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World Asthma Day has been marked on the international level since the year 1998 after 
the first “World Asthma Meeting” held in Barcelona (Spain) every first Tuesday in May. 
This event is organized by the Global Initiative for Asthma (GINA) with purpose to in-
crease asthma awareness and improve its care around the world. World Asthma Day fo-
cuses on educating the public on the most effective ways of controlling and treating 
asthma (see Editorial, pp. 399–401). 

Svetski dan astme obeležava se na internacionalnom nivou od 1998. godine, posle prvog 
Svetskog mitinga o astmi održanog u Barseloni (Španija), svakog prvog utorka u mesecu 
maju. Ovaj događaj organizuje Globalna incijativa za astmu (GINA) sa ciljem da se širom 
sveta poveća svest o astmi i poboljša lečenje obolelih od nje. Svetski dan astme ima u fo-
kusu upoznavanje javnosti sa najefikasnijim načinima kontrole i lečenja ove bolesti (vidi 
Uvodnik, str. 399–401). 
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Bronchial asthma – from psychosomatic illness to proinflammatory 
cytokines and asthma phenotypes  

Bronhijalna astma – od psihosomatske bolesti do proinflamatornih citokina i 
fenotipova astme 

 
Slobodan Aćimović 

Clinic for Lung Diseases, Military Medical Academy, Belgrade, Serbia

 

 

Bronchial asthma is a chronic inflammatory heteroge-
neous disease of the airways that is clinically manifested in 
episodes of heavy breathing, especially at the phase of 
expirium, shortness of breath accompanied by wheezing, 
and cough and expectoration of a thick, tough and sticky 
secretions 1. Pathogenically, asthma is characterized by 
chronic inflammation of bronchial mucosa and bronchial 
hypersensitivity, which result in the appearance of the vari-
able, predominantly obstructive disorder of pulmonary ven-
tilation, or by reducing the air flow rate while breathing 2–4. 
Asthma was known in ancient times, in Egypt and in anci-
ent Greece, as evidenced by the writings of Hippocrates 
(460–370 BC; άσθμα - gasping). It is present in 1–18% of 
the population, depending on the countries and regions 1. 
During 2004, it was estimated that asthma affects about 300 
million people worldwide of all age structure, and it is es-
timated that by 2025 some 100 million people more will 
have this disease 5, 6. 

Knowledge of the etiology and pathophysiology of events 
in asthma has evolved with the progress of medical science: 
from data of “hay fever” from the 19th century through the theo-
ries of “psychosomatic disease”  from the first half of the 20th 
century 7, 8 to the present knowledge of inflammation and bron-
chial hypersensitivity and hyperreactivity.  

Risk factors for the onset, development and 
exacerbations of asthma are divided into host factors and en-
vironmental factors. Host factors are predisposing factors for 
the development of inflammation, which in conjunction with 
other factors can lead to the clinical manifestations of the di-
sease. They are: genetic predisposition, atopic constitution, 
airway hyperreactivity, gender and race/ethnic factor. Envi-
ronmental factors are usually responsible for the manifestati-
on of the disease: allergens indoors and outdoors as well as 
in the workplace, smoking, air pollution, respiratory infecti-

ons, parasitic infections, socio-economic status, drugs, food 
additives and obesity. 

Bronchoconstriction is responsible for both bronchospasm 
and increased mucosal secretion and mucosal edema of the 
airways for the occurrence of symptoms of asthma 1. The main 
underlying pathophysiological mechanism of asthma is the 
airway inflammation, and occasionally variable airway obstruc-
tion and bronchial hyperreactivity are its feature manifestations. 
Inflammation of the airways includes interaction of a large 
number of mechanisms: hyperresponsiveness, mucosal edema 
of the respiratory tract, bronchial gland hypersecretion and inc-
reased production of mucus, hypertrophy of the smooth muscle 
cells and airway remodeling which represents an irreversible 
process due to collagen deposition. 

In the development and maintenance of chronic in-
flammation in the airways following factors are participa-
ting: inflammatory and structural cells, neuroregulatory sub-
stances and mediators (histamine and chemotactic factors, 
leukotrienes and many cytokines [granulocyte macrophage 
stimulating factor,  tumor necrosis factor, interleukins (IL) - 
1, 2, 3 , 4, 5, 6, 8, 11, 13, 17 and others] 9–17. 

For the inflammation in asthma, the most important cells 
are activated mast cells, activated T-lymphocytes as regulatory 
cells and eosinophils. In the early asthmatic reaction, in sensi-
tized persons, upon exposure to the allergen and its binding to 
specific antibodies, activated mast cells secrete mediators of 
the acute phase (which include leukotrienes and inflammatory 
cytokines) which have a role to maintain the inflammatory 
phase 17. They also release IL-5, leading to a Th2 lymphocyte 
differentiation, chemotaxis and differentiation of eosinophil 
leukocytes, modification of basophil activity, and activation of 
the enzyme tryptase, which results in the further development of 
the inflammation in the airways 14, 15 . Mobilized and activated 
eosinophils play a central effector role in the development and 

Correspondence to: Slobodan Aćimović, Clinic for Pulmonary Diseases, Military Medical Academy, Crnotravska 17, 11 000 Belgrade, 
Serbia. E-mail:s.acimovic011@gmail.com 
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maintenance of inflammation in asthma by producing a num-
ber of mediators, including the major basic protein, eosinophil 
cationic protein (ECP), eosinophilic neurotoxin and eosinophil 
peroxidase 12, 13. A ribonuclease and ECP,  act on the 
respiratory epithelium and pneumocytes leading to damage of 
the epithelial barrier and activation of adhesion molecules, 
mobilization of other inflammatory cells, and stimulation of 
fibroblasts 16–19. 

The diagnosis of asthma is based on the clinical 
examination (complete physical examination, medical history 
of difficulty in breathing, and a complete history of the disea-
se, with a very significant abnormal physical findings in the 
lungs), lung function tests (spirometry, the peak expiratory 
flow, bronchodilatory and bronchial provocation tests - speci-
fic or non-specific) that can confirm the existence of asthma 
and the existence of the variable flow restriction of air through 
the airways and allergy tests (determination of IgE specific an-
tibodies and skin prick tests) which can identify the atopic 
constitution and a factor that is the cause of the attack of ast-
hma. In some patients, radiologic diagnostics is used, which is 
important as a method which can exclude the existence of any 
other pulmonary disease. In the diagnosis of asthma, for rese-
arch purposes, and today in many centers during routine 
analysis, the measuring of certain inflammation markers is 
used (in a sample of sputum or induced sputum, nasal swabs, 
biopsy specimens of the bronchus or after the broncho-
alveolar lavage inflammatory cells and cytokines are determi-
ned as well as measurement of the mediators and their metabo-
lites in blood and urine and measuring the concentration of nit-
ric oxide (NO) in the exhaled air] 1, 16, 20–24. Variability of di-
sorders of the pulmonary ventilation is determined by the 
spontaneous evolution, bronchodilatatory tests and proving of 
hypersensitivity 1, 25, 26. 

For testing of pulmonary function in patients with asthma, 
spirometry is the most often used  test to determine the values of 
the parameters of lung ventilation: forced vital capacity (FVC), 
forced expiratory volume in the first second (FEV1), and the ra-
tio of FEV1/FVC. In the manifested asthma, we most often regi-
ster the obstructive ventilatory impairment (decrease in FEV1) 
and in such cases a bronchodilatatory test is routinely performed 
in order to verify variability of the disorders. In the diagnosis 
and monitoring of asthma other methods may be used such as 
flow-volume curve, peak expiratory flow measurement peak 
expiratory flow – (PEF) , body plethysmography, lung compli-
ance, determining the value of the transfer factors of the lungs, 
arterial blood gas analysis with acid-base status and pulse 
oscillometry 1, 24–28. 

Asthma is a chronic, incurable disease based on a con-
tinuing inflammation in the airways, which varies in 
intensity and clinical manifestations, either spontaneously or 
as a result of the applied treatment. Therefore, clinicians are 

recommended the classification of asthma by the level of di-
sease control in mild, moderate, severe and very severe, de-
pending on the value of FEV1 and FEV1/FVC 29. 

For the scientific and research purposes asthma is classi-
fied according to the frequency of symptoms into intermittent 
and persistent. In intermittent asthma patients have occasional 
complaints, spirometry test out of episodes of attacks shows no 
disorders and bronchial provocation tests are usually negati-
ve 1, 30. Problems occur less than once a week, exacerbations 
are short lasting, and the values of PEF and FEV1 are greater 
than 80% of the predicted ones with the variability of less than 
20%. Persistent asthma can be mild, moderate, and severe. 
Mild persistent asthma is characterized by the onset of 
symptoms more than once a week, night attacks more than 
twice a month, and the values of PEF and FEV1 greater than 
80%, with a variation of 20–30%. In severe stages the 
symptoms are constantly present, there are frequent 
exacerbations and nocturnal seizures, limited physical activity, 
and the PEF and FEV1 values less than or equal to 60%, while 
the variability is greater than 30%. 

Based on the clinical and functional characteristics, 
inflammatory-immune profiles and capabilities for the treat-
ment and control of diseases with medicaments and other 
methods, the population of patients with asthma is divided 
into the following phenotypes: allergic bronchial asthma 
with early onset and dominant eosinophilic inflammation – 
responds well to anti-inflammatory therapy of glucocortico-
ids; non-allergic asthma – characterized by inflammation 
with of neutrophil and eosinophil leukocytes involvement; 
late-onset asthma -  needs high doses of inhaled glucocorti-
coids for the control; asthma with fixed airflow limitation; 
asthma associated with obesity 29. 

Treatment of asthma is focused on relief of symptoms 
and alleviating chronic inflammation and bronchial 
hyperreactivity. Combining multiple pharmacological sub-
stances, either in terms of anti-inflammatory drugs, broncho-
dilators or specific drugs that act on particular inflammation 
mediators provides better control of symptoms and improves 
the quality of life. At the same time, it reduces the risk of se-
vere asthma attacks with suffocation and a sense of lack of 
air as well as the chance of a fatal outcome. The therapy sta-
rts when the disease is confirmed by pulmonary function 
tests along with a history of typical symptoms. 

For clinical practice, asthma will continue to be a chal-
lenge in patients with a history of chronic symptoms and 
who have a normal pulmonary ventilation determined by the 
spirometric test and negative tests to bronchial 
hyperreactivity because some of them already  have intermit-
tent asthma (which due to the spontaneous variability of  
symptoms, inflammation and hypersensitivity remains undi-
agnosed and untreated) 31, 32. 
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Abstract 
 
Background/Aim. Elderly residents in nursing homes have 
a great risk of periodontal and tooth diseases. Improving oral 
health can also improve residents’ general health and quality 
of life. The objective of our study was to investigate oral 
health related quality of life of institutionalized elderly in Ser-
bia using Geriatric Oral Health Assessment Index (GOHAI). 
Methods. The Serbian version of the GOHAI questionnaire 
was developed in accordance with the recommended back-
ward-forward method. A total of 301 participants completed 
the Serbian version of the GOHAI questionnaire. The ques-
tionnaire sought information about sociodemographic charac-
teristics and self-reported perception of general and oral health. 
Clinical examination included assessment of periodontal and 
dental status. Reliability, internal consistency, and concurrent 
and convergent validity of GOHAI scores were examined.  
Results. There were 197 female and 104 male participants with 
the average age of 78.6 (SD ± 7.8) and average time spent in 
nursing home 4.9 (SD ± 4.7) years. The average score of the 
GOHAI was 48.4 (SD ± 8.4). Low GOHAI scores were asso-
ciated with perceptions of poor oral and general health. Cron-
bach's alpha coefficient for the Serbian version of GOHAI was 
0.79. This instrument showed a high level of internal consis-
tency and homogeneity between questions. The respondents 
who perceived that they needed dental treatment at the time 
had significantly lower GOHAI scores. A total of 48.5% of the 
participants reported ‘always’ having difficulties when chewing. 
On the other hand, a small number of participants (0.3%) used 
medications ‘always’ to relieve dental pain. Conclusion. The 
Serbian version of the GOHAI showed acceptable reliability 
and validity. The GOHAI final score was considered low, indi-
cating low oral health self-perception by the institutionalized el-
derly in Serbia. 
 
Key words:  
periodontics; tooth; aged; homes for the aged; surveys 
and questionnaires; sensitivity and specificity; serbia. 

Apstrakt 
 
Uvod/Cilj. Stariji korisnici domova za stara lica izloženi su 
velikom riziku od nastanka periodontalnih bolesti i bolesti 
zuba. Poboljšanje oralnog zdravlja može poboljšati opšte 
zdravlje i kvalitet života korisnika domova za stara lica. Cilj 
našeg istraživanja bio je da se ispita oralno zdravlje i njegova 
povezanost sa kvalitetom života korisnika domova za stara 
lica u Srbiji pomoću indeksa Geriatric Oral Health Assessment 
(GOHAI). Metode. Srpska verzija upitnika GOHAI razvi-
jena je u skladu s preporučenom backward-forward meto-dom. 
Ukupno 301 ispitanik učestvovao je u studiji. Upitnik je 
sadržao pitanja o sociodemografskim karakteristikama i sop-
stvenoj percepciji oralnog i opšteg zdravlja. Klinički pregled 
uključivao je procenu periodontalnog i dentalnog statusa. 
Ispitivani su pouzdanost, interna konzistentnost i konkuren-
tna i konvergentna valjanost upitnika GOHAI. Rezultati. 
Ispitano je 197 ženskih i 104 muška ispitanika, prosečne 
starosti od 78,6 (SD ± 7,8) godina sa prosečnim vremenom 
provedenim u domu od 4,9 (SD ± 4,7) godina. Prosečna 
vrednost skora GOHAI bila je 48,4 (SD ± 8,4). Nizak 
GOHAI bio je povezan s percepcijama lošeg oralnog i 
opšteg zdravlja. Koeficijent Cronbach alfa za srpsku verzi-ju 
GOHAI iznosio je 0,79. Ovaj instrument je pokazao visok 
nivo interne konzistentnosti i homogenosti između pitanja. 
Ispitanici koji su imali potrebu za stomatološkom interven-
cijom pokazali su značajno niže GOHAI rezultate. Ukupno 
48,5% ispitanika imalo je “uvek” poteškoća u toku žvakanja. 
S druge strane, mali broj ispitanika (0,3%) “uvek” koristi 
lekove  za ublažavanje zubobolje. Zaključak. Srpska verzija 
GOHAI pokazala je prihvatljivu pouzdanost i validnost. 
Konačni GOHAI rezultat je nizak, što ukazuje na loše 
oralno zdravlje i sa njim povezan kvalitet života korisnika 
domova za stara lica u Srbiji. 
 
Ključne reči: 
periodontologija; zubi; stare osobe; starački domovi; 
ankete i upitnici; osetljivost i specifičnost; srbija. 
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Introduction 

Despite its relatively recent emergence over the past 
few decades, oral health-related quality of life (OHRQoL) 
has important implications for the clinical practice of 
dentistry and dental research 1. OHRQoL is a multidimen-
sional construct that includes a subjective evaluation of the 
individual’s oral health, functional well-being, emotional 
well-being, expectations and satisfaction with care, and sense 
of self. It is an integral part of general health and well-being 
and it is recognized by the World Health Organization 
(WHO) as an important segment of the Global Oral Health 
Program (2003) 1. A growing number of elderly people 
spend the last years of their lives in long-term care faciliti-
es 2. Within the elderly population, there is a greater risk of 
caries, periodontal disease and teeth loss, especially among 
functionally dependent and cognitively impaired residents in 
nursing homes 3. Therefore, improving oral health can also 
improve residents’ general health and quality of life. 

In the past three decades, different OHRQoL have been 
introduced into clinical practice because it has been shown that 
the exclusive use of clinical evaluation does not take into con-
sideration the functional and psychosocial aspects of oral he-
alth 4. The most commonly used indexes are Oral Health Im-
pact Profile (OHIP) 5, Oral Impacts on Daily Performance 
(OIDP) 6 and Geriatric/General Oral Health Assessment Index 
(GOHAI) 7. Geriatric Oral Health Assessment Index (GOHAI) 
was originally developed to assess the oral health of elderly 
patients. The assessment index consists of a questionnaire 
composed of 12 questions intended to evaluate following three 
different aspects of oral health related to quality of life: 
physical functioning including nutrition, speech, ingestion; 
psychosocial functioning including oral health care or conside-
ration for oral health, appearance dissatisfaction, self-
awareness, avoidance of social contacts due to oral problems, 
and pain or discomfort including the use of pain relievers 7. In 
some studies 8, the GOHAI has been used for self-ratings of 
dental appearance in the elderly population as well as to assess 
correlation between the impact of oral diseases to everyday 
functioning and welfare in two populations of elderly people 9, 
and it proved to be a sensitive instrument for evaluating the 
dental treatment success, as well 10. 

The objective of our study was to investigate OHRQoL 
of institutionalized elderly in Serbia using GOHAI index. 

Methods 

Sample 

The research was conducted in the Belgrade 
Gerontology Center, which consists of 4 nursing homes loca-
ted in the urban area. Participants were contacted on working 
days, during January, February and March of 2014. The pro-
tocol for this study was approved by the local Ethics commit-
tee (No. 36/31) at the Faculty of Dental Medicine University 
of Belgrade. The inclusion criteria were as follows: the parti-
cipant should be over the age of 65, a resident of the Belgra-
de Gerontology Center, and should not have had previously 

verified cognitive and psychiatric disorders (confirmed by 
insight into medical documents of the residents). All the pa-
tients signed informed consent forms that had been approved 
by the Ethics Committee. Sample size calculation was based 
on test-retest reliability measured by the intraclass correlation 
(r). The assumed expected GOHAI r was 0.7. An r of 0.6 or 
higher would have been acceptable (Ho : Po = 0.6 and H1 :  
P1 = 0.7). Using a two-sided test suggested by Walter et al. 11 
with β = 0.2 (80% power) and α = 0.05, a sample size of 205 
subjects was required. The sample size was increased to 301, 
assuming a possible dropout rate of 30%. 

Serbian version of Geriatric Oral Health Assessment 
Index 

The first step in testing the OHRQoL using the GOHAI 
was to create a Serbian version of the questionnaire. It was 
developed in accordance with the recommended 
internationally used method, which consists of a cross-
cultural adaptation process 12. The process is comprised of 
forward translation, back translation, pre-testing and a final 
version 12. The draft of the Serbian version of GOHAI was 
obtained by translation of the English version by four den-
tists who were involved in the study. Subsequently, a con-
sensus version in Serbian was obtained. The consensus Ser-
bian version was translated into English by a professional 
translator who was not involved in the study but was familiar 
with the dental terms. A back translation was performed 
without previous knowledge about the original text in En-
glish. The two obtained versions of GOHAI (Serbian and 
English) were reviewed by the entire research team and a 
professional translator. After reconciliation of opinions, a 
preliminary Serbian version of the GOHAI questionnaire 
was obtained. The next step in the verification of this index 
was a pilot survey, which implied examination of 
intelligibility of the questions by the elderly population. The 
sample for the pilot survey consisted of 20 respondents of 
older age who were patients at the Clinic for Prosthetic 
Dentistry at the Faculty of Dental Medicine in Belgrade. The 
pilot study showed that the questionnaire had been carefully 
designed and that the questions had been precisely translated. 
After that, a final Serbian version of the GOHAI 
questionnaire was obtained. Internal consistency and 
homogeneity of the translated GOHAI was assessed based on 
Cronbach’s alpha. To test the concurrent validity of the tran-
slated GOHAI, the answers to self-perceived questions rela-
ted to the self-assessment of general health, oral health and 
need for dental treatment were used. It was assumed that pe-
ople with different answers to these questions would have 
different GOHAI scores. 

Oral health related quality of life assessment 

The participants were asked nine negatively worded and 
three positively worded questions. There were five categories 
of answers for each question and a score was assigned to 
each category (1 = always, 2 = often, 3 = sometimes, 4 = 
rarely and 5 = never). The results from positively worded 
questions were reversed during data processing, so that the 
directions of all answers were the same. The GOHAI score 
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was calculated by adding the results of all the answers for 12 
questions. Therefore, the GOHAI score ranged from 12 to 60 
with higher scores indicating better oral health. 

In addition to the 12 questions within the GOHAI, the 
questionnaire consisted of questions related to personal data 
and self-perceived questions of oral and general health. The-
se self-perceived questions were necessary for the 
psychometric analysis of the questionnaire (oral hygiene of 
the participants, self-perception of their oral and general he-
alth, the need for dental treatment, the presence of toothache, 
gum bleeding, bad breath, dry mouth, pain in the temporo-
mandibular joint and chewing disability). 

Then, the participants were clinically examined in accor-
dance with procedures and criteria for diagnosis as recommen-
ded by the World Health Organization 13. Clinical examination 
included the number of decayed and missing teeth. 

Statistical analysis 

The data were analyzed using statistic software SPSS, ver-
sion 11.5 for Windows, SPSS Inc. Chicago, IL, USA. Cron-
bach’s alpha was calculated to assess the degree of internal 
consistency and homogeneity between the items. The intraclass 
correlation coefficient (ICC) was used for the assessment of test-
retest reliability.  Pearson’s correlation coefficient was used for 
examination of the correlation between the self-perceived gene-
ral and oral health status and the need for dental treatment with 
the total GOHAI score, which was the rating of concurrent 
validity. Additionally, the Kruskal-Wallis test, the Mann-
Whitney U-test and the t-test were used for the convergent 
validity. Statistical significance was determined as p < 0.05. 

Results 

Characteristics of the participants 

A total of 301 people were clinically examined and 
interviewed, and their data included into the analysis. There 
were 197 female and 104 male participants and all of them 
were between 65 and 100 years of age, with the average age 
of 78.6 (SD ± 7.8) years. The average time spent as a resi-
dent of a home was 4.9 (SD ± 4.7) years. Other sociodemo-
graphic characteristics are presented in Table 1. 

Reliability 

The Cronbach’s alpha coefficient for the Serbian version 
of the GOHAI was 0.79. Inter-item correlation coefficients 
between GOHAI questions ranged from 0.04 to 0.67, while the 
mean value of inter-item correlation was 0.24 (Table 2). 

The test-retest correlation coefficient ranged from 0.40 
to 0.85 for each individual question. The test-retest correlati-
on coefficient for the total GOHAI result was 0.66, which 
indicated good stability. 

Validity 

Concurrent validity for the GOHAI was evaluated by de-
termining the correlation between the self-perceived general and 
oral health status and the need for dental treatment with 

Table 1  
Sociodemographic and other important characteristics of 

the participants (n = 301) 
Variable n % 
Gender 

male 
female 

 
104 
197 

 
34.6 
65.4 

Mean age (years) 78.59  
Educational level 

less than high school 
high school or more 

 
98 
203 

 
32.6 
67.4 

Mean time spent in nursing home (years) 4.96  
Functionally dependent elderly 

yes 
no 
if answer is yes, how long? (mean in 
years) 

 
111 
190 
4.82 

 
36.8 
63.1 

 

Maintenance of oral hygiene 
independently 
with the assistance 
does not maintain 

 
244 

7 
50 

 
81.1 
2.3 
16.6 

Tooth brushing 
< twice daily 
≥ twice daily 

 
159 
142 

 
52.8 
47.2 

The use of additional funds 
yes 
no 

 
12 
289 

 
4.0 
96.0 

Frequency of dental visits 
< once a year 
≥ once a year 

 
274 
27 

 
91.0 
9.0 

Last visit to the dentist 
within last year 
1–3 years 
3–5 years 
5–10 years 
> 10 years 

 
65 
45 
31 
79 
81 

 
21.6 
15.0 
10.3 
26.2 
26.9 

 
the total GOHAI score (Table 3). Worse general and oral health 
perception resulted in lower GOHAI scores. Moreover, the res-
pondents who perceived that they needed dental treatment at the 
time had significantly lower GOHAI values, which indicated 
that bad oral health was related to quality of life. 

Lower GOHAI results were related to self-reported to-
othache, sensitivity to hot and cold, dry mouth, bad breath 
and inability to chew food, which supports the convergent 
validity (Table 4). The participants with one or more missing 
or decayed teeth had lower GOHAI scores than those with no 
missing or decayed teeth. 

Self-perception of oral and general health 

The majority of the participants (44.2%) thought that 
their general health was good, while 7% rated their health as 
very good. Speaking of oral health, 60.5% thought it was go-
od, while 5% rated it as very good. Overall, 44.9% of the 
participants considered that they needed a dental treatment, 
and according to the participants’ perception the most com-
mon oral problems were dry mouth (59.5%) and sensitivity 
of teeth to hot and cold (20.6%). Self-assessment of general 
and oral health is presented in Table 5. 

Clinical examination showed that 27.2% of the 
examinees had 1 or more decayed teeth. The average number 
of missing teeth was 25.2 (SD ± 8.2), while 99.7% of the 
examinees had 1 or more missing teeth. 

 



Vol. 74, No 5 VOJNOSANITETSKI PREGLED Page 405 

Table 2  
Reliability analysis of Geriatric Oral Health Assessment Index: corrected item-total correlation, 

 Cronbach’s alpha and alpha if item deleted (n = 301) 

Item 
Corrected item-total 

correlation 
Alpha if item 

deleted 
Test-retest correlation* 

Limit foods  
Trouble biting, chewing  
Swallow comfortably  
Trouble speaking  
Eat without discomfort  
Limited social contacts  
Pleased with appearance  
Use of medication  
Worry/concern  
Nervous/self-conscious  
Uncomfortable eating with people 
Teeth or gums sensitive 
α = 0.79 

0.49 
0.39 
0.29 
0.44 
0.53 
0.51 
0.42 
0.30 
0.50 
0.51 
0.56 
0.24 

0.76 
0.78 
0.78 
0.77 
0.76 
0.77 
0.77 
0.78 
0.76 
0.76 
0.76 
0.79 

0.85 
0.78 
0.49 
0.77 
0.61 
0.84 
0.83 
0.40 
0.78 
0.58 
0.49 
0.50 

*Intraclass correlation coefficient. 

Table 3  
Concurrent validity: A correlation between self-reported general and oral health and the need  

for dental care and the Geriatric Oral Health Assessment Index (GOHAI) scores (n = 301) 

 Item 
GOHAI score 
(mean ± SD) 

Pearson’s correlati-
on coefficient 

Self-reported general health 
very bad (n = 25) 
bad (n = 122) 
good (n = 133) 
very good (n = 21) 

 
41.0 ± 8.4 
47.8 ± 8.2 
49.9 ± 8.3 
51.4 ± 5.1 

 
 
 

0.27 

Self-reported oral health 
very bad (n = 15) 
bad (n = 89) 
good (n = 182) 
very good (n = 15) 

 
41.8 ± 8.2 
44.4 ± 8.2 
50.7 ± 7.6 
50.8 ± 8.5 

 
 

0.36 

Self-reported need for dental treatment 
yes (n = 135) 
no (n = 166) 

 
45.2 ± 8.9 
51.0 ± 7.1 

 
 

0.35 

Table 4  
Convergent validity: differences in the average of the Geriatric Oral Health 
Assessment Index (GOHAI) scores according to self-reported responses to 

different health-related questions and objective assessment of oral health (n = 301) 

Item 
GOHAI score 
(mean ± SD) 

p-value 

Self-reported toothache 
     yes (n = 43) 
     no (n = 258) 

 
42.8 ± 7.5 
49.3 ± 8.2 

 
< 0.05a 

Self-reported sensitivity to hot 
and cold 
     yes (n = 62) 
     no (n = 239) 

 
 

43.4 ± 8.6 
49.7 ± 7.9 

 
 

< 0.05a 

Self-reported TMJ pain 
     yes (n = 20) 
     no (n = 281) 

 
44.9 ± 8.5 
48.6 ± 8.4 

 
0.52b 

Self-reported bleeding gums 
during brushing 
     yes (n = 34) 
     no (n = 267) 

 
 

46.1 ± 9.4 
48.7 ± 8.3 

 
 

0.15b 

Self-reported dry mouth 
     yes (n = 179) 
     no (n = 122) 

 
46.9 ± 8.5 
50.6 ± 7.9 

 
< 0.05b 

Self-reported bad breath 
     yes (n = 53) 
     no (n = 248) 

 
46.1 ± 9.3 
48.9 ± 8.2 

 
< 0.05b 

Self-reported inability to get 
chewed up food 
     yes (n = 71) 
      no (n = 230) 

 
 

42.7 ± 8.1 
50.2 ± 7.8 

 
 

< 0.05b 

Missing teeth (25.2 ± 8.2) 48.4 ± 8.4 < 0.05c 

Decayed teeth (0.8 ± 1.9) 48.4 ± 8.4 < 0.05c 
aKruskal-Wallis test; bMann-Whitney U test; ct-test;  
TMJ – temporomandibular joint. 
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Table 5  
Distribution of participants according to self-reported health-related ratings (n = 301) 

Variable n % 
Self-reported general health 

very bad 
bad 
good 
very good 

 
25 
122 
133 
21 

 
8.3 
40.5 
44.2 
7.0 

Self-reported oral health 
very bad 
bad 
good 
very good 

 
15 
89 
182 
15 

 
5.0 
29.6 
60.5 
5.0 

Self-reported need for dental treatment 
yes 
no 

 
135 
166 

 
44.9 
55.1 

Self-reported toothache 
yes 
no 

 
43 
258 

 
14.3 
85.7 

Self-reported sensitivity to hot and cold 
yes 
no 

 
62 
239 

 
20.6 
79.4 

Self-reported TMJ pain 
yes 
no 

 
20 
281 

 
6.6 
93.4 

Self-reported bleeding gums during brushing 
yes 
no 

 
34 
267 

 
11.3 
88.7 

Self-reported dry mouth 
yes 
no 

 
179 
122 

 
59.5 
40.5 

Self-reported bad breath 
yes 
no 

 
53 
248 

 
17.6 
82.4 

Self-reported inability to chew food 
yes 
no 

 
71 
230 

 
23.6 
76.4 

TMJ – temporomandibular joint.

Distribution of Geriatric Oral Health Assessment Index 

The responses to the different questions of the GOHAI 
questionnaires are listed in Table 6. The GOHAI score of the 
examinees ranged from 23 to 60, with higher values indicating 
better quality of life. The average value of the GOHAI score 
was 48.4 (SD ± 8.4). As for the distribution of GOHAI answers, 
oral impacts were frequent for item 2: 48.5% of the participants 
reported ‘always’ having difficulties when chewing. On the ot-
her hand, a small number of participants (0.3%) used medicati-
ons ‘always’ to relieve dental pain (item 8). Also, oral impacts 
were minimal for item 3: 0% of the participants answered with 
‘never’ to the question ‘How often were you able to swallow 
comfortably?’. 

Discussion 

This research shows that poor oral health of institutio-
nalized elderly in Serbia has a negative impact on their daily 
activities and quality of life. The obtained results of 
psychometric characteristics of the Serbian GOHAI are 
satisfactory, with good reliability and convergent and con-
current validity. However, there are some issues about the 
applied methods and results that need to be discussed and 
compared to other studies. 

The GOHAI was originally developed in English lan-
guage and designed for use in North America. The quality of 
translation and validation of the translated instrument plays a 
significant role in ensuring that the results obtained in cross-
cultural research are not due to errors in translation, but rat-
her due to real differences or similarities between cultures in 
the measured phenomena 13, 14. Considerable effort has been 
invested in the appropriate cultural adaptation to overcome 
language and cultural differences. The methods used (back 
translation and monolingual pre-testing) have been recom-
mended by the WHO and experts in this field 12, 15, and pro-
ven to be valid in many studies carried out in different cultu-
ral settings. Also, to minimize possible negative effects and 
flaws of the back-translation method, in this research a 
preliminary version (after back translation) was pre-tested on 
a small sample of the target population (pilot study). 

Considering the lower educational level in Serbia com-
paring to the countries of origin of the GOHAI, the forward 
method was used with simple phrases. Literal translation was 
avoided as much as possible, in accordance with recommen-
dation of cross-cultural validation. The major problem was 
with question 5, mainly because of the positive “able to eat 
anything” and negative “without feeling discomfort” directi-
on of this question. Because of that, some discrepancies 
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between the original text and back-translation were found, 
which were resolved by the research team. Additionally, 
problems of lexical compatibility occurred with the phrase 
“self-conscious” in question 10 because it does not have the 
dictionary equivalent in Serbian. Considering that the goal 
was semantics rather than literal equivalence 13, 16, an accep-
table approximation was found (Appendix 1). 

The frequency of examinees who gave positive answer 
to the question “How often were you able to swallow 
comfortably?” was very low. The same was noticed in a Do-
lan’s longitudinal study 10. Additionally, this question 
showed the low item-total and test-retest correlation, which 
is compatible with the results in the French version. This 
question was originally developed to detect problems with 
swallowing in the elderly, mainly because of xerostomia. 
Yet, the use of this question should be reconsidered as an 
instrument for the assessment of quality of life of younger 
populations in whom xerostomia is not commonly present. 

The obtained values of the GOHAI score – mean 48.4 
(SD ± 8.4) are larger than values in the Arabic version – me-
an 40.9 (SD ± 10.6)  17 and the French version – mean 46.4 
(SD ± 9.5) 18  and very similar to the results of the Chinese 
version – mean 48.9 (SD ± 7.2) 19. 

As far as the distribution of responses to certain issues, the 
negative impact of oral health on quality of life was observed in 
question 2. Almost every second participant always had trouble 
biting or chewing any kinds of food, such as firm meat or apples, 
due to problems with teeth or dentures, which is much more than 
in other studies (7.9%) 17. A high percentage of patients with this 
response shows that half of the sample has problems in their 
daily diet and that their quality of life is poorer because of 
unsatisfactory oral health. For questions 3 and 8 there are no so 
many obvious discrepancies, compared with other studies. 

Cronbach’s alpha coefficient (0.79) confirmed a high de-
gree of internal consistency and homogeneity among items. The 
value is similar to the Malay version of the GOHAI, and it is 
within the range of obtained values (0.64–0.88) of the coeffici-
ent of the GOHAI version in other languages. 

The item-scale correlations varied from 0.24 to 0.56 in 
the Serbian version, compared with 0.28 to 0.61 in the Chi-
nese version 19, -0.08 to 0.72 in the Romanian version 20, and 
0.38 to 0.69 in the Malay version 21. 

The obtained values for the test-retest correlation were 
within the range from 0.40 to 0.85, where the correlation co-
efficient for the GOHAI score was 0.66, which was similar 
to the values in the Swedish version (0.64) 22. The lowest va-
lue was associated with the question “use of medication” 
with the correlation coefficient of 0.40. 

Concurrent validity showed the relationship between the 
GOHAI score and the self-reported general and oral health and 
the self-reported need for dental treatment. Lower GOHAI sco-
res were associated with lower ratings for self-reported general 
and oral health and self-reported need for dental treatment. 
However, the obtained values are lower than the values of the 
original English 7 and Arabic 18 versions of the GOHAI. Regar-
ding limitations of concurrent validity, 60.5% of respondents 
thought that their present oral health status was satisfactory, and 
this value is larger than the values cited in other studies 21, 22. 
This can be explained by the environment in which these old 
people lived. In this region (but also in many others) there is still 
the rule that for older age edentulousness is expected and the ab-
sence of pain is the equivalent to “good oral health.” That is, 
there are different perceptions of what is “problematic” accor-
ding to individual contexts, besides regional and historical tradi-
tion, where dental treatment is still poorly accessible, and where 
it will be more or less likely that a problem was interpreted or 
perceived as such 23. Therefore, it is necessary to improve social 
importance of oral health and oral health care for institutionali-
zed elderly. Consequently, over the years, this will change the 
expected image of “good oral health” in elderly, from a toothless 
person to person with natural teeth or dental prothesis. 

Convergent validity confirmed the results of certain 
studies 18 by showing that self-reported toothache, sensitivity 
to hot and cold, dry mouth, bad breath and inability to chew 
food were related to the lower GOHAI scores. Additionally, 
the participants in the study with one or more missing or 
decayed teeth had lower GOHAI scores than those who did 
not have missing or decayed teeth. 

Conclusion 

The GOHAI final score was considered low, indicating 
low oral health self-perception by the institutionalized elderly in 
Serbia. These data suggest that oral health has a significant ef-
fect on the overall health of the institutionalized individuals. 

The Serbian version of GOHAI showed acceptable 
reliability and validity for research of elderly. Future studies 
are necessary to determine the stability of the instrument as 
well as its sensitivity to dental treatment by correlating data 
between institutionalized and non-institutionalized persons. 
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 Appendix 1 
Item responses (proportions) and items (n = 301) 

During the past three month  
(Tokom poslednja tri meseca…) 

Never 
(nikada) 

Seldom 
(retko) 

Sometimes 
(ponekad) 

Often 
(često) 

Always 
(uvek) 

How often did you limit the kinds or amounts of food you 
eat because of problems with your teeth or dentures? (Ko-
liko često ste ograničavali vrstu ili količinu hrane koju je-
dete zbog problema sa zubima ili protezama?) 

 
174 

(57.8%) 

 
34 

(11.3%) 

 
28 

(9.3%) 

 
39 

(13.0%) 

 
26 

(8.6%) 

How often have you trouble biting or chewing any kinds of 
food, such as firm meat or apples?  
(Koliko često imate probleme sa odgrizanjem ili žvaka-
njem neke vrste hrane, kao što su žilavo meso ili jabuke?) 

 
71 

(23.6%) 

 
22 

(7.3%) 

 
20 

(6.6%) 

 
42 

(14.0%) 

 
146 

(48.5%) 

How often were you able to swallow comfortably?  
(Koliko često ste mogli da gutate lagodno?) 

0 
(0%) 

3 
(1.0%) 

9 
(3.0%) 

32 
(10.6%) 

257 
(85.4) 

How often have your teeth or dentures prevented you from 
speaking the way you wanted?  
(Koliko često su Vas Vaši zubi ili proteze sprečavali da 
govorite onako kako ste želeli?) 

 
180 

(59.8%) 

 
28 

(9.3%) 

 
34 

(11.3%) 

 
30 

(10.0%) 

 
29 

(9.6%) 

How often were you able to eat anything without feeling 
discomfort?  
(Koliko često ste mogli da jedete bilo šta bez osećaja nela-
godnosti?) 

 
18 

(6.0%) 

 
31 

(10.3%) 

 
32 

(10.6%) 

 
53 

(17.6%) 

 
167 

(55.5%) 

How often did you limit contacts with people because of 
the condition of your teeth or dentures?  
(Koliko često ste ograničavali kontakt sa ljudima zbog sta-
nja vaših zuba ili proteza?) 

 
239 

(79.4%) 

 
15 

(5.0%) 

 
18 

(6.0%) 

 
22 

(7.3%) 

 
7 

(2.3%) 

How often were you pleased or happy with the looks of 
your teeth and gums, or dentures? 
(Koliko često ste bili zadovoljni ili srećni sa izgledom Va-
ših zuba i desni ili proteza?) 

 
58 

(19.3%) 

 
33 

(11.0%) 

 
20 

(6.6%) 

 
56 

(18.6%) 

 
134 

(44.5%) 

How often did you use medication to relieve pain or dis-
comfort from around your mouth? 
(Koliko često ste koristili lekove da bi ublažili bol ili nela-
godnost u Vašim ustima?) 

 
257 

(85.4%) 

 
13 

(4.3%) 

 
18 

(6.0%) 

 
12 

(4.0%) 

 
1 

(0.3%) 

How often were you worried or concerned about the prob-
lems of your teeth, gums or dentures?  
(Koliko često ste bili zabrinuti ili zaokupljeni problemima 
sa zubima, desnima ili protezama?) 

 
150 

(49.8%) 

 
34 

(11.3%) 

 
27 

(9.0%) 

 
55 

(18.3%) 

 
35 

(11.6%) 

How often did you feel nervous or self-conscious because 
of problems with your teeth, gums, or dentures? 
(Koliko često ste se osećali nervozno zbog problema sa zu-
bima, desnima ili protezama?) 

 
172 

(57.1%) 

 
32 

(10.6%) 

 
30 

(10.0%) 

 
49 

(16.3%) 

 
18 

(6.0%) 

How often did you feel uncomfortable eating in front of 
people because of problems with your teeth or dentures?  
(Koliko često ste se osećali neprijatno da jedete pred lju-
dima zbog problema sa zubima ili protezama?) 

 
214 

(71.1%) 

 
19 

(6.3%) 

 
29 

(9.6%) 

 
18 

(6.0%) 

 
21 

(7.0%) 

How often were your teeth or gums sensitive to hot, cold, 
or sweets?  
(Koliko često su Vam zubi ili desni bile osetljive na toplo, 
hladno ili slatko?) 

 
217 

(72.1%) 

 
24 

(8.0%) 

 
26 

(8.6%) 

 
23 

(7.6%) 

 
11 

(3.7%) 

Geriatric Oral Health Assessment Index (GOHAI) score: mean 48.4 [standard deviation (SD) ± 8.4];  
minimum = 23; maximum = 60. 
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Abstract 
 
Background/Aim. The longevity of a dental restoration may be 
predicted to some degree by its adhesive ability, and this, in turn, can 
be measured by bond strength testing between restorative materials 
and tooth structure. The aim of this study was to test an innovative 
joggle lap shearing jig that integrates the tooth and the entire biome-
chanical unit into testing, to compare the shear bond strengths of 
Class I occlusal composite restorations in deep cavity preparations li-
ned with Dycal, Dycal LC, conventional glass ionomer or resin-
modified glass ionomer. The mode of failure (adhesive, cohesive, 
mixed) after debonding was determined by stereomicroscopy.  
Methods. A total of 150 standardized occlusal cavities were prepa-
red and divided into five groups. The group I cavities (n = 30) were 
coated with adhesive (ExciTE®F) and filled directly with composite 
(TetricEvoCeram). The group II and III cavities were lined with 
Dycal (n = 30) or Dycal LC (n = 30) before placing composite. The 

groups IV and V specimens were based with Fuji IX (n = 30) or Fuji 
II LC (n = 30). Shear bond strengths were determined with a univer-
sal testing machine and fractured bonding sites were analyzed under 
stereomicroscope. The mean bond strengths were analyzed using 
one-way ANOVA test (p < 0.05) and the means between the groups 
were analyzed with Student’s t-test. Results. The shear bond 
strength (MPa) of composite restorations in cavities without base 
(23.91 ± 4.54) was higher than cavities lined with Fuji II LC (17.45 ± 
2.74), Fuji IX (8.76 ± 2.57), Dycal LC (13.07 ± 1.84) or Dycal (6.12 
± 1.28). The results using the jogged lap shearing jig were consistent 
with the literature. Conclusion. The shear bond strength of occlusal 
composite restorations in deep cavities without liners was greater 
than cavities lined with Fuji II LC > Fuji IX > Dycal LC > Dycal. 
 
Key words: 
biomechanics; dentin-bonding agents; adhesives; dental 
cements; calcium hydroxide; materials testing; in vitro.

Apstrakt 
 
Uvod/Cilj. Trajnost zubnih nadoknada može se donekle pred-
videti vstom adhezivne sposobnosti materijala i može se meriti 
testiranjem snage adhezije restorativnih materijala i zubnih struk-
tura. Cilj ove studije bio je da se da se testira preklapanje spoja koji 
povezuje zub i biomehaničku jedinicu i da se uporedi jačina veze 
okluzalnih kompozitnih ispuna postavljenih u duboke kavitete 
preko podloge od Dycal, Dycal LC, konvencionalnog ili smolom-
modifikovanog glas-jonomer cementa. Metode. Ukupno 150 
standardizovanih okluzalnih kaviteta bilo je podeljeno u pet grupa 
(n = 30): I – kaviteti premazani adhezivom (ExciTE®F) i direk-
tno ispunjeni kompozitom (TetricEvoCeram); II i III – kaviteti  
sa podlogom od Dycal ili Dycal LC pre postavljanja kompozit-
nog materijala; IV i V – uzorci sa bazom od Fuji IX ili Fuji II 
LC (n = 30). Jačina vezivne snage određena je pomoću univer-

zalne mašine, a način neuspeha (adhezivna, kohezivna, 
mešovita fraktura) određen je stereomikroskopom. Srednje 
vrednosti su analizirane pomoću ANOVA testa (p < 0,05), a 
značajnost razlika između grupa analizirana je Student-ovim t-
testom. Rezultati. Jačina vezivne snage (MPa) kompozitnih is-
puna u kavitetima bez podloge (23,91 ± 4,54) bila je veća u 
poređenju sa ispunima postavljenim preko Fuji II LC (17,45 ± 
2,74), Fuji IX (8,76 ± 2,57), Dycal LC (13,07 ± 1,84) ili Dycal 
(6.12 ± 1.28). Zaključak. Smicanje ili pomaknuće okluzalnih 
kompozitnih ispuna u dubokim kavitetima bez lajnera je veće 
nego u kavitetima postavljenim preko Fuji II LC > Fuji IX > 
Dycal LC > Dycal. 
 
Ključne reči: 
biomehanika; dentin, vezivna sredstva; adhezivi; zub, 
cement; kalcijum hidroksid; materijali, testiranje; in vitro.
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Introduction  

The longevity of a dental restoration may be predicted 
to some degree by its adhesive ability, and this, in turn, can 
be measured by bond strength testing. However, bond 
strength values are at best, gross assessments of the efficacy 
of bonding restorative materials to dentin as there is no direct 
clinical correlation to predict their clinical performance 1–4. 

The International Standards Organization (ISO) Technical 
Specification No. 11405 provides some guidelines for testing 
the adhesive bond between restorative materials and tooth 
structure 5. However, there is currently no universal test that 
will accurately predict the clinical performance of a specific 
material 6, 7. 

Macro-bond strengths can be measured by shear, tensi-
le, or push-out tests 8. In a shear bond test, two materials are 
connected via an adhesive agent and loaded in shear until 
fracture occurs. Though macrotests are known for their 
simplicity, they have their shortcomings 7, 9. Factors influen-
cing bond strength testing include issues related to the dentin 
substrate, composite, and bonding area 10, storage conditions 
of the bond assemblies, and test design 11. Another source of 
variability is the method used to apply the shear force, which 
includes wire loops, points, and knife edges 12. 

In tensile bond tests, load will be exerted on either side 
of the test specimen, which can be held by active or passive 
gripping methods 13. Stresses are far more homogeneous  
across the interface than in shear and, therefore, maximum 
principal stress values are much closer to the nominal 
strength 9, 14. To pull a bond, however, requires the substrate 
and interconnect to be gripped. In these cases, a set of 
accurately formed and aligned tweezer tips with precision 
control of their opening and closing is likely to make the 
difference between success and failure 1. Specimen alignment 
is also critical to avoid uneven stress distribution upon the 
specimen during loading. 

Shear bond strengths highlight the strength at the bon-
ded interface. When the shear device applies load forces on 
larger contact areas such as with the wire loop 15, stainless 
steel tape 16 and the Ultradent device 17, higher shear bond 
strength values are expected due to a more even distribution 
of shear forces. Nevertheless, specimen size 18, loading 
length 19, adhesive layer thickness 20, loading site 17 have be-
en reported to affect the bond strength values and failure 
modes. In comparison to a knife edge, the use of a wire-loop 
seems to reduce the stress concentration magnitude adjacent 
to the adhesive interface, but finite element analysis has 
shown that this method results in grossly underestimated 
bond strength values 12. 

Microtensile bond testing has also been used widely to 
assess bond strengths. However, the method is not easily ap-
plied to enamel due to its brittleness and the stresses genera-
ted during specimen preparation can lead to fracture of the 
enamel-resin interface 15. The lack of standardization among 
microshear bond testing studies has resulted in considerable 
discrepancies in bonding data 21. Furthermore, microtensile 
bond testing is also subject to the influence of cross-section 
shape and surface area, 22, 23 cutting speed 24, and geometry of 

the specimens, as well as the mode of fixation and the devi-
ces used for testing 25. The shear load must also be applied 
precisely at the bonded interface to avoid subjecting the 
cylinder to rotation or bending rather than shear tension 21. 

A relatively thicker adhesive layer in microshear tests, 
among other reasons, concentrates stresses highly influen-
cing the maximum load, thereby rendering microtensile tests 
less accurate than macrosshear tests in representing shear 
bond strength 1. Moreover, none of these laboratory tests ta-
ke into account the overall response of a restored tooth while 
being loaded under the same shear forces, as the tests focus 
specifically on the adhesive layer between the tooth substrate 
and restorative material and not on the whole biomechanical 
unit.  

Normal tooth structure transfers external biting loads 
through enamel into dentin as compression, which are distri-
buted over a large internal volume of tooth structure and thus 
local stresses are lower. A restored tooth tends to transfer 
stress differently than an intact tooth, and in turn, differently 
from cross-sections of teeth that are subject to evaluation by 
current testing methods. Any force on the restoration produ-
ces compression, tension or shear along the tooth/restoration 
interface, leading to complex stress distributions, a combina-
tion of compressive, tensile and shear stresses (Figure 1) 26. 
Since the process of mastication is one of indentation, 
basically a shearing phenomenon, the true nature of adhesive 
strength of the materials at the interface is depicted by the 
shear bond strength.  

Ultimately, the quality and efficacy of bonding of adhe-
sive materials will be reflected in their mode of failure – eit-
her cohesive, adhesive or mixed. With increasing bond 
strengths, the number of cohesive failures within the dentinal 
substrates is expected to increase 26. A more ideal clinical 
correlation, however, would consider the whole biomechani-
cal unit which includes not only the restorative material, but 
the tooth structure and the interface between the restoration 
and the tooth, as well. The restorative material may be strong 
enough to resist fracture, but the interface or tooth structure 
may not be.  

Most restorations are designed to distribute stresses on-
to sound dentin, rather than to enamel. The process of stress 
transfer to dentin becomes more complicated when the amount 
of remaining dentin is thin and the restoration must bridge a 
significant distance to seat on to thicker dentin with the use 
of liners and bases. A test that relates the line of action of 
shear force more directly to the adhesive layer as it occurs 
within the tooth and to the actual restoration would more 
realistically depict how the material would resist debonding 
under shear forces during mastication. 

Therefore, the aim of the study was to test an innovative 
joggle lap shear testing jig  compare the shear bond strengths 
of class I occlusal composite restorations in deep cavity pre-
parations lined with Dycal, Dycal LC, conventional glass io-
nomer or resin-modified glass ionomer, by centering the line 
of action of the applied shear force at the location of the den-
tin-liner or dentin-adhesive layer as it occurs in the tooth and 
within an actual restoration. The specified liners were chosen 
for this study, as the literature contains an abundance of data 
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Fig. 1 – Normal tooth structure transfers external biting loads through enamel into dentin as compression, which 

are distributed over a large internal volume of tooth structure. A restored tooth tends to transfer stress differently 
than an intact tooth, and any force on the restoration produces compression, tension or shear along the 

tooth/restoration interface, leading to complex stress distributions; a combination of compressive, tensile and  
shear stresses. 

 

related to their shear bond strengths to serve as the basis for 
comparison.  

Methods 

This in vitro study was approved by the Macedonian 
Ministry of Health Research and Ethics Committee and the 
Institutional Review Board of Sts. Cyril and Methodius 
University. A total of 150 non-carious mandibular third mo-
lars, extracted for orthodontic reasons with similar crown  
size were selected, cleaned and stored in a solution of 0.5% 
chloramine-T at 4°C until used. Bond strengths were  
measured no more than six months post extraction as per 
ISO technical specification 11405 5. 
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To ensure that the teeth were free of cracks, defects or ca-
ries they were examined at  10 magnification by means of an 
optical microscope (SZ-TP Olympus; Tokyo, Japan). To  
facilitate cavity preparation, the cusp tips of each tooth were 
reduced with a double-faced diamond disc No. 7011 (KGSo-
rensen Ind. Com. Ltd), producing a flattened occlusal dentin 
surface. The prepared dentin surfaces were then polished with 
180, 320, and 600 grit wet silicon carbide paper for 60 s.  

Standardized cavity preparations were created in each 
tooth by mounting each specimen in plaster within a metal 
mold and using a variable-speed electric drill (Dremel, Mo-
del 232-5, Emerson Electric Co, Racine, WI) mounted on a 
drill press apparatus to facilitate uniform preparation of cavi-
ties and accurate cavity depth dimensions 27. The occlusal 
cavity preparations, 3 mm (length)  3 mm (width)  3.0 mm 

(depth), followed a rectangular outline drawn on the occlusal 
surface of the tooth and were made with a #110/010 diamond 
bur (Dentsply, York, PA, USA ). Cold water spray was deli-
vered to the tooth and bur during cavity preparation to mini-
mize heat. To standardize surface roughness, a new diamond 
bur was used for each preparation. 

The teeth were then randomly divided into 5 groups 
per 30 teeth, each based on the restorative materials tested 
as follows: the group I (control group) specimens (n = 30) 
were treated with a complete adhesive system: etched with 
37% H3PO4, coated with ExciTE® adhesive (IvoclarViva-
dent, Amherst, NY, USA) and filled directly with TetricE-
voCeram composite (IvoclarVivadent). Group II and III 
specimens were first lined with either self-cured Dycal 
(Dentsply) (n = 30) or light-cured Prisma® VLC Dycal® 
(Dycal LC) (Dentsply) (n = 30) calcium hydroxide liners, 
respectively, then etched, coated with ExciTE adhesive and 
filled with Tetric Evo Ceram composite. Group IV and V 
specimens were first lined with either conventional Fuji IX 
(GC, Tokyo, Japan) (n = 30) or resin modified Fuji II LC 
glass ionomer (GC Fuji LINING LC PASTE PAK; GC, 
Tokyo, Japan) (n = 30), then etched, coated with adhesive 
and filled with composite.  

After the cavity preparations were filled according to 
the manufacturer's recommendations (Table 1), tygon tubing 
was attached to the occlusal surface of each restoration and 
filled with composite. The tygon tube was removed after cu-
ring, resulting in cylinders of resin composite with cross-
sectional diameter and height of 3 mm respectively. 
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Table 1 
Materials and Application Protocols 

Material Application Protocol 
Dycal Equal volumes of the base and catalyst paste (1.17 g:1.00 g) were extruded onto a mixing pad and 

stirred immediately using a Dycal applicator for 10 sec until a uniform color was achieved. After 
drying the cavity preparation, the mix was placed in the cavity with the Dycal applicator and spread 
over the floor to a depth of 1 mm before setting starts (setting time: 2 ½–3 ½ min at room temperatu-
re). Any excess set material was removed from margins with a sharp spoon excavator. 

Prisma® VLC  
Dycal® Visible Light 
Cured Calcium Hy-
droxide Base/Liner 
 

The cavity preparations were rinsed with water and gently dried with a cotton pellet to avoid dessi-
cation. The Prisma® VLC Dycal® Liner was dispensed on a parchment paper pad. Using a ball-
pointed Dycal® Liner applicator, the Prisma® VLC Dycal® Liner was placed directly only on the de-
epest portion of the cavity dentin in a thin layer, not exceeding a thickness of 0.8–1 mm. Care was 
taken to avoid placing Prisma® VLC Dycal® Liner on enamel or the margins of the cavity, leaving 
the rest of the cavity surface free for bonding. The ball of the instrument is approximately 0.7 mm in 
diameter which can be used as an indicator for the thickness of the material being placed. The mate-
rial was light cured at 470 nm, with minimum light output at least 300 mW/cm2 exposure for at least 
20 s. Any material excess from retention areas, enamel, and/or margins was removed with a sharp 
spoon excavator. The adhesive and restoration was then placed into the cavity preparation following 
manufacturer’s directions. 

GC Fuji LINING LC 
PASTE PAK 

GC Fuji Lining LC Paste Pak is a radiopaque, light cured resin-modified glass ionomer lining ce-
ment available in paste-paste form. The Paste Pak cartridge was loaded into the Paste Pak Dispenser 
after sitting at room temperature for 30 min. The cartridge was bled in order to prevent the incorpo-
ration of air bubbles into the material. After dispensing onto a mixing pad, the material was incorpo-
rated and spread out in a thin layer on the mixing pad using a plastic spatula. The pastes were mixed 
thoroughly, with lapping strokes, for 10 seconds, with care not to incorporate air bubbles. The 
working time is 2 minutes 15 s from the start of mixing at 23°C (73.4°F). The tooth preparations 
were washed and dried but not dessicated. The cement was transfered to the preparation using a 
syringe, covering dentine up to a depth of 1 mm, and light cured with a halogen light curing device 
which was placed as closely as possible to the cement surface for 20 sec. 

ExciTE® F ExciTE® F is a light-curing, nanofilled, fluoride-releasing, single-component adhesive for dentin 
and enamel bonding in conjunction with the total-etch technique. After ensuring a dry operating fi-
eld, areas in deep cavities close to the pulp were selectively coated with a calcium hydroxide liner. 
A 37% phosphoric acid gel was applied (Total Etch, IvoclarVivadent ) to the prepared enamel and 
flowed onto the prepared dentin. The etchant was left to react on the enamel for 15–30 s and on the 
dentin for 10–15 s. Following this, all etchant gel was removed with a vigorous water spray for at 
least 5 s. Excess moisture was removed with an air gun, leaving the dentin surface with a glossy wet 
appearance (wet bonding) not to over dry the dentin. The first step in applying Excite is to etch the 
enamel for 15 s and the dentin for 10 seconds with Total Etch, a 37% phosphoric acid etchant. The 
etchant is removed with thorough rinsing and the tooth structure is lightly dried with air or blot dri-
ed. Excite Adhesive is generously applied to the tooth structure using a scrubbing motion for 10 s, 
gently air dried for 3 seconds, and light activated for 20 s. The restoration is then placed using sta-
ndard techniques. 

TetricEvoCeram TetricEvoCeram is a light-curing, radiopaque, nanohybrid composite for direct restorative therapy. 
The cavity preparations were cleaned and carried out according to the requirements of the adhesive 
technique with care to avoid preparing sharp, internal edges or additional undercuts. Any sharp 
enamel edges were rounded with finishing diamonds (25–40 μm). Subsequently, all residue in the 
cavity was removed with water spray and dried with water- and oil-free air. Only very deep areas 
close to the pulp with a calcium hydroxide material with care not to cover other cavity walls, since 
they can be used to support the bond with an enamel/dentin adhesive. Conditioning and application 
of the bonding agent was performed according to the Instructions and recommendations of the ma-
nufacturer using ExciTE® F (with phosphoric acid etching) . 
TetricEvoCeram was applied at room temperature in layers of max 2 mm thickness and adapted with 
a suitable instrument (e.g., OptraSculpt). Excess material was removed with suitable finishers (e.g., 
Astropol® F) or fine diamonds after polymerization. TetricEvoCeram was cured with light in the 
wavelength range of 400–500 nm (blue light) with a high intensity quartz tungsten halogen lamp 
(Astralis 10, (IvoclarVivadent) at High Power Program Regime, at 40 s exposure time, and 1200 
mW/cm2 light intensity, holding the tip of the light (8 mm) about 3mm above the restoration. 
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All the specimens were then thermocycled 500 times at 
5oC and 55oC water with a one-minute dwell time. The spe-
cimens were then stored in distilled water for 24 h at 37°C to 
simulate the conditions of the oral cavity and subjected to 
shear bond strength testing in a universal testing machine 
(ADMET eXpert 1000 servo-hydraulic mechanical testing 
machine, ADMET, Norwood, MA) at a crosshead speed of 
0.5 mm/min. The shear bond strenght megapascals (MPa) 
was calculated as ratio of maximum load recorded at failure 
in Newtons to surface area of the bonded restorations in 
mm2. 

The specimens were arranged in the mounting jigs of 
the testing machine. An ad hoc assembly of two vertical jog-
gled lap metal holders was manufactured with holes on the 
ends to serve as holders for all dental elements. With the be-
vels parallel and facing away from each other, each tooth 
specimen was locked into one holder, while the composite 
button on the occlusal surface of the restoration engaged a 3 
mm hole that was machined in the other holder. After fixing 
both tooth and button in place with orthodontic resin, the 
samples were subjected to shear force (plane stress) on the 
adhesive interface by stretching vertically on the specimen 
from both directions until the restorations failed (Figure 2).  

Self-tightening vise grips were used to prevent slipping. 
The metal holders were aligned so that the centerline of the 
grip assembly was aligned with the adhesive bond at the bot-
tom of the cavity preparations. Proper alignment was  
achieved with vice grips by adjusting the grip inserts from 
side to side so that the center line of the upper and lower 
grips passed through the dentin-adhesive layer. The teeth 

were then fixed to the metal holders with orthodontic resin to 
provide additional retention to avoid any sliding during the 
tests. All the procedures were conducted at room temperatu-
re. 

Shear force was applied to each specimen by the servo-
hydraulic mechanical testing machine (ADMET, Norwood, 
MA, USA) at the crosshead speed of 0.5 mm/min until failure 
occurred. Shear bond strength was then calculated in units of 
MPa after measuring the cross-sectional area at the site of frac-
ture according to the formula: τ = F/A (N/mm2 = MPa). Mean 
shear bond strengths and standard deviations were calculated for 
each group and statistically analyzed using a one-way ANOVA 
analysis of variance (p < 0.05). Comparison of the means 
between the groups was conducted with Student’s t- test. 

Failure modes were evaluated by a single operator un-
der a dissecting microscope (SZ-TP Olympus; Tokyo, Japan) 
and classified as: adhesive failure (occurring purely at the re-
storation-dentin interface); cohesive failure (occurring within 
the material or within dentin);  mixed adhesive/cohesive fai-
lure (combination of the adhesive or any of the cohesive mo-
des). Calcium hydroxide and glass ionomer cements had be-
en leveled off flush with the surface of the cavity preparation 
prior to the composite resin placement. Any deficiency in the 
cement surface was categorized as a cohesive failure within 
the material. If the surface of the two materials remained flat, 
this represented adhesive failure of the bond, and positive 
elevations on the cement surface represented a cohesive fai-
lure in the composite resin.  

Schematic representation of biting loadstransfer is gi-
ven in Figure 3. 

 

Fig. 2 – (A) An ad hoc assembly of two vertical joggled lap metal holders with holes on the ends serve as holders for all 
dental elements. With the bevels parallel and facing away from each other, each tooth specimen is locked into one holder, 
while the composite button on the occlusal surface of the restoration engages a 3 mm hole that is machined in the other 
holder. (B) After fixing both the tooth and the button in place with orthodontic resin, the samples were subjected to a 

shear force (plane stress) on the adhesive interface by stretching vertically on the specimen from both directions until the 
restorations failed. (C) Self-tightening vise grips were used to prevent slipping. The metal holders were aligned so that the 

centerline of the grip assembly was aligned with the adhesive bond at the bottom of the cavity preparations. Proper 
alignment was achieved with vice grips by adjusting the grip inserts from side to side so that the center line of the upper 

and lower grips passed through the dentin-adhesive layer. The teeth were then fixed to the metal holders with orthodontic 
resin to provide additional retention to avoid any sliding during the tests. 
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Fig. 3 – Applying tensile force accurately along the plane gives rise to configurations that minimise distortion away 
from the plane. Each end of the sample is held by vice grips and pulled apart at the controlled rate, and the force 

applied is expressed proportionally to the total adhesive surface area, or shear area. The joggled lap metal holders 
suspend the restored teeth bucco-lingually in a horizontal position and center the line of action to the specified ad-
hesive layer as it relates to the restored tooth, while two fulcrums create a moment and subsequent torque to more 

closely simulate load under lateral excursions during mastication. 
Red area – Enamel; Yellow area – Dentin; Blue area – Composite; Purple area – Baseliner; Gray areas –Test fix-
tures; RF – Rigid fixture (not moving); SF – Shear force application moving fixture; CF – Compression internal-

forces; TF – Tension internal forces; LA – Line of action; NA – Neutral axis. 
 

Table 2 
 Comparative analysis among groups 

Group 
Average shear bond 

strength (MPa) 
Standard 

deviation (SD) 
Student’s t-test ANOVA F-test p 

I Control 23.91  4.54    
II Dycal 6.12  1.28 11.827 139.91 <  0.001 
III Dycal LC 13.07  1.84 7.197 52.04 < 0.001 
IV Fuji IX 8.76  2.57 9.732 92.33 < 0.001 
V Fuji II LC 17.45  2.74 4.113 18.22 <  0.001 

Results 

The mean and standard deviation of shear bond strength 
for each group are presented in  Table 2. The shear bond 
strength of composite restorations in cavities filled directly 
with complete adhesive system (37% H3PO4 etch, ExciTE 
adhesive and TetricEvoCeram composite) was higher than 
the shear bond strength of restorations in cavities lined with 
either of the calcium hydroxide bases (Dycal and Dycal LC) 
or glass ionomer cements (Fuji IX and Fuji II LC) (Figure 2). 
The difference in mean shear bond strength values between 
the control group and cavities lined with either calcium 
hydroxide or glass ionomer bases was significant (p < 
0.001). The adhesive strength of restorations bonded directly 
to dentin-enamel was approximately four times greater than 
cavities lined with conventional Dycal and twice as high as 

the light-cured Dycal group. The adhesive strength of resto-
rations in the control group was 2.7 times greater than the 
conventional glass ionomer group and 1.4 times greater than 
the resin-modified glass ionomer group. 

Comparison of mean shear bond strengths between 
composite restorations in cavities lined with Dycal or Dycal 
LC (Table 2) showed significant differences (p < 0.001). The 
shear bond strength of the restoration over light-cured Dycal 
was twice (213.58%) as strong or 113.5% better than with 
conventional Dycal (6.12 MPa vs 13.07 MPa), though half as 
strong as composite bonded directly to hard tooth structure 
(13.07 MPa vs 23.91 MPa).  

The differences in the mean shear bond strength values 
between composite restorations in the group III and IV cavities 
lined with Fuji IX or Fuji II LC glass ionomer were also signi-
ficant (p < 0.001). The strength of adhesion of composite res-
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Table 3 

Failure modes of all test groups 
Description Adhesive (%) Cohesive (%) Mixed (%) 
Control (Excite + Tetric Ceram) 100   
Dycal + (Excite + Tetric Ceram)  80 20 
Dycal LC + (Excite + Tetric Ceram)  80 20 
Fuji IX + (Excite + Tetric Ceram) 10 70 20 
Fuji II LC + (Excite + Tetric Ceram) 50 20 30 

 

torations over modified resin glass ionomer was two times 
(199.2%) greater than conventional glass ionomer and 33.5% 
greater than light-cured Dycal (13.07 MPa vs 17.45 MPa). 

The resin-modified glass ionomer lined composite res-
torations reached higher shear bond strengths than the remai-
ning liner groups. The GC Fuji LC cement showed superior 
bond strengths than all the other materials tested, except for 
the control group which had notably higher mean shear bond 
strength. Composite restorations in cavities lined with con-
ventional Dycal showed the lowest shear bond strength rate 
and were inferior to resin-modified cement.  

The distribution of fracture modes observed with a dis-
secting microscope  20 magnification is shown for all the 
groups in Table 3. The principle mode of failure in group I 
(control group) was adhesive at the composite-dentin interface. 
The mode of failure in the groups II and III was mainly cohe-
sive, principally at the composite resin-Dycal or Dycal LC in-
terface. The failures within the Fuji IX glass ionomer group 
IV were mainly cohesive, unlike the GC Fuji Lining LC gro-
up V which showed 50% adhesive failure. Superior results 
were observed with resin-modified cement (17.23 MPa). The 
failure observed was mainly within the cement.  

Discussion 

As many variables can affect the efficacy of any shear bond 
strength testing method, it is important to justify the experimental 
model. The choice of testing assembly has great influence on 
stress distribution. Traditional shear testing with a knife or round 
surface contact have several limitations, including high stress po-
int loading in which load is concentrated and not distributed to 
the surrounding composite or natural tissue structures. Further-
more, knife-edge shearing can only produce compression loading 
from the contact force. The use of a knife-edge chisel causes mo-
re severe stress concentration at the load application area than 
wire loop 9, 12 and stainless steel tape allows more uniform stress 
distribution at the bond interface 28. The distance between the po-
int of load application and the bonded interface in shear tests also 
affects stress distribution 18. 

In contrast, the novel shear test distributes loading thro-
ughout the composite and tooth as it incorporates into testing 
the entire biomechanical unit. Distributed loading produces 
tension and compression loading within the entire composite, 
which is integrated into material and tissue structures. This 
was achieved by aligning the line of action to the floor of the 
restoration which may more closely simulate shear as seen 
clinically during mastication.  

In lap shear (tensile) testing, adhesion is tested by pull-
ing bonded layers apart along the plane of adhesion. The re-
sult can be a clean breakaway of the adhesive layer from the 
substrate, or more likely a breakdown in the cohesion of ei-
ther the substrate or the adhesive layer, or both. Applying 
tensile force accurately along the plane gives rise to configu-
rations that minimize distortion away from the plane. Each 
end of the sample is held by vice grips and pulled apart at a 
controlled rate, and the force applied is expressed propor-
tionally to the total adhesive surface area, or shear area. In 
this study, jogged lap metal holders suspended the restored 
teeth buccolingually in a horizontal position and centered the 
line of action to the specified adhesive layer as it relates to 
the restored tooth, while two fulcrums created a moment and 
subsequent torque to more closely simulated load under lat-
eral excursions during mastication.   

The offset jig fixture allows for the entire composite 
cylinder to fit completely into the metal holder and flush 
with the restoration’s occlusal surface. The opposite fixture 
mounted the tooth in a configuration that mimics the emer-
gence of the cementoenamel junction (CEJ) from the alveo-
lus. With both fixtures separated an equal distance from the 

restoration floor, the weakest point in the restoration, the line 
of action being centered the novel test produces a shear and 
moment force coupled with tension and compression forces.   

The viability of this jig was then tested by measuring 
bond strengths of a composite restoration in deep occlusal 
cavities lined with different bases. These studies have been 
limited. Therefore, a comparative in vitro analysis of compos-
ite restorations in deep occlusal cavity preparations lined with 
self-cured and light-cured CaOH and conventional and resin-
modified glass ionomer would also be of further value 29, 30. 

Many authors have measured shear bond strength in vitro 
with values ranging from 13.7 MPa to 26.84 MPa 31. Khatry 
et al. 32 found mean values of adhesion to hard dental tissue 
with conventional composite and nanocomposite to be 21.04 
MPa and 20.78 MPa, respectively. In general, they all show 
that maximum adhesive strength is achieved with direct bond-
ing between hard dental tissues and adhesive systems 33, 34. The 
current study determined that mean shear bond strength of a 
composite restoration bonded directly to dentin in occlusal 
cavity preparations (group I) was 23.91 MPa, which is con-
sistent with the literature.  

Sano et al. 22 reported that for specimens with rectangu-
lar bonding areas between 0.25–11.65 mm2, tensile bond 
strength to dentin was shown to decrease as bonding area in-
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creased, following a logarithmic function. A similar trend was 
noticed in shear bond strengths where smaller surface areas 
had significantly higher values when compared with those of 
larger areas 35. The ISO/TR 11405 does not identify a specific 
value for bond area but it mentions a clear delimitation of the 
bonding area as an important requirement and shows a dia-
gram of a split mold with a 3-mm diameter hole.5 When con-
sidering that the resin composite in this study was bonded to 
four axial walls as well as the dentinal floor with an area of 9 
mm2 and that the shear bond strength was still in the upper end 
of values reported in the literature, our results cannot be corre-
lated to the conclusions of the Sano et al. study 22. 

Thermal cycling has been used as a technique to simulate 
clinical conditions and was used in this study as well. Thermal 
cycling may not have a significant effect on shear bond 
strength, but it can lead to spontaneous debonding of speci-
mens and significantly reduce the shear bond strengths of den-
tin 36–38. Miyazaki et al. 39 found that dentin bond strengths 
significantly decreased after 30,000 thermal cycles. A short 
thermal cycling regimen of 500 cycles was therefore, used in 
this study as recommended by ISO-TR 11450 5. 

Other investigations have found that the shear bond 
strength can be affected by the shrinkage of the composite 
material, which causes separation of the composite material 
from the dentin and, consequently, results in microleakage 40, 41. 
According to Davidson et al., 42 the strength after polymeri-
zation contraction on a three-dimensional model is about 20 
MPa. Munksgaard et al. 43 reported that a shear bond strength 
of 17 MPa was enough to counter shrinkage during composi-
te polymerization to maintain the bonded interface. 

Using liners in deep cavities can further affect the adhesion 
between hard dental tissues and composite materials 44. Al-
though calcium hydroxide as a base has desirable antibacterial 
effects and protects the pulpal tissue 33, it does not have notable 
adhesion capacity 30, 45. Light-cured calcium hydroxide, on the 
other hand, has better chemical properties compared to self-
cured calcium hydroxide and some investigators have reported 
good composite adhesion over Dycal LC 46. The current study 
applied both Dycal and Dycal LC to the dentin of cavity prepa-
rations and found that the strength of adhesion of Dycal LC was 
significantly higher (p < 0.001). 

The study determined that the shear bond strength of a 
composite resin over conventional glass ionomer Fuji IX or 
resin-modified glass ionomer Fuji II LC in an occlusal resto-
ration was 8.76 MPa and 17.45 MPa, respectively. Although 
the mean shear bond strength of the light-cured Dycal group 
was twice (213.58%) as strong and 113.5% better than the 
conventional Dycal group (6.12 MPa vs 13.07 MPa), the 
strength of adhesion with modified resin glass ionomer was 
two times (199.2%) greater than conventional glass ionomer 
and 33.5% greater than light-cured Dycal (13.07 MPa vs 
17.45 MPa). Assuming that the minimum strength of adhe-
sion of a composite restoration to the cavity must be 17 MPa 
to maintain a good bond 43, the strength of adhesion achieved 
with modified resin glass ionomer equalled or slightly sur-
passed the minimum requirements. The results observed with 
resin-modified cement (17.23 MPa) are probably due to the 
superior cohesive strength of the cement and due to the che-

mical bonding between the resin bonding agent and the non-
reacted resinous phase of the glass ionomer cement. The 
study indicates that a composite restoration in a deep occlu-
sal cavity lined with modified resin glass ionomer would re-
sist shear forces better than a composite restoration in a cav-
ity lined with conventional glass ionomer or both self-cured 
and light-cured calcium hydroxide liners.  

These results concur with other investigators who have 
explored the strength of adhesion between conventional and 
LC glass ionomer and have found that LC glass ionomers 
demonstrate better adhesion 47–50. In a retrospective clinical 
study comparing direct composite materials with an indirect 
sandwich technique using resin modified glass ionomer as a 
base, Opdam et al. 51 found that direct composite restorations 
lasted longer. This might be due to resin-modified glass 
ionomer penetrating demineralized dentin better than con-
ventional glass ionomer 34. 

Nonetheless, both calcium hydroxide and glass ionomer 
liners can reduce the bonding surface available to composites, 
which can further contribute to reduced bond strength 29, 52–54. 
Although the current study found that composite restorations 
in deep occlusal cavities lined with Fuji II LC resisted 
debonding better than the composite restorations over the 
other tested liners, the strength of the bond was not ideal.  

As with any alternative test, the results of the in vitro 
study cannot be extrapolated directly to clinical situations. 
The complex intraoral environment prevents perfect 
duplication in in vitro conditions. Nevertheless, the in vitro 
information has to be considered along with the fact that to 
date, no single testing condition in vitro has proven superior 
over any other. The results of this study are comparable with 
the results achieved by other testing methods and show that 
the joggled shearing jig is a viable option that merits further 
investigation. It also provides a model that takes into account 
the whole biomechanical unit during testing. 

Conclusion 

The study shows that joggled lap shear testing may be a 
viable tool to measure strengths of dental materials while inte-
grating the entire biomechanical unit into testing. A composite 
restoration in deep cavities lined with modified resin glass io-
nomer resisted debonding better than cavities lined with con-
ventional glass ionomer or both self-cured and light-cured cal-
cium hydroxide liners, satisfying a minimum adhesive strength 
of 17 MPa often cited as required to maintain composite mar-
ginal integrity. Shear bond strength of occlusal composite res-
torations in deep cavities without liners as measured by a jog-
gled lap shear testing jig was greater than cavities lined with 
Fuji II LC, Fuji IX, Dycal LC and Dycal. The results concur 
with studies using other testing methods. The resin-modified 
glass ionomer lined composite restorations reached higher 
shear bond strengths than the remaining liner groups. The GC 
Fuji LC cement showed superior bond strengths than all the 
other materials tested, except for the control group which had 
notably higher mean shear bond strength. Composite restorati-
ons in cavities lined with conventional Dycal showed the 
lowest shear bond strength rate and were inferior to resin-
modified cement. 
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Abstract 
 
Background/Aim. Prostate delineation, pre-planning and 
catheter implantation procedures, in high-dose rate brachy-
therapy (HDR-BT), are commonly based on the prostate 
manually segmented transrectal ultrasound (TRUS) images. 
The aim of this study was to quantitatively analyze the consis-
tency of prostate capsule delineation, done by a single thera-
pist, prior to each HDR-BT fraction and the changes in the 
shape of the prostate capsule during HDR-BT, using two di-
mensional (2D) TRUS axial image. Methods. A group of 16 
patients were treated at the Medical System Belgrade Brachy-
therapy Department with definitive HDR-BT. The total ap-
plied median dose of 52 Gy was divided into four individual 
fractions, each fraction being delivered 2–3 weeks apart. Real 
time prostate axial visualization and the manual segmentation 
prior to each fraction were performed using B-K Medical ul-
trasound. Quantitative analyses, analysis of an area and shape 
were applied on 2D-TRUS axial images of the prostate.  

Area analyses were used to calculate the average value of the 
cross-sectional area of the prostate image. The parameters of 
the prostate shape, the fractal dimension and the circularity 
ratio of the prostate capsule contour were estimated at the 
maximum axial cross section of the prostate image. Results. 
The sample group consisted of four phases, each phase being 
performed prior to the first, second, third and fourth HDR-
BT fraction, respectively. Statistical analysis showed that dur-
ing HDR-BT fractions there were no significant differences 
in the average value of area, as well as in the maximum shape 
of prostate capsule. Conclusions. Quantitative analysis of 
TRUS axial prostate segmented images shows a successful 
capsule delineation in the series of manually segmented 
TRUS images, and the prostate maximum shape remaining 
unchanged during HDR-BT fractions. 
 
Key words:  
prostatic neoplasms; ultrasonography; brachytherapy; 
models, theoretical.

Apstrakt 
 
Uvod/Cilj. Ocrtavanje kapsule prostate, preplaniranje i pro-
cedure primene katetera u brahiterapiji visokim brzinama do-
ze [high-dose rate brachytherapy (HDR-BT)] zasniva se na ručnoj 
segmentaciji transrektalne ultrazvučne (TRUS) slike. Cilj rada 
bio je da se korišćenjem dvodimenzionalne TRUS aksijalne 
slike kvantitativno analizira konzistentnost ocrtavanja kapsule 
prostate za svaku HDR-BT frakciju, kao i promena oblika 
kapsule prostate tokom HDR-BT. Metode. Na grupu od 16 
bolesnika bila je primenjena definisana HDR-BT u Odeljenju 
za brahiterapiju privatne opšte bolnice – Medicinski sistem 

Beograd. Ukupna primenjena srednja doza na metu od 52 Gy 
bila je podeljena u četiri individualne frakcije i svaka frakcija 
primenjena sa pauzom od dve do tri nedelje. Aksijalna vizua-
lizacija prostate i ručno segmentisanje pre svake fracije izve-
deno je pomoću ultrazvučnog uređaja B-K Medical. Ocrtava-
nje je vršio isti terapeut. Kvantitativna analiza, analiza površi-
ne i oblika prostate bila je primenjena na 2D-TRUS aksijalne 
slike prostate za svakog bolesnika posebno. Analiza površine 
koristila se za izračunavanje srednje vrednosti površine pop-
rečnog preseka prostate. Parametri oblika prostate, fraktalna 
dimenzija i cirkularnost konture kapsule prostate bili su pro-
cenjeni na slici najvećeg poprečnog preseka prostate.  
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Belgrade, 11 129 Belgrade, Serbia. Phone/Fax: +381 11 3607 068. E-mail: katar1970@yahoo.com 



Vol. 74, No 5 VOJNOSANITETSKI PREGLED Page 421 

Rezultati. Ispitivani uzorak obuhvatio je četiri faze (TRUS 
prostate pre prve, druge, treće i četvrte HDR-BT frakcije). 
Statistička analiza pokazala je da u toku HDR-BT frakcije nije 
bilo značajne razlike u srednjoj vrednosti površine, kao ni u 
obliku kapsule prostate na njenom najvećem preseku.  
Zaključak. Kvantitativna analiza TRUS aksijalne segmetisane 
slike prostate pokazala je uspešno ocrtavanje prostate u seriji 

ručno segmentisanih TRUS slika i nepromenjen oblik pros-
tate na najvećem njenom preseku u toku HDR-BT frakcija. 
 
 
Ključne reči: 
prostata, neoplazme; ultrasonografija; brahiterapija; 
modeli, teorijski. 

 

Introduction 

Prostate carcinoma is a common cancer and the second 
most common cause of cancer deaths in males 1. Therapeutic 
management of prostate carcinoma has become complex, 
multidisciplinary and stage-specific 2, 3. Treatment options 
for patients with localized, organ confined prostate carci-
noma range from observation, radical prostatectomy, radia-
tion therapy (external and/or brachytherapy), hormonal ther-
apy and various combinations of these 3–5. 

Prostate brachytherapy (BT) is one of definitive treat-
ment options for low risk organ confined carcinoma 6–8 and 
intermediate-risk prostate carcinoma 9–14. BT dose patterns and 
fractionation predominantly depend on BT modality [low-dose 
rate (LDR) or high-dose rate (HDR)] 15–17, disease stage, tu-
mor/target volume, therapy scope (definitive/monotherapy, 
boost or salvage), status of the organs at risk (urethra and 
rectum) and patient performance status. 

In practice, the final prostate contours for BT pre-planning 
or BT post-implantation planning could be obtained using man-
ual, semi-automatic or automatic segmentation of the prostate 
margin images obtained by computed tomography (CT), mag-
netic resonance image (MRI) or transrectal ultrasound 
(TRUS) 18–23. However, the prostate delineation, BT pre-
planning and catheter implantation BT procedures are com-
monly based on the use of manually segmented TRUS images 
obtained in axial and sagittal plains 6, 15, 22 (Figure 1). 

Precise information about the size and the shape of 
prostate plays a key role in BT implantation and planning 
processes. Manual TRUS prostate capsule segmentation (de-
lineation) is known to be difficult and hardly reproducible 
due to interference of numerous unfavorable factors 24, 25. 
Despite these downsides, TRUS in the prostate diagnostics 
value is not inferior to CT or MRI 24. 

An important issue in prostate BT is the quality and 
consistency of prostate segmentation by TRUS. It is well-

known that human expert performance (urologist and/or ra-
diation oncologist/brachytherapist) in manual segmentation, 
measured as the prostate BT workload, can affect final ther-
apy result 26, especially when fractionated high dose rate BT 
(HDR-BT) treatment planning is based on TRUS segmented 
prostate images. 

However, when prostate HDR-BT is concerned, more 
than one implantation procedure could be applied. In these 
cases, it would be beneficial to have data on quantitative 
analysis of precision and consistency in prostate two dimen-
sional (2D) TRUS axial image segmentation. Also, it would 
be beneficial to have precise information about the shape of 
the prostate during BT. Therefore the purpose of this study 
was to analyze consistency of the prostate capsule delinea-
tion prior to each HDR-BT fraction and the changes in the 
axial shape of the prostate capsule during HDR-BT using 
TRUS imaging. 

Methods 

Patients 

A group of 16 patients, aged 65–82 years, in good 
health condition and performance status were treated at the 
Medical System Belgrade Brachytherapy Department, with 
definitive temporary HDR-BT (Microselectron HDR, 
ELECTA-Nucletron, the Netherlands). The total applied me-
dian dose was 52 Gy divided into four individual fractions, 
each fraction being delivered 2–3 weeks apart. The total 
HDR-BT dose was tailored individually, based on the se-
lected association criteria of the American Brachytherapy 
Society 27. The applied HDR-BT technique has been ex-
plained in detail elsewhere 4, 28. Androgen blockade therapy 
was applied to the group of patients 2–3 months prior to 
HDR-BT in order to intensify prostate encapsulation and 
shrink prostate volume (not necessarily uncirculated). 

 

 
Fig. 1 – Typical transrectal ultrasound (TRUS) images of the prostate, shown with permission of the General Hospital Medical 
System Belgrade (MSB): A) sagittal plan, B) axial plan and C) segment axial plan at the maximum prostate cross-sectional area. 

Dabić-Stanković K, et al. Vojnosanit Pregl 2017; 74(5): 420–427. 



Page 422 VOJNOSANITETSKI PREGLED Vol. 74, No 5 

TRUS data acquisition 

Patients were placed in lithotomy position under spinal 
anesthesia. Two parallel needles were positioned laterally to 
the prostatic urethra (Figure 1C) in order to prevent prostate 
movement during TRUS imaging and afterwards needle 
placement. Real time prostate axial visualization and manual 
segmentation prior each fraction was performed using B-K 
Medical Ultrasound (Model Hawk 2102) with a 7.5 MHz bi-
plane TRUS probe mounted on a prostate-stepper. Manual 
segmentation, done by a single therapist, was performed 
from the prostate base (image b0) to the prostate apex (ba), 
using a 5·10-3 m step (0 denotes a segment position from the 
prostate base and apex segment position). Prior to segmenta-
tion, Nucletron 5·10-3 m grid was attached, centered and 
calibrated, allowing accurate rigid catheter/needle insertion. 
The median prostate volume calculated from TRUS data 
(Vpc) and volume (Vp) obtained by other means (CT or MRI), 
were 56·10-6 m3 (range 30–85·10-6 m3), and 43 cm3 (range 
30–68·10-6 m3), respectively, with the mean Vpc/Vp ratio of 
1.4. The prostatic urethra volume was included in the calcu-
lated prostate volume. 

For each patient, four imaging phases were completed 
and recorded: phase I – segmentation data collected before 
the first HDR-BT fraction; phase II – segmentation data col-
lected before the second HDR-BT fraction; phase III – seg-

mentation data collected before the third HDR-BT fraction; 
phase IV – segmentation data collected before the fourth 
HDR-BT fraction. A representative TRUS images prostate 
segment at the maximum axial cross sections (Figure 2) was 
used for HDR-BT pre-planning and catheter/needle applica-
tion. The difference of maximum axial cross sections shown 
in Figure 2 can be directly related to the prostate volume 
changes between HDR-BT fractions. Post-therapy TRUS in 
the treated patients was not scheduled since this type of ex-
amination was not mandatory in HDR post-treatment evalua-
tion protocol. 

Image processing 

All axial 2D-TRUS images were imported into the 
Image J, specialized public domain software for image 
analysis, developed by the National Institute of Health 
(USA, www.rsb.info.nih.gov/ij). Schematic representation 
of TRUS image processing procedure is illustrated in Fig-
ure 3. In the first step of the procedure grey-scale (Figure 
3B) images were converted into the binary images (Figure 
3A) using ‘Threshold’ tools. Figure 3B shows the silhou-
ette area of the prostate capsule. In the second step of the 
procedure, binary images (Figure 3B) were converted into 
outline images (Figure 3B) using ‘Outline’ tools. Figure 3C 
shows the contour of the prostate capsule. 

 
Fig. 2 – Representative two dimensional transrectal ultrasound (2D-TRUS) images of the prostate at the maximum axial 

cross section for the individual patient: A) phase I; B) phase II; C) phase III; D) phase IV. 
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Fig. 3 – Schematic representation of the two-dimensional transrectal ultrasound (2D-TRUS) axial image of the prostate 

capsule processing procedure: grayscale image (A), image of the silhouette area (B) and of contour (C). 

Quantitatively analyses of two dimensional TRUS axial 
image of the prostate capsule 

Area analysis of the TRUS axial image of the prostate 
capsule 

The cross sectional area of the prostate capsule (A) was 
measured on a particular 2D-TRUS axial image. The area 
measurement was carried out using TRUS standard calcula-
tion algorithm by B-K Medical Ultrasound (Model Hawk 
2102).  The average value of the cross-sectional area of the 
prostate (Aav) for segmentation data collected before the first, 
second, third and the fourth HDR-BT fraction (phase I; phase 
II; phase III; phase IV) was calculated (Figure 4). 

Shape analysis of the TRUS axial image of the prostate 
capsule 

Shape analysis of the prostate was estimated by two pa-
rameters: the fractal dimension and the circularity ratio of the 
prostate capsule contour. The parameters of the prostate 
shape were estimated at the maximum cross section. These 
parameters were obtained by using Image J. 

Fractal dimension of the prostate capsule contour 

The fractal dimension of the prostate contour at the 
maximum axial cross-section (Dmax) defines the irregularity 
in the shape of the image, showing shape deviation from the 
corresponding circle (Dcircle = 1.254) (Figure 5A). The image 
of the contour was analyzed by fractal analysis using the 

box-counting method 29, 30. This method consists of “cover-
ing” the image outline with sets of squares (Figure 5B). Each 
set is characterized by the size r of the square edge. The cor-
responding number of squares N that is necessary to cover 
the image outline is presented as a function of r (Figure 5C). 
Dmax is determined from the absolute slope value of the log–
log relationship between N(r) and r (Figure 5C). In perform-
ing box-counting method, the box sizes were scaled to the 
base of 2; that is, 21, 22... 2k, where k continues until N is 
equal to unity 31. Depending on the contour image size, the 
box-sizes were taken from 2 to 512 pixels. 

Circularity of the contour prostate capsule 

Although the prostate contours seem generally circular 
by nature, in practice we noticed a significant deviation of 
the prostate contours from the circle. A shape of the prostate 
capsule contour at the maximum axial cross section was es-
timated by using the circularity ratio (Cmax). This parameter 
represents a measure of how particular shape deviates from a 
corresponding circle. If it is a circle contour, the circularity 
ratio is equal to one. In case of any other contour shape, the 
circularity ratio is less than one. This parameter is expressed 
as C = 4πAP-2, where A is the area and P is the perimeter of 
the contour (Figure 6) 31. 

Statistical analysis 

Statistical analysis of the calculated prostate parameters 
depends on whether the distribution is normal or not. In the 

 
Fig. 4 – Two-dimensional transrectal ultrasound (2D-TRUS) axial images of prostate, from the prostate base (b0) to the 
prostate apex (b50). The cross-sectional area of the prostate capsule (A) from phase I brachytherapy in one patient; b5 (A = 
9.9·10-4 m2), b10 (A = 10.5·10-4 m2), b15 (A = 19.8·10-4 m2), b20 (A = 20.9·10-4 m2), b25 (A = 20.1·10-4 m2), b30 (A = 20.3·10-4 m2), b35 
(A = 18.3·10-4 m2), b40 (A = 15.6·10-4 m2), b45 (A = 14.5·10-4 m2), b50 (A = 10.1·10-4 m2).
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Fig. 5 – Illustration of calculating the fractal dimension of the prostate capsule contour, the fractal dimension of the circle 
is inscribed in the upper part of the figure (A). The application of the box-counting method to the contour, the whole im-
age is covered with a set of squares and the squares which cover inner contour are counted (B). Log–log plot between the 
numbers of squares (N) and square size (r) is fitted by a straight line (C). The fractal dimension is 1.200, R2 is the corre-

sponding determination coefficient and p is the significance level. 
 

 

 
Fig. 6 – Illustration of circularity ratio calculation for the prostate capsule contour (C = 4πAP2, A is the area and P is the 

perimeter). The circularity ratio of the circle is inscribed in the upper part of the figure. 
 

case of calculated parameters showing a normal distribution, 
each group is described by the corresponding mean value 
and standard error 32. If the number of patients is smaller 
than 30, the character of distribution has to be tested by cal-
culation of two statistical parameters: skewness, a3 and ex-
cess of distribution, e 33. Briefly, the intervals of skewness 
and excess values, which define the normal distribution, are 
estimated when these two parameters are divided by the cor-
responding mean square errors (3 and 4). If the absolute 
value of the quotients 3/a3 and 4/e is less than or equal to 2, 
the data distribution can be considered as normal. Otherwise, 
the distribution of a sample (or population) has no character-
istics of a normal distribution 34. A statistical significance be-
tween mean values of parameters of prostate for 4-phase 
brachytherapy was estimated by Student´s t-test 34. 

Results 

The sample group consisted of four phases, each phase 
being performed prior to the first (phase I), second (phase II), 

third (phase III) and the fourth (phase IV) BT fraction, re-
spectively. Their representative axial images are shown in 
Figure 2. Table 1 shows value of the absolute ratios 3/a3 
and 4/e, for the average value of area (Aav), the fractal di-
mension (Dmax) and the circularity ratio (Cmax) for all four 
phases,. The absolute ratios (3/a3) and (4/e) for the two pa-
rameters in all four of the phases are smaller than the critical 
value of 2. Therefore, the calculated values of three parame-
ters showed normal distribution. Consequently, the values of 
three parameters of prostate capsule (Aav, Dmax and Cmax) can 
be expressed by the mean value and standards error. 

The mean and standard errors of the Aav, Dmax and Cmax 
for four phases were presented in Table 2. It was noticed that 
all phases had similar mean values of the three parameters of 
the prostate capsule. The statistical test estimated the differ-
ence between the parameters of mean values for 4-phase 
brachytherapy. 

In the next step, the mean values of all possible pairs 
were tested by t-test (Table 3). The t-values of all three pa-
rameters are less than the t-values tabulated at the level of 
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Table 1
Values of 3/a3 and 4/e for the average value of the area (Aav), the fractal dimension (Dmax) and the circularity ratio 

(Cmax) of the prostate capsule for 4-phase high-dose rate brachytherapy (HDR-BT) 
Parameter of the prostate capsule 

Aav Dmax Cmax Phase 
3/a3

e 4
 /ef 3/a3

e 4 /ef 3/a3
e 4 /ef 

Ia 0.28 0.78 0.13 0.22 0.27 0.67 
IIb 0.22 0.51 0.27 0.79 0.33 0.95 
IIIc 0.28 0.89 0.13 0.22 0.14 0.22 
IVd 0.30 1.07 0.33 0.99 1.72 0.92 

aSegmentation data collected before the first HDR-BT fraction; bsegmentation data collected before the second HDR-BT 
fraction; c segmentation data collected before the third HDR-BT fraction; dsegmentation data collected before the fourth 
HDR-BT fraction; emean square errors/skewness values; fmean square errors/excess values. 
 

 
Table 2  

The average value* of the area (Aav), the fractal dimension (Dmax), and the circularity (Cmax) of the prostate capsule for  
4-phases high-dose rate brachytherapy (HDR-BT). 

Phase Aav ·104  (m2) Dmax Cmax 
Ia 13 ± 3 1.19 ± 0.04 0.75 ± 0.07 
IIb 13 ± 2 1.19 ± 0.04 0.74 ± 0.06 
IIIc 12 ± 3 1.19 ± 0.03 0.76 ± 0.03 
IVd 13 ± 3 1.19 ± 0.04 0.75 ± 0.04 

For abbreviations see under Table 1 
*Each value is presented as the mean ± standard error. 
 

Table 3 
The results of Student's t-test: t-values of the three parameters (Aav, Dmax and Cmax) of the prostate capsule given in Table 

2 over pairs of the phases of high-dose rate brachytherapy (HDR-BT), tested for the significance 
Pair of phases* Aav Dmax Cmax 
Ia-IIb 0.453 0.317 0.412 
Ia-IIIc 1.102 0.127 0.413 
Ia-IVd 0.605 0.102 0.437 
IIb-IIIc 0.766 0.226 1.060 
IIb-IVd 0.229 0.233 0.039 
IIIc-IVd 0.456 0.021 1.389 
t 0.05 2.131 2.131 2.131 
t 0.01 2.947 2.947 2.947 

For abbreviations see under Table 1 
 

significance p < 0.05 and p < 0.01 (Table 3). The t-test 
showed that there were no statistical differences between all 
possible pairs of the means Aav, Dmax and Cmax, respectively 
(Table 3). Table 3 shows no significant difference in the val-
ues of Aav, Dmax and Cmax, for phase I, phase II, phase III and 
phase IV, respectively. 

Discussion 

TRUS is used to guide placement of implants during 
prostate BT 21, and as an input data for HDR-BT planning. 
This study quantitatively analyzed 2D-TRUS axial image 
obtained during prostate HDR-BT fractions. The average 
value area of cross section (Aav) and the two parameters 
relative to the maximum prostate capsule shape (Dmax and 
Cmax) were determined by analyzing 2D-TRUS axial image. 
Statistical analysis showed no significant differences in the 
average value of cross sectionsal area during, HDR-BT 
fractions (phase I, phase II, phase III and phase IV) as well 
as in the maximum shape of prostate capsule (Dmax and 
Cmax) (Table 3). 

The absence of a significant difference in the average 
value of area (Aav) (Table 3) during prostate capsule delinea-
tion in the series of manually segmented TRUS images 
(phase I, phase II, phase III and phase IV) points to the con-
sistency in prostate capsule delineation. This is in agreement 
with Solhjem et al. 19, who demonstrated a significant repro-
ducibility in prostate volume measurement using TRUS. 
However, manual TRUS prostate capsule delineation is 
known to be hardly reproducible due to the interference of 
numerous unfavorable factors 24, 25. This is the first time that 
the consistency in capsule delineation using TRUS was 
quantitatively proved, thus confirming a reproducibility of 
the manual TRUS segmented prostate axial images in pre-
planning and catheter/needle application for the HDR-BT. 

On the other hand, our results show that the maximum 
prostate shape (Dmax and Cmax) remains unchanged during 
analysis of HDR-BT fractions (Table 3). Holmes et al. 21 
conducted shape analysis of the prostate, however, the fractal 
dimension and the circularity were used for the first time in 
our study to quantify the shape of the prostate capsule. The 
fractal dimension is a geometrical feature of irregularly shaped 
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objects 35. Fractal analysis was applied to different medical 
images 36, but there is no data on its application to the 2D-
TRUS axial images of the prostate. Also, it is analyzed by 
means of the circularity, now commonly used as a parameter 
which quantifies the shape of two-dimensional objects 31. 

The lack of a significant difference in the shape of ax-
ial TRUS images during prostate capsule delineation in the 
series of manually segmented TRUS images (phase I, phase 
II, phase III and phase IV), could point to the absence of 
geometrical change in the  fractions of HDR-BT. However, 
post HDR-BT data was not collected as TRUS in the treat-
ed patients. It was not mandatory in the HDR post-
treatment evaluation protocol. Consequently, data for anal-
ysis of the prostate shape after the last treatment was not 
available. 

The parameters of the cross-sectional prostate capsule 
(Aav, Dmax and Cmax) show that manually segmented TRUS 
images display good visibility necessary for precise de-
lineation and monitoring of the prostate behavior during 
HDR-BT. 

It was documented that prostate gland shrinkage may be 
expected in patients who undergo external beam radiother-
apy shortly after starting androgen deprivation therapy 37. 
Considering external beam radiotherapy alone, a particular 

effect of prostate gland shrinkage seems to be clinically in-
significant 38. 

Conclusion 

In this study, the applied quantitative analysis of trans-
rectal ultrasound axial prostate segmented images obtained 
in each phase shows a successful capsule delineation in the 
series of manually segmented transrectal ultrasound images 
done by a single therapist and that the prostate maximum ax-
ial shape remains unchanged during the high-dose rate 
brachytherapy course, of approximately 2-month duration. 

This is the first time to determine the prostate capsule 
maximum shape (the fractal dimension and the circularity) of 
transrectal ultrasound axial images. These two prostate shape 
parameters may be applicable in quantification of prostate 
shape for the purpose of medical diagnostics and treatment. 
Transrectal ultrasound of the prostate is fast and relatively 
inexpensive diagnostic technique. Quantitative analysis 
showed that transrectal ultrasound of the prostate is accurate 
in pre-planning and catheter/needle application to high-dose 
rate brachytherapy. Additionally, the applied image analysis 
could be suitable for determination of the accuracy in other 
radiotherapy planning techniques. 
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therapy on upper extremities motor skills in adult patients with 
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Efekti kombinovanog somatopedskog lečenja i radne terapije na motoričke 
sposobnosti gornjih ekstremiteta odraslih bolesnika sa hemiplegijom  
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Abstract 
 
Background/Aim. Stroke is the most common single cause 
of severe and multiple physical disabilities, and rehabilitation 
that reduces functional deficits is the most effective treatment. 
The aim of this study was to determine the effect of special 
education treatment as a supplement to occupational therapy 
on upper extremities motor skills in adult patients with post 
stroke hemiplegia. Methods. Standard education tests for mo-
tor function evaluation of the upper extremities: O`Connor, 
Ring and Hand grip test, were applied on a sample of 64 pa-
tients who were in the process of rehabilitation in the Clinic 
for Rehabilitation “Dr. Miroslav Zotović” in Belgrade. After 
the evaluation, all the participants were included in occupa-
tional therapy and divided in two intervention groups per 32 
subjects each. The patients from the first experimental group 
received individually dosed special education treatment which 
was performed for at least 12 weeks as a supplement together 
with occupational therapy, while patients from the second ex-
perimental group were only in the process of occupational 
therapy without special education treatment. At the end of the 
study the same tests were used to re-evaluate the level of mo-
tor abilities of the patients in both groups. Results.The pa-
tients from the first experimental group with individually 
dosed special education treatment as a supplement showed 
significantly better scores after applying the treatment in all 
tested variables – explosive, static and dynamic muscular 
strength grip fist, as well as oculomotor skills at the level of the 
elbow and shoulder for both healthy and paretic hand. Con-
clusion. On the basis of the obtained results, it can be con-
cluded that special education treatment added to occupational 
therapy lead to better performing of upper extremities motor 
skills and that it can be a good supplement to conventional 
occupational therapy methods and techniques. 
 
Key words: 
hemiplegia; neurological rehabilitation; education, 
special; occupational therapy; upper extremities; adult. 

Apstrakt 
 
Uvod/Cilj. Moždani udar je najčešći pojedinačni uzrok 
teškog i višestrukog fizičkog invaliditeta, a rehabilitacija koja 
smanjuje funkcionalne deficite je najefikasnije lečenje. Cilj 
istraživanja bio je da se utvrdi uticaj programa specijalne 
obuke dodate radnoj terapiji za motoričke sposobnosti 
gornjih ekstremiteta kod odraslih bolelsnika sa hemiplegijom 
nastalom posle moždanog udara. Metode. Na uzorku od 64 
bolesnika, koji su bili u procesu rehabilitacije u Klinici za 
rehabilitaciju „Dr Miroslav Zotović“ u Beogradu, primenjeni 
su standardni somatopedski testovi za procenu motorike 
gornjih ekstremiteta: O`Connor, Ring i test snage stiska 
pesnice. Nakon procene, svi učesnici bili su uključeni u radnu 
terapiju i podeljeni u dve grupe po 32 ispitanika. Bolesnicima 
prve eksperimentalne grupe kao dopuna radnoj terapiji 
dodato je individualno dozirano somatopedsko lečenje u 
trajanju od najmanje 12 nedelja, dok su bolesnici iz druge 
eksperimentalne grupe bili uključeni samo u proces radne 
terapije bez somatopedskog lečenja. Na kraju istraživanja, isti 
testovi su korišćeni za ponovnu procenu nivoa motoričkih 
sposobnosti bolesnika iz obe grupe. Rezultati. Bolesnici iz 
eksperimentalne grupe koja je uz redovnu terapiju lečena i 
somatopedski pokazali su znatno bolje rezultate nakon 
primenjenog lečenja u svim ispitivanim varijablama – 
eksplozivna, statička i dinamička mišićna snaga stiska pesnice, 
kao i okulomotorna koordinacija na nivou lakta i ramena, 
kako za zdrav, tako i za paretičan ekstremitet. Zaključak. Na 
osnovu dobijenih rezultata, može se zaključiti da 
somatopedsko lečenje primenjeno uz radnu terapiju dovodi 
do poboljšanja motoričkih sposobnosti gornjih ekstremiteta i 
može biti dobar dodatak konvencionalnim metodama i 
tehnikama radne terapije. 
 
Ključne reči: 
hemiplegija; rehabilitacija, neurološka; edukacija, 
specijalna; radna terapija; ekstremiteti, gornji; odrasle 
osobe. 
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Introduction 

Acute stroke is defined as a focal or global disruption of 
brain function that occurs suddenly as the result of a cere-
brovascular disorder or condition in which blood flow is not 
sufficient to meet the metabolic needs of the neurons for 
oxygen and glucose. The incidence of ischemic stroke varies 
and ranges from 100 to 300 new cases per year per 100,000 
inhabitants, while the prevalence rate ranges from around 
600 per 100,000 populations in developed countries, up to 
900 in underdeveloped. Stroke is also the fifth leading cause 
of disability internationally 1–3. Despite advances in medicine 
and initiatives to improve public health, the incidence of 
stroke is not reduced 4, 5. According to data from the Cana-
dian Institute for Health Information, patients who survive 
stroke are the largest category of users of physical rehabilita-
tion services and the third by the length of rehabilitation (af-
ter patients with spinal cord injuries and brain dysfunction 6. 
The consequences of stroke are often serious and severe, and 
in addition to affecting the full range of human life and func-
tioning they also have devastating effects on family mem-
bers 7, bringing the experience of stress, depression, social 
isolation, threatening health and rarely leading to premature 
death. In spite of all the researchers efforts it is not yet estab-
lished the one and only, single “therapeutic cure” for motor 
impairments of a hand in adults with post-stroke hemiplegia. 
Some excellent studies in which references to the operation 
of both conventional (neurodevelopment therapy or “Bobath 
method”, functional electrical stimulation, biofeedback elec-
tromyographically etc.), as well as a newer, less traditional 
approach (Reiki method, robotics, etc.), reported that despite 
the considerable efforts of researchers aimed at proving that 
some treatment “works”, no rehabilitation intervention is not 
allocated and proved to be a single “cure” for recovery after 
stroke 8–11. After stroke, patients must be involved in rehabili-
tation in the first six months, when the largest neurological 
and functional recovery mostly manifest. Motor impairment 
is the most common deficit after stroke and the major con-
tributor to functional limitations 12. More than 80% of indi-
viduals with stroke experience hemiparesis and of those peo-
ple who initially have upper-extremity paresis, it is estimated 
that 70% have residual impairment. The upper limb makes a 
significant contribution to most activities of daily living 
(ADL), and impairments can compromise participation in 
many of these essential and meaningful tasks 13. According 
to another research 14, during one-year after stroke, 52% of 
all patients improve functional walking ability and in only 
15% hand function fully recovers. It is also noted that one 
year after a stroke, patients with limited upper extremity 
function have significantly poorer image of themselves and 
their own recovery. Upper-limb function return has been 
identified as an important rehabilitation goal 12. Occupa-
tional therapists use several methods of treatment and the 
choice of approach depends largely on the therapist's experi-
ence and preferences. Activities are oriented towards the 
process of re-education and fostering the development of lost 
skills, while the patient is adjusting to life with certain physi-
cal, cognitive, and affective disorders. Occupational therapy 

treatment is aimed at preventing the development of contrac-
tures, normalization of postural tone, inhibiting abnormal 
patterns of posture and movement and facilitating normal 
postural patterns of standing upright, balance and adaptive 
changes in muscle tone 15, 16. Another set of goals in occupa-
tional therapy is to achieve and establish active and volun-
tary control of trunk and extremities movements, volitional 
control of the affected hand when performing movements 
with the healthy arm, to establish control through shoulder 
and elbow flexion and extension synergy and voluntary con-
trol of rough primitive movements of the hand and fingers in 
capturing and releasing objects, and to combine simple 
movement patterns in performing complex activities of self-
care together with performing daily activities using paretic 
hand. For patients with the plegic hand practicing compensa-
tory function, primarily single-handed performance of bi-
manual training activities and practice the healthy hand to 
hyper function is the major task in occupational therapy 17, 18. 
One approach in the treatment is teaching patients to do ac-
tivities which are typically performed bimanual by with one 
hand. Another strategy of compensation is making changes 
of environment in order to reduce negative effects on the de-
sired function of the injured limb. With the method of com-
pensation and/or adaptation it is necessary in parallel to work 
on improvement of functional ability of weaker extremities 
18, 19. 

The aim of this study was to determine if there are any 
effects of combined special education treatment added to oc-
cupational therapy as a supplement to upper extremities mo-
tor skills in patients with hemiplegia who are in the process 
of occupational therapy. 

Methods 

The research was conducted during 2014/15 in occupa-
tional therapy units at the Clinic for Rehabilitation “Dr. Mi-
roslav Zotović” in Belgrade. The research was approved by 
the Board of Ethical Committee of the Clinic (No.03-
1908/1). All the participants were informed about the pur-
pose of the study and signed the permission. The research 
was conducted in a clinical setting with the written agree-
ment of all the included patients. 

The study was conducted as a randomized controlled 
trial (RCT) or randomized controlled clinical trial (RCCT) – 
design that randomly assigns participants into experimental 
groups. In the RCT, an intervention is investigated by com-
paring one group of people who receive the intervention with 
the other group who does not, and the only expected differ-
ence between the groups in a randomized controlled trial is 
the outcome variable being studied. In this investigation both 
intervention groups were treated identically and received the 
usual occupational therapy treatment according to the proto-
col of the institution, but one group received special educa-
tion treatment as a supplement to occupational therapy. Re-
search conducted in this way can give an answer to practical 
question of whether introducing the new treatment (special 
education) could improve outcomes over and above the cur-
rent state of practice. 
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Participants were chosen randomly from the groups of 
fully and partially hospitalized patients. The sample of pa-
tients with multiple strokes included those who were several 
times hospitalized at the Clinic, thus they were in a well-
known environment, but there were also first time hospital-
ized patients. During the research from the first randomly 
chosen number of subjects, 8 patients were excluded because 
they finished rehabilitation and were discharged from the 
hospital and 6 subjects because they were not regular in visit-
ing occupational therapy unit, so the final sample for the 
study comprised a total of 64 patients separated into two 
groups, 32 subjects each. Before the application of treatment 
both groups were equalized according to age, sex, the diag-
nosis and the level of motor skills. In both groups there were 
the equal number of men (18) and women (14), and the aver-
age age of the participants in the group who received only 
occupational therapy was slightly higher (63.61), compared 
to the group of patients who received special education exer-
cises where the average age was 59.34 years. All the partici-
pants from both groups were prescribed occupational therapy 
according to the protocol of the clinic, and were included in 
it regularly. As a supplement to standard occupational ther-
apy procedures, the patients from the first intervention group 
received a set of personalized exercises from the special edu-
cation program while the patients from the second interven-
tion group had only occupational therapy without special 
education exercises as a supplement. 

In order to achieve the set goals first it was necessary to 
establish a personal card for each subject to record age, gen-
der and the medical diagnosis. This general data were ob-
tained from the available medical documentation. Data for 
dependent variables identifying the degree of motor impair-
ment were collected by using both standard and special edu-
cation evaluation methods and personal insight through ap-
propriate diagnostic procedures. During the study the follow-
ing dependent variables were examined: explosive muscular 
strength grip fist, static muscular strength grip fist, and dy-
namic muscular strength grip fist, oculomotor skills at the 
level of the elbow joint and oculomotor skills at the level of 
the shoulder. Each test was performed with both hands. Hand 
grip test is the test that measures explosive, static and dy-
namic muscular strength grip fist. Testing device consists of 
a pressure gauge and a rubber cuff (an apparatus for measur-
ing blood pressure). Cuff inflates to 50 mmHg. On the verbal 
order patient squeezes the cuff at full power. Evaluation is 
done after three measurements. The average value is re-
corded. Explosive muscular strength was recorded as the 
maximum achieved numerical value expressed in mmHg. 
The values of static muscular strength was recorded as the 
time in which the respondent can maintain the achieved 
maximum value, while dynamic muscle strength measured 
time that the respondent hold his grip fist from the maximum 
value up to 80% of this value. Ring test measures oculomo-
tor skilsl at the level of the shoulder joint. It consists of a 
rack with a stick length of 30–35 cm and 10 rings 5 times 
larger in diameter than the stick. A respondent has the task to 
put 10 rings on the stick as fast as possible. Each miss next to 
stick is recorded as a minus, and the total time is measured in 

seconds. O'Connor test also falls within the primary battery 
of special education tests, and it measures oculomotor skills 
at the level of the elbow joint. It consists of a plastic table 
measuring 16 × 22 cm with a large number of holes (diame-
ters of 2.5 mm), and 10 plastic pegs (length 3.5 cm, thickness 
2 mm with the head of 5 mm). The respondent has to put as 
fast as possible pegs in the holes. Pegs have to be placed 
with three fingers (thumb, index and middle finger). The 
time during which the respondent puts 10 pegs is measured 
by a stopwatch. Two attempts are allowed and better time is 
recorded. After evaluation each patient from the first ex-
perimental group gets his own personalized set of exercises 
chosen from an “open system of stimulation human devel-
opment” 20. These exercises are the most common form of 
stimulation motor development in everyday special educa-
tion clinical practice and they are conducted with the active 
participation of the patient and followed with vocalization. 
Each patient performs active psychomotor exercises on ver-
bal instruction and if needed with demonstration by educator. 
In this study, exercises were from the group of exercises for 
stimulation the development of upper extremities general 
motor skills, exercises from the group for stimulating the de-
velopment of coordination of movements at the level of the 
elbow and shoulder and from the group of exercises for 
stimulation the development of the power of certain move-
ments 21. Combined special education exercises as a supple-
ment to occupational therapy treatment was applied to the 
first intervention group for 12 weeks, always at the end of 
each occupational therapy session, while the second inter-
vention group was only in the process of occupational ther-
apy. After that period participants from both groups were re-
tested with the same tests. 

The obtained data from the study were compared using 
two nonparametric tests – Mann-Whitney test and the Wil-
coxon Signed Ranks Test. The Mann-Whitney test is used in 
experiments in which there are different subjects in each 
group, but the assumptions of parametric tests are not ten-
able. The Wilcoxon signed rank test has the null hypothesis 
that both samples are from the same population. The Wil-
coxon test creates a pooled ranking of all observed differ-
ences between the two dependent measurements. It uses the 
standard normal distributed z-value to test of significance.  

Data values are presented as the mean ± standard devia-
tion and a p-value < 0.05 was considered as statistically sig-
nificant. To compensate groups Student's t-test was used. 
Statistical analysis was performed with Statistical Package 
for the Social Sciences – IBM SPSS Statistics for Windows 
(version 15.0). 

Results 

The results obtained from hand grip tests are repre-
sented in Tables 1 and 2 and the results obtained from ring 
and O’Connor tests are quoted in the text below. 

All the patients from the group who received special 
education exercises with occupational therapy were better in 
all measured variables – explosive muscular strength grip 
fist, static muscular strength grip fist and dynamic muscular 
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Table 1 
Explosive, static and dynamic muscle strength grip fist (EMSGF, SMSGF and DMSGF, respectively)  

values for the right hand in both experimental groups before and after the treatment 
Before the treatment After the treatment 

Parameters  SEOT group  
(n = 32) 

OT group  
(n = 32) 

SEOT group  
(n = 32) 

OT group  
(n = 32) 

EMSGF (mmHg)      
ґ ± SD 133.53 ± 34.93 152.25 ± 32.49 239.43 ± 41.45 183.45 ± 43.32 
Mann-Whitney U test 557.500 148.000 
Wilcoxon W test 1187.500 725.000 
Z -0.673 -5.186 
p 0.501 0.000 

SMSGF (mmHg)   
ґ ± SD 3.56 ± 1.94 3.32 ± 1.02 5.11 ± 2.00 3.59 ± 1.49 
Mann-Whitney U test 533.500 245.500 
Wilcoxon W test 1163.500 800.500 
Z -0.938 -3.412 
p 0.348 0.000 

DMSGF (mmHg)   
ґ ± SD 5.51 ± 3.43 5.06 ± 3.83 8.88 ± 3.35 6.55 ± 4.54 
Mann-Whitney U test 580.500 312.000 
Wilcoxon W test 1210.500 840.000 
Z -0.378 -3.136 
p 0.705 0.002 

SEOT group – intervention group receiving special education and occupational therapy;  
OT group – intervention group receiving occupational therapy;  
ґ – arithmetical mean; SD – standard deviation. 

 
Table 2 

Explosive, static and dynamic muscle strength grip fist (EMSGF, SMSGF and DMSGF, respectively)  
values for the left hand in both experimental groups before and after the treatment 

Before the treatment After the treatment 
Parameters  SEOT group  

(n = 32) 
OT group  
(n = 32) 

SEOT group  
(n = 32) 

OT group  
(n = 32) 

EMSGF (mmHg)      
ґ ± SD 163.86 ± 47.00 141.34 ± 36.30 222.40 ± 41.53 160.42 ± 37.45 
Mann-Whitney U test 562.500 277.500 
Wilcoxon W test 1192.500 907.500 
Z -0.605 -3.818 
p 0.545 0.000 

SMSGF (mmHg)   
ґ ± SD 3.01 ± 1.85 2.78 ± 1.41 5.29 ± 2.00 3.02 ± 1.39 
Mann-Whitney U test 508.500 241.000 
Wilcoxon W test 1138.500 913.000 
Z -1.225 -4.262 
p 0.220 0.000 

DMSGF (mmHg)   
ґ ± SD 4.39 ± 4.94 4.13 ± 4.48 7.13 ± 3.84 4.97 ± 4.95 
Mann-Whitney U test 557.500 312.000 
Wilcoxon W test 1187.500 840.000 
Z -0.673 -3.136 
p 0.501 0.002 

SEOT group – intervention group receiving special education and occupational therapy;  
OT group – intervention group receiving occupational therapy;  
ґ – arithmetical mean; SD – standard deviation. 

strength grip fist for both hands in hand grip test evaluation 
after the applied treatment. Achieved greater muscle strength 
of grip fist led to less errors and misses in catching and re-
leasing rings while putting them on a stick during the execu-
tion performing the tasks from the test. The patients were 
also more accurate and finger movements were more refined 
in the act of holding rings (ring test) and in holding plastic 
pegs while putting them into holes (O’Connor test). 

The results of the ring test which measures oculomotor 
skill at the level of shoulder for the right hand showed that 
the first intervention group which received special education 
exercises improved highly statistically significantly after the 
treatment compared to the second intervention group 
(p = 0.000), whereas before treatment both groups were 
equal (p = 0.294). The ring test for the left hand also showed 
differences between the groups on the basis of which it was 
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proved that the experimental group which received special 
education exercises highly statistically significantly im-
proved after the treatment (p = 0.000) compared to the ex-
perimental group without exercises, while before the treat-
ment both groups were equal (p = 0.438). 

The results obtained in the O’Connor test which tested 
oculomotor skill at the level of elbow joint for right hand 
showed that the experimental group which received special 
education exercises improved highly statistically signifi-
cantly after the treatment compared to the second interven-
tion group which received only occupational therapy activi-
ties (p = 0.000), whereas before the treatment the two groups 
were equalized (p = 0.668). A statistical analysis in the 
O’Connor test for the left hand showed statistically signifi-
cance differences between the intervention groups. The first 
experimental group improved highly statistically signifi-
cantly after the treatment compared to the second experimen-
tal group which received only occupational therapy activities 
(p = 0.000), while before the treatment both groups were 
equal (p = 0.321). 

The results showed a statistically significant improve-
ment in the first experimental group of patients who were at 
different levels of progress in all tested variables of motor 
abilities, after the applied treatment, while participants in the 
second experimental group who received only occupational 
therapy activities had no such progress. The results of a re-
petitive upper extremity special education therapy program 
as a supplement to occupational therapy during inpatient re-
habilitation resulted in a greater improvement in upper limb 
function in the group of patients who received special educa-
tion exercises as a supplement to occupational therapy, than 
in the group who received only occupational therapy activi-
ties and this improvement showed a better voluntary arm 
control while performing movements in the shoulder and el-
bow that were required for the evaluation. Voluntary arm 
movements while performing shoulder flexion during the act 
of putting rings on a stick were made easier, smoother and 
faster. Although, it was not the subject of this study and there-
fore not recorded, attempts that all participants from the inter-
vention group who received special education exercises made 
to re-establish the lost functions were not manifested only 
through physical efforts performed during the exercises, but 
they also invested a great amount of psychological effort, and 
each movement was strongly supported by their hopes and ex-
pectations. Even before the expiration of stipulated 12 weeks, 
while the special education treatment was still going on, more 
than half of the patients from this group reported better self 
confidence and felt more assertive while performing custom-
ary activities (particularly dressing and undressing). 

Discussion 

The obtained results are in accordance with other find-
ings in the literature. Repeated motor activity (even very 
simple movements) is the basis of motor learning and recov-
ery by causing changes in the cortex. For upper extremity 
motor training, the patients engaged in the task-specific ac-
tivities usually achieve significantly greater gains compared 

to those who perform simple movements 22. This would mean 
that constant repetition of practical tasks (direct and repeated 
training) as an alternative means of exercise can produce cor-
tical changes that lead to improvement of functions. Ma and 
Trombly 23 argue that doing movements to achieve a certain 
objective during practical tasks can improve coordination 
and increase the range of motion. Most of the newer theories 
in the rehabilitation of stroke patients are based at least to 
some extent on the theory of motor learning 24. Special edu-
cation activities combined with individual exercise program 
and somatosensory stimulation in the form of repeated pe-
ripheral nerve stimulation, proved to be more effective in the 
chronic phase of recovery from stroke and in terms of im-
proving the use of paretic hand in the Jebsen-Taylor test 25, 
26. Another study confirmed that repeated exercises through 
the open and closed kinetic chain, with patients educated 
during rehabilitation, lead to the strengthening of extremity 
muscle strength and improve the balance in patients with 
stroke in the chronic phase of recovery, and was also a good 
predictor of functional recovery 27. On the contrary, French 
et al. 28 show that results of some studies prove that repeti-
tion of practical tasks in combination with intense exercise 
has no influence on the function of the upper extremities in 
patients with stroke, but slightly improved performance in 
activities of daily living. Some authors claim that hemi-
paretic upper extremities can increase strength and speed 
when a patient include self-vocalization while performing 
familiar motor tasks commonly used in occupational therapy 
29. They also recommend organizing therapy sessions that 
simultaneously restore the speech and hand motor control 
that are so often impaired by stroke. Ostry et al. 30 identified 
the correspondence in the forms for speed hand movements 
and speech movements and suggested that the hand and 
speech can use the same elements of the motor program-
ming. Neuroimaging observes that cortical motor area for 
programming speech, Broca's area, shows neurocortical acti-
vation during movements of the hand and wrist, and the 
same was observed when respondents are only imagined to 
perform the movement 29. Taking into account previous re-
searches in this area, it is possible that repeated constant ac-
tivation of Broca`s area in the execution of motor task can 
promote plasticity and lead to lasting improvements. 

Limitations of the study and implications for practice 

Although the obtained results show that the patients 
from the intervention group who received special education 
exercises achieved greater muscle grip strength and better 
coordination of upper extremities at the level of the elbow 
and the shoulder, the results must be interpreted with caution 
due to: relatively small sample, and almost perfect clinical 
settings in occupational therapy units provided at the Clinic 
for Rehabilitation “Dr. Miroslav Zotović” (the oldest reha-
bilitation center in Serbia with powerful tradition in rehabili-
tation people with post stroke hemiplegia). Therefore, the 
replication of the study with a larger sample and in different 
rehabilitation units is required. Also, the study lacks gener-
alization in greater view. Because of the fact that each pa-
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tient got personalized support through special education ex-
ercises that were added to standard occupational therapy 
treatment, thereby the duration of each therapy session ex-
tended, thus demanding more medical staff. Besides that, in 
the research there were no patients with a plegic (nonfunc-
tional) hand who usually represent the major number of re-
habilitation service users. It should be also acknowledged 
that only a limited number of arm movements were consid-
ered in this study, particularly when taking into account the 
complexity and numerous movements of the hand and fin-
gers performed in the act of capturing and releasing different 
objects. And finally, after achieving greater muscle strength 
and increased mobility in the shoulder and the elbow joint, 
hand functions were not explored through object manipula-
tion, neither patient’s functional ability to use the paretic 
hand in everyday activities was further researched. Even 
though it was not an objective of this study, we consider it 
the greatest limitation of future implementation of special 
education exercises in clinical practice, because for each per-

son it is more important what he/she can do with the hand 
than the numerical score obtained in test situation. 

Conclusion 

Patients with post-stroke conditions in a subacute phase 
of recovery have great potentials and they represent a group 
that is most likely to benefit from every intervention aimed at 
maximizing functional recovery. Therefore, further research 
in this area with a larger number of patients and in different 
institutions for rehabilitation is recommended and should be 
directed towards identifying instances of good practice. 

For now, according to all the results obtained in this 
study it can be concluded that the aim of the research was 
fulfilled and the assumption confirmed that special education 
treatment as a supplement to occupational therapy activities 
have effects on improving upper extremities motor skills in 
adult patients with post-stroke hemiplegia included in the 
process of rehabilitation. 
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Abstract 
 
Background/Aim. Although the characteristics of the treat-
ment are the most researched determinants of quality of life of 
opiate addicts, it is indisputable that there is a certain influence of 
the characteristics of addicts and addiction, too. The aim of this 
study was to determine which addicts characteristics, as well as 
the characteristics of the addiction and treatment have predica-
tive influence on the quality of life of the opiate addicts treated in 
the methadone maintenance program and those treated with bu-
prenorphine. Methods. The epidemiological cross-sectional 
study was carried out in 2013 at the Clinical Center Niš, on a to-
tal of 64 opiate addicts, both sexes, aged 18 and older (32 addicts 
in the methadone program, chosen by random selection, and 32 
addicts treated with buprenorphine, matched by sex and age). 
Necessary data were collected in a “face to face” interview with 
the examinees, based on the autonomous kind of a question-
naire, together with the use of the standardized World Health 
Organization (WHO) instruments: for health status, for the level 
of severity of addiction and for the quality of life measuring) 
based on which the health index (EQ-5D), Addiction Severity 
Index (ASI) and the quality of life index (WHOQOL-BREF) 
were calculated. The data were described by the methods of de-

scriptive statistics, while the differences between groups were an-
alyzed by applying χ2 and t-test. Multiple regressions were used 
to determine the predictors. Results. The addicts in the metha-
done program showed much worse perception of quality of life 
than those treated in another way, although, according to the 
values of quality of life, they did not differ significantly. The 
most numerous predictors of the level of quality of life were 
health characteristics, characteristics of the socioeconomic posi-
tion of the examinees, as well as different consequences of addic-
tion. The influence of treatment was less noticeable. Participating 
in the methadone program had predicative influence on perception 
and the level of quality of life of the addicts in mental area and that 
of the environment. The influence of the characteristics of metha-
done treatment in physical and social area was insignificant.  
Conclusion. Variations in the perception and level of the quality 
of life of opiate addicts in different areas cannot be explained using 
only one predictor. The number of determining variables is large, 
and its impact complex. 
 
Key words:  
opioid-related disorders; addiction; opiate substitution 
treatment; methadone; buprenorphine; quality of life; 
treatment outcome.

Apstrakt 
 
Uvоd/Cilј. Iаkо su kаrаktеristikе lečenja nајčеšćе istrаživаnе 
dеtеrminаntе kvаlitеtа živоtа оpiјаtskih zаvisnikа, nеspоrnо је 
dа izvеstаn uticај imајu i kаrаktеristikе zаvisnikа i zаvisnоsti. 
Cilј rаdа bio је dа se utvrdi kоје kаrаktеristikе zаvisnikа, 
zаvisnоsti i lečenja imајu prеdiktivni uticај nа kvаlitеt živоtа 
оpiјаtskih zаvisnikа u prоgrаmu mеtаdоnskоg оdržаvаnjа i 
zаvisnikа lеčеnih buprеnоrfinоm. Меtоdе. Ova epidеmiоlоškа 
studiја prеsеkа sprоvеdеnа je nа uzоrku оd 64 zаvisnikа оd 
оpiјаtа оbа pоlа, uzrаstа 18 i višе gоdinа (32 zаvisnikа u 
prоgrаmu mеtаdоnskоg оdržаvаnjа, izаