it contributes to the compression and irritation of the 
SN that runs between its fibers 2. Besides the piriformis mus-
cle, it is thought that nerve compression can also be per-
formed by the obturator internus muscle (Figure 2), which 
belongs to the group of external rotators in hip joint, located 
below the SN 7. The close contact between the tendon of the 
obturator internus muscle and SN causes similar symptoms, 
such as those occurring in the piriform syndrome 7.  

 

Fig. 1 - Anatomical variations of the sciatic nerve (SN) (Beatonʼs and Ansonʼs classification 5).  
MP – muscle piriformis. 

1) Undivided nerve below undivided muscle; 2) Division of nerve between and below undivided 
muscle; 3) Division above and below undivided muscle; 4) Undivided nerve between heads;  

5) Division between and above heads; 6) Undivided nerve above undivided muscle. 
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The aim of this study is to examine the relationship be-
tween the anatomical parameters of the bony pelvis and the 
height of SN division in both sexes, assuming that the ana-
lyzed parameters affect the SN division itself, which is consid-
ered to be one of the main causes of the piriform syndrome.  

Methods 

Our study was conducted at the Faculty of Medicine, 
University of Belgrade (Serbia) and School of Medicine, 
University of St Andrews (United Kingdom). The study was 
conducted on 28 cadavers, out of which 18 cadavers were 
male and 10 female, aged 74–86 years. These cadavers were 

embalmed and fixed with 10% formalin. We formed two 
study groups, which together comprised 56 lower extremi-
ties, with the aim of defining the high and low division of the 
SN. Distal attachment of the piriformis muscle on the greater 
trochanter of the femur was taken for boundary of division 
of the SN. All divisions above the distal attachment of the pi-
riformis muscle are defined as high, while divisions below 
are defined as low. For the parameters of the bony pelvis di-
mensions, we took the distance between the right and left su-
perior anterior iliac spine which we defined as a bispinal 
line, as well as the distance between two tuberosities of is-
chium that we defined as a bituberal line (Figure 3). For 
measuring of required dimensions, we used a ruler and a caliper.  

 
Fig. 2 - High division of the sciatic nerve, above the obturator internus muscle. The sciatic nerve exits in the pelvis 

from the infrapiriform portion of the greater sciatic foramen divided by attachment of the obturator internus 
muscle in the left gluteal region. 

IT – tuberosity of ischium ; GT – great trochanter of femur; QF – quadratus femoris muscle; CPN – common peroneal 
(fibular) nerve; TN- tibial nerve; OI – obturator internus muscle; P- piriformis muscle, GM – gluteus medius muscle. 

 

 

Fig. 3 –Anatomical parameters of the pelvis.  
1 – superior anterior iliac spine; 2 – tuberosity of ischium; BSL – bispinal line; BTL – bituberal line. 
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Statistical data processing was performed in SPSS 11.0 
using the Mann-Whitney U test, with an accepted level of 
statistical significance was p < 0.05, and p < 0.001 for highly 
statistically significant result. 

Results 

The results of our research are presented in Tables 1 
and 2. We analyzed 56 lower extremities of 36 male and 20 
female cadavers.  

Table 1 
Pelvic parameters of cadavers analyzed 

Parameters Mean ± SD 
High division of SN (67.86%)  
   bispinal line (cm) 24.38 ± 1.69* 
   bituberal line (cm) 14.56 ± 1.05* 
Low division of SN (32.14%)  
   bispinal line (cm) 30.01 ± 2.27 
   bituberal line (cm) 16.38 ± 0.25 

SN – sciatic nerve; SD – standard deviation. 
*statistically significant difference versus low 
division of SN (p< 0.05). 

 

Table 2  
Pelvic parameters in cadavers with high division of SN 
Parameters Mean ± SD 
High division of SN in male (58.33%)  
   bispinal line (cm) 24.75 ± 2.36 
   bituberal line (cm) 15.38 ± 0.63 
High division of SN in female (80%)  
   bispinal line (cm) 24.00 ± 0.82 
   bituberal line (cm) 13.75 ± 0.65* 

SN – sciatic nerve; SD – standard deviation. 
*statistically significant difference in decrease of length  
of bituberal line in female (p< 0.05). 

 
High and low division of the SN were found in 38 

(67.86%) and 18 (32.14%) of total sample, respectively. The 
high division of the SN was found in 21/36 (58.33%) of the 
male specimens and 16/20 (80%) of the female specimens. 
The mean values of the length of bispinal line on the total 
cadaver sample with the high and low division of the SN 
were 24.38 ± 1.69 and 30.01 ± 2.27, respectively. Comparing 
the two formed groups (with the high and low division of the 
SN), we demonstrated a statistically significant difference of 
mean value of the bispinal line between high and low divi-
sions (p = 0.003 and p < 0.05, respectively). The mean val-
ues of the length of bituberal line in cadavers with the high 
and low division of the SN were 14.56 ± 1.05 and 16.38 ± 
0.25 (p = 0.004 and p < 0.05, respectively). The mean values 
of the length of bispinal line in the male and female cadaver-
ic groups with the high division of the SN were 24.75 ± 2.36 
and 24.00 ± 0.82, without statistical significance (p = 0.88 
and p > 0.05, respectively). Mean value of the bituberal line 
in the male cadaveric group was 15.38 ± 0.63, while the 
same parameter in the female cadaveric group was 13.75 ± 
0.65 showing statistically significant diference between two 
groups (p = 0.028 and p < 0.05, respectively). 

Discussion 

The SN represents the nerve which is due to anatomical 
characteristics particularly susceptible to various forms of in-
jury 3. The neuropathy of this nerve is one of the most com-
mon diseases of lower extremities 3. The SN may be suscep-
tible to the pressure in different regions, but it most com-
monly occurs in the area of hip joint by the piriformis mus-
cle, causing the symptoms of “piriformis syndrome” in pa-
tients 4. The “piriformis syndrome” is characterized by se-
vere pain in the gluteal region, lower part of back, and wors-
ening of symptoms due to prolonged sitting 9. The reason of 
the “piriformis syndrome” can be caused by impaired ana-
tomical structures during growth and development, as well as 
congenital anomalies 4. In the study 4, the researches ana-
lyzed topographic characteristics on fetuses that are thought 
to vary during the fetal development of the organs. When 
they followed distances between the infrapiriform opening 
and individual anatomical structures on the hip bone, it was 
observed that distances increased with age. However, it was 
not possible to make the correlation between nerve thickness 
in the level of the infrapiriform opening and age, which is 
explained by the faster development of the musculoskeletal 
system versus nervous system 4. It was also noted that the 
distance between tuberosity of the ischium and SN, as well 
as the distance between the greater trochanter of the femur 
and SN at the point where the SN transitions from the gluteal 
region into the posterior femoral compartment, remained un-
changed relative to age 4. The significance of these results is 
the fact that the SN position in relation to the femur and pel-
vic bone does not change depending on age 4. The high divi-
sion of the SN is clinically significant because it most often 
results as nerve compression which is the cause of “piriform-
is syndrome” 2. In our study, we followed the relationship 
between the high and low division of the SN and pelvic pa-
rameters (bispinal and bituberal line). Division of the SN into 
the end branches at a higher level than usual can happen an-
ywhere in a thigh or pelvis and it is a relatively common 
phenomenon 3. This was confirmed by our results which 
showed that in 67.86% of the total sample, the SN was high-
ly divided above the distal attachment of the piriformis mus-
cle on the greater trochanter of femur, which we have desig-
nated as the criterion for determining the level of the divi-
sion. Analyzing the pelvic parameters of cadavers with the 
high division of the SN, it can be observed that the mean 
value of both parameters, bispinal line (24.38 ± 1.69) and 
bituberal line (14.56 ± 1.05) is less than mean value of bispinal 
line (30.01 ± 2.27) and bituberal line (16.38 ± 0.25) obtained 
in cadavers with the low division of the SN, which proved to 
be statistically significant (p < 0.05). Further analyzing the ob-
tained results by gender, we got the result indicating statistical-
ly significant (p < 0.05) decrease in the length of bituberal line 
in the female cadavers. These results indicate the relationship 
between the anatomical parameters of the pelvis and the level 
of SN division, so that the high division is associated with 
smaller pelvic dimensions. It could be assumed that, due to 
frequent high division, the person with the smaller size of the 
pelvis will have a higher probability to develop “piriformis 
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syndrome”. However, other factors, such as biomechanics, 
should be considered.  The “piriformis syndrome” is up to six 
times more common in women than in men, due to the biome-
chanics which is associated with a wider angle m. quadriceps 
femoris ("Q angle") in women 8. Our results may indicate the 
cause of the “piriformis syndrome”, primarily in individuals of 
the female population, because the conducted cadaveric study 
showed a more frequent high division of the SN in women 
(80% of the total sample), with a statistically significant dif-
ference in the length of bituberal line, which is certainly small-
er in females. The results of one study showed the relationship 
between the anatomical structures of the hip bone and SN, first 
in the anatomical position, and then in the positions which are 
simulating the piriformis muscle elongation test (such as 60° 
flexion, 30° adduction and 10° medial rotation in the hip 
joint) 10. In the mentioned study, the results showed that during 
biomechanics stretching tests the infrapiriform opening be-
comes closer to the spine of ischium and the angle between 
transversal plane and the SN becomes larger, so that it makes 
the SN more susceptible to being „stuck“. 

Conclusion 

The results of our study show that there is a relationship 
between the anatomical parameters of the bony pelvis with 
the SN division level. A high division of the SN is associated 
with the smaller length of bispinal and bituberal line in both 
sexes. In females, there is a more frequent high division of 
the SN and statistically significant difference in the length of 
bituberal line, which is smaller. 

Although the results would suggest that people with 
smaller pelvic dimensions are more likely to develop the “pi-
riformis syndrome”, other factors, such as biomechanics, as-
sociated with the wider “Q angle” in women, result in a 
higher incidence of this syndrome.  
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Abstract 
 
Background/Aim. Phytochemical and pharmacological in-
vestigations of essential oils isolated from plant species of the 
genus Seseli have been intensified recently. These plant species 
have long-term use in nutrition and traditional medicine in the 
treatment of various disorders. Volatile secondary metabolites 
of Seseli gracile Waldst. & Kit (Apiaceae) have not been pharma-
cologically examined so far. The aim of the conducted research 
was to assess the antiradical, antimicrobial and spasmolytic ac-
tivities of S. gracile essential oil isolated from the aerial parts of 
the plant. Methods. The antiradical activity was determined us-
ing the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scaveng-
ing test, antimicrobial activity using broth microdilution meth-
od with standard strains of Gram (+), Gram (-) bacteria and 
yeast, while spasmolytic activity was evaluated on isolated rat il-
eum, pre-contracted with a high concentration of potassium. 
Results. The results showed moderate antiradical (SC50 = 
78.60 µg/mL) and good spasmolytic activity (IC50 = 271.4 
nL/mL) of S. gracile essential oil. In the range of tested concen-
trations, minimal inhibitory concentration (MIC) was deter-
mined only for the strain of Escherichia coli (500 μg/mL). Con-
clusion. Results obtained in this study justify the need for fur-
ther studies to elucidate exact molecular mechanism underlay 
this spasmolytic effect of S. gracile herb essential oil.  
 
Key words:  
apiaceae; oils, volatile; pharmacology; plant extracts; 
muscle relaxation; antioxidants; anti-infective agents.   

Apstrakt 
 
Uvod/Cilj. Etarska ulja izolovana iz vrsta roda Seseli su u 
poslednje vreme intenzivno farmakološki i fitohemijski 
proučavana. Biljke iz ovog roda se koriste već duži niz 
godina u ishrani i tradicionalnoj terapiji različitih oboljenja. 
Farmakološka aktivnost etarskog ulja izolovanog iz Seseli 
gracile do sada nije ispitivana. Stoga je cilj ovog istraživanja 
bio da se ispita antiradikalska, antimikrobna i spazmolitična 
aktivnost etarskog ulja izolovanog iz nadzemnih delova 
biljne vrste S. gracile. Metode. Antiradikalska aktivnost je 
utvrđena testom neutralizacije 2.2-difenil-1-pikrilhidrazil 
(DPPH) radikala, antimikrobna, bujon-mikrodilucionom 
metodom uz upotrebu standardnih sojeva Gram (+), Gram 
(-) bakterija i gljivica, a spazmolitična na izolovanom ileumu 
pacova, prethodno kontrahovanom visokom 
koncentarcijom kalijuma. Rezultati. Rezultati pokazuju 
umerenu antiradikalsku (SC50 = 78.60 µg/mL) i dobru 
spazmolitičnu aktivnost (IC50 = 271.4 nL/mL) etarskog ulja 
S. gracile. U opsegu testiranih koncentracija utvrđena je 
minimalna inhibitorna koncentracija (MIC) samo za soj 
Escherichia coli (500 μg/mL).  Zaključak. Dobijeni rezultati 
opravdavaju potrebu za budućim istraživanjima koja bi 
razjasnila tačne mehanizme kojima se ostvaruje 
spazmolitički efekat etarskog ulja nadzemnog dela S. gracile. 
 
Ključne reči:       
apiaceae; etarsko ulje; farmakologija; ekstrakti, biljni; 
mišić, relaksacija; antioksidanti; antiinfektivni agensi. 

 

Introduction 

Although many species from genus Seseli (Apiaceae) 
are distributed worldwide, there are some endemic species 

that are narrowly distributed, sometimes only at the locations 
where the taxon was first described 1, 2. Different Seseli spe-
cies contain various pharmacologically active compounds: 
coumarins 3, flavonoids 4, polyacetylenes 5, sesquiterpene 
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compounds 6. Many plants of this genus species are tradi-
tionally used worldwide as food 7, spices 8 and remedies for 
treating various disorders 9 including gastrointestinal 10 and 
even neurological 11 ones. They also contain secretory struc-
tures in different plant organs for essential oil (EO) deposi-
tion. The chemical composition of EOs isolated from differ-
ent plant organs greatly varies 12. Until recently, EO contri-
bution to total demonstrated pharmacological effects of the 
isolates from various Seseli species was unknown 13. A pos-
sible explanation for this was pronounced pharmacological 
effects and promising therapeutic potential of coumarins as 
the main group of secondary metabolites in Seseli species 14. 
Seseli (S.) gracile Waldst. & Kit. (Apiaceae) is endemic spe-
cies present in Serbian and Romanian flora 15. The first study 
of S. gracile volatile fraction showed that it was not a rich 
source of EO like some other species from the same ge-
nus 12, 16. This could be the reason why its chemical composi-
tion was unknown until recently 17. According to the litera-
ture, none of the previous studies investigated the pharmaco-
logical effects of S. gracile EO.  

Methods 

Chemicals 

Chemicals used were: sodium chloride, potassium chlo-
ride, calcium chloride, magnesium chloride, magnesium sul-
phate, potassium dihydrogen phosphate, sodium bicarbonate, 
glucose and boric acid from Lach-Ner, s.r.o (Brno, Czech 
Republic); acetylcholine chloride, phenylephrine hydrochlo-
ride, n-hexane (CHROMASOLV®, for HPLC), 2,2-diphenyl-
1-picrylhydrazyl (DPPH ), 2,3,5-triphenyltetrazolium chlo-
ride (TTC) and dimethyl sulfoxide (DMSO) from Sigma-
Aldrich (St. Louis, U.S.A.); ethanol absolute (for HPLC) 
from Fisher Scientific (Loughborough, UK) and carboxyme-
thyl cellulose, sodium salt from Across Organics (Geel, Bel-
gium). Ampicillin, amikacin and nystatin were purchased 
from Galenika, Belgrade, Serbia; Müeller-Hinton broth and 
Sabouraud dextrose broth were purchased from Institute of 
Immunology and Virology Torlak, Belgrade, Serbia. 

Plant material 

Aerial parts of S. gracile were collected in 2015 from 
the natural habitat on Mali Štrbac in the Danube/Đerdap 
gorge (Serbia) in a flowering phase (July) and identified by 
Professor Branislava Lakušić. A voucher specimen was 
deposited in the Herbarium of the Department of Botany, 
Faculty of Pharmacy, Belgrade under the accession number 
HFF3702. 

EO isolation 

The EO from air-dried and powdered plant material was 
isolated by hydro distillation in a Clevenger-type apparatus, 
using 1 mL of n-hexane as a collecting solvent according to 
the European Pharmacopoeia 7.0 procedure. 

Chemical analysis 

Equipment and operating conditions of essential oil 
chemical analysis are presented in Table 1. 

The linear retention indices (RI) were determined in re-
lation to a homologous series of n-alkanes (C9–C24) under the 
same operating conditions.  

Identification of the compounds was based on compari-
son of their RI, retention times (RT), mass spectra (MS) and 
flame ionization detector (FID) values with those obtained 
from authentic samples and/or the NIST/NBS, Wiley librar-
ies and the literature 18.  

Relative percentages of the identified compounds were 
computed from the gass chromatography (GC)-FID peak area. 

Animals 

Male normotensive Wistar rats (200–300 g) were 
housed in standard laboratory conditions (4–8 animals in a 
cage), at room temperature and 12-hour light-dark cycle with 
unrestricted access to food and water. All procedures con-
ducted in this pharmacological test were approved by the lo-
cal Ethics Committee and are in compliance with the Euro-

Table 1  
Equipment and operating conditions of essential oil chemical analysis 

Equipment Operating conditions 
GC system Agilent 6890N  
Detectors 5975 MSD and FID 
Column HP-5 MS column (30 m x 0.25 mm x 0.25 μm) 
Operating conditions  
Injection volume 2 μL 
Injection temperature 200 °C  
Split ratio 10 : 1 
Carrier gas Helium 
Gas flow rate 1.0 mL/min (constant flow mode) 
Column temperature 60–280 °C (linearly programmed) with 3 °C/min rate; held at 280 °C for 5 min 
Transfer line temperature 250 °C 
FID detector temperature  300 °C 
m/z range of EI mass spectra  35–550 

GC – gas chromatography; FID – flame ionization detector; EI – electron ionization. 
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pean Council Directive of November 24, 1986 
(86/609/EEC). 

Antioxidant activity (DPPH radical assay) 

Three aliquots of the EOs were mixed with 0.4 mL of 0.5 
mM DPPH in absolute ethanol, and the final volume was ad-
justed to 2 mL. All mixtures were vigorously stirred for 30 s 
and left for 30 min in dark at room temperature. Zero point 
four millilitres of 0.5 mM DPPH diluted up to 2 mL of abso-
lute ethanol was used as the control. The absorbance of sam-
ples and controls were measured at 517 nm immediately after 
incubation. Scavenging (SC) of DPPH radical was calculated 
using the equation: SC (%) = 100 (A0 - As)/A0, where A0 is the 
absorbance of the control, and As is the absorbance of the test-
ed sample. The SC50 value represented the concentration of the 
EO that caused 50% of DPPH radical scavenging. Results 
were compared with the activity of L-ascorbic acid 19. 

Antimicrobial activity 

Antimicrobial activity was tested by the broth microdi-
lution method and expressed as the minimal inhibitory con-
centrations (MIC). Standard strains of three Gram (+) bacte-
ria (Staphylococcus aureus ATCC 25923, Enterococcus fae-
calis ATCC 29212 and Bacillus subtilis ATCC 6633), four 
strains of Gram (−) bacteria (Escherichia (E.) coli ATCC 
25922, Klebsiella pneumoniae ATCC 13883, Salmonella en-
terica subsp. enterica serovar Abony NCTC 6017 and Pseu-
domonas aeruginosa ATCC 27853) and two strains of yeasts 
Candida (C.) albicans ATCC 10231 and C. albicans ATCC 
10259 were used in this study. 

The assay was performed in 96-well microtiter plates 
with test strains suspended in Müller-Hinton and Sabouraud 
broth for the bacteria and yeast, respectively, to make the final 
density of 5 × 105 cfu/mL. 2,3,5-triphenyltetrazolium chloride 
(TTC) was added as the indicator of bacterial growth, while 
the growth of C. albicans was estimated by monitoring the 
formation of a precipitate or opalescence. Microorganisms and 
TTC were used as a positive control. Serial doubling dilutions 
from 31.25 to 500.00 μg/mL of the investigated EO were pre-
pared and tested in duplicate against each organism. First EO 
samples were dissolved in DMSO)and then diluted with Mül-
ler-Hinton and Sabouraud broth. The final concentration of 
DMSO in the tested samples was lower than 1%. The plates 
were incubated at 37 °C for 24 h for the bacteria and 48 h for 
C. albicans. As standards, antibiotics ampicillin, amikacin and 
nystatin were used 19. 

Spasmolytic activity 

To avoid any anaesthetic substances impact on the fur-
ther pharmacological assay, animals were sacrificed by stun-
ning and exsanguination. Ileum was isolated, cleaned from 
perivascular tissues, and quickly cut into rings (3–5 mm) 20. 
These rings were suspended by triangle stainless steel hooks 
connected to a force transducer (Ugo Bazile model) in organ 
baths containing 10 mL Tyrode’s solution (mmoL/L: NaCl, 

136.89; KCl, 2.68; CaCl2, 1.80; MgSO4, 1.05; NaH2PO4, 
0.42; NaHCO3, 11.90; glucose, 5.5). This solution was con-
tinuously gassed with a mixture of 95% O2 and 5% CO2 at 
36 °C. The rings were incubated for 60 minutes (stabilization 
period) and after that, they were gradually stretched to the 
tension of 1 g. Tonic contractions of isolated ileum seg-
ments, elicited by depolarizing KCl solution (80 mM) were 
registered using an isotonic transducer (Ugo Basile S.R.R. 
model 7003) and displayed on data acquisition program 
LabScribe2. 

Sample preparation 

EO dissolved in 0.5% carboxymethyl cellulose sodium 
salt (Na-CMC) water solution was  added directly to the or-
gan bath in a cumulative manner (0.1–400 nL/mL). Higher 
EO concentrations were added only after achieving maxi-
mum response effect of the following lower concentration or 
10 minutes after an absence of the response. The spasmolytic 
effect was expressed as the concentration (IC50) which caus-
es 50% relaxation of contraction induced by KCl (100% con-
traction). The EO-induced relaxation was compared with the 
vehicle effect.   

Statistics 

The one-way analysis of variance (ANOVA) with post-
hoc Bonferroni test was used for determination of statistical-
ly significant differences between the spasmolytic effects of 
tested sample and vehiculum. 

Results 

Chemical analysis 

S. gracile essential oil chemical analysis results are 
presented in Table 2. Twenty-two compounds were 
identified in the analysed sample representing 99.31% of 
total essential oil. Monoterpenes, with a content of 94.1%, 
were the mayor constituents. S. gracile essential oil is 
characterized by high amount of terpinolene (40.55%) 
followed by γ-terpinene (23.34%) and p-cymene (9.62%). 

Antioxidant activity (DPPH radical assay) 

Antioxidant activity of S. gracile EO was determined 
using DPPH radical assay. The results of DPPH antiradical 
activity of analysed EO and L-ascorbic acid were presented 
in Figure 1. The concentration of the sample that caused 50% 
of DPPH radical scavenging (SC50) was 78.6 μg/mL. Alt-
hough S. gracile EO exhibited lower antioxidant activity 
than L-ascorbic acid (referent antioxidant substance), it could 
be considered as significant. 

Antimicrobial activity 

S. gracile EO has exhibited none or weak antimicrobial 
potential (Table 3). In the range of tested concentrations,  
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Table 2 
Seseli gracile essential oil tested sample  

chemical composition 
Compound KI % 
α -Thujene 929.0 0.30 
α - Pinene 936.2 2.17 
Sabinene 975.8 1.67 
ß- Pinene 980.8 6.26 
Myrcene 992.4 1.24 
α -Phellandrene 1007.3 0.28 
p-Cymene 1028.0 9.62 
Limonene 1031.1 3.65 
ß-(Z)-Ocimene 1038.1 2.86 
ß-(E)-Ocimene 1048.2 0.59 
γ-Terpinene 1063.4 23.34 
Terpinolene 1095.9 40.55 
1,3,8-p-Menthatriene 1136.4 0.37 
trans-p-Mentha-2,8-dien-1-ol 1145.8 0.74 
cis-p-Mentha-2,8-dien-1-ol 1167.8 0.53 
cis-Carveol 1177.4 0.29 
p-Cymen-9-ol 1186.3 1.19 
α-Copaene 1375.9 0.20 
(E)-Caryophyllene 1419.9 0.63 
ß-(E)-Farnesene 1456.1 1.28 
trans-Muurola-4(14),5-diene 1481.5 0.32 
δ-Cadinene 1523.8 1.22 
Total identified  99.31 
Monoterpenes  94.10 
Sesquiterpenes  3.66 
Other  1.55 

KI – Kovat’s retention indices determined 
relative to two series of n-alcanes on HP-5 MS 
column. 
 

 
Fig. 1 – Antioxidant activity of S. gracile essential oil compared to L-ascorbic acid. 
DPPH – 2,2-diphenyl-1-picrylhydrazyl; SC50 – scavenging concentration 50%. 
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MIC was determined only for the strain of E. coli (500 
μg/mL). The EO did not affect the growth of other microor-
ganisms (MIC > 500 μg/mL). 

Spasmolytic activity 

Essential oil of S. gracile showed dose-dependent re-
laxation effect on isolated ileum, previously contracted with 
a high concentration of K+ (CKCl= 80 mM). EO concentration 
which caused 50% of inhibition was 271.4 nL/mL. Concen-
tration-response curves of the relaxation effect of EO and 
vehiculum are presented in Figure 2 and show that the relax-
ation effect originates from the EO. 

Discussion 

As previously shown, EO isolated from aerial parts of 
S. gracile is characterized by a high amount of monoterpenes 
(with content over 90%). Its major constituents were terpino-

lene (> 40.0%) followed by γ-terpinene (> 20.0%) and p-
cymene (9.62%) 17. 

 Some similarities regarding monoterpenes content 
were observed when comparing the chemical composition of 
EOs isolated from aerial parts between S. gracile and other 
members of Seseli genus. Monoterpenes are major constitu-
ents of EOs isolated from aerial parts of S. rigidum 21, S. 
campestre 22 and S. tortuosum 23 as well as from S. rigidum 
fruit 24. Moreover, in abovementioned EOs monoterpenes 
were mostly represented with α-pinene (35.9–57.4%). Previ-
ous studies also showed that in EOs isolated from aerial parts 
of other Seseli species, terpinolene was not usually the most 
abundant compound. On the other hand, γ-terpinene was de-

tected in EOs isolated from fruits of S. petraeum 25, S. 
rigidum 24, S. globiferum 26 and leaves of S. bocconi 27 as one 
of the major components. 

Content of terpinolene and γ-terpinene in analyzed EO 
of S. gracile and their potency for various pharmacological 

 
Fig. 2 – Concentration-response curve for relaxation of induced effect 

by increasing concentrations (0.1–400 nL/mL) of essential oil (solid 
line curve) and by vehiculum (0.5% carboxymethyl cellulose sodium 

salt) added in the same manner as an essential oil (dashed line curve). 
Data are given as the mean ± standard error of the mean. 
The concentration curves are significantly different (one-way ANOVA,  
p < 0.001; post-hoc Bonferonni test, p < 0.001). 

 

Table 3 
Antimicrobial effects of Seseli gracile essential oil (SGEO) and standard antibiotics on  

tested strains of bacteria and yeasts  
Microorganisms  (SGEO) Ampicillin Amikacin Nystatin 
  MIC (μg/mL) 
Gram (+) Staphylococcus aureus ATCC 25923   > 500 0.5 2 n.t.  

Enterococcus faecalis ATCC 29212  > 500 0.5 n.t. n.t.  
Bacillus subtilis ATCC 6633  > 500 n.t.  n.t.  n.t.  

Gram (-) Escherichia coli ATCC 25922  500 2 5 n.t.  
Klebsiella pneumoniae ATCC 13883  > 500 4 n.t.  n.t.  
Salmonella abony NCTC 6017 > 500 n.t.  n.t. n.t.  
Pseudomonas aeruginosa ATCC 27853  > 500 3 0.5 n.t. 

Yeast Candida albicans ATCC 10231  > 500 n.t.  n.t.  3 
Candida albicans ATCC 10259  > 500 n.t.  n.t. 5 

MIC – minimal inhibitory concentrations; n. t. – not tested. 
 



Page 1070 VOJNOSANITETSKI PREGLED Vol. 78, No. 10 

Suručić R, et al. Vojnosanit Pregl 2021; 78(10): 1065–1071. 

activities, such as antioxidant, antimicrobial and antispas-
modic were positively correlated 28–30. 

Antioxidant activity (DPPH radical assay) 

EOs isolated from the aerial parts of different Seseli 
species did not exhibit significant antioxidant potential 24, 26. 
Chemical analysis of S. gracile EO showed γ-terpinene and 
terpinolene were the most abundant components, represent-
ing 63.89% of total oil 17. Tepe et al. 31 showed that γ-
terpinene, as a second most abundant compound of Clino-
podium vulgare L. (Lamiaceae) EO significantly contributed 
to its total antioxidant activity with IC50 = 122 µg/mL. The 
study which tested DPPH antiradical activity of twenty-one 
citrus EOs components demonstrated that γ-terpinene and 
terpinolene had a very similar radical-scavenging effect, but 
much stronger than that of a Trolox (referent antioxidant 
substance). Further analysis of structure-activity relation 
showed that the presence of 1,4-cyclohexadiene moiety and 
conjugated system enhances antiradical activity 32. Consider-
ing that DPPH radical scavenging activity was not detected 
for p-cymene 31, the antioxidant potential of S. gracile EO 
mainly depends on the content of γ-terpinene and terpino-
lene 31.  

Essential oil isolated from aerial parts of S. gracile did 
not exhibit significant antimicrobial activity. Only Gram (-) 
E. coli strain showed a slightly higher sensitivity to the tested 
sample with MIC value of 500 μg/mL. Melaleuca alternifo-
lia (Maiden & Betche) Cheel (Myrtaceae) EO is good source 
of monoterpenes γ-terpinene and terpinolene with a content 
of 23.0% and 3.1%, respectively 33. Carson and Riley30 

showed that γ-terpinene and terpinolene exhibited significant 
antimicrobial activity against Staphylococcus aureus with 
MICs 4.0% and 2.0% (expressed as v/v), respectively. More-
over, terpinolene also exhibited significant antimicrobial ac-
tivity against E. coli and C. albicans with MICs, 4.0% and 
8.0% (v/v), respectively, in the same study. Considering that 
in the abovementioned study, γ-terpinene and terpinolene 
demonstrated significant individual antimicrobial effects, it 
was expected that S. gracile EO should exhibit strong anti-
microbial activity. The lack of expected activity cannot be 
fully explained unless additional research is conducted. A 
partial explanation for the absence of activity may be related 
to the potential antagonistic effect of the major components, 
the effect already confirmed for the mixture of terpinen-4-ol 

and γ-terpinene. Results of Cox et al.34 have indicated a de-
crease in antimicrobial activity of a mixture of these com-
pounds on S. aureus versus their individual effects on the 
same bacterial strain. 

Spasmolytic activity 

Several EOs rich in monoterpenes showed spasmolyt-
ic activity. The most abundant component of S. gracile EO, 
terpinolene showed the ability to inhibit serotonin-induced 
contraction of the isolated ileum of the rat 35.  The second 
most abundant component of S. gracile EO γ-terpinene ex-
hibited antispasmodic activity on the isolated rabbit jeju-
num with an IC50 = 8.6 µg/mL 36. EO isolated from Polio-
mintha longiflora A. Gray (Lamiaceae) exhibits antispas-
modic activity based on the presence of p-cymene and car-
vacrol. p-Cymene showed good spasmolytic activity on 
carbachol-induced contractions with an IC50 value of 9.85 
μg/mL 37. According to the literature data, more than 70% 
of S. gracile EO possesses the potential for smooth muscle 
relaxation. However, without further research, it remains 
unknown whether these components in the mixture have a 
synergistic effect or, as in the case of α- and β-pinene, a 
weaker spasmolytic effect than the collection of individu-
als 38. 

Conclusion 

The results from this study suggest moderate DPPH an-
tiradical and good spasmolytic activity of S. gracile herb es-
sential oil. Despite expectations based on the data of EO 
chemical composition analysis, it was not possible to con-
firm significant antimicrobial activity. These results justify 
the need for further pharmacological investigations of S. 
gracile EO and its most abundant compounds. 
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Abstract 
 
Background/Aim. Identification of caries risk indica-
tors involved in the disease development is of great im-
portance. The aim of this study was to assess the associa-
tion between distinctive risk indicators and different 
stages of caries disease process in children. Methods. 
The cross-sectional study was conducted on a sample (n 
= 327) of school children ages 7–11. A questionnaire 
submitted to parents was used to record the data regard-
ing demographic characteristics, children's dietary habits, 
oral hygiene habits and oral health behaviors. Caries was 
assessed using the International Caries Detection and 
Assessment System (ICDAS) II and subjects were strati-
fied according to the highest and most prevalent caries 
lesion stage. The data obtained were analyzed using the 
χ2 or Fisher`s exact test and multinomial logistic regres-
sion. Results. Caries lesions were detected in 56.6% of 
examinees observed in the study. Compared to caries-
free subjects, appearance of initial caries lesions was sta-
tistically significantly influenced by maternal education 
level (p = 0.021), paternal occupational status (p = 0.023), 
toothbrushing frequency (p < 0.001), and caries status of 

deciduous teeth (p = 0.027). Maternal educational level (p 
= 0.026), paternal occupational status (p = 0.003), sweets 
and snacks taking frequency (p = 0.005), toothbrushing 
frequency (p < 0.001), and fluoridate dentifrice usage (p 
= 0.027) were associated with moderate caries lesions. 
Maternal educational level (p < 0.001), sweets and snacks 
taking frequency (p = 0.022) and toothbrushing frequen-
cy (p < 0.001) were associated with extensive caries le-
sions. Maternal educational level (p = 0.02) and brushing 
frequency (p < 0.001) were statistically significantly asso-
ciated with the highest prevalence of initial caries lesions. 
Maternal educational level (p = 0.025), toothbrushing 
frequency (p < 0.001) and frequency of dental check-ups 
(p = 0.016) were statistically significantly associated with 
the highest prevalence of moderate caries lesions. Con-
clusion. Parental socioeconomic indicators and chil-
dren's behavior related to oral health were involved in 
the changes from caries-free status to different caries 
stages. 
 
Key words:  
child; dental caries; habits; oral health; risk factors; 
socioeconomic factors; surveys and questionnaires. 

Apstrakt 
 
Uvod/Cilj. Identifikacija indikatora rizika od pojave 
karijesa je od velike važnosti. Cilj ove studije je bio da se 
proceni povezanost između određenih indikatora rizika od 
karijesa i različitih faza karijesnog procesa kod dece. 
Metode. Studijom preseka obuhvaćen je uzorak od 327 
školske dece uzrasta 7–11 godina. Podaci o demografskim 
karakteristikama, navikama dece u ishrani, oralnoj higijeni i 
ponašanju povezanim sa oralnim zdravljem prikupljeni su 
putem upitnika koje su popunjavali roditelji. Detektovanje i 

procena karijesnih lezija sprovedeni su korišćenjem Interna-
tional Caries Detection and Assessment System (ICDAS) II 
metode. Ispitanici su stratifikovani prema najvećem i 
najćeščem stepenu karijesne lezije. Dobijeni podaci ana-
lizirani su pomoću χ2 testa, Fišerovog testa i multivarijantne 
nominalne logističke regresije. Rezultati. Karijesne lezije 
nađene su kod 56,6% ispitanika. Utvrđeno je da su kod 
ispitanika na pojavu početnih karijesnih lezija statistički 
značajno uticali nivo obrazovanja majke (p = 0,021), radni 
status oca (p = 0,023), učestalost pranja zuba (p < 0,001) i 
karijes status mlečnih zuba (p = 0,027). Nivo obrazovanja 
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majke (p = 0,026), radni status oca (p = 0,003), učestalost 
konzumiranja slatkiša i grickalica (p = 0,005), učestalost 
pranja zuba (p < 0,001) i upotreba zubne paste sa fluorom (p 
= 0,027) bili su povezani sa pojavom lezija srednjeg stepena. 
Nivo obrazovanja majke (p < 0,001), učestalost konzumiranja 
slatkiša i grickalica (p = 0,022) i učestalost pranja zuba (p < 
0,001) bili su povezani sa pojavom ekstenzivnih karijesnih 
lezija. Nivo obrazovanja majke (p = 0,020) i učestalost pranja 
zuba (p < 0,001) statistički su značajno bili povezani sa 
najvećom učestalošću početnih karijesnih lezija kod dece. Ni-
vo obrazovanja majke (p = 0,025), učestalost pranja zuba (p < 

0,001) i učestalost stomatoloških pregleda (p = 0,016) 
značajno su bili povezani sa najvećom učestalošću karijesnih 
lezija srednjeg stepena. Zaključak. Socijalnoekonomski indi-
katori i ponašanje dece u vezi sa oralnim zdravljem povezani 
su sa pojavom karijesa i različitim stadijumima karijesnog 
procesa. 
 
Ključne reči: 
deca; zub, karijes; navike; usta, zdravlje; faktori rizika; 
socijalno-ekonomski faktori; ankete i upitnici. 

 

Introduction 

Dental caries is a posteruptive, complex multifactorial 
disease process. Although preventable, it is the most 
common childhood disease and noncommunicable disease 
worldwide 1. Between 60% and 90% of children are 
affected by dental caries 1. 

In view of the above considerations, children need 
special attention, particularly in the age when permanent 
teeth begin to erupt. This period shows the state of the teeth 
which allows the food retentions to occur and makes it 
difficult to be cleaned 2. In the months and years following 
the tooth eruption, enamel posteruptive maturation, which 
is thought to reduce vulnerability to caries 2, has not 
finished yet. Тhis is the period with the highest risk of 
caries incidence 3. Even low levels of dental caries in 
children, especially when observed in the permanent 
dentition, are of concern since dental caries is a lifelong 
progressive and cumulative disease that tracks to 
adulthood 4. 

The occurrence of dental caries in children is 
influenced by many factors such as: caries experience in 
primary dentition, educational level of parents, 
socioeconomic status 5, oral hygiene habits, fluoride 
history 6, dietary habits 7, etc. 

Since caries etiology is complex, there is a need to 
identify risk factors that are involved in the development 
of the disease in order to plan the appropriate public 
health measures to prevent it. Caries-associated variables 
detected in the cross-sectional study are considered to be 
risk indicators which might be the risk factors of the 
disease 8. 

Caries is characterized by a gradual but cumulative 
dissolution and destruction of the mineralized tissues of the 
teeth resulting in a large clinical polymorphism, from small 
white spot lesions to large cavities. Caries lesions evolution 
requires a long period of time, usually months or years 9. It 
could be assumed that different risk indicators might be 
involved in caries disease process and they manifest their 
effects in specific caries stages, playing different roles at 
different times. Confirmation of this assumption would 
contribute to a better understanding of caries initiation and 
progression. Furthermore, early identification of potential 
risk factors and subjects prone to caries would allow 

planning of targeted specific measures for caries prevention 
and increase the efficiency of preventive programs 10. 

Traditionally used criteria for caries assessment, 
established by the World Health Organization (WHO) in 
1997, does not distinguish among the different stages of the 
caries lesions 11, 12. Considering the importance of assessing 
dental caries in all its stages, the International Caries 
Detection and Assessment System (ICDAS) II has been 
developed. The ICDAS II distinguishes 6 different stages 
of caries lesions (from the first visual change in enamel to 
an extensive cavity in dentine) 12 and aids in the collection 
of better-quality information to support diagnosis, 
prognosis and clinical management of dental caries 13. 

The aim of the study was to determine whether or not 
specific risk indicators might affect different stages of the 
caries disease process in newly erupted permanent teeth. 
According to data available to us, no previous study has 
explored this issue.  

Methods 

In order to investigate the association between caries 
risk indicators and various stages of caries in newly erupted 
permanent teeth, a cross-sectional study was conducted. 

This study was approved by the Ethics Committee of 
the Faculty of Medical Sciences, University of Priština, 
with the headquarters in Kosovska Mitrovica, Serbia. The 
study was conducted in accordance with the ethical 
standards laid down in the Declaration of Helsinki. The 
informed consent form was handed out to the school 
authorities so as to obtain parental permissions. Only 
children with their parents signed consent were enrolled in 
the study.  

The study was carried out between December 2017 
and March 2018, involving children of both genders, 7–11 
years olds, attending elementary schools located in the 
northern part of Kosovska Mitrovica, Serbia. Children who 
were systemically healthy, exclusively in the mixed 
dentition phase were recruited. The exclusion criteria, 
chosen because of their potential to influence the 
expression of caries, included antibiotic use of 30 days 
prior to the onset of the study, structural anomalies of the 
teeth, presence of fixed orthodontic appliances and the 
presence of pit and fissure sealants on permanent teeth. 
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The data collection method consisted of a structured 
questionnaire (Anex) and a subsequently implemented 
clinical oral examination. In order to test the methodology 
and comprehension of the questionnaire, a pilot study was 
done with a sample of parents (n = 30) not included in the 
main sample. The results revealed no misunderstanding 
regarding the questionnaire. Prior the questionnaires were 
administered, parents received explanations regarding the 
purpose of the questionnaires and importance of getting 
precise answers. The anonymity and confidentiality of 
their responses were emphasized, along with the 
important contribution that their responses would provide. 
Questionnaires were submitted to parents, who agreed to 
allow their children to participate in the study, in order to 
collect data on demographic and socioeconomic details 
including sex and age of the child, as well as the 
educational level and occupational status of their parents 
and behavioral variables related to their child such as: 
dietary habits, oral hygiene practices and visits to a 
dentist. 

Clinical examinations were performed at school dental 
offices according to the ICDAS examination criteria 14. To 
avoid inter-examiner variability, they were conducted by a 
single examiner, who underwent a training programme 
proposed by the ICDAS Committe 15. Prior to the 
examination, the dentist passed through calibration 
procedure. Fifty children who were not part of the sample 
were examined twice, with a 72-hour interval between 
examinations. Intra-examiner consistency was assessed. 
Cohen’s kappa 16 statistics with a subject and a tooth 
surface considered as the units analysis was higher than 0.8 
for both. Standard infection control measures followed each 
examination. In the case of more than one lesion present in 
the same tooth, the most severe lesion was recorded as 
valid. Trauma related restored teeth were considered as 
sound. No radiographs were taken. Only caries lesions in 
permanent teeth were included in the analysis, while the 
presence of caries lesions in deciduous teeth was 
considered as a background variable. 

All statistical analyses were performed using IBM 
SPSS Statistics 22 (IBM Corporation, Armonk, NY, 
USA). Data derived through clinical examination were 
grouped  as follows: No caries (ICDAS 0), Initial stage 
(ICDAS 1-2), Moderate stage (ICDAS 3-4) and Extensive 
stage (ICDAS 5-6) 17. Study subjects were stratified 
according to the maximum caries lesion stage (subjects 
were coded according to the highest ICDAS caries score 
recorded) and according to the most prevalent caries 
lesion stage (subjects were coded according to the most 
prevalent ICDAS caries score recorded) 18.The normally 
distributed continuous data were presented as mean ± 
standard deviations (SD) and categorical variables were 
expressed as a number (percentages). In the univariate 
analysis, the χ2 test or Fisherʼs test was used to compare 
the categorical variables. The background variables with a 
p-value less than 0.05 in the univariate analysis were 
included in the multinomial logit model in order to assess 
their associations with the caries lesion stage in subjects 

stratified as reported above. The first model with the 
highest caries lesion stage as a dependent variable 
included the whole sample, using the caries-free children 
as the base outcome, while the model with the most 
prevalent caries lesion stage included only caries affected 
children, using the subjects with the extensive caries 
lesions as the base outcome. The criterion for statistical 
significance was p < 0.05. 

Results 

According to data obtained from school authorities, 
there were 1,003 children aged 7–11 attending these schools. 
All of them were invited to participate in the study. A total of 
761 parents signed informed consent for their children 
participation in the study and a questionnaire was applied to 
each of them. Twenty-four subjects who had returned 
incomplete questionnaires were excluded from the study. 
Thus, a total of 737 children were eligible for the clinical 
examination. A total of 387 children failed to meet the study 
criteria, 17 children were absent from school on the days 
scheduled for the clinical examinations and 6 children 
showed lack of cooperation during the examinations. All of 
them were excluded from the survey. In our final analyses, 
we used data from a total of 327 children. 

The children were 7–11 years old with the mean age 
of 9.32 ± 1.40 years. Caries lesions were detected in 56.6% 
of the children, while caries experience (the sum of 
decayed, filled and missing teeth due to caries) was 75.2%. 
According to the maximum caries lesion stage stratifying 
procedure, initial caries lesion stage was present in 16.6%, 
moderate caries lesion stage was present in 22.6%, and 
extensive caries lesion stage was present in 17.4% of the 
children (Table 1). According to the most prevalent caries 
lesion stage stratifying procedure, a prevalence of initial 
caries lesion stage, moderate caries lesion stage and 
extensive caries lesion stage were present in 41.1%, 41.1% 
and 17.8% of the affected children, respectively (Table 2). 

Parental educational level (p < 0.001 for both mother 
and father), paternal occupational status (p = 0.028), 
toothbrushing frequency (p < 0.001), sweets and snacks 
taking frequency (p = 0.022), use of fluoride containing 
toothpaste (p = 0.033), frequency of dental check-ups (p < 
0.001) and caries status of deciduous teeth (p = 0.043) were 
statistically significantly associated with the highest caries 
score (Table 1). 

Table 2 shows variables that were singled out as 
statistically significant. It was shown that parental education 
level (p = 0.048 for mother and p = 0.033 for father), 
toothbrushing frequency (p = 0.010) and the frequency od 
dental check-ups (p = 0.021) were statistically significantly 
associated with caries lesion stage prevalence (Table 2).  

All variables which were statistically significantly 
associated with the highest caries lesion stage stratifying 
procedure and with the most prevalent caries stage 
stratifying procedure in models of univariate logistic 
regression were included in the model of multinominal 
logistic regression (Tables 3 and 4). 
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Table 1 
Distribution of the children according to the highest caries lesion stage stratifying procedure (n = 327) 

Variables 
Highest caries score (ICDAS), n (%) 

p healthy teeth initial caries lesion moderate caries lesion  extensive caries lesion 
142 (43.4) 54 (16.6) 74 (22.6) 57 (17.4) 

Maternal educational level 
     

primary school 1 (0.7) 3 (5.6) 3 (4.1) 11 (19.3) 
< 0.001* high school 62 (43.7) 27 (50.0) 50 (67.6) 28 (49.1) 

faculty 79 (55.6) 24 (44.4) 21 (28.4) 18 (31.6) 
Paternal educational level  

     
primary school 1 (0.7) 2 (3.7) 1 (1.4) 2 (3.5) 

< 0.001* high school 58 (40.8) 19 (35.2) 51 (68.9) 38 (66.7) 

faculty 83 (58.5) 33 (61.1) 22 (29.7) 17 (29.8) 
Maternal occupational status 

     
employed 89 (63.1) 33 (61.1) 46 (63.0) 30 (53.6) 

0.728 unemployed 48 (34.0) 17 (31.5) 24 (32.9) 23 (41.1) 

self-employed 4 (2.8) 4 (7.4) 3 (4.1) 3 (5.4) 
Paternal occupational status  

     
employed 113 (80.7) 34 (63.0) 51 (68.9) 43 (75.4) 

0.028* unemployed 19 (13.6) 9 (16.7) 12 (16.2) 11 (19.3) 

self-employed 8 (5.7) 11 (20.4) 11 (14.9) 3 (5.3) 
Sweet beverages taking frequency 

     
never or rarely 17 (12.0) 12 (22.2) 14 (18.9) 11 (19.3) 

0.072 2–5/ day 97 (68.3) 29 (53.7) 44 (59.5) 26 (45.6) 

> 5/ day 28 (19.7) 13 (24.1) 16 (21.6) 20 (35.1) 
Sweets and snacks taking frequency 

     
never or rarely 49 (34.5) 11 (20.4) 13 (17.6) 10 (17.5) 

0.022* 2–5/ day 59 (41.5) 22 (40.7) 32 (43.2) 23 (40.4) 

> 5/ day 34 (23.9) 21 (38.9) 29 (39.2) 24 (42.1) 
Toothbrushing frequency 

     
< 1/ day 13 (9.2) 21 (38.9) 27 (36.5) 39 (68.4) 

< 0.001* 1–2/ day 63 (44.4) 29 (53.7) 44 (59.5) 18 (31.6) 

> 2/ day 66 (46.5) 4 (7.4) 3 (4.1) 0 (0) 
Brush teeth for at least 3 minutes 

     
yes 45 (31.7) 20 (37.0) 22 (29.7) 17 (29.8) 

0.818 
no 97 (68.3) 34 (63.0) 52 (70.3) 40 (70.2) 

Use of fluoridated toothpaste 
     

yes 115 (81.0) 42 (77.8) 63 (85.1) 37 (64.9) 
0.033* 

no 27 (19.0) 12 (22.2) 11 (14.9) 20 (35.1) 
Use of fluoridated mouthwash 

     
yes 9 (6.3) 5 (9.3) 6 (8.1) 2 (3.5) 

0.625 
no 133 (93.7) 49 (90.7) 68 (91.9) 55 (96.5) 

Dental check-ups frequency 
     

periodically 74 (52.1) 24 (44.4) 19 (25.7) 13 (22.8) 
< 0.001* occasionally 62 (43.7) 26 (48.1) 47 (63.5) 25 (43.9) 

visit a dentist when in pain 6 (4.2) 4 (7.4) 8 (10.8) 19 (33.3) 
Deciduous teeth caries 

     
yes 89 (62.7) 43 (79.6) 57 (77.0) 42 (73.7) 

0.043* 
no 53 (37.3) 11 (20.4) 17 (23.0) 15 (26.3) 

*Statistically significant result.  
 ICDAS – International Caries and Assessment System. 
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Table 2 
Distribution of caries affected children according to the the most  

prevalent caries lesion stage (n = 185) 

Variables 
Most prevalent caries stage, n (%) 

p initial  moderate extensive 
76 (41.1) 76 (41.1) 33 (17.8) 

Maternal educational level     
primary school 7 (9.2) 5 (6.6) 5 (15.2) 

0.048* high school 45 (59.2) 49 (64.5) 11 (33.3) 
faculty 24 (31.6) 22 (28.9) 18 (51.5) 

Paternal educational level     primary school  3 (3.9) 1 (1.3) 1 (3.0) 
0.033* high school 34 (44.7) 53 (69.7) 21 (63.6) 

faculty 39 (51.3) 22 (28.9) 11 (33.3) 
Toothbrushing frequency     

< 1/ day 33 (43.4) 30 (39.5) 24 (72.7) 
0.010* 1–2/ day 38 (50.0) 44 (57.9) 9 (27.3) 

> 2/ day 5 (6.6) 2 (2.6) 0 (0) 
Dental check-ups frequency     

periodically 28 (36.8) 19 (25.0) 9 (27.3) 
0.021* occasionally 37 (48.7) 48 (63.2) 13 (39.4) 

visit a dentist when in pain 11 (14.5) 9 (11.8) 11 (33.3) 
*Statistically significant result. 

 
 
Table 3  

Multivariate nominal logistic regression with the highest caries lesion stage as  
dependent variable (n = 327) 

Variable B (SE) OR (95% CI) p 
Caries-free (ICDAS = 0) – Base outcome    Initial lesions (ICDAS = 1/2)    

maternal educational level (Primary school) 3.2 (1.4) 25.5 (1.6–397.0) 0.021* 
paternal educational level (High school) -0.5 (0.5) 0.6 (0.3–1.4) 0.266 
paternal occupational status (Employed) -1.6 (0.6) 0.2 (0.06–0.7) 0.009* 
sweets and snacks taking frequency (Never or rarely) -1.2 (0.5) 0.3 (0.1–0.9) 0.023* 

   toothbrushing frequency (<1/day) 3.8 (0.7) 45.9 (11.6–182.3) <0.001* 
use of fluoridated toothpaste (Yes) 0.5 (0.5) 1.6 (0.6–4.0) 0.350 
dental check-ups frequency (Periodically) -0.3 (0.8) 0.7 (0.1–3.4) 0.668 
deciduous teeth caries (Yes) 1.0 (0.5) 2.7 (1.1–6.5) 0.027* 

Moderate lesions (ICDAS=3/4)    
maternal educational level (Primary school) 3.2 (1.4) 24.4 (1.5–402.4) 0.026* 
paternal educational level (High school) 1.2 (0.4) 3.2 (1.5–6.7) 0.003* 
paternal occupational status (Employed) -1.0 (0.6) 0.4 (0.1–1.2) 0.105 
sweets and snacks taking frequency (Never or rarely) -1.4 (0.5) 0.2 (0.09–0.7) 0.005* 
toothbrushing frequency (< 1/day) 4.4 (0.8) 84.5 (18.6–384.0) < 0.001* 
use of fluoridated toothpaste (Yes) -1.0 (0.5) 0.37 (0.11–0.62) 0.046* 
dental check-ups frequency (Periodically) -1.2 (0.7) 0.3 (0.07–1.3) 0.102 
deciduous teeth caries (Yes) 0.6 (0.4) 1.8 (0.8–4.2) 0.141 

Extensive lesions (ICDAS = 5/6)    
maternal educational level (Primary school) 4.8 (1.5) 120.4 (6.7–2163.4) 0.001* 
paternal educational level (High school) 0.8 (0.4) 2.2 (0.9–5.3) 0.072 
paternal occupational status (Employed) -0.1 (0.9) 0.9 (0.2–5.0) 0.920 
sweets and snacks taking frequency (Never or rarely) -1.4 (0.6) 0.3 (0.08–0.8) 0.022* 
toothbrushing frequency (< 1/day) 22.9 (0.5) 8 x 109 (3 x 109–2 x 1010) < 0.001* 
use of fluoridated toothpaste (Yes) -0.03(0.5) 1.0 (0.4–2.6) 0.960 
dental check-ups frequency (Periodically) -1.8 (0.7) 0.3 (0.08–1.3) 0.017* 
deciduous teeth caries (Yes) 0.3 (0.5) 1.3 (0.5–3.3) 0.577 
*Statistically significant result.  
ICDAS – International Caries and Assessment System; CI – confidence interval; OR – odds ratio. 
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It was shown that in caries affected children compared to 
those who were caries free (considered as the base 
outcome), initial caries lesion stage was statistically 
significantly associated with maternal educational level 
(Primary school, p = 0.021), paternal occupational status 
(Employed, p = 0.009), sweet or snacks taking frequency 
(Never or rarely, p = 0.023), toothbrushing frequency 
(<1/day, p = <0.001) and deciduous teeth caries (Yes, p = 
0.027). Maternal educational level (Primary school, p = 
0.026), paternal educational level (High school, p = 0.003), 
sweets or snacks taking frequency (Never or rarely, p = 
0.005), toothbrushing frequency (<1/day, p < 0.001), use of 
fluoridated toothpaste (Yes, p = 0.046) were associated 
with moderate caries lesion stage in caries affected children 
compared with those being caries free. On the other hand, 
maternal educational level (Primary school, p = 0.001), 
sweets or snacks taking frequency (Never or rarely, p = 
0.022), toothbrushing frequency (< 1/day, p < 0.001) and 
dental check-ups frequency (Periodical, p = 0.017) were 
associated with extensive caries lesion stage in subjects 
with caries compared to those with no caries (Table 3). 

Table 4 shows results of the multinominal logistic 
regression when the most prevalent caries lesion stage was 
used as a dependent variable in caries affected children. 
The children with the prevalence of extensive caries lesions 
were used as the base outcome. Comparing the subjects 
with the prevalence of initial caries lesions and the base 
outcome, maternal educational level (High school) and 
toothbrushing frequency (<1/day) were statistically 
significantly associated with this caries lesion stage (p = 
0.020 and p < 0.001, respectively). In subjects affected by 
moderate caries lesions as the most prevalent figure, 
maternal educational level (High school, p = 0.025), 
toothbrushing frequency (<1/day, p < 0.001) and dental 
check-ups frequency (Occasionally, p = 0.016) were 
statistically significantly associated with this caries lesion 
stage compared to those affected by the highest prevalence 
of extensive caries lesions. 

Discussion 

The present cross-sectional study sought to determine 
whether distinct caries risk indicators were associated with 
different stages of a caries disease process using the ICDAS 
II as the diagnostic criteria. According to the obtained 
results, a large percentage of subjects affected by caries were 
fairly similarly distributed through stratified groups. Parental 
socioeconomic and children behavioral indicators were 
associated with different stages of the caries disease process 
and interacted with the disease evolution. Considering the 
entire sample stratified according to the highest caries lesion 
stage, parental educational level, paternal occupational 
status, sweets or snacks taking frequency, toothbrushing 
frequency, dental check-ups frequency and caries status of 
deciduous teeth were statistically significantly associated 
with this stratification. A multinomial model with caries-free 
children being the base outcome was used to evaluate the 
role of risk factors in the initiation and progression of a 
caries disease process. In children with initial caries lesions, 
a low level of maternal education, paternal employed status, 
sweets and snacks low taking frequency, low toothbrushing 
frequency, and caries deciduous teeth caries were involved in 
changing status from caries-free. A low level of parental 
education, rare consumption of sweets and snacks, a low 
toothbrushing frequency and usage of fluoridated toothpaste 
were associated with moderate lesions in caries affected 
children with regard to the base outcome. In subjects with 
extensive caries stages, a low level of maternal education, 
rare consumption of sweets and snacks, a low level of 
toothbrushing frequency, and periodical dental check-ups 
were statistically significantly associated with this caries 
lesion stage. The distribution of caries affected children 
according to the most prevalent caries lesion stage showed 
statistically significant association with parental education 
level, the frequency of toothbrushing and frequency of dental 
check-ups. In multinomial model, the subjects with 
prevalence of the highest caries lesions were used as the base 

Table 4  
Multivariate nominal logistic regression with the most prevalent caries 

lesion stage as dependent variable (n = 185) 
Variable B (SE) OR (95% CI) p 
Initial lesions (ICDAS = 1/2)    
Maternal educational level (High school) 1.1 (0.5) 3.1 (1.2–8.2) 0.020* 
Paternal educational level (High school) -0.6 (0.5) 0.6 (0.2–1.5) 0.258 
Toothbrushing frequency (< 1/day) -17.3(1.0) 0.0 (0.0–0.0) < 0.001* 
Dental check-ups frequency (Occasionally) 0.8 (0.6) 0.3 (0.08–0.8) 0.189 
Moderate lesions (ICDAS=3/4)    
Maternal educational level (High school) 1.1 (0.5) 3.0 (1.1–7.9) 0.025* 
Paternal educational level (High school) 0.7 (0.5) 1.9 (0.7–5.2) 0.194 
Toothbrushing frequency (< 1/day) -16.4 (0.5) 0.0 (0.0–0.0) < 0.001* 
Dental check-ups frequency (Occasionally) 1.5 (0.6) 4.3 (1.3–13.9) 0.016* 
Extensive lesions (ICDAS = 5/6) – Base outcome    
*Statistically significant result.  
ICDAS – International Caries and Assessment System; CI – confidence interval;  
OR – odds ratio.  
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outcome. In children with the highest prevalence of initial 
caries lesions, maternal educational level and low level of 
toothbrushing frequency were significantly assocated with 
this stage. In subjects with the prevalence of moderate 
lesions, maternal educational level, low level of 
toothbrushing frequency and occasional dental check-ups 
were embodied in this stage. All of these findings confirm 
that socioeconomic and causal factors act in synergy and 
play their respective roles in different stages of caries. 

Our findings highlighted the importance of parental 
educational level in caries disease evolution. Insufficient 
parental education contributes to poor dietary habits and 
unhealthy lifestyles 19. Low educational level often means 
lack of various social benefits and skills such as ability to 
process certain information, interact with health 
professionals and adapt to health beneficial behaviors 20. 
Parental educational level has been shown to be associated 
with the children dental visits, toothbrushing frequency, and 
dental caries prevalence 21–23. A higher educational level 
could help an individual acquire a better job and a higher 
income, which guarantees a better socioeconomic position 24 
and easier access to dental services and oral hygiene 
products 25. It might be possible that children whose parents 
have a higher level of education and more knowledge about 
dental health perform more regular dental visits for 
preventive measures which results in their having more 
caries-free teeth and lower degree caries lesions. 

The occupational status of parents, particularly that of 
the father, showed significant association with different 
caries stages in our study. The access to dental services and 
oral hygiene products is partially conditioned by family 
income 23 which could affect the state of oral health of all 
family members including children. According to a French 
study 26 children whose parents were employed experienced 
less caries than those whose parents were unemployed. 

According to our study, the frequency of consuming 
sweets and snacks is associated with the caries lesion 
progression. The intake of dietary sugars is considered the 
most important risk factor for dental caries 27, 28. Years ago, 
an epidemiological study showed that the frequency of sugar 
intake was an important risk factor for caries development 29. 
It is found that sugar consumption frequency and dental 
caries experience have a positive corelation 30 and that the 
former increases caries risk 31. 

Studies have shown that the effective removal of dental 
biofilm by toothbrushing improves hygiene levels 32 and 
significantly reduces the risk of dental caries 33. It was 
observed in our study that low brushing frequency increases 
risk of caries lesion progression regardless of fluoride content 
in toothpaste. Although the relationship between oral hygiene 
habits and caries has been widely explored, the effect of 
toothbrushing frequency on prevention of dental caries is 
unclear because evidence is inconsistent and conflicting. 
While David et al. 7 found no association between brushing 
frequency and caries prevalence and severity, there are studies 
on dental caries that reported an association between dental 
caries and toothbrushing habits 31, 34, 35. People who brush their 
teeth less than once daily are in higher risk of dental caries 

compared to those who brush their teeth regularly 35. Our 
finding are consistent with all studies but by the David et al. 7. 

Fluoride is a caries defensive factor 33 and the daily use 
of a fluoride-containing toothpaste helps to minimize the risk 
of developing caries 34–38. Our results showed that children 
who used to brush their teeth with fluoridated toothpaste 
were less likely to have caries lesions of moderate stage. 

The present study showed that children who had visited 
a dentist periodically were less likely to have extensive 
caries lesions than those who had visited a dentist 
occasionally or when symptoms of pain existed. Regular 
dental visits are important as during them caries can be 
diagnosed, managed and even avoided on time 20, 39. 

Our findings suggest that caries experience in the primary 
dentition seems to be associated with initial caries lesions in 
newly erupted permanent teeth. Other researchers have found 
caries experience in deciduous teeth as a risk indicator of the 
disease in permanent teeth, too 5, 21. This could be associated 
with the presence of bad habits acquired in early childhood. 

There are some methodological limitations in this study 
that should be considered. Firstly, the cross-sectional study 
design measured the cause and effect at the same point in time, 
thus the directionality of the associations and the time frames 
of the exposures were not considered. That allows us to 
discuss only dental caries indicators, leaving risk factors and 
risk predictors for future longitudinal studies. Secondly, the 
information on children behavior and habits collected through 
questionnaires given to parents might be affected by memory 
recalls or a social desirability bias. Before the questionnaires 
were administered, parents were informed about the purpose 
of the questions and the importance of accuracy in their 
reports. The anonymity and confidentiality of their responses 
were emphasized, along with the important contribution that 
their responses would provide, so we do not expect these 
biases to have a significant impact on the obtained results. 
Because it was impossible to determine the caries lesion stage 
that preceded the fillings and extractions of the teeth, the study 
analyzed only association between caries risk indicators and 
untreated caries lesions, while other components of caries 
experience (filled and missing teeth due to caries) were not 
considered. Regarding the strong points of the study, despite 
the demanding study-related criteria, this study relied on a 
large sample size which provided data on the effects of caries 
indicators on various stages of caries in the study population. 
The researcher, conducting the clinical examinations, was 
trained to perform the assessment with calibrated, standardized 
and sophisticated method such as the ICDAS. This study 
evaluated the roles of risk indicators considering the disease as 
a continuous process. That makes our findings novel, 
important and based on clinically relevant information that can 
help raise awareness about caries risk indicators that might be 
responsible for caries occurrence and lesion evolution in the 
study population. Our findings can also raise awareness of 
other populations with the same age range, as these factors are 
highly prevalent and globally relevant. Social-economic, 
behavioral and nutritional indicators are interconnected and act 
in synergy. Socioeconomic factors might be modified, but 
their modification requires time-consuming macro-level 
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changes. The others could be targeted for modification by 
directing the limited resources to prevent disease and retard 
caries lesion evolution as well. 

Conclusion 

The results of this research, within the limitations 
described above, provide valuable information on the risk 

indicators associated with caries lesion stages in newly 
erupted permanent teeth. Parental educational level, paternal 
occupational status, sweets and snacks taking frequency, 
teeth brushing frequency, caries status of deciduous teeth, 
usage of fluoridated toothpaste, and dental check-ups 
frequency were involved in caries occurrence and were 
associated with different caries stages in newly erupted 
permanent teeth. 
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 Anex  

Questionnaire for parents 
 

Name of a child:_______________________________________ 

 

1. Gender of the child: □ male; □ female  
2. How old is the child? .................. 
3. What level of education did the mother complete? 
□ Primary school 
□ High school 
□ Faculty 
4. What level of education did the father complete? 
□ Primary school 
□ High school 
□ Faculty 
5. What is mother's work status? 
□ Employed 
□ Unemployed 
□ Self-employed 
6. What is father's work status? 
□ Employed 
□ Unemployed 
□ Self-employed 
7. How many main meals does the child have during the day? 
□ Less than three 
□ Three to five 
□ More than five 
8. Does your child consume sweets, snacks and sweet beverages between main meals? 
□ Yes 
□ No 
9. How often does the child consume sweets and snacks? 
□ Never or rarely 
□ Two to five times a day 
□ More than five times a day 
10. How often does the child consume sugary drinks? 
□ Never or rarely 
□ Two to five times a day 
□ More than five times a day 
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11. Does your child brush his/her teeth? 
□ Yes 
□ No 
12. How often does the child brush his/her teeth? 
□ Less than once a day 
□ Once to twice a day 
□ More than twice a day 
13. How long does the child brush their teeth? 
□ Less than three minutes 
□ Three minutes or longer 
14. Does your child use toothpaste? 
□ Yes 
□ No 
15. Does your child use fluoride toothpaste? 
□ Yes 
□ No 
16. Does the child use fluoride mouthwash? 
□ Yes 
□ No 
17. Has the child ever visited a dentist? 
□ Yes 
□ No 
18. How often does your child visit a dentist? 
□ He/ she regularly goes to dental examinations 
□ Occasionally 
□ Only when there is pain 
19. Does your child suffer from a systemic disease or does the child have any health problem? 
□ Yes 
□ No 
 

Thank you for your time to fill in this questionnaire. Please submit the completed questionnaire to a 

member of the research team who will do the clinical examinations of the children. 

 

If you have any comments, please write below. 
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Abstract 
 
Background/Aim. Patients’ expectations with regard to 
their complete dentures are usually high. It is quite chal-
lenging to meet the patient’s criteria for denture satisfac-
tion. Moreover, it also becomes a challenging task when 
the patient’s expectation exceeds the patient’s satisfaction 
regardless of the denture quality. The aim of this study was 
to determine the correlation in the denture satisfaction 
levels between the dentist and complete denture wearers. 
Methods. The study included 134 completely edentulous 
participants, between 48 and 65 years of age. The data 
were recorded through a validated questionnaire having a 
Cronbach α validity of 85%. Sociodemographic data, pa-
tients’ priorities, dentists' and patients' satisfaction with 
the dentures were recorded and rated on a Likert scale (1 
to 5). Spearman’s correlation was applied to measure the 
similarity between the dentist’s and patient’s satisfaction 
score. Results. The mean dentists' and patients' overall 
satisfaction scores were calculated as 3.58 ± 0.74 and 
3.538 ± 0.521, respectively. Participants ≥ 60 years of age 
and females showed a higher correlation than younger pa-

tients and men, while the employed participants showed a 
stronger correlation between dentist’s and patient’s satisfac-
tion, compared to the opposite. In the educated participants 
a positive, moderate correlation between dentist's and pa-
tient's satisfaction was shown. The correlation between den-
tist’s satisfaction with occlusion and patient’s satisfaction 
with comfort was moderately strong (p < 0.05); weakly posi-
tive correlation (p < 0.05) was found between dentist’s satis-
faction with the quality of denture and extension and pa-
tient’s satisfaction with aesthetics, mastication, phonetics, 
and comfort. Conclusion. A positive correlation between 
the dentists' and patients' satisfaction regarding denture 
quality was shown in older-age patients, females, as well as 
employed and educated patients. Improving dentist-patient 
communication is the most useful strategy to improve pa-
tients’ satisfaction with their dentures. 
 
Key words:  
dentists; denture, complete; tooth, aesthetics; 
mastication; edentulism; patient, satisfaction; 
speech, production,  measurement; surveys and 
questionnaires. 

Apstrakt 
 
Uvod/Cilj. Očekivanja pacijenata u pogledu totalne proteze 
obično su visoka i ispunjavanje njihovih kriterijuma pred-
stavlja izazov. Kada, bez obzira na kvalitet proteze, očekivan-
je pacijenta prevazilazi njegovo zadovoljstvo, to postaje i 
izazovan zadatak. Cilj rada bio je da se utvrdi korelacija u 
nivou zadovoljstva protezom između stomatologa i korisnika 
zubnih proteza. Metode. Studijom su obuhvaćena 134 kom-
pletno bezuba ispitanika, starosti 48–65 godina. Podaci su 
prikupljani validiranim upitnikom koji je imao Cronbach-ov α 
koeficijent pouzdanosti od 85%. Sociodemografski podaci, 
prioriteti pacijenata, zadovoljstvo stomatologa i zadovoljstvo 
pacijenata protezama beleženi su i ocenjivani prema Lik-
ertovoj skali, od 1 do 5. Za merenje sličnosti između zado-
voljstva stomatologa i pacijenata primenjivana je Spirmanova 
korelacija. Rezultati. Prosečni skorovi ukupnog zadovoljstva 

stomatologa i pacijenata iznosili su 3,58 ± 0,74 i 3,538 ± 
0,521, redom. Kod ispitanika starijih od 60 godina i osoba 
ženskog pola ustanovljena je veća korelacija između zado-
voljstva protezom pacijenata i stomatologa u odnosu na 
mlađe pacijente i ispitanike muškog pola. Jača korelacija iz-
među zadovoljstva stomatologa i pacijenata protezom poka-
zana je i kod zaposlenih ispitanika, u poređenju sa nezapo-
slenim ispitanicima. Kod obrazovanih ispitanika ustanovljena 
je umerena, pozitivna korelacija između zadovoljstva prote-
zom stomatologa i pacijenta. Korelacija između zadovoljstva 
stomatologa okluzijom i komfora pacijenta bila je umereno 
jaka (p < 0,05). Nađena je slabo pozitivna korelacija (p < 0,05) 
između zadovoljstva stomatologa kvalitetom proteze i ek-
stenzijom i zadovoljstva pacijenta protezom s obzirom na es-
tetiku, žvakanje, fonetiku i komfor. Zaključak. Utvrđena je 
pozitivna povezanost između zadovoljsta protezom pacije-
nata i stomatologa kod ispitanika starijeg životnog doba, kod 
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žena, kao i kod zaposlenih i obrazovanih pacijenata. 
Poboljšanje komunikacije između stomatologa i pacijenta je 
najkorisnija strategija za poboljšanje zadovoljstva pacijenata 
njihovim protezama. 

Ključne reči: 
stomatolozi; zubna proteza, totalna; zub, estetika; 
žvakanje; bezubost; pacijent, zadovoljstvo; govor, 
produkcija, merenje; ankete i upitnici. 

 

Introduction 

Edentulism affects oral health in a diverse manner. 
However, phonetics, mastication, comfort, and aesthetics are 
the major constraints disturbing the quality of life 1. Al 
Hamdan and Fahmy 2 reported around 82% of edentulism in 
Riyadh, Saudi Arabia. It is highly challenging to meet pa-
tient’s criteria of denture satisfaction. With older age, the sat-
isfaction level becomes very high, making it difficult to con-
vince the patient to adapt to their artificial dentures 3. Differ-
ent parameters affecting a patient’s satisfaction with a new 
complete denture and satisfaction of the dentist have been 
investigated 4. 

It has been evident that implant-supported overdentures 
gain higher satisfaction compared to complete dentures 5. 
However, most patients prefer complete dentures over the 
costly prosthesis. It is also noted that the satisfaction levels 
are highly associated with age, and that physiological and 
neurological factors greatly impact patient’s satisfaction 6. 
When patients present with resorbed ridges, it becomes diffi-
cult to provide retention in a denture and, hence, patient’s 
and dentist’s satisfactions are compromised 7. Moreover, sa-
liva and other systemic conditions also play an important 
role 8. Bilhan et al. 9 concluded that 85% of patients lack den-
ture retention, whereas the highest mean satisfaction score 
for speech was 77.27 ± 29.04. 

It becomes a challenging task when the patient’s expec-
tation exceeds the patient’s satisfaction regardless of the den-
ture quality. Hence, the dissatisfied patient reflects the failure 
of the treatment plan 10. Smith 11 and Berg 12 also revealed 
that prediction of patient’s satisfaction does not correlate 
with the quality of the denture. In a Brazilian study, most pa-
tients complained about phonetics and mastication being 
very challenging to them post edentulism 13. 

It is therefore very important to establish open commu-
nication with a patient and to become familiar with the pa-
tient’s expectations regarding dentures. Having one-to-one 
interaction with patients and highlighting all the possible 
outcomes for denture fabrication will help patient’s expecta-
tions become more realistic and practical, reflecting a posi-
tive impact on their overall satisfaction 13. Another study 
conducted in 2003 in Croatia, measured using Spearman’s 
rank correlation, ascertained the strongest correlation be-
tween dentist’s satisfaction and patient’s satisfaction, as well 
as with the retention of complete dentures 14. 

Literature has revealed that the success of the treatment 
is a reflection of the patient’s satisfaction and should be 
evaluated by the patient himself/herself. The chief purpose to 
accomplish successful treatment is to prioritise and fulfil the 
patient’s demands. However, the assessment criteria lack pa-
tients’ needs and priorities, and are attributed to the existing 

criteria 15. Unfortunately, due to the paucity of local data, 
most studies have found out the association between pa-
tient’s satisfaction and complete denture therapy with differ-
ent factors influencing satisfaction levels. Nevertheless, this 
study has attempted to prioritise patients’ needs in terms of 
four important parameters that are likely required and to dis-
cover the correlation between patient’s and dentist’s satisfac-
tion levels. The aim of this study was to determine the differ-
ence in the denture satisfaction levels between the dentists 
and complete denture wearers in order to draw a paradigm of 
satisfaction parameters that could be incorporated in future 
denture fabrications. 

Methods 

The present study was a cross-sectional study conducted 
at the Department of Prosthodontics at King Khalid University 
in the period from 2016 to 2018. The patients were enlisted 
through a nonprobability consecutive sampling technique. The 
sample size was estimated using a sample size calculator for 
the correlation between the quality of the mandibular denture-
bearing area and retention as -0.301 14, power of test as 80% 
and 99% confidence level. The estimated sample size was 124. 
After inflating the sample size by 8% for the lost to follow-up, 
we included 134 participants in the present study. Ethical ap-
proval and implied consent were obtained. Edentulous patients 
aged between 48 and 65 years of either gender participated in 
the study. The patients had their blood pressure under control. 
Also, diabetic patients, with no other systemic disease, were 
included in the study. The patients who were mentally inca-
pacitated were excluded from the study.  

The data were collected through a validated question-
naire having a Cronbach α validity of 85%, which were di-
vided into sociodemographic, patient’s priority, dentist satis-
faction through denture assessment, and patient satisfaction. 
Dentist’s and patient’s satisfactions were rated on a Likert 
scale (1 to 5), with 5 = very satisfied, 4 = satisfied, 3 = nei-
ther satisfied nor dissatisfied, 2 = dissatisfied, and 1 = very 
dissatisfied. 

SPSS version 23 was used to analyse the data. Mean 
and standard deviation (SD) were calculated for quantitative 
variables, whereas frequencies and percentages were calcu-
lated for qualitative variables. The Spearman’s correlation 
was applied to assess the strength of the relationship between 
dentist’s and patient’s satisfaction scores. Furthermore, strat-
ification with respect to effect modifiers such as age, gender, 
employment, and educational status was done. Poststratifica-
tion Spearman’s correlation was applied to assess the 
strength of the relationship between dentist’s and patient’s 
satisfaction score. P < 0.05 was taken as statistically signifi-
cant. 
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Results 

There were 134 participants included in the study. 
The average age was 58.75 years; most patients were 
males (56.7%), whereas 43.3% were females. About 98 
participants were unemployed and 8 participants were un-
educated. According to patient’s priority, most of them 
preferred mastication, followed by aesthetics, phonetics, 
and comfort prior to fabrication of dentures (Table 1). 

The mean dentist’s and patient’s overall satisfaction 
scores were calculated as 3.58 ± 0.74 and 3.538 ± 0.521, 
respectively. Weak, positive correlations were found be-
tween dentist’s satisfaction with the quality of denture 
and extension, and patient’s satisfaction with denture 
characteristics such as aesthetics, mastication, phonetics, 
and comfort (p < 0.05). A weak, positive correlation was 
found between the dentist’s satisfaction with denture ex-
tension and patient’s satisfaction with denture aesthetics, 
mastication, and phonetics, whereas no meaningful corre-
lation was found between dentist’s satisfaction with den-
ture extension and patient’s satisfaction with denture 
comfort (Table 2). A weak, positive correlation was found 
between vertical relation and patient’s aesthetics, mastica-
tion, and comfort, whereas no meaningful correlation was 

found between vertical relation and patient’s phonetics. A 
very weak, positive correlation (r = 0.171), although sig-
nificant (p < 0.05) was found between dentist’s satisfac-
tion with denture occlusion and patient’s satisfaction with 
aesthetics, whereas weak, positive correlations were 
found between dentist’s satisfaction with denture occlu-
sion and patient’s satisfaction with mastication and pho-
netics (r = 0.353 and r = 0.269, respectively). The correla-
tion between dentist’s satisfaction with denture occlusion 
and the patient’s satisfaction with comfort was moderate-
ly strong ( r = 0.444, p < 0.001) (Table 2). 

With respect to age, the participants ≥ 60 years of 
age showed a higher value of correlation between the den-
tist’s satisfaction and patient’s satisfaction with denture, 
compared to the participants younger than 60 years. With 
respect to gender, females showed a higher value of corre-
lation between dentist’s and patient’s satisfaction, com-
pared to males. With respect to the employment status, 
the employed participants showed a stronger correlation 
between dentist’s and patient’s satisfaction, compared to 
the unemployed patients. Lastly, the educated participants 
showed a positive, moderate correlation between dentist’s 
and patient’s satisfaction, whereas this correlation in the 
uneducated participants was insignificant (Table 3). 

Table 1 
Baseline features of participants (n = 134) 
Variables Values 
Age (years), mean ± SD 58.57 ± 7.25 
Gender, n (%)  
       male 76 (56.7) 
       female 58 (43.3) 
 Employment status, n (%)  
       employed 36 (26.9) 
       unemployed 98 (73.1) 
Educational status, n (%)  
       educated 126 (94.0) 
       uneducated 8 (6.0) 
Patient's priority, n (%)  
       aesthetics 40 (29.9) 
       mastication 62 (46.3) 
       phonetics 18 (13.4) 
       comfort 14 (10.4) 

  SD – standard deviation. 
 

Table 2 
Correlation analysis between dentistʼs and patientʼs  

satisfaction with denture parameters 

Dentistʼs satisfaction parameters Patientʼs satisfaction parameters, r (p) 
Aesthetics Mastication Phonetics Comfort 

Quality of denture 0.223 0.245 0.368 0.205 
(0.010) (0.004) (0.000) (0.018) 

Extension 0.268 0.218 0.301 0.155 
(0.002) (0.011) (0.001) (0.074) 

Vertical relation 0.277 0.355 0.056 0.260 
(0.001) (0.001) (0.521) (0.002) 

Occlusion 0.171 0.353 0.269 0.444 
(0.049) (0.000) (0.002) (0.001) 

                 r – Spearman’s coefficient of correlation (rho). 
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Discussion 

In the present study, the Spearman’s correlation was ap-
plied between the dentist’s and patient’s satisfaction parame-
ters. The patients in this study preferred chewing as the main 
reason to visit the dentist for complete denture treatment, as 
old patients are likely to consider that treatment is required if 
they experience difficulty in chewing, or a social embarrass-
ment, which is also validated by de Souza et al. 16 and Kos-
sioni and Bellou 17. 

A study evaluated problems experienced by patients after 
denture insertion. The most common complaint was inability 
to chew appropriately, and when the denture was examined, it 
was short of retention, which is a possible cause of dissatisfac-
tion for both dentist and patients 9. Hence, the present study 
showed that, nevertheless, a weak but positive correlation ex-
isted between the dentist’s satisfaction with denture quality 
and extension and patient’s satisfaction with aesthetics, masti-
cation, and phonetics (p < 0.05). 

Yoshida et al. 18 evaluated the correlation between the sat-
isfaction with daily life and satisfaction with complete denture. 
The study showed that patients who were satisfied with their life 
were also satisfied with their complete dentures (a strong posi-
tive correlation, p < 0.05). This can be explained in terms of so-
cial and cultural factors, which had a great impact on denture 
satisfaction; a stress-free life led to higher denture satisfaction 
scores. In a study by Sato et al. 19, the multivariate regression 
analysis and χ2 test were used to assess the relation between den-
ture satisfaction and contributing factors. The study showed sig-
nificant results and the findings were in complete agreement 
with the results of the present study showing a strong association 
between satisfaction and retention of upper dentures, followed 
by a positive correlation with speech and tasting. 

The results of the present study also concur with those 
reported by Epifania et al. 20. They studied the quality of com-
plete denture and the satisfaction of patients, and concluded 
that there was a strong relationship between the quality of den-
ture and patient’s satisfaction. In short, the adequate extension 
and retention of the denture was associated with patient’s satis-
faction. Other researchers also found a positive correlation be-
tween the denture quality and patient’s satisfaction 21–23. Con-

versely, Anastassiadou et al. 24 have found a weak correlation 
between denture quality and patient satisfaction. Furthermore, 
the studies carried out by Erić et al. 25 and Fenlon and Sher-
riff 26 found absolutely no correlation between the denture 
quality and patient’s satisfaction. 

In the present study, with respect to gender, females dis-
played a high value of association between dentist’s and pa-
tient’s satisfaction, compared to males. Similarly, females 
were more likely to be satisfied with their aesthetics. However, 
females were less satisfied with mastication, which might be 
due to their need to seek treatment solely for aesthetic purpos-
es 27–30. In another study, the results showed that most patients 
were satisfied with their aesthetics and that there was no dif-
ference between men and women. However, that study also 
assessed the expectation levels and found that men had higher 
expectations of their dentures, compared to females 3. 

Within the limitation of this study, we recommend evalu-
ating more in-depth contributing factors and their correlation 
regarding patient’s and dentist’s satisfaction. Furthermore, a 
large sample size for future studies would also help to obtain 
more accurate results. 

Conclusion 

Generally, the patients were satisfied with the quality of 
their complete dentures. Positive correlations existed between 
dentist’s satisfaction with denture quality, vertical relation and 
occlusion on the one hand, and patient’s satisfaction with aes-
thetics, mastication, phonetics, and comfort on the other. A 
positive, higher correlation existed between dentist’s and pa-
tient’s satisfaction in old-age patients, females, employed and 
educated patients. Thus, improving dentist-patient communi-
cation is the most useful strategy to improve patients’ satisfac-
tion with their dentures. 
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Table 3 
Stratification of patients with respect to age, gender, employment  

and educational status 

Variables Correlation between dentistʼs and patientʼs 
satisfaction overall score, r (p) 

Age group   
< 60 years (n = 89) 0.553 (0.001) 

  ≥ 60 years (n = 45) 0.577 (0.001) 
Gender   
    male (n = 76) 0.551 (0.001) 
    female (n = 58) 0.586 (0.001) 
Employment status   
    unemployed (n = 98) 0.563 (0.001) 
    employed (n = 36) 0.635 (0.001) 
Educational status   
    uneducated (n = 8) 0.115 (0.393) 
    educated (n = 126) 0.581 (0.001) 
r – Spearman’s coefficient of correlation (rho). 
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Introduction 

Acromegaly is a chronic, multisystemic disease, caused 
in 98% of cases by a somatotroph pituitary adenoma 1, 2. Se-
cretory hyperactivity of somatotroph adenoma results in the 
abnormal serum concentration of growth hormone (GH) 
which either directly, or more often through its physiological 
mediator – insulin like growth factor-I (IGF-1), causes the 
spectrum of complications of this disease. The prevalence of 
acromegaly in Europe is estimated to 28–137 cases per mil-
lion, and the estimation of annual incidence varies from 2 to 
11 patients per million 3, 4. Due to its slow onset and insidious 
progression, acromegaly often remains long unrecognized in 
spite of presence of signs and symptoms. Time from first 
symptoms to diagnosis is estimated as 5–10 years 2, 5. Acro-
megaly caused by diseases other than somatotropinoma is 
exceptional. These rare cases include ectopic GH or GH-
releasing hormone (GHRH) secretion from lung, pancreas, 
adrenal or mediastinal tumors 6. Over the past 20 years, ge-
netic background has been elucidated for some forms of ac-
romegaly, occurring syndromicaly within MEN 1, MEN 4, 
McCune Albright or Carney complex or as part of isolated 
familial pituitary adenoma (FIPA) 7, 8. 

Along the hallmark signs and symptoms of acromeg-
aly, such as enlargement of hands, feet, nose and ears, faci-
al soft tissue swelling or mandible protrusion, the most fre-
quent complications of the disease are: diabetes mellitus, 
arterial hypertension, cardiovascular diseases (heart failure, 
arrhythmias, atherosclerosis, endothelial dysfunction), ar-
ticular deformities in large joints, vertebral fractures (with 
or without osteoporosis), respiratory disfunction (obstruc-

tive sleep apnea syndrome) and thyroid, colon or prostate 
neoplasia 1, 9–14. Patients with active acromegaly are at-
tributed with a 2 to 3-fold increase in mortality rate com-
pared to general population. The average life expectancy in 
these patients is reduced by an average of 10 years com-
pared to healthy controls. The leading causes of death in 
this group are malignancies, cardiovascular and respiratory 
diseases 15. An adequate control of acromegaly enables 
prevention or attenuation of the disease complications and 
converging of the mortality rate of these patients to the one 
in general population 4, 16. 

The goals in acromegaly treatment are: normalization of 
serum IGF-1 (for the age specific reference range), achieving 
serum GH < 1 µg/L, reduction of pituitary tumor mass or its 
GH-secreting remnant, elimination or reduction of disease 
symptoms and comorbidities 17, 18. The treatment of acromeg-
aly includes a combination of several modalities: neurosurgi-
cal operation, medical treatment and radiotherapy. Over the 
last two decades a significant advancement was made in the 
field of acromegaly medications development, promoting a 
dramatical improvement in the treatment outcomes in acro-
megaly. Along with the contemporary internationally accept-
ed guidelines for acromegaly treatment 19, 20, all of the afore-
said treatment modalities are in use in the Republic of Ser-
bia. The emerging availability of novel medical options in 
Serbia, raises the need for generating recommendations for 
the place and role of each specific treatment option. Treating 
acromegaly is a multidisciplinary task. The key decisions 
should be made by an interdisciplinary team including a neu-
roendocrinologist, neurosurgeon, pathologist, radiologist and 
geneticist as needed. 
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Surgical treatment 

Operation of GH secreting pituitary tumor represents 
the first line of treatment of acromegaly both worldwide and 
in Serbia. Somatotropinomas are operated by transsphenoidal 
approach in more than 90% of cases. Operative outcome is 
primarily dependent on the experience and skill of neurosur-
geon, and on size and propagation of the tumor. A neurosur-
geon is recognized as an expert in pituitary surgery if per-
forming more than 200 transsphenoidal pituitary surgeries 
annually 21. The surgical remission of acromegaly is usually 
defined by age-related normal IGF-1 and a random serum 
GH, or OGTT-nadir GH of < 1 µg/L – assessed 3 months 
postoperatively. In specialized pituitary neurosurgery units, 
remission is achieved in 75%–90% of microadenomas and 
45%–70% of macroadenomas 22. Repeated pituitary surgery 
should be considered in consensus of all members of pitui-
tary multidisciplinary expert team involved in the treatment 
of patient. Decision on reoperation is based on disease activi-
ty, size and location of tumor remnant, optic chiasm com-
promisation, and the response to medical treatment. Remis-
sion achievement after the second operation is reported in 
about one half of cases 23. 

Medical treatment 

Since overall in about 60% of acromegaly patients bio-
chemical control of disease is not achieved by operation, the 
care is continued by medical therapy which represent the 
second line of treatment 7, 20. Medical treatment of acromeg-
aly encompasses three groups of drugs: 1) somatostatin re-
ceptor ligands of 1st generation (SRL-fg): [octreotide long-
acting release (LAR) and lanreotide autogel] or 2nd genera-
tion (pasireotide LAR); 2) dopamine agonists – DA (bromo-
criptine, cabergoline) and 3) GH-receptor antagonists (pegvi-
somant) (Figure 1). 

Somatostatin receptor ligands – first generation 

Somatostatin receptor ligands of 1st generation, which 
are in use in Serbia for treatment of acromegaly are oc-
treotide LAR and lanreotide autogel. These drugs consist the 
first line of medical treatment and are approved for treatment 
of acromegaly since 2004. 7. These are synthetic long acting 
agonists of somatostatin receptor, with high affinity for sub-
type 2 of somatostatin receptor (SSTR-2) and a lesser affini-
ty for subtype 5 of somatostatin receptor (SSTR-5). Availa-

 
Fig. 1 – Recommended decision sequence in medical treatment of acromegaly and its place within acromegaly 

multimodal treatment algorithm. 
PAS LAR – pasireotide long-acting release; SRL-fg – somatostatin receptor ligands of first generation; DA – dopamine 

agonists; PEG – pegvisomant. 
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ble drugs and doses in Serbia include octreotide LAR (20 
mg and 30 mg) and lanreotide autogel (90 mg and 120 mg), 
both applied once in 28 days as an intramuscular injection 
and subcutaneous injection, respectively. The latest rec-
ommendation, also observed in Serbia, advises a maximal 
initial dose of these medications (octreotide LAR 30 mg or 
lanreotide LAR 120 mg) over the first 6 months of treat-
ment, followed by optional dose reduction or an increase in 
dosing intervals (e.g. lanreotide autogel once in 56 days, 
instead of 28 days) after the achievement of biochemical 
disease control 24. The first control of GH and IGF-1 is 
scheduled for 3 months after the SRL-fg treatment initia-
tion. In the case of inefficiency of one of the drugs from 
this group, the switch to the other SRL-fg should be tried 
25. Overall, no superiority in efficacy was established for 
one of SRL-fg over the other 26. These drugs effectively in-
hibit GH synthesis and somatotroph cells proliferation, thus 
inducing reduction in tumor size. A complete biochemical 
response to SRL-fg is defined by serum GH of < 1 µg/L 
and IGF1 normalization, and it is achieved in 30% of treat-
ed patients. A partial response is defined by a reduction in 
GH and/or IGF-1 for ≥ 50% from baseline, and it is 
achieved in 50% of patients. Resistance to SRL-fg is char-
acterized by a decrease in serum GH and IGF1 for < 50% 
from baseline, and it is observed in 20% of patients 27. De-
crease in tumor remnant size for > 20% is observed in 65% 
of patients treated with SRL-fg. Reduction of tumor size is 
expected after 6 months of treatment 28. SRL-fg treatment 
is generally well tolerated and these drugs are believed to 
have a good safety profile. Side effects of these drugs are 
mostly associated with gastrointestinal impairment (nau-
sea, abdominal pain, diarrhea, gall bladder stones or 
sludge, constipation, malabsorption, liver function de-
rangements) 29. Cholelithiasis occurs in about 30% of pa-
tients treated with SRL-fg, usually in the first two years of 
treatment, rarely demanding cholecystectomy. Glucose tol-
erance impairment is observed in about 30% of patients, 
while in less than 5% either bradycardia, hypertension or 
anemia are reported 30. Dose reduction usually leads to res-
olution of side effects. 

Indications for SRL-fg treatment include conditions 
when: remission of acromegaly was not achieved by sur-
gery; somatotroph adenoma with extensive propagation in-
to cavernous sinuses makes the expectance of surgical ef-
fect unlikely; lack of effect of radiotherapy (as assessed 5 
to 10 years after stereotactic treatment). 

Pasireotide LAR 

SRL of second generation (SRL-sg), pasireotide LAR, 
represents the second line of medical treatment in acromeg-
aly, reserved for patients which partially respond to SRL-fg 
(Figure 1). This drug received approval for treatment of ac-
romegaly in 2014 by European Medicine Agency (EMA) 
and Food and Drug Administration (FDA) 7. Pasireotide 
LAR is a multireceptor somatostatin ligand with the highest 
affinity for somatostatin receptor subtype SSTR-5, fol-
lowed by the SSTR-1, and with a lesser affinity for SSTR-2 

in comparison to the SRL-fg (octreotide and lanreotide). 
Owing to the greater number of the receptors to which it 
binds, pasireotide LAR assures a better clinical effect com-
pared to SRL-fg. Results of clinical studies involving this 
drug demonstrate IGF-1 normalization in 20% of patients 
resistant to SRL-fg treatment 31. Pasireotide LAR also ex-
hibits a better antitumor effect compared to SRL-fg, reduc-
ing the tumor size by 40% in about 80% of treated patients. 
All these characteristics make pasireotide LAR the drug of 
choice for acromegaly patients with a tumor remnant in 
proximity to optic chiasm 32. Pasireotide LAR is available 
world wide in doses of 10 mg, 20 mg, 30 mg, 40 mg and 60 
mg, applied as an im dose once in 4 weeks. In Serbia, 
pasireotide LAR is currently available in the 40 mg dose, 
which is the initial dose for treatment, while 60 mg is the 
maximal monthly dose of this drug. 

The treatment with pasireotide LAR is considered in 
the following cases:  unsuccessful SRL-fg treatment in an 
acromegaly patient with a tumor remnant of considerable 
size; in patients younger than 40 years in whom a growth of 
tumor remnant is observed while they are on SRL-fg treat-
ment, and the tumor is unsuitable for surgical treatment 
(clinically aggressive tumor); in patients with severe head-
aches, not controllable by SRL-fg treatment; in patients not 
responding or not tolerating pegvisomant treatment. The 
side effects profile of pasireotide LAR is similar to that of 
SRL-fg, except for glycemic impairment, which is ob-
served in around 70% of treated patients 33.  In about 10% 
of patients, pasireotide LAR treatment needs to be discon-
tinued due to hyperglycemia. In the first 3 months after 
treatment initiation, fasting glucose evaluation is advised 
once weekly, and afterwards once in 6 weeks. In the treat-
ment of diabetes mellitus induced by pasireotide LAR ap-
plication, metformin is used and additionally if needed, di-
peptidyl peptidase-4 inhibitors (DPP4), glucagon-like pep-
tide-1 (GLP-1) receptor agonists, while insulin treatment is 
reserved for the most severe derangements 34. In the case of 
overt diabetes mellitus occurring while on pasireotide LAR 
treatment, these patients could be considered for further 
treatment with pegvisomant (Figure 1). Pasireotide LAR 
may suppress anterior pituitary hormone secretion, and 
treated patients should be under surveillance for develop-
ment of hypopituitarism. 

Dopamine agonists 

Dopamine agonists (DA) currently used in Serbia for 
acromegaly treatment are bromocriptine and cabergoline. 
DA are used as a first and second line medical treatment, 
usually in combination with SRL-fg, pasireotide LAR or 
pegvisomant 20. Cabergoline is attributed with a greater ef-
ficacy in remission achievement in acromegaly (estimated 
as 34%) compared to bromocriptine (10%) 35. Mechanism 
of action of DA in acromegaly relies on the fact that most 
somatotroph adenomas exhibit type 2 dopamine receptors 
(D2R), and about 20% of these tumors, in addition to GH 
co-secrete prolactin (mixed somatotroph/lactotroph tu-
mors). The efficacy of DA is limited to milder forms of 
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disease, but oral application and low cost make them never-
theless attractive for treatment in acromegaly 36. The aver-
age dose of cabergoline is 2.5 mg weekly (ranging from 1 
to 7 mg) which is 2 to 5-fold greater than the doses used in 
hyperprolactinemia. 

Dopamine agonists are used in treatment of acromeg-
aly in following cases (Figure 1): mild biochemical activity 
of acromegaly (IGF-1 < 2.5 ULN – upper limit of normal 
for age) with mild disease symptoms. The optimal effect of 
DA is achieved in cases with IGF-1 < 1.5 ULN; mixed so-
matotroph/lactotroph pituitary adenoma, prior to surgery, 
or if remission is not achieved by surgery; as add-on treat-
ment in patients partially responding to SRL-fg. 

Pegvisomant 

Pegvisomant is a pegylated recombinant GH analogue, 
acting as a selective antagonist of GH-receptor (GHR). It is 
used as a second line medical treatment of acromegaly 7, 20. 
Pegvisomant was registered in EU in 2002 (EMA approval) 
and in USA in 2003 (FDA approval) for treating patients 
with acromegaly 7. By competing for the GHR, pegviso-
mant blocks the binding of GH to its receptor, hence pre-
venting the action of GH. The objective of pegvisomant 
treatment is normalization of serum IGF-1 level. Consider-
ing that pegvisomant does not reduce GH concentration, 
the effects of treatment can only be followed by analysis of 
serum IGF-1. Serum IGF-1 normalization is reported in 
about 65% of patients treated with pegvisomant for 5 
years 37. Pegvisomant is available in doses of 10 mg, 15 
mg, 20 mg, 25 mg and 30 mg, for subcutaneous (sc) injec-
tion once daily. Initial daily dose of the drug is 10 mg, and 
the maximal dose is 30 mg daily 14. Treatment dose of 
pegvisomant needs to be titrated individually. An increase 
or decrease by a 5 mg in daily dose is advised, until IGF-1 
normalization is achieved. Pegvisomant decreases levels of 
glucose and HbA1c, thus enabling reduction in doses of in-
sulin or oral antidiabetic agents in acromegalic patients 
with diabetes mellitus 38. 

Pegvisomant is recommended in following cas-
es:  acromegalic patients treated with SLR-fg with persis-
tent disease but small or undetectable tumor remnant; ac-
romegalic patients uncontrolled on SRL-fg, who also suffer 
from diabetes mellitus; acromegalic patients developing di-
abetes mellitus in the course of treatment with pasireotide 
LAR. 

Higher doses of pegvisomant are used in female pa-
tients, younger, and those with a higher IGF-1 concentra-
tion, as well as in patients with diabetes mellitus, sleep ap-
nea syndrome, and in patients with higher body mass in-
dex 39. Although mainly used once daily, pegvisomant may 
be used twice weekly or once weekly, alone or in combina-
tion with other medical modalities for treatment of acro-
megaly (e.g. SRL-fg). Pegvisomant acts on extrahepatic 
(IGF-1 independent) GH effects, thus being useful even in 
patients in whom IGF-1 normalization was already 
achieved by other modalities of acromegaly treatment (e.g. 
SRL-fg). In these patients, small doses of pegvisomant, ap-

plied once or twice weekly, may relieve the patient of ede-
ma, headaches or fatigue, thus significantly improving the 
quality of life 40. Pegvisomant found its place also in pa-
tients with familial form of acromegaly (aryl hydrocarbon 
receptor-interacting protein - AIP mutation positive pa-
tients). These are often young patients, with progressive 
course of disease, invasive pituitary tumors and poor re-
sponse to SRL 8, 41. Patients suffering from acromegaly as a 
manifestation of McCune Albright syndrome exhibit re-
sistance to SRL and a favorable response to pegvisomant 42. 

Pegvisomant is generally a safe drug which is well 
tolerated, in spite of the fact that it is administered daily as 
sc injection. Side effects are not dose dependent, and are 
usually transient and do not require additional treatment. 
The largest study of efficacy and safety of pegvisomant 
treatment, (ACROSTUDY) with 2,090 patients followed 
for 7.6 years, reported the following side effects: headache 
(in 4.9%), arthralgia (in 3.7%), erythema or other local skin 
reactions to drug application (in 3.1%), lipodystrophy or 
lipo-hypertrophy (in 1.7%), gastrointestinal disturbances 
(in 1.2%) and elevated liver enzymes (in 3%) 43. Impair-
ment of liver function tests is reversible upon dose reduc-
tion or drug discontinuation. Drug discontinuation is ad-
vised if the level of liver enzymes is 5-fold above upper 
limit of normal (0.5%). Due to the known possible eleva-
tion of liver enzymes, follow up of alanine aminotransfer-
ase (ALT) and aspartate aminotransferase (AST) is advised 
every 4–6 weeks in the first 6 months of treatment. To 
avoid potential local skin reactions to drug application, 
sites of administration should regularly be altered. Pegvi-
somant has no effect on pituitary tumor remnant size reduc-
tion, and is even attributed with a small potential risk of its 
increase (in 1–3%) 44. Treatment with pegvisomant is thus 
not recommended if the tumor remnant is larger or if its 
distance from the optic chiasm is less than 3 mm 19. Follow 
up sellar region MRI is advised during pegvisomant treat-
ment. 

Preoperative medical treatment 

Medical treatment in acromegaly could also be con-
sidered preoperatively, as the first line of treatment (mainly 
involving SRL-fg), resulting in an increased rate of bio-
chemical disease control, compared to patients operated 
without prior medical treatment. However, current litera-
ture does not provide sufficient evidence to justify a benefit 
of preoperative treatment with SRL-fg 45. 

Conditions in which medical therapy is the first line of 
treatment in acromegaly include: contraindications for sur-
gery; need for preoperative reduction in surgical and anes-
thetic risk in acromegaly complicated by: high output car-
diac failure, severe pharyngeal thickness and swelling of 
soft tissue, or severe sleep apnea syndrome. 

Combined medical treatment 

Combined medical treatment is advised when mono-
therapy with SRL-fg is insufficiently effective (Figure 1). 
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Addition of cabergoline to SRL-fg treatment enables IGF-1 
normalization in over 50% of patients uncontrolled by 
SRL-fg monotherapy 46. Combination of cabergoline and 
pegvisomant may be an effective alternative in patients not 
responding to SRL-fg treatment 47. IGF-1 normalization is 
expected in 34% of patients when cabergoline is used as 
monotherapy, and in up to 68% of patients on combined 
cabergoline and pegvisomant treatment. If this combination 
is also ineffective, it is advised to consider the combined 
treatment of SRL-fg and pegvisomant, which was observed 
to provide better results in patients uncontrolled by mono-
therapy with either of the drugs (Figure 1). This combina-
tion acts both on normalization of IGF-1 serum level and 
reduction of tumor remnant size. It was reported to provide 
IGF-1 serum level normalization in 60–97% of patients 
while reduction in tumor remnant size is expected in 20% 
of patients 35, 48. Combined use of SRL-fg and pegvisomant 
enables dose reduction for both drugs, possibly decreasing 
treatment costs. If biochemical control is not achieved with 
this combination of drugs, or an increase is observed in tu-
mor remnant size, it is advised to consider the combined 
treatment with pasireotide LAR and pegvisomant 20, 49. 

Currently, pasireotide LAR and pegvisomant are 
available in Serbia under a specific clinical programme. 

Other medical treatment 

When acromegaly persists despite of all the above-
mentioned treatment modalities, temozolomide may be 
considered. This drug is an alkylating agent used in treating 
advanced aggressive neuroendocrine tumors and pituitary 
carcinomas 50. Reports on the efficacy of this drug in treat-
ment of acromegaly are limited, indicating efficacy in 
about 50% of patients 35. 

Radiotherapy 

This therapeutic modality represents the third line of 
treatment in acromegaly, to be considered in patients with 
aggressive pituitary tumors, resistant to surgical or medical 
treatment 7, 20. Stereotactic radiosurgery (SRT) is superior 
to conventional radiotherapy in efficacy and safety. During 
SRT treatment, high radiation doses are delivered directly 
to tumor tissue, largely sparing the neighboring healthy tis-
sue. Radiotherapy is mostly reserved for aggressive tumors. 
Tumor size control is achieved in over 90% of patients, bi-
ochemical control in about 60% of patients, but the full ef-
fect of treatment is only expected after 5-10 years from 
SRT application 51. Major side effect of radiotherapy is hy-
popituitarism, observed in 70% of treated patients, while 
optic nerve lesions, cerebrovascular impairment or second-
ary tumorigenesis are much less frequent 52. SRT is not rec-
ommended when tumor is in high proximity to optic chi-
asm. SRT modalities available in Serbia include “gamma 
knife” and “X knife”. Prior medical treatment of acromeg-
aly (with SRL or DA) is believed to be associated with a 
possible reduction in radio-sensitivity. A temporary cessa-
tion of medical treatment, although not an universally rec-

ommended practice, was observed to improve both initial 
and long-term effect of SRT. SRL are advised to be discon-
tinued 6 to 8 weeks prior of SRT and restarted 4 to 8 weeks 
after, while DA can be discontinued only 2 weeks before 
SRT. Pegvisomant, as a drug not targeting the pituitary tu-
mor, should not influence radio-sensitivity and does not 
need to be discontinued 52. 

Radiotherapy should be considered in following cas-
es: tumor remnant and active acromegaly are persistent af-
ter somatotroph adenoma surgery followed by multimodal 
medical treatment (SRL-fg, DA, SRL-sg, pegvisomant); 
medical treatment is ineffective, unavailable, or needs to be 
discontinued due to side effects. 

Personalized approach to patient and prognostic 
factors of outcome 

Judging by the international registries data, one third 
of acromegaly patients are undertreated and lack disease 
control 3. Considerable cost of some medications used in 
treatment of acromegaly (pasireotide LAR, pegvisomant), 
result in their unavailability, particularly in the countries of 
eastern and central Europe 53. In the course of treatment of 
acromegaly, in addition to follow up of GH and IGF-1 se-
rum levels, and tumor remnant size, evaluation of patient`s 
quality of life is recommended, through the use of 
AcroQoL questionnaire, as well as disease activity clinical 
assessment with the use of Acromegaly Disease Activity 
(ACRODAT) or Signs and Symptoms (SAGIT), Associated 
Comorbidities, GH levels, IGF1 level, and Tumor Profile 
questionnaires 54–56. 

In more than 50% of acromegaly patients, application 
of all treatment modalities is necessary. Every patient de-
mands individual approach in selection of optimal treat-
ment modalities or their combinations 3, 57. Personalized 
approach to patients with acromegaly is founded on the un-
derstanding of prognostic factors, on which the individual-
ized selection of treatment is based upon. The optimal se-
lection of treatment includes not only the wellbeing of the 
patients, but also the most economical approach to the pub-
lic funding resources. Predictive factors for treatment out-
comes include patient`s clinical characteristics – age, gen-
der, the size of pituitary tumor or tumor remnant, baseline 
GH and IGF-1 levels, histological and immunohistochemi-
cal characteristics of the operated tumor tissue, tumor ex-
pression of somatostatin receptors, tumor signal intensity 
on magnetic resonance imaging (MRI) and possible genetic 
background of acromegaly including FIPA, MEN-1 syn-
drome, G-protein-linked receptor mutation – gsp oncogene 
mutation, McCune Albright syndrome, X-linked acrogigan-
tism 58. 

Female gender, younger age, larger tumor size and high 
initial GH levels are general indicators of poor response to 
treatment, and a poor prognosis of the disease. Patients ex-
pected to respond better to SRL-fg are those with: tumor hy-
pointensity in T2w MRI, densely granulated tumor tissue, 
lower Ki67 proliferative index and higher tumor expression 
of SSTR2A. A favorable response to pasireotide LAR treat-
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ment is expected in patients with higher SSTR5 expression 
in tumor tissue, although SSTR2A expression is also a pre-
dictor of good response 57. Better prognosis after pegviso-
mant treatment is anticipated in male patients, prior radio-
therapy, and in some of GH receptor gene polymorphisms 
(lack of d3-RHR). AIP mutation positive patients and pa-
tients with McCune Albright syndrome are frequently re-
sistant to SRL, thus making pegvisomant the drug of choice 
in these groups 58. On the contrary,  gsp mutation positive pa-
tients are excellent responders to SRL 59 (Table 1). 

Conclusion 

In spite of significant advancement in discovery of 
new biomarkers as possible prognostic factors in selection 
of medical treatment of acromegaly, their value has not 
been demonstrated in clinical practice. The response to 
treatment in acromegaly can not be predicted with certain-
ty, despite of the various mentioned prognostic factors. Ad-
equate multimodal treatment of acromegaly enables remis-
sion of the disease in almost all patients. 
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Abstract 
 
Introduction. Pulmonary arteriovenous malformation 
(PAVM) is pathological communication between pulmo-
nary artery and pulmonary vein, in way that it shunts 
normal alveolar capillary membrane resulting in inade-
quate blood oxygenation in this part of the lung paren-
chyma Modern therapy of PAVMs includes surgical 
treatment or endovascular embolization. Case report. A 
30-year-old female patient had signs of parestesia and 
weakness of the extremities on the left side of her body. 
On physical examination there was only cyanotic discol-
oration of her lips and clubbing fingers. On the chest x-
ray, in the right hemithorax, in the inferior region of the 
lung, there was relatively homogeneous and well defined 
shadow, intensity of the soft tissue, which was about 35 
mm. A multislice computed tomography pulmonary an-
giography was performed and showed, in lung paren-
chyma on both sides, many PAVMs, of which the largest  
(35 mm) was in inferior right region of the lung on cross-

ing between apical and posterior basal lung segment with 
7 mm diameter feeding artery and 9 mm diameter drain-
ing vein. The selective pulmonary angiography was per-
formed by Seldingers technique. Through sheath, we 
placed a plug with a diameter of 10 mm. The plug was 
expanded and a complete occlusion of the final part of 
the feeding branch of this PAVM was achieved (con-
firmed by control angiography). In that way, the PAVM 
was fully shut off from the circulation. In 3 months fol-
low-up, the patient was feeling well, without any record-
ed complication. Conclusion. Endovascular emboliza-
tion is recommended as therapy of the first choice for all 
of PAVMs that have feeding artery greater than 2 mm. 
Endovascular embolization has high success rate with 
minimal complications.   
 
Key words:  
arteriovenous malformations; computed tomography 
angiography; embolization, therapeutic; endovascular 
procedures; multidetector computed tomography. 

Apstrakt 
 
Uvod. Plućna arteriovenska malformacija (PAVM) je 
patološka komunikacija između plućne arterije i plućne vene 
kojom se zaobilazi normalna alveo-kapilarna membrana, 
usled čega se krv u tom delu plućnog parenhima ne 
oksigeniše. Savremeni pristup lečenju PАVM uključuje 
hirurški tretman ili embolizaciju endovaskularnim putem. 
Prikaz bolesnika. Bolesnica stara 30 godina javila se zbog 
trnjenja i slabosti ekstremiteta leve strane. Objektivno, imala 
je cijanozu usana i batičaste prste. Na radiografiji srca i 
pluća, u desnom hemitoraksu, u donjem plućnom polju u 
projekciji medioklavikularne linije, nwwađena je relativno 
homogena i relativno jasno ograničena senka promera oko 
35 mm, intenziteta mekih tkiva. Urađena je multislajsna 

kompjuterizovana tomografija sa pulmoangiografijom i u 
plućnom parenhimu, obostrano, utvrđen je veći broj 
PAVM, od kojih je najveća (promera oko 35 mm) bila u 
donjem desnom plućnom režnju na prelazu između 
apikalnog i posterobazalnog segmenta, sa uočljivom 
dovodnom arterijom prečnika oko 7 mm i odvodnom 
venom prečnika oko 9 mm. Primenom Seldingerove 
metode urađena je selektivna pulmoangiografija. Kroz 
uvodnik, uveden je „čepić“ (eng. plug) prečnika 10 mm,  
„čepić“ je ekspandiran, čime je indukovana potpuna 
okluzija završnog dela dovodne grane te PAVM 
(potvrđeno kontrolnom angiografijom). Na taj način, 
PAVM je u potpunosti bila isključena iz cirkulacije. 
Tokom tri meseca praćenja, bolesnica se osećala dobro i 
nisu zabeležene nikakve komplikacije. Zaključak. 
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Endovaskularna embolizacija se preporučuje kao terapija 
prvog izbora za sve PAVM čija arterija hranilica ima 
dijametar veći od 2 mm. Endovaskularna embolizacija 
pokazuje visoku stopu uspešnosti sa minimalnom stopom 
komplikacija. 
 

Ključne reči: 
arteriovenske malformacije; angiografija, tomografska, 
kompjuterizovana; embolizacija, terapijska; 
endovaskularne procedure; tomografija, 
kompjuterizovana, multidetektorska. 

 

Introduction 

Pulmonary arteriovenous malformation (PAVM) is 
pathological communication between pulmonary artery and 
pulmonary vein, in way that it shunts normal alveolar capillary 
membrane. Therefore, the blood in this part of the lung paren-
chyma is not oxygenized which leads to hypoxia and symp-
toms including adynamia, tiredness, dyspnea in physical activ-
ity, hemoptysis, palpitations, cough, paradoxal systemic embo-
lism and chest pain 1, 2. Smaller size PAVMs usually are 
asymptomatic and are incidental findings or can be discovered 
in case of complications. Modern therapy of PAVMs includes 
surgical treatment or endovascular embolization 3. 

We presented a patient with PAVM successfully treated 
with endovascular approach. 

Case report 

A 30-year-old female patient was admitted to the Clinic 
for Neurology with signs of parestesia and weakness of the 
extremities on the left side of her body. On physical exami-

nation, there was only cyanotic discoloration of her lips and 
clubbing fingers. Neurological exam was normal. All labora-
tory results were in referent ranges. 

Chest x-ray was performed in standing and posterior-
anterior (PA) position. In the right hemithorax, in the infe-
rior region of the lung on medioclavicular line projection, 
there was relatively homogeneous, relatively well defined 
shadow, intensity of the soft tissue, which was about 35 
mm. Also, on the same side, there was voluminous hilus 
and prominent hilo-basal pulmonary vascularity (Figure 1). 
Based on the localization and the appearance of the shad-
ow, and with anamnestic data that before 15 years the pa-
tient had been subjected to the surgery for PAVM, we sus-
pected appearance of the new PAVM. We conducted mul-
tislice computed tomography (MSCT) pulmonary angi-
ography which revealed many PAVMs in lung parenchyma 
on both sides, of which the largest one with diameter of 35 
mm was in inferior right region of the lung on crossing be-
tween apical and posterior basal lung segment with 7 mm 
diameter feeding artery and 9 mm diameter draining vein 
(Figures 2−4). 

 
Fig. 1 - Chest x-ray in standing and posterior anterior (PA) 

position shows relatively homogeneous, relatively well defined 
shadow, intensity of the soft tissue, size about 35 mm in the right 
hemithorax, in the inferior region of the lung on medioclavicular 
line projection. Also, on the same side, there is voluminous hilus 

and prominent hilobasal pulmonary vascularity. 
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 a)  b) 

 c)  d) 
Fig. 2 (a–d) – Multislice computed tomography with pulmonary angiography (MSCT PA) finding shows many 

pulmonary arteriovenous malformations (PAVMs) in lung parenchyma on both sides. 
 

 a)  b) 

 c)  d) 
Fig. 3 (a–d) – Multislice computed tomography with pulmonary angiography (MSCT PA) shows the largest 

pulmonary arteriovenous malformation (PAVM) with diameter of 35 mm in inferior right region of the lung on 
crossing between apical and posterior basal lung segment. 
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Medical team, made of a neurologist, thoracic surgeon 
and radiologist, decided that the largest among PAVMs 
should be taken care of by endovascular approach. Interven-
tion was conducted in the Department for Interventional 
Vascular Radiology, Institute of Radiology, Military Medical 
Academy in Belgrade in collaboration with colleagues from 
“Dedinje” Cardiovascular Institute, Belgrade. 

The right transfemoral access was obtained by Selding-
ers technique, and a 6F introducer sheath (Merit Medical) 

was placed. A guide wire (150 mm/ 0.035 In; Merit Medical) 
and 6F Pigtail catheter (Cordis) were then advanced into the 
right femoral vein towards the inferior vena cava to the right 
atrium and ventricle, with electrocardiography (ECG) moni-
toring, further in truncus pulmonis, from where we entered in 
the main right branch of the truncus pulmonis. Then, the se-
lective pulmonary angiography was performed (Figure 5). 
The PAVM was noticed with feeding and draining blood 
vessels, as it was shown on MSCT pulmonary angiography. 

 a) 

 

 b) 

 

Fig. 4 (a, b) – Multislice computed tomography pulmonary angiography (MSCT PA) 
findings: the largest pulmonary arteriovenous malformation (PAVM) with 7 mm 

diameter feeding artery and 9 mm diameter draining vein. 
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Fig. 5 – Selective pulmonary angiography finding: the 
pulmonary arteriovenous malformation (PAVM) was 

noticed with feeding and draining blood vessels. 
 
We entered the feeding branches of the PAVM by using 7F 
multipurpose (MP) catheter (Cordis) and performed suprase-
lective angiography (Figure 6). 7F long peripheral sheath, 
(Shapeless, Arrow, Terumo) was placed over 260 cm Hi-
drostiff wire (Merit Medical), with tip in feeding branch of 
the PAVM. We placed the 10 mm diameter plug (Amplatzer 
Vascular Plug II, AGA Medical Corporation) through this 
sheath. The plug was expanded causing a complete occlusion 
of the final part of the feeding branch of this PAVM. Control 
angiography (Figure 7) showed that plug was in correct place 
with total occlusion of feeding branch of the PAVM, which 
was now fully shut off from the circulation. 

 
Fig. 6 – Superselective pulmonary angiography 

after entering the feeding branches of the 
pulmonary arteriovenous malformation (PAVM). 

 
Fig. 7 – Control angiography after expanding the 
10 mm diameter plug (Amplatzer Vascular Plug 

II, AGA Medical Corporation) in final part of the 
feeding branch of the pulmonary arteriovenous 
malformation (PAVM) shows that there is total 

occlusion of feeding branch of the PAVM. 

In 3 months follow-up, the patient was feeling well 
without any recorded complication. 

Discussion 

Pathologic pulmonary arteriovenous malformation is the 
direct communication between the branches of pulmonary ar-
tery and pulmonary vein in way that there is a shunt of normal 
lung capillaries which leads to chronic hypoxia 1, 2, 4. The inci-
dence of PAVM is 2–3 cases in 100,000 people 1, 5, 6. In more 
than 80% of cases, it is congenital anomaly (together with he-
reditary hemorrhagic telangiectasia or Osler-Weber-Rendu 
syndrome), and in rare cases, it was caused by trauma of the 
thoracic cavity, thoracic surgery, long-term hepatic cirrhosis, 
metastatic disease, stenosis of the mitral valve, infections and 
systemic amyloidosis 1-5, 7, 8. Also, it can appear in pregnancy. 
Based on literature, 33% of patients with PAVM had earlier 
stroke, 18% had transitory ischemic attack, 23% had cerebral 
abscess, 3% had haemothorax, and 59% of patients had 
symptoms of dyspnea or intolerance on physical activity 9. 

PAVMs are stabile in 75% of the cases or slow growth, 
and only in small number of cases, most often because of no 
treatment, PAVMs can induce high rate of morbidity and 
mortality 10. Complications of PAVMs are brain abscess, 
stroke, hemoptysis and haemothorax, hypoxia, polycythemia, 
endocarditis, transitory ischemic attack, migraine and con-
gestive hearth weakness 1, 4, 6. Risk of neurological complica-
tions is higher in diffuse type of PAVM, large shunt and 
feeding branch diameter more than 3 mm 11 and in untreated 
forms of PAVM in comparison to treated forms 4. 

Standard thoracic surgical techniques were previously 
available as the only treatment method (for example: liga-
tion, local excision, segmentectomy, lobectomy, or pneumo-
nectomy) 12. In some cases, staged bilateral thoracotomies or 
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video-assisted thoracoscopic resection are performed 13. Sur-
gical resection is rare method of PAVM treatment and is re-
served for the cases with lesions that are resistant on endo-
vascular therapy or when the endovascular treatment is not 
available. Every time, when it is possible, endovascular em-
bolization is the gold standard in treating PAVM and is con-
ducted since 1980s 9. Nevertheless, for large, centrally local-
ized lesions, lobectomy is still required. Surgery is a safe 
method of treatment of PAVMs in selected cases, i.e. when 
PAVM is solitary and large (> 2 cm diameter), and the risks 
of embolotherapy are high. Surgery remains choice in cases 
where treatment of the embolization cannot be performed or 
has not been successful, in symptomatic and complicated pa-
tients with PAVM, and/or cases where the PAVM diagnosis 
cannot be established 14.  

Typically, patients with hereditary telangiectasia are 
suspected for PAVM and they undergo screening radio-
graphic procedures. In those patients, PAVM is discovered in 
about 15% of cases 4. There is 90% of chances of discover-
ing hereditary telangiectasia in patients that have been initial-
ly diagnosed with PAVM and they are send on further inves-
tigation. Because of that, it is important that every patient 
with suspected PAVM undergoes detailed and targeted diag-
nostic. It means that before visiting the interventional radiol-
ogist, some other investigations have to be done: multidisci-
plinary clinical evaluation, imaging for endovascular embo-
lization (number of lesions, localization and type of PAVM, 
as well as measured diameter of feeding/s arteries), anesthet-
ic assessment for the type of anesthesia, ECG (searching for 
the block of the left branch and hypertrophy of the right ven-
tricle), complete blood count, coagulation status and other 
laboratory analyses.  It is also important to have patientʼs in-
formed consent 4. Gold standard in diagnosing the PAVM is 
MSCT pulmonary angiography. It is important to identify lo-
calization and the type of PAVM, and the diameter of the 
feeding artery or the feeding branch of pulmonary artery. 
There is simple PAVMs which have only one feeding artery 
(80–90% of all PAVMs), complex ones with two or more 
feeding branches (10–20%) and, rarely, diffuse PAVMs (5%). 

Some of the tests which can indicate the PAVM pres-
ence are lower oxygen saturation, conventional chest x-ray 
and transthoracic contrast echocardiography (TTCE). High 
sensitivity of the TTCE (98.6%) is very important in diag-
nostics. If this test is positive, the MSCT of the thorax is per-
formed, where the PAVM can be seen, and if it is not visible 
on MSCT, than there is possibility that PAVM has micro-
scopic dimension 2. 

Main indications for treating PAVMs with endovascu-
lar approach are: PAVM with diameter of feeding artery 
greater than 2 mm, symptomatic PAVM with no matter what 
size it has and atypical lesion that is similar to PAVM on 
MSCT and presence of suggestive symptoms 4. 

Different materials for embolization are available but 
for those purposes usually coils and plugs are used. These 
materials function by causing total occlusion of the distal 
part of feeding artery of PAVM, which leads to its com-
plete occlusion and shunt off of PAVM from the circula-
tion 4.  

Embolization of PAVM is very successful method of 
treatment (success of > 99%) 1, 15. Successful occlusion 
can be achieved with only one treatment in 85% of pa-
tients, and symptomatic relief can be expected immediate-
ly after the treatment 16, 17. In 83% of the cases in patients 
with PAVM, treated lesion stays occluded, but in 17–20% 
of cases there is possibility of reperfusion or formation of 
new PAVM 15, 18, 19. 

Conclusion 

Malformations, like PAVM, are associated with high 
morbidity and mortality if not treated. That is why endovas-
cular embolization is recommended as therapy of first choice 
for all of the lesions that have feeding artery greater than 2 
mm. Endovascular embolization has high success rate with 
minimal complications. Despite, there is significant risk of 
recanalization of treated PAVM or more lesions developing. 
Because of that, long term follow-ups are recommended after 
embolization. 
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Abstract 
 
Introduction. Retained intracranial missiles migration is rarely 
reported. Most of the time, the missile will migrate and remain 
intracranially, but in extremely rare cases, it may reach the spi-
nal canal. The aim of the study was to present a patient with 
this rare clinical entity. Case report. The 29-years-old male suf-
fered from the gunshot wound to the head through the left ex-
ternal auditory meatus. The bullet was located in the posterior 
fossa. Initial debridement without bullet removal was per-
formed. Four months after the injury, the patient came back 
complaining of neck stiffness and progressive weakness of all 
extremities. Plain radiography revealed the bullet in the spinal 
canal at the level of C2 vertebra and computed tomography 
confirmed localization in the posterior aspect. An emergency 
procedure was performed for bullet removal and spinal cord 
decompression. Conclusion. The bullets tend to migrate. Mi-
gration to the spinal canal is rare, but takes a significant risk, 
due to the potential secondary injury. The removal of a bullet 
at-all-costs may not be justified. However, the prediction of 
migration based on the predisposing factors would be of great 
value to treating these patients adequately. 
 
Key words:  
head injuries, penetrating; neurosurgery; spinal cord 
compression. 

Apstrakt 
 
Uvod. Migracija zaostalih metaka u intrakranijalnom prostoru 
je opisana u malom broju slučajeva. Najčešće, metak migrira i 
ostaje unutar lobanjske šupljine, ali, u veoma retkim slučajevima 
može dospeti i u spinalni kanal. Cilj rada je bio da se prikaže 
bolesnik sa ovim retkim kliničkim entitetom. Prikaz bolesni-
ka. Muškarac star 29 godina je zadobio ustrelnu povredu glave 
kroz levi spoljašnji slušni kanal. Metak je bio lokalizovan u 
zadnjoj lobanjskoj jami. Učinjen je inicijalni debridman rane 
bez uklanjanja metka. Četiri meseca nakon povrede, bolesnik je 
osetio ukočenost vrata i slabost svih ekstremiteta zbog čega se 
javio lekaru. Radiografijom je pokazano da se metak nalazi u 
spinalnom kanalu na nivou C2 pršljena, a kompjuterizovanom 
tomografijom je potvrđena lokalizacija u posteriornom aspektu. 
Bolesnik je hitno operisan radi evakuacije metka i dekompresije 
kičmene moždine. Zaključak. Meci imaju tendenciju da se 
pomeraju. Migracija u spinalni kanal je retka i nosi značajan 
rizik zbog moguće sekundarne povrede. Uklanjanje metka po 
svaku cenu nije opravdano, ali predviđanje njegove migracije na 
osnovu predisponirajućih faktora bi bilo od velikog značaja za 
adekvatnije lečenje ovih bolesnika. 
 
Ključne reči:  
povrede glave, penetrirajuće; neurohirurgija; kičmena 
moždina, kompresija. 

 

Introduction 

Gunshot wounds to the head (GSWH) are among the 
deadliest injuries known, with up to 70% fatality at the place, 
up to 90% dying before admission, and about 50% of the re-
maining who die in the emergency room 1. These appear in 
both civilian and military circumstances, and the overall in-
cidence is hard to be estimated. 

The outcome is worse in those patients with extensive 
bullet tracts, in those with brainstem involvement and when 

the deep midline structures of the brain are wounded 2. Alt-
hough GSWH are severe, there are survivors, and complica-
tions in this group of patients are related to further decrease 
of favorable outcome. The most common are various kinds 
of infections, cerebrospinal fluid (CSF) leaks and fistulas and 
posttraumatic epilepsy 3.  

Intracranial missile migration is considered to be very 
rare, in cases when the metallic foreign body is left over. 
Rapp et al. 4 have previously reported an incidence of more 
than 4%, contrary to other studies that have neglected the 
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migration 5, 6. The migration is usually constrained to the 
cranial vault, but sometimes, the missile might find its way 
out through the blood vessels to distal vascular structures or 
through the foramen magnum to the spinal canal 7, 8. We pre-
sent a case of delayed spinal cord injury due to the migration 
of the retained intracranial bullet. 

Case report 

The 29-years-old male suffered from the GSWH through 
the left external auditory meatus in an armed conflict. He was 
delivered to the Emergency Department, where the initial sur-
gery, which included wound debridement, was performed. 
Due to the distal localization, the bullet was not evacuated and 
was instead left behind. Postoperative computed tomography 
(CT) revealed the bullet located in the posterior fossa near fo-

ramen magnum (Figure 1). The patient recovered well and was 
referred to the regional rehabilitation center for further treat-
ment. The left-sided ear deafness persisted. 

During his regular activities at the rehabilitation center, 
after impetuous verticalization, the patient started to develop 
symptoms of spinal cord compression in the form of neck 
stiffness and progressive tetraparesis. Plain radiography was 
performed right away, which revealed the bullet in the spinal 
canal at the level of C2 vertebra (Figure 2). 

The patient was transferred to the Emergency Depart-
ment of the Military Medical Academy in Belgrade for fur-
ther diagnostic assessment and surgical treatment. CT re-
vealed the bullet in the posterior aspect of the C2 vertebra 
(Figure 3). Emergency surgery was performed for bullet re-
moval, which included extended C2 laminectomy end evacu-
ation of the foreign body. 

    
Fig. 1 – Initial postoperative computed tomography showing the retained bullet located in the 

posterior fossa near foramen magnum: A) Axial brain scan with many artefacts (arrow pointing to 
the bullet); B) Axial hard structures scan (arrow pointing to the bullet). 

 

    
Fig. 2 – Plain radiography performed after the spinal cord related symptoms have occurred. 

The bullet had migrated to the spinal canal extending from the lower edge of C1 to the C3 
vertebral body: A) Anterior view; B) Lateral view. 
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Postoperative clinical examination confirmed symp-
toms relief, but with the persistence of spinal cord com-
pression injury signs. No signs of bullet fragments were 
found on follow-up plain radiography (Figure 4). The pa-
tient remained in the Intesive Care Unit for a few days to 
exclude late complications. He was discharged without 
any newly developed neurological symptoms. 

Discussion 

The first migration of intracranial missile was re-
ported in 1916 9, however, not many migrations to the 
spinal canal were reported to time. The first case was re-
ported in 1939 by Kellhammer 10. As it is the case with 
any kind of gunshot wounds and its complications, the pa-
tients were male in most cases, with age ranging from 19 
to 36 years. Table 1 presents all of the previously reported 

cases of missile migration into the spinal canal (including 
ours). 

The spontaneous migration of a missile or a its frag-
ment within the cranial cavity may occur from a few days 
after the injury to a few years later 11‒18. In our case, the 
migration occurred four months after discharge the patient 
who recovered well and probably provoked migration 

with a sudden movement (verticalization). This contrib-
utes to the conclusion that every missile will eventually 
migrate if there are no limiting factors (close proximity of 
bone or other structures in the vicinity of the missile). 

Initially, missiles were located in different brain 
parts and migrated into the spinal canal from C2 to T6, 
most often to the C2 level 7. When smaller shrapnel mi-
grated, even the most distal parts were reached 10, 17. In 
our case, the bullet migrated from posterior fossa into the 

   
Fig. 3 – Complimentary computed tomography revealed the bullet positioning in the posterior 

aspect with the narrow tip at the lower edge of C1 vertebra (A) and the main bullet calibre at the 
C2 level (B). 

 
 

  
Fig. 4 – Plain radiography performed after bullet evacuation through a laminectomy. No signs of 

bullet fragments were found on the: A) anterior view; B) Lateral view. 
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Table 1 
Reported cases of missile migration into the spinal canal  

Reference Gender 
Age 
(yrs) 

Missile 
(type/size) 

Missile location Neurological finding 
Treatment 

initial intermit. final initial intermit. final 
10 - - bullet loose bullet in the 

ventricle 
- cauda equina     

11 female 22 7.65 mm - 
bullet 

right suboccipital 
region 

- C3-4, dorsal to 
the cord 

apprehensive 
but well 
oriented 

- electric-like 
shocks 

radiating 
from neck 
to hands 
and feet 

delayed 
removal 

12 male 15 air gun 
pellet 

right parietal lobe right 
parietal 

paraventric
ular region 

C2, dorsal to the 
cord 

arousable to 
painful stimuli, 

fairly 
cooperative, 

mild right sided 
hemiparesis 

right-sided 
parietal motor 

seizures 

severe 
headache, 
vomiting, 
neck pain 

triggered by 
movement 

delayed 
removal 

13 female 19 bullet near torcular 
herophili on the 

tentorium 

quadrigemi
nal plate 
cistern in 
posterior 

fossa. 

C5 not fulfilling 
commands 

language and 
memory deficit, 

right 
hemiparesis 

same same initial 
debridement 

14 male 15 baby bullet, 
4.6 mm 

prepontine cistern - lumbar 
subarachnoid 
space L5/S1 

burning in left 
eye and a 

generalized 
headache 

intact intact conservative 
treatment 

15 - - - brain - spinal canal - - - - 

16 female 36 9 mm -
bullet 

between 
hemispheres 

? T4 Intact flaccid 
quadriplegia 
paresthesias 

and alterations 
in vibration 

sense 

T4 
dermatomal 

sensory 
changes, 

myelopathy 
signs 

delayed 
removal 

7 male 21 9 mm -
bullet 

right lateral 
medullary cistern 

- C2 GCS12 spinal cord 
injury 

- conservativ
e treatment 
& delayed 
removal 

18 / 19-24 air gun 
pellet 

right lateral 
ventricle 

- T6 comatose - - conservativ
e treatment 

this case male 29 bullet posterior fossa 
near foramen 

magnum on the 
right 

- C1-2 left sided ear 
deafness 

- neck pain 
& 

teraparesis 

initial 
debridement 
& delayed 
removal 

spinal canal to the C2 level (which is the most common 
level). Neurological symptoms were dependant on the 
level of spinal cord migration/compression 7.  

The clinical presentation in previously reported cases 
is different and conditioned directly by the missile size:  the 
small pellets may be asymptomatic and confirmed on fol-
low-up radiography or CT scan, while the larger will pre-
sent the compression symptoms at the level they reach. 
Sometimes a bullet may fall from the posterior fossa to the 
spinal canal with sufficient momentum to cause an acute 
spinal cord injury 7. However, compression related symp-
toms are much more common 16. In our case, the symptoms 
of spinal cord compression in the form of neck stiffness 
and progressive tetraparesis were present, although no 
signs of spinal cord injury were found. The symptoms miti-
gated to some extent early after surgery. However, due to 
the compression injury to the spinal cord, mild numbness 

and mild lower extremities paraparesis remained. The pa-
tient had fully recovered in a two-year follow-up period. 

Initial debridement was performed in most of the 
cases with the delayed procedure performed for the mis-
sile removal, although sometimes only the follow-up im-
aging revealed the migration 16. So far, the prediction of 
migration is impossible and unreliable, as no reliable in-
fluencing factors were identified. The analysis of these 
could be very helpful to the surgeon, to make the deci-
sion-making process on missile evacuation easier and rel-
atively straight forward. 

Conclusion 

The tendency to migration of intracranial missiles is 
obvious. Although every intracranial foreign body that is 
not trapped by the bones or adjacent structures might mi-
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grate at some point, it is a matter of patients’ survival, 
time passed, occultness (symptoms absence), and follow-
up imaging. Therefore, migration of the retained intracra-
nial bullets or other missiles should be considered as a po-
tential early or delayed complication. 
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Abstract 
 
Introduction. Dermatofibrosarcoma protuberans (DFSP) 
is a very rare mesenchymal tumor that accounts for approx-
imately 0.1% of all malignancies. It is a locally aggressive fi-
brous tumor, with a high recurrence rate, which sometimes 
gives rise to distant metastases, usually to the bones and 
lungs. DFSP usually occurs on the trunk and extremities 
with only a small number of cases in the breast, especially in 
men. Case report. We presented a rare case of DFSP in the 
male breast. A 66-year-old man presented with gynecomas-
tia of the left breast. The diagnostic work-up comprised of 
clinical examination, ultrasonography, core biopsy, and 
mammography. Immunohistochemistry revealed diffuse and 
strong positivity for vimentin, CD99, and CD34, while the 
tumor cells were completely negative for keratin, S100 pro-
tein, STAT6, CD31, and factor VIII, highly suggestive for 
DFSP. Subsequently, a radical mastectomy was performed 
and preoperative diagnosis of DESP was confirmed by 
pathological examination and immunohistochemistry. The 
patient was still disease-free six months after the surgical 
treatment. Conclusion. DFSP is a soft tissue sarcoma that 
rarely occurs in the breast, especially in men. The most 
common clinical presentation in the breast is a mass with 
extensive nodules on the surface, but it can also be present-
ed as gynecomastia, as in our case. The diagnosis of DFPS 
is based on anatomopathology with immunohistochemistry 
analysis since there are no specific imaging features for this 
rare entity. Surgical excision with wide and negative margins 
is optimal for reducing the risk of recurrence. 
 
 
Key words:  
breast neoplasms, male; dermatofibrosarcoma; 
diagnosis, differential; immunohistochemistry; rare 
diseases. 

Apstrakt 
 
Uvod. Dermatofibrosarkom protuberans (DFSP) je veoma 
redak mezenhimalni tumor koji čini otprilike 0,1% svih ma-
ligniteta. To je lokalno agresivni fibrozni tumor, sa velikom 
stopom recidiva, koji ponekad može dati udaljene 
metastaze, obično u kostima i plućima. DFSP se obično 
javlja na trupu i ekstremitetima, a samo kod malog broja 
obolelih u dojci, posebno kod muškaraca. Prikaz bolesni-
ka. Prikazan je redak slučaj DFSP u levoj dojci 66-godišnjeg 
muškarca koji se manifestovao kao ginekomastija. Dijagnos-
tička obrada obuhvatila je klinički pregled, ultrazvučni 
pregled, “core” biopsiju i mamografiju. Imunohistohemija je 
pokazala difuznu i jaku pozitivnost za vimentin, CD99 i 
CD34, dok su tumorske ćelije bile potpuno negativne na 
keratin, S100 protein, STAT6, CD31 i faktor VIII, što je 
sugerisalo da se radi o DFSP. Nakon toga, izvršena je 
radikalna mastektomija i pregledom patologa i imunohisto-
hemijskim metodama potvrđena je preoperativna dijagnoza 
DFSP. Bolesnik je šest meseci posle hirurškog lečenja i dalje 
bio bez bolesti. Zaključak. DFSP je sarkom mekog tkiva 
koji se izuzetno retko razvija u dojkama muškaraca. Uo-
bičajena klinička prezentacija na dojci jeste masa sa širokim 
krvžicama na površini, mada se može prezentovati i samo 
kao ginekomastija, kao u opisanom slučaju. Dijagnoza 
DFPS se zasniva na patoanatomskoj i imunohistohemijskoj 
analizi jer ne postoje specifični znaci za ovaj retki entitet, 
vidljivi primenom različitih tehnika snimanja. Hirurška 
ekscizija sa širokim i negativnim marginama je optimalna za 
smanjenje rizika od recidiva. 
 
 
Ključne reči: 
dojka, neoplazme, muškarci; dermatofibrosarkom; 
dijagnoza, diferencijalna; imunohistohemija; bolesti, 
retke. 
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Introduction 

Dermatofibrosarcoma protuberans (DFSP) is an 
uncommon mesenchymal tumor that accounts for 
approximately 0.1% of all malignancies 1 and represents less 
than 5% of all soft tissue sarcomas occurring in adults aged 
30 to 40 years 2. The overall incidence is five cases in every 
1 million persons annually 3.  

This sarcoma usually arises in the dermis and can also 
extend to the deeper subcutaneous tissues 3. Rare cases of 
deep-seated DFSP have been reported 4. It is a locally 
aggressive fibrous tumor, with a high recurrence rate 3. 
Therefore, it is important to achieve negative margins to 
minimize disease recurrence 5. DFSP can give rise to distant 
metastases, usually to the bones and lungs (incidence is less 
than 5%) 6. 

The most common presentation in a male’s breast is a 
mass with extensive nodules on the surface 7. The tumor 
tends to spare adnexal structures and is commonly 
superficially located, but in recurrent cases and untreated 
tumors, it can spread to more deeply situated structures 8, 9. 

The early symptoms are often non-specific. 
Consequently, diagnosis is challenging, with a high 
incidence of misdiagnoses 10. Due to the lack of 
pathognomonic clinical and imaging findings, DFSP can be 
mistaken for a keloid, hypertrophic scar, sebaceous cyst or 
lipoma. In cases with prior trauma, suspicion of DFSP must 
be raised in the differential diagnosis 11. 

DFSP usually occurs on the trunk and extremities with 
only a small number of cases in the breast, especially in 
men 1, 2, 5, 7, 12–14. We reported a rare case of DFSP in the male 
breast that clinically presented as gynecomastia.  

Case report 

A 66-year-old man presented with gynecomastia of the 
left breast that was slowly growing over the past year. In his 
personal history, there were no risk factors for breast cancer. 
There was no information about recent trauma, or scars in 
the breast area. Family history was unremarkable for breast 
cancer. Physical examination was delayed due to the patient's 
psychological discomfort. It showed an enlarged breast with 
a palpable nodule beneath the skin without any skin changes 
on the surface. One year after the breast enlargement was 
observed, the patient finally underwent ultrasound (US) 
investigation that showed a well-defined hypoechoic lesion 
with sharp and smooth edges, located in the superior medial 
quadrant, between 10 and 12 o’clock, measuring 45 x 22 mm 
in diameter (Figure 1). The distance from the skin was 9 mm. 
Ipsilateral axillary lymph nodes were inconspicuous.  

Additional digital mammography was performed, 
showing a hyperdense mass without calcifications or fat 
(Figure 2). 

Based on US and mammography findings, the lesion 
was graded according to the Breast Imaging Reporting and 
Data System (BI-RADS) as IV lesion, and malignancy could 
not be excluded. The US-guided core biopsy under local 
anesthesia was performed. Histological examination revealed 

a tumor composed of relatively uniform spindle cells with 
moderately hyperchromatic nuclei and low mitotic activity. 
The cells were arranged haphazardly and in short fascicles 
(Figure 3). No tumor necrosis was found. 
Immunohistochemistry revealed diffuse and strong positivity 
for vimentin, CD99 and CD34 molecules (Figure 4) and 

 
Fig. 1 – Dermatofibrosarcoma protuberans on the 

ultrasound examination shows hypoechoic well 
defined oval lesion in subcutaneous fat. 

 

 
Fig. 2 – Mammogram of the left breast shows a 

circumscribed, hyperdense mass without 
calcifications or identifiable fat, while the right 

breast is normal. 
 

 
Fig. 3 – Dermatofibrosarcoma protuberans at low 

magnification. The tumor border is sharp, but 
there is an entrapped adipocyte in the lower right 

quadrant (hematoxylin-eosin staining, 40x). 
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focal and weak reaction for smooth muscle actin. The tumor 
cells were completely negative for keratin, S100 protein 
(Figure 5), STAT6 (Figure 6), CD31 and factor VIII. Such a 
combination of morphology and immunophenotype was 
highly suggestive for DFSP regardless of its subcutaneous 
localization. Subsequently, a radical mastectomy was 

performed without any adjuvant treatment. Pathologic 
examination revealed a firm, tan, well-circumscribed oval 
tumor just beneath the skin, measuring 40 x 30 mm (Figure 
7). Histological and immunohistochemical analyses 
confirmed the biopsy findings and the diagnosis remained 
the same. The postoperative care was uneventful without any 
additional treatment. The patient was disease-free six months 
after the surgical treatment. 

 

 
Fig. 7 – Macroscopic examination shows a firm, tan,  
well-circumscribed oval tumor just beneath the skin. 

Discussion 

DFSP represents a low-grade malignant soft tissue 
tumor that arises from the dermis and extends to the deeper 
structures. There are several histopathological variants of 
DFSP that have been described, including pigmented DFSP 
or Bednar tumor, myxoid, juvenile DFSP or giant cell 
fibroblastoma, atrophic, sclerosing and myoid, occurring in 
pure form or admixed with one of the others creating hybrid 
lesions. A small subset of DFSP patients presents with 
fibrosarcomatous progression that is more aggressive and has 
higher rates of recurrence and metastasis 11. 

The results of some studies concerning the distribution 
of DFSP between genders showed that women have higher 
incidence rates than men, except among the elderly 15, but 
other authors reported that men are slightly more commonly 

 
Fig. 4 – Diffuse tumor cells immunoreactivity for CD34.  

Immunoperoxidase with hematoxylin counterstain: A) 40x; B) 100x. 
 

 
Fig. 5 – No positivity for S100 protein with a few 

immunoreactive adipocytes as an  
internal positive control.  

Immunoperoxidase with hematoxylin counterstain (100x). 

 

 
Fig. 6 – Nonspecific cytoplasmic positivity for STAT-6. 

No visible nuclear staining.  
Immunoperoxidase with hematoxylin counterstain (40x). 
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affected than women 9. In our case, the tumor on the male 
breast appeared much later, at the age of 66, compared to the 
recently published review of Bouhani et al. 7 who state that 
the mean age of DFSP in the male breast is 32.6 years. The 
tumor is usually less than 5 cm in size, similarly to our case. 
DFSPs are superficial in 77% of patients and, according to 
the report of Bowne et al. 16, invade deeper structures in only 
22% of patients. 

The pathogenesis of DFSP is poorly explained. DFSP 
was observed to occur in pre-traumatic areas, including 
vaccination sites, burn scars, tattoos, surgical scars, and 
radiotherapy 11. Almost all molecularly characterized cases 
have been found to have a COL1A1-PDGFB fusion gene. It 
was found that DFSP with the new COL6A3-PDGFD fusion 
variant has a predilection for breast and also has typical 
histologic and immunohistochemical features 8. Several case 
reports and epidemiologic studies suggest that hormones 
may also be involved in the pathogenesis of DFSP. Kreicher 
et al. 17 proved no significant association between hormone 
receptor expression and demographics, but the loss of 
receptor expression was observed in all recurrent tumors. 
The presentation of the tumor in our case as gynecomastia 
suggests that there may be a connection between primary 
reasons of gynecomastia and occurrence of DFSP in the male 
breast. It remains unclear if higher estrogen levels or 
disbalance with testosterone levels can be a potential risk 
factor for developing this kind of malignancy. Regarding the 
recently published literature review 7, this case represents the 
12th case of the breast DFSP in men, which shows the rarity 
of this entity. 

Most DFSPs are typically small and superficial and 
diagnosis may be suspected based on the tumor’s clinical 
appearance and pathologic examination. When found in the 
breast region, patients usually undergo only breast US and 
mammography without the need for magnetic resonance 
(MR) imaging (MRI) 11. Nevertheless, there is a possibility 
of the in vivo usage of MR spectroscopy (MRS) that gives 
additional valuable information of a normal cholin resonance 
peak which, combined with other imaging and 
pathohistological characteristics, can be suggestive of the 
diagnosis of DFSP 18. Pathological and 
immunohistochemical examinations are currently the gold 
standard for diagnosing DFSP 11. 

Immunohistochemically, DFSP usually shows strong 
positivity for CD34 (in 97% of the patients) 1, vimentin and 
negative staining for cytokeratin, S-100, epithelial membrane 
antigen and variable staining for smooth muscle actin 
(SMA) 12. The present case showed positivity for CD34 
along with negativity for S-100 and only focal positivity for 

SMA, similar to the most recent reported DFSP case in the 
male breast 7.  

The main differential diagnosis of DFSP of the breast 
includes primary breast tumors with spindle cell 
differentiation like benign fibrous histiocytoma, phyllodes 
tumor, cellular fibroadenoma, dermatofibrosarcoma, 
neurofibroma, nodular fasciitis, fibrosarcoma, and 
inflammatory myofibroblastic tumor 12. 

It was found that older age and male sex were 
significant predictors of mortality of patients with DFSP19. 
Factors like histologic subtype, high mitotic index, 
cellularity, size, location of the tumor, and recurrent lesions 
were found to be associated with higher recurrence rates 14. 
The treatment of DFSP is primarily surgical. In our case, the 
more radical approach was made, and the patient underwent 
a mastectomy, like in the similar recently published case 7. In 
our case, following the patient's desire, a left mastectomy 
was performed.  

In lesions with positive margins after surgery, or in 
cases where resection is limited due to anatomical location, 
adjuvant radiotherapy is suggested 2. Prognostic factors that 
are shown to be significant are tumor location, surgical 
margins, and the presence of a high-grade component 20. 
However, these factors are identified for DFSP in locations 
other than breast. No impact on survival was found in 
patients undergoing radiation therapy 21. Imatinib mesylate, a 
protein tyrosine kinase inhibitor, is used for the treatment of 
unresectable, recurrent and/or metastatic DFSP in adult 
patients because it inhibits the overactivity of platelet-
derived growth factor (PDGF) receptor in these tumor 
cells 11. A response rate of approximately 65% has been 
achieved among DFSP patients treated with imatinib. A 
small subset of DFSP lacking the classic translocation 
t(17:22) seems to have no response to imatinib 14.  

Long-term follow-up requires strict US monitoring 
every 6 to 12 months with biopsy in cases of suspected 
recurrence. The 5-year survival rate of patients with DFSP is 
higher than 99% 2. 

Conclusion 

DFSP is a soft tissue sarcoma that rarely develops in the 
breast of male patients. The clinical presentation includes a 
firm, erythematous, subcutaneous lump that has an indolent 
growth pattern. The diagnosis of DFPS is based on 
anatomopathology with immunohistochemistry because there 
are no specific signs for this rare entity. Surgical excision 
with wide and negative margins is optimal for reducing the 
risk of recurrence. 
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Introduction 

Draginja Draga Ljočić was born on February 22, 1855 
in Šabac, Serbia and comes from a wealthy merchant family 
which experienced a great injustice 1. 

Civic life of Serbia at that time “was coloured” by Aroma-
nians, capable merchants and craftsmen, who were distinguished 
by their wealth, language skills and ambition, so they differed 
from natives because they educated children and did not make  
traditional differences between male and female children 2. 

Draga's father, Dima Ljočić, fought for their family 
property, leading a multi-year lawsuit with a prominent fami-

ly from Šabac and then he was left without money for life. 
Since he had suffered the great injustice in life, he borrowed 
five thalers and paid the clerk to ring the bell. Answering the 
question asked by a citizen from Šabac: “Who died?”, Dima 
said: “Justice died and I am burying it today”. He was pun-
ished for this act and sentenced to 25 beatings. Once being a 
wealthy merchant, Dima Ljočić now became a poor “bun-
ner” with the income of only seven thalers. In spite of having 
two sons, he decided to educate a daughter 2. 

This injustice done to her father determined future life 
of Draginja Draga Ljočić (Figure 1), who would persistently 
fight for the rights of women in medicine. 

 
Fig. 1 – Dr. Draginja Draga Ljočić – The Heroine of Medicine  

(Photo: Šabacturizam.org Source: www.svetplus.com) 
 

http://www.svetplus.com/
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Life, education, careers 

Draga finished elementary school in her hometown. Her 
teacher, Persida Pinterović, recognized her as a gifted per-
son, and enabled Draga to live with her in Belgrade, where 
Draga finished “Great school”. She had no doubts about the 
choice of the University. The only choice was “The Univer-
sity of Zurich”, since it was the only place in Europe in 
1860s where girls were able to study. As an ambitious and 
hard-working woman, she was successfully studying, con-
stantly struggling with severe shortages. Her brothers helped 
her occasionally, and since 1874 she had been using the 
scholarship of forty dinars per month, which the merchant 
Jevrem Pantić provided for good students in Šabac. Her diary 
revealed that later, she returned the money which had been 
borrowed during the studies 3. 

In June, 1876, because of her strong patriotic feelings, 
she interrupted the studies and as medical assistance joined 
the Serbian-Turkish war in which she got the rank of medical 
lieutenant. She was dedicatedly treating the wounded at the 
Military Academy and at Hospital in Svilajnac. She took part 
in the battle of Šumatovac 3. 

After the truce was declared in 1877, Draga returned to 
Zurich, continued the studies and by the end of 1878 suc-
cessfully graduated. She wrote a final paperwork, i.e. a doc-
toral dissertation entitled “Contribution to the operational 
therapy of uterus fibromyoma” at the University of Zurich, 
which was published the same year in Zurich 3, as shown in 
Figure 2. 

 

 
Fig. 2 – Draga Ljočić’s doctoral dissertation, 

“Contribution to the operational therapy of uterus 
fibromyoma”, The University of Zurich, 1878.  

(www.srpskilegat.rs, riznicasrpska.net) 

At the age of only twenty-four she became a doctor of 
medicine, surgery, obstetrics and eye diseases, and later she 
opened a private consulting-room as a “doctor of medicine, 
obstetrics and eye diseases”. At that time, she was the first 
woman doctor in Serbia. Just then, her continuous and excel-
lent fight for the equal rights of men and women in medicine 
began 3. 

On February 26, 1879,  Draga Ljočić required a permis-
sion from the Ministry to work as a doctor of medicine but 
got rejected, despite the fact that at that time there were only 
79 doctors in Serbia, mostly foreigners. Because of the in-
termise of Dr. Vladan Djordjević, the Chief of Health De-
partment, amenable minister assented. It was decided that 
Draga Ljočić should pass the civil service examination. If 
she showed enough knowledge, medical practice would be 
allowed to her. The Committee gathered was made up of 
Doctor Vladan Djordjević (envoy of Duchess Natalia), and 
Doctors Mladen Janković, and Djordje Klinkovski. Dr. Dra-
ga Ljočić was asked theoretical and practical questions in 
anatomy, physiology, prescribing of medicaments, gynecol-
ogy, obstetrics and internal medicines. Some of the questions 
were: “What are you going to do in a crossbirth, when one 
arm of the baby fell out?”, “What opiates do you know?” 
What are the poisons that people are most often poisoned by, 
and what are the antidotes?” The Commission went into de-
tail to find a single mistake. She successfully answered all 
the questions. 

According to the conducted protocol, the exam was 
held on April 6, 1879 in the City and District Belgrade Hos-
pital. Having passed the exam and showed that she obtained 
the necessary medical knowledge completely the same as 
male doctors, she got the right to start private medical prac-
tice, but not the opportunity to work in the civil service, on 
the grounds that women did not serve the army 4. 

At that time higher education of female children was 
not usual and desired. Nevertheless, Draga Ljočić refused to 
live in accordance with the rigid principles of the “Balkan 
time”, rejecting dogmas and prejudices of the surroundings. 
She acquired the highest education and deservingly became 
the first woman doctor – a Serbian and Yugoslav the Heroine 
of Medicine 5. 

When she later became a member of the Serbian Med-
ical Society, due to serious health problems, she went to the 
sanatorium in Crimea, near Yalta, where she was being 
treated for a while. Only on July 6, 1882, the new minister 
Milutin Garasanin appointed her at the position of a medi-
cal assistant in the General State Hospital, the largest 
acknowledged treatment centre in Serbia at that time. Al-
most the entire 1883 was the turning point in the private 
life of Dr. Draga Ljočić. She married Mr. Raša Milošević, 
one of the founders of the People's Radical Party, thus 
breaking another prejudice of her time by keeping her 
maiden name. Shortly after getting married, she got a 
daughter. After that, the hardest days of her life followed. 
Raša Milošević was politically sentenced to six years in 
prison, while Draga stayed alone with the baby, burdened 
with many worries and troubles. Working very hard in 
medical practice in many different ways, she tried to pro-

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=6&cad=rja&uact=8&ved=2ahUKEwiOg_u9n6bmAhUqlosKHZv-D_8QFjAFegQIBRAG&url=http%3A%2F%2Fwww.srpskilegat.rs%2Fdraga-ljocic-prva-zena-lekar-u-srbiji%2F%3Fpismo%3Dlat&usg=AOvVaw0VqpioHjoXddPUqINJHhPt


Vol. 78, No. 10 VOJNOSANITETSKI PREGLED Page 1115 

Kovačević Z, et al. Vojnosanit Pregl 2021; 78(10): 1113–1116. 

vide material existence for her family, enduring difficult 
days of Raša’s imprisonment with dignity 2. 

During 1885, while the Serbo-Bulgarian war was going 
on, the discrimination against women doctors was decreas-
ing. Dr. Draga was working then as the only doctor in three 
Belgrade hospitals: General State Hospital, the Infectious 
Disease Hospital and the Hospital for the Wounded, located 
in the Great School in Belgrade, headed by Professor Josif 
Pančić 5. 

The war defeat on Slivnitsa led to the change of the po-
litical climate in Serbia, and convicted radicals were par-
doned and released. Draga's husband returned to the family 
home on January 1, 1886. At the end of the same year, they 
got another daughter. Dr. Draga and Mr. Raša Milošević had 
four daughters – Radmila, Spomena, Zora and Olga 2, 5. 

The fight for equal rights with men 

In December, 1886, the minister promoted Dr. Draga to 
an assistant doctor, but her rights were still not the same as 
the rights of her colleagues. She was affected by this injus-
tice and discrimination, so she addressed to the minister de-
manding equal rights with men in the service. She suffered 
another humiliation afterwards, for she was required to show 
her transcript of records and diploma, which normally was 
not the custom in any doctors’ promotion. She was asked to 
show the graduation exam certificate, which was impossible 
to enclose, because at that time, when Dr. Draga finished 
Higher School for women, graduation exam did not even ex-
ist in Serbia. The requested opinion of the Chief of Health 
Department about Dr. Draga’s request was negative. Even 
the complaint to King Milan or to the State Council did not 
help to overcome the injustice. As a response to her request 
she was fired 2, 6. The dismissal did not harm her reputation 
because patients had recognized a good person and a good 
doctor inside her long time before that. She continued private 
practice and part-time work in the Department of Monopoly. 
During 1904, she founded the “mother organization” with 
Sara Karamarković in order to reduce infant mortality and to 
take care of abandoned children. Thanks to her perseverance 
and dedication, the organization moved into a building in  
Studentska Street in Belgrade, where “Home for the found-
lings” was later opened. Without any material compensation, 
Dr. Draga was treating students of vocational schools. To 
earn money, she worked in the factory of tobacco and 
matches for more than thirty years. Her diary entries disclose 
that among these workers she was the favourite and they 
called her “our mother” 6. Dr. Draga was the first president 
of the Society of Belgrade Women Doctors which was estab-
lished in 1919/1920 and which was very active in raising 
funds for the construction of the first hospital for women and 
children; it was planned that only female doctors would work 
in that hospital. The Scottish Women's Society provided as-
sistance, but the construction of this hospital was slow, be-
cause the resources were financially low. Afterwards, the 
hospital was named Dr. Elsie Inglis – Memorial Hospital, in 
honour of the brave doctors of the Scottish Mission 6. 

Her zealous efforts to monitor trends and the develop-
ments of European medicine and to implant them into Serbi-
an medicine were clearly visible. She translated the book 
“Raising small children” from the Russian language which 
was dedicated to mothers, because bringing up children de-
pends on their knowledge, as even society and nations do. 
Dr. Draga was interested in developments in gynecology and 
obstetrics, so she translate an article from the French medical 
journals in the journal “Serbian Archives of Medicine” in 
1885.  

Dr. Draga was 57 years old and of poor health when 
Balkan wars broke out. Nevertheless, without sparing her-
self, she worked day and night at the clinic for the public and 
the poor, as well as in the hospital of Belgrade benefactor 
Nikola Spasić. In the diary she kept, she clearly expressed 
her eternal disagreement with the current views on the status 
and fostering of women doctors. She struggled with the Bal-
kan non-understanding of women and women doctors in the 
society all her life. She participated in the creation of the 
Women Medical Society after the World War I and in the es-
tablishment of the Women Hospital on Dedinje. When the 
World War I began, her family retreated to Nis, where she 
unselfishly continued working at hospital. As the war pro-
gressed, her husband Raša and daughter Radmila crossed 
Albania, went on Corfu, and then on the Salonica front. Dr. 
Draga with three daughters went from Niš to Thessaloniki, 
then to Athens, and from there via Rome and Nice they ar-
rived in Lausanne. Throughout the war, she was engaged in 
humanitarian work, organizing sending packages to our pris-
oners in German and Hungarian camps 1. For the sacrifice 
and courage in offering health care to soldiers and civilians 
in Serbian liberation wars during 1876−1878 and 
1912−1918,  Dr. Draga Ljočić was awarded with the Order 
of St. Sava, 4th class in 1904, and the Gold Medal for Dili-
gent Service in 1913 7. 

In her diary, Dr. Draga often wrote that the colleagues 
rarely respected her in terms of professional work. Through 
her continuous and diligent work, she was trying to show 
that the expertise and knowledge had nothing to do with 
gender differences (she was called a feminist, through politi-
cal struggle for the emancipation of women) 8. 

After the Balkan Wars and the First World War, she re-
turned to Serbia and only then she got her title a “real doc-
tor”. At the end of 1924 she was retired 9. 

A few words about the Diary  − it consists of three parts: 
the description of life in Belgrade and two travel books, one 
about going to Šabac and Bosanska Gradiška, and the other 
about the travel to Crimea. The diary of Dr. Draga is clearly 
understandable and it is a valuable source of information for 
making the whole picture of the life of this remarkable wom-
an, as she speaks about herself, her world and her time 10. 

Why do we mention her today? You will certainly con-
clude that this is from justifiable, essential and humane rea-
sons for the overall and better medical being of today. Much 
earlier unjustly neglected and not always professionally re-
spected, Dr. Draga Ljočić succeeded in fighting for her per-
sonal rights, but a much greater significance of her historical 
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way is the fact that she cleared the way to her female col-
leagues and to all women doctors to be. 

Because of all the facts previously mentioned, Europe 
admired the famous, brave Serbian woman, the first female 
doctor, a woman officer in the Balkans and the fourth lady 
in the Old World with a medicine university degree. After 
Dr. Maria Zibold, who was a major, Draga Ljočić was the 
second Serbian medical officer, which was very rare at the 
time 11. 

Today, a reminder to us (Forgotten Serbian women), 
she encountered many obstacles in her life and professional 
struggle, in war and in peace, but her enterprise, endurance 
and strength won in the end. 

Conclusion 

Professional contribution of  Dr. Draga Ljočić to, at that 
time, not very developed Serbian medicine is immense, and 
for even greater admiration is the contribution of Draga’s life 
fighting and all her life's work for the actualization of wom-
en's rights. 

She died on November 5, 1926 at the age of 71, in her 
house in Topčider in Belgrade. She was buried in Belgrade 
and known as the first woman doctor in Serbia or the Hero-
ine of the Spirit. It is believed even today that she had only 
one flaw – she was not a man. 

Fortunately, Dr. Draga Ljočić has her descendants, who 
with love and pride cherish the memory of their great and 
courageous mother and grandmother, still today after 161 
years. Her daughter Dr. Radmila Milošević was also a highly 
regarded physician in Serbia and a participant in the wars of 
1912–1918.   

Today, Health Care Centre in Šabac proudly bears her 
name, as she was the first woman doctor in Serbia and the 
most interesting woman in the modern Serbian history. 

On September 29, 2017 the bust of the first female doc-
tor in Serbia, Dr. Draginja Draga Ljočić, was erected by the 
Serbian Medical Society (Figure 3). 

 
Fig. 3 – The bust (monument) of the 

first female doctor in Serbia 
(wikimedia.org) 

 
Today, there are so many young female doctors and 

female students in the Serbian Armed Forces. This paper, as 
part of the history of medicine, should „enlighten“, like a 
lighthouse, the female medical population and the profes-
sions of all women, who have not been familiar with the 
Heroine of Medicine so far. 
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Dr Maja Marković 

(1958–2021) 
 

Dana 20. septembra 2021. godine zauvek nas je 
napustila dr Maja Marković, dugogodišnji član Instituta za 
naučne informacije (INI) Vojnomedicinske akademije 
(VMA) u Beogradu (sada Centar za medicinske naučne 
informacije Medicinskog fakulteta VMA, Univerziteta 
odbrane u Beogradu) i više od 20 godina stalni član 
Redakcije časopisa „Vojnosanitetski pregled“ (VSP).  

Dr Maja Marković je rođena 1. maja 1958. godine u 
Sarajevu, u porodici zdravstvenih radnika (otac, prof. dr 
Bogdan Bošković, čuveni jugoslovenski  i srpski farmakolog 
i toksikolog, redovni profesor na VMA i majka, Vasiljka 
Bošković, farmaceut), što je sigurno uticalo na njeno kasnije 
opredeljenje da postane lekar. 

Diplomirala je na Medicinskom fakultetu u Sarajevu 
1982. godine. Posle obavljenog jednogodišnjeg staža u 
Kliničko-bolničkom centru „Bežanijska kosa“ započinje 
specijalizaciju iz anesteziologije i reanimatologije u VMA 
koju uspešno završava krajem 1987. godine položivši 
specijalistički ispit sa najvišom ocenom. Po završetku 
specijalizacije nastavlja da radi u VMA, u Klinici za 
anesteziologiju i intenzivnu terapiju.  Zbog zdravstvenih 
problema koji su joj onemogućavali aktivno bavljenje 
kliničkim radom, 7. aprila 1999. godine prelazi u INI na 
mesto lekara-istraživača i stručnog redaktora VSP-a  i na tim 
poslovima ostaje sve do odlaska u penziju sredinom ove 
godine.  U periodu od 2006. do 2011. godine obavljala je i 
dužnost načelnika Odeljenja za obradu medicinskih naučnih 
informacija i dokumentaciju u INI i bila tehnički sekretar 
Uređivačkog odbora VSP-a. U tom periodu VSP ulazi u 
sistem indeksiranja najpoznatije baze naučne publicistike 

Science Citation Index expanded (SCIe) i postaje 
međunarodno priznat časopis. Ovom uspehu svakako da je 
doprinela i dr Maja Marković svojom stručnošću i izuzetnim 
zalaganjem. 

Pored poslova na stručnom redigovanju radova za VSP, 
dr Maja Marković bila je angažovana i kao saradnik u 
nastavi u pripremi predavanja i vežbi iz predmeta 
Medicinska naučna informatika za polaznike specijalističkih 
i magistarskih studija na VMA i Škole rezervnih oficira 
sanitetske službe.   

Iako narušenog zdravlja, sve svoje radne obaveze 
obavljala je s velikom požrtvovanošću i odgovornošću 
kakva se danas retko sreće. Čak i kada joj je bilo najteže, 
nastojala je da druge ne opterećuje svojim problemima. 
Bila je odmerena, skromna, nenametljiva, nesvakidašnje 
obzirna, jednostavno rečeno bila je dobar čovek! Mnogi 
autori našeg časopisa, pogotovo oni iz VMA, pamtiće je 
po ljubaznosti i spremnosti da pomogne kad god je to bilo 
potrebno.  

Za svoj rad više puta je pohvaljivana od strane 
načelnika INI i načelnika VMA. 

Njenim preranim odlaskom izgubili smo svi – njena 
porodica, prijatelji, saradnici. Pamtićemo je po dobroti, 
plemenitosti, velikom radnom elenu i milom i toplom 
osmehu. 

 Draga naša Majo, počivaj u miru! Neka ti je večna 
slava i hvala! 

 
prof. dr Silva Dobrić 
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INSTRUCTIONS TO THE AUTHORS 
The Vojnosanitetski pregled (VSP) is an Open Access Journal.  

All articles can be downloaded free from the web-site 
(http://www.vma.mod.gov.rs/sr/vojnosanitetski-pregled) with the use of li-
cense: the Creative Commons — Attribution-ShareAlike (CC BY-SA)  
(http://creativecommons.org/licenses/by-as/4.0/). 

The VSP publishes only papers not published before, nor submitted to any 
other journals, in the order determined by the Editorial Board. Any attempted 
plagiarism or self-plagiarism will be punished. When submitting a paper to 
the VSP electronic editing system (http://aseestant.ceon.rs/index.php), the 
following should be enclosed: a statement on meeting any technical require-
ments, a statement signed by all the authors that the paper on the whole 
and/or partly has not been submitted nor accepted for publication elsewhere, 
a statement specifying the actual contribution of each author, no conflict of 
interest statement that make them responsible for meeting any requirements 
set. What follows subsequently is the acceptance of a paper for further editing 
procedure. The manuscripts submitted to the VSP pass in-house and external 
peer review. All authors pay “Article Processing Charge” for coverage all ed-
iting and publishing expenses. Domestic authors pay 5,000 RSD, and those 
from aboard 150 euros. The editing and publishing fee is required for sub-
stantive editing, facts and references validations, copy editing, and publishing 
online and in print by editorial staff of the Journal. No additional fees, other 
than stated above, are required even if an author who already paid the fee 
would have more articles accepted for publishing in the year when fee was 
paid. All authors who pay this fee may, if want, receive printed version of the 
Journal in year when fee is payed. Please note that the payment of this charge 
does not guarantee acceptance of the manuscript for publication and does not 
influence the outcome of the review procedure. The requirement about pay-
ing “Article Processing Charge” does not apply to reviewers, members of the 
Editorial Board and the Publisher’s Council of the Journal, young researchers 
and students, as well as any of the subscribers of the Journal.  

The VSP publishes: editorials, original articles, short communica-
tions, reviews/meta-analyses, case reports, medical history (general or 
military), personal views, invited comments, letters to the editor, reports 
from scientific meetings, book reviews, and other. Original articles, short 
communications, meta-analyses and case reports are published with ab-
stracts in both English and Serbian. 

General review papers will be accepted by the Editorial Board only if 
the authors prove themselves as the experts in the fields they write on by 
citing not less than 5 self-citations. 

Papers should be written on IBM-compatible PC, using 12 pt font, and 
double spacing, with at least 4 cm left margin. Bold and italic letters should 
be avoided as reserved for subtitles. Original articles, reviews, meta-analyses 
and articles from medical history should not exceed 16 pages; current topics 
10; case reports 6; short communications 5; letters to the editor and com-
ments 3, and reports on scientific meetings and book reviews 2. 

All measurements should be reported in the metric system of the 
International System of Units (SI), and the standard internationally 
accepted terms (except for mmHg and °C).  

MS Word for Windows (97, 2000, XP, 2003) is recommended for 
word processing; other programs are to be used only exceptionally. Il-
lustrations should be made using standard Windows programs, Mi-
crosoft Office (Excel, Word Graph). The use of colors and shading in 
graphs should be avoided. 

Papers should be prepared in accordance with the Vancouver Convention.  
Papers are reviewed anonymously by at least two editors and/or invit-

ed reviewers. Remarks and suggestions are sent to the author for final 
composition. Galley proofs are sent to the corresponding author for final 
agreement. 

Preparation of manuscript 
Parts of the manuscript are: Title page; Abstract with Key words; Text; 

Acknowledgements (to the authors’ desire), References, Enclosures. 
1. Title page 
a) The title should be concise but informative, while subheadings 

should be avoided; 
b) Full names of the authors signed as follows: *, †, ‡, §, ||, ¶, **, ††, ... .   
c) Exact names and places of department(s) and institution(s) of affili-

ation where the studies were performed, city and the state for any au-
thors, clearly marked by standard footnote signs; 

d) Conclusion could be a separate chapter or the last paragraph of the 
discussion; 

e) Data on the corresponding author. 

2. Abstract and key words 

The second page should carry a structured abstract (250-300 words for 
original articles and meta-analyses) with the title of the article. In short, 
clear sentences the authors should write the Background/Aim, major 
procedures – Methods (choice of subjects or laboratory animals; meth-
ods for observation and analysis), the obtained findings – Results (con-
crete data and their statistical significance), and the Conclusion.   
It should emphasize new and important aspects of the study or observa-
tions. A structured abstract for case reports (up to 250 words) should 
contain subtitles Introduction, Case report, Conclusion). Below the 

abstract Key words should provide 3–10 key words or short phrases that 
indicate the topic of the article. 

3. Text 

The text of the articles includes: Introduction, Methods, Results, and 
Discussion. Long articles may need subheadings within some sections to 
clarify their content. 

Introduction. After the introductory notes, the aim of the article should be 
stated in brief (the reasons for the study or observation), only significant data 
from the literature, but not extensive, detailed consideratuion of the subject, 
nor data or conclusions from the work being reported. 

Methods. The selection of study or experimental subjects (patients or 
experimental animals, including controls) should be clearly described. 
The methods, apparatus (manufacturer's name and address in parenthe-
ses), and procedures should be identified in sufficient detail to allow 
other workers to reproduce the results. Also, give references to estab-
lished methods, including statistical methods. Identify precisely all drugs 
and chemicals used, with generic name(s), dose(s), and route(s) of ad-
ministration. State the approval of the Ethnics Committee for the tests in 
humans and animals. 

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

Discussion is to emphasize the new and significant aspects of the 
study and the conclusions that result from them. Relate the observations 
to other relevant studies. Link the conclusions with the goals of the 
study, but avoid unqualified statements and conclusions not completely 
supported by your data. 

References 
References should be superscripted and numerated consecutively in the 

order of their first mentioning within the text. All the authors should be 
listed, but if there are more than 6 authors, give the first 6 followed by et 
al. Do not use abstracts, secondary publications, oral communications, un-
published papers, official and classified documents. References to papers 
accepted but not yet published should be cited as ”in press“.  Information 
from manuscripts not yet accepted should be cited as ”unpublished data“. 
Data from the Internet are cited with the date of citation. 

Examples of references: 
Jurhar-Pavlova M, Petlichkovski A, TrajkovD, Efinska-Mladenovska O, 
Arsov T, Strezova A, et al. Influence of the elevated ambient temperature 
on immunoglobulin G and immunoglobulin G subclasses in sera of 
Wistar rats. Vojnosanit Pregl 2003; 60(6): 657–612. 
DiMaio VJ. Forensic Pathology. 2nd ed. Boca Raton: CRC Press; 2001. 
Blinder MA. Anemia and Transfusion Therapy. In: Ahya NS, Flood K, 
Paranjothi S, editors. The Washington Manual of Medical Therapeutics, 30th 
edition. Boston: Lippincot, Williams and Wilkins; 2001. p. 413-28.  
Christensen S, Oppacher F. An analysis of Koza's computational effort 
statistic for genetic programming. In: Foster JA, Lutton E, Miller J, 
Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: 
Proceedings of the 5th European Conference on Genetic Programming; 
2002 Apr 3-5; Kinsdale, Ireland. Berlin: Springer; 2002. p. 182-91. 
Abood S. Quality improvement initiative in nursing homes: the ANA 
acts in an advisory role. Am J Nurs [serial on the Internet]. 2002 Jun 
[cited 2002 Aug 12]; 102(6): [about 3 p.]. Available from:  
http://www.nursingworld.org/AJN/2002/june/Wawatch.htm 

Tables 
Each table should be typed double-spaced 1,5 on a separate sheet, 

numbered in the order of their first citation in the text in the upper left 
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 fully. 

Illustrations 
Any forms of graphic enclosures are considered to bi figures and 

should be submitted as additional databases in the System of Assistent. 
Letters, numbers, and symbols should be clear and uniform, of sufficient 
size that when reduced for publication, each item will still be legible. 
Each figure should have a label on its back indicating the number of the 
figure, author's name, and top of the figure (Figure 1, Figure 2 and so 
on). If a figure has been published, state the original source. 

Legends for illustrations are typed on a separate page, with Arabic 
numbers corresponding to the illustrations. If used to identify parts of 
the illustrations, the symbols, arrows, numbers, or letters should be iden-
tified and explained clearly in the legend. Explain the method of staining 
in photomicrographs.  

Abbreviations and acronyms 
Authors are encouraged to use abbreviations and acronyms in the 

manuscript in the following manner: abbreviations and acronyms must 
be defined the first time they are used in the text consistently throughout 
the whole manuscript, tables, and graphics; abbreviations should be used 
only for terms that appear more than three times in text; abbreviations 
should be sparingly used. 

An alphabetical list of all abbreviations used in the paper, followed by 
their full definitions, should be provided on submission. 

Detailed Instructions are available at the web site: 
    www.vma.mod.gov.rs/vsp 

http://www.vma.mod.gov.rs7vsp7download7instructions/
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UPUTSTVO AUTORIMA 
Vojnosanitetski pregled (VSP) je dostupan u režimu otvorenog 

pristupa. Članci objavljeni u časopisu mogu se besplatno preuzeti sa 
sajta časopisa http://www.vma.mod.gov.rs/sr/ uz primenu licence 
Creative Commons Autorstvo-Deliti pod istim uslovima (CC BY-SA)
  (http://creativecommons.org/licenses/by-sa/4.0).  
 

VSP objavljuje radove koji nisu ranije nigde objavljivani, niti 
predati za objavljivanje redosledom koji određuje uređivački odbor. 
Svaki pokušaj plagijarizma ili autoplagijarizma kažnjava se. Prilikom 
prijave rada u sistem elektronskog uređivanja „Vojnosanitetskog 
pregleda“(http://aseestant.ceon.rs/index.php) neophodno je priložiti izjavu 
da su ispunjeni svi postavljeni tehnički zahtevi uključujući i izjavu koju 
potpisuju svi autori da rad nije ranije ni u celini, niti delimično objavljen niti 
prihvaćen za štampanje u drugom časopisu. Izjavu o pojedinačnom 
doprinosu svakog od autora rada potpisanu od svih autora, treba skenirati i 
poslati uz rad kao dopunsku datoteku. Takođe, autori su obavezni da dostave 
i potpisanu izjavu o nepostojanju sukoba interesa čime postaju odgovorni za 
ispunjavanje svih postavljenih uslova. Ovome sledi odluka o prihvatanju za 
dalji uređivački postupak. Rukopisi pristigli u Redakciju časopisa podležu 
internoj i eksternoj recenziji. Svi autori dužni su da plate “Article Processing 
Charge” za pokriće troškova jezičke, stručne i tehničke obrade rukopisa, kao 
i njegovog objavljivanja. Domaći autori plaćaju iznos od 5 000 dinara, a  
inostrani 150 eura. Dodatna plaćanja nisu predviđena čak i u slučaju da autor 
koji je već prethodno platio traženi iznos, ima više prihvaćenih radova za 
objavljivanje u godini u kojoj je izvršio uplatu. Svi autori koji su platili “Arti-
cle Processing Charge” mogu, ukoliko žele, dobijati štampanu verziju 
časopisa tokom godine u kojoj je izvršena uplata. Plaćanje ovog iznosa ne 
garantuje prihvatanje rukopisa za objavljivanje i ne utiče na ishod recenzije. 
Od obaveze plaćanja pokrića navedenih troškova oslobođeni su recenzenti, 
članovi Uređivačkog odbora i Izdavačkog saveta VSP, studenti i mladi 
istraživači, kao i pretplatnici časopisa.  
 

U VSP-u se objavljuju uvodnici, originalni članci, prethodna ili 
kratka saopštenja, revijski radovi tipa opšteg pregleda (uz uslov da 
autori navođenjem najmanje 5 autocitata potvrde da su eksperti u oblasti 
o kojoj pišu), aktuelne teme, metaanalize, kazuistika, seminar 
praktičnog lekara, članci iz istorije medicine, lični stavovi, naručeni 
komentari, pisma uredništvu, izveštaji sa naučnih i stručnih skupova, 
prikazi knjiga i drugi prilozi. Radovi tipa originalnih članaka, prethodnih 
ili kratkih saopštenja, metaanalize i kazuistike objavljuju se uz 
apstrakte na srpskom i engleskom jeziku. 

Rukopis se piše sa proredom 1,5 sa levom marginom od 4 cm. 
Koristiti font veličine 12, a načelno izbegavati upotrebu bold i italic slova, 
koja su rezervisana za podnaslove. Originalni članci, opšti pregledi i 
metaanalize i članci iz istorije medicine ne smeju prelaziti 16 stranica (bez 
priloga); aktuelne teme – deset, seminar praktičnog lekara – osam, 
kazuistika – šest, prethodna saopštenja – pet, a komentari i pisma uredniku 
– tri, izveštaji sa skupova i prikazi knjiga – dve stranice. 

U celom radu obavezno je korišćenje međunarodnog sistema mera 
(SI) i standardnih međunarodno prihvaćenih termina (sem mm Hg i °C).  

Za obradu teksta koristiti program Word for Windows verzije 97, 
2000, XP ili 2003. Za izradu grafičkih priloga koristiti standardne 
grafičke programe za Windows, poželjno iz programskog paketa 
Microsoft Office (Excel, Word Graph). Kod kompjuterske izrade 
grafika izbegavati upotrebu boja i senčenja pozadine. 

Radovi se pripremaju u skladu sa Vankuverskim dogovorom.  
Prispeli radovi kao anonimni podležu uređivačkoj obradi i recenziji 

najmanje dva urednika/recenzenta. Primedbe i sugestije 
urednika/recenzenata dostavljaju se autoru radi konačnog oblikovanja. 
Pre objave, rad se upućuje autoru određenom za korespodenciju na 
konačnu saglasnost.  

Priprema rada 
Delovi rada su: naslovna strana, apstrakt sa ključnim rečima, 

tekst rada, zahvalnost (po želji), literatura, prilozi. 
1. Naslovna strana 
a) Poželjno je da naslov bude kratak, jasan i informativan i da odgovara 

sadržaju, podnaslove izbegavati. 
b) Ispisuju se puna imena i prezimena autora sa oznakama redom: *, †, 

‡, §, ||, ¶, **, ††, ... . 
c) Navode se puni nazivi ustanove i organizacijske jedinice u kojima je 

rad obavljen mesta i države za svakog autora, koristeći standardne znake 
za fusnote. 

d) Zaključak može da bude posebno poglavlje ili se iznosi u poslednjem 
pasusu diskusije. 

e) Podaci o autoru za korespodenciju. 
2. Apstrakt i ključne reči 
Na drugoj stranici nalazi se strukturisani apstrakt (250-300 reči za 

originalne članke i meta-analize) sa naslovom rada. Kratkim 
rečenicama na srpskom i engleskom jeziku iznosi se Uvod/Cilj rada, 
osnovne procedure – Metode (izbor ispitanika ili laboratorijskih 
životinja; metode posmatranja i analize), glavni nalazi – Rezultati 
(konkretni podaci i njihova statistička značajnost) i glavni Zaključak. 
Naglasiti nove i značajne aspekte studije ili zapažanja. Strukturisani 
apstrakt za kazuistiku (do 250 reči), sadrži podnaslove Uvod, Prikaz 

bolesnika i Zaključak). Ispod apstrakta, „Ključne reči“ sadrže 3–10 
ključnih reči ili kratkih izraza koje ukazuju na sadržinu članka.   

3. Tekst članka 
Tekst sadrži sledeća poglavlja: uvod, metode, rezultate i diskusiju. 

Uvod. Posle uvodnih napomena, navesti cilj rada. Ukratko izneti razloge 
za studiju ili posmatranje. Navesti samo važne podatke iz literature a ne 
opširna razmatranja o predmetu rada, kao ni podatke ili zaključke iz rada 
o kome se izveštava. 

Metode. Jasno opisati izbor metoda posmatranja ili eksperimentnih 
metoda (ispitanici ili eksperimentne životinje, uključujući kontrolne). 
Identifikovati metode, aparaturu (ime i adresa proizvođača u zagradi) i 
proceduru, dovoljno detaljno da se drugim autorima omogući 
reprodukcija rezultata. Navesti podatke iz literature za uhodane metode, 
uključujući i statističke. Tačno identifikovati sve primenjene lekove i 
hemikalije, uključujući generičko ime, doze i načine davanja. Za 
ispitivanja na ljudima i životinjama navesti saglasnost nadležnog etičkog 
komiteta. 

Rezultate prikazati logičkim redosledom u tekstu, tabelama i 
ilustracijama. U tekstu naglasiti ili sumirati samo značajna zapažanja. 

U diskusiji naglasiti nove i značajne aspekte studije i izvedene 
zaključke. Posmatranja dovesti u vezu sa drugim relevantnim studijama, 
u načelu iz poslednje tri godine, a samo izuzetno i starijim. Povezati 
zaključke sa ciljevima rada, ali izbegavati nesumnjive tvrdnje i one 
zaključke koje podaci iz rada ne podržavaju u potpunosti.  

Literatura 
U radu literatura se citira kao superskript, a popisuje rednim 

brojevima pod kojima se citat pojavljuje u tekstu. Navode se svi 
autori, ali ako broj prelazi šest, navodi se prvih šest i et al. Svi podaci 
o citiranoj literaturi moraju biti tačni. Literatura se u celini citira na 
engleskom jeziku, a iza naslova se navodi jezik članka u zagradi. Ne 
prihvata se citiranje apstrakata, sekundarnih publikacija, usmenih 
saopštenja, neobjavljenih radova, službenih i poverljivih dokumenata. 
Radovi koji su prihvaćeni za štampu, ali još nisu objavljeni, navode se 
uz dodatak „u štampi“. Rukopisi koji su predati, ali još nisu prihvaćeni 
za štampu, u tekstu se citiraju kao „neobjavljeni podaci“ (u zagradi). 
Podaci sa interneta citiraju se uz navođenje datuma pristupa tim 
podacima. 

Primeri referenci: 
Đurović BM. Endothelial trauma in the surgery of cataract. Vojnosanit 

Pregl 2004; 61(5): 491–7. (Serbian) 
Balint B. From the haemotherapy to the haemomodulation. Beograd: 

Zavod za udžbenike i nastavna sredstva; 2001. (Serbian) 
Mladenović T, Kandolf L, Mijušković ŽP. Lasers in dermatology. In: 

Karadaglić Đ, editor. Dermatology. Beograd: Vojnoizdavački zavod & 
Verzal Press; 2000. p. 1437–49. (Serbian) 

Christensen S, Oppacher F. An analysis of Koza's computational 
effort statistic for genetic programming. In: Foster JA, Lutton E, Miller J, 
Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: 
Proceedings of the 5th European Conference on Genetic Programming; 
2002 Apr 3-5; Kinsdale, Ireland. Berlin: Springer; 2002. p. 182-91. 

Abood S. Quality improvement initiative in nursing homes: the ANA 
acts in an advisory role. Am J Nurs [serial on the Internet]. 2002 Jun [cited 
2002 Aug 12]; 102(6): [about 3 p.]. Available from:  
http://www.nursingworld.org/AJN/2002/june/Wawatch.htm 

Tabele 
Sve tabele pripremaju se sa proredom 1,5 na posebnom listu. Obeležavaju 

se arapskim brojevima, redosledom pojavljivanja, u levom uglu (Tabela 1), a 
svakoj se daje kratak naslov. Objašnjenja se daju u fus-noti, ne u zaglavlju. 
Svaka tabela mora da se pomene u tekstu. Ako se koriste tuđi podaci, 
obavezno ih navesti kao i svaki drugi podatak iz literature.  

Ilustracije 
Slikama se zovu svi oblici grafičkih priloga i predaju se kao dopunske 

datoteke u sistemu aseestant. Slova, brojevi i simboli treba da su jasni i ujed-
načeni, a dovoljne veličine da prilikom umanjivanja budu čitljivi. Slike treba da 
budu jasne i obeležene brojevima, onim redom kojim se navode u tekstu (Sl. 1; 
Sl. 2 itd.). Ukoliko je slika već negde objavljena, obavezno citirati izvor.  

Legende za ilustracije pisati na posebnom listu, koristeći arapske brojeve. 
Ukoliko se koriste simboli, strelice, brojevi ili slova za objašnjavanje 
pojedinog dela ilustracije, svaki pojedinačno treba objasniti u legendi. Za 
fotomikrografije navesti metod bojenja i podatak o uvećanju. 

Skraćenice i akronimi 
Skraćenice i akronimi u rukopisu treba da budu korišćeni na sledeći način: 

definisati skraćenice i akronime pri njihovom prvom pojavljivanju u tekstu i 
koristiti ih konzistentno kroz čitav tekst, tabele i slike; koristiti ih samo za 
termine koji se pominju više od tri puta u tekstu; da bi se olakšalo čitaocu, 
skraćenice i aktinome treba štedljivo koristiti. 

Abecedni popis svih skraćenica i akronima sa objašnjenjima treba 
dostaviti pri predaji rukopisa. 

      Detaljno uputstvo može se dobiti u redakciji ili na sajtu: 
      www.vma.mod.gov.rs/vsp 

http://www.nursingworld.org/AJN/2002/june/Wawatch.htm
http://www.vma.mod.gov.rs7vsp7download7instructions/
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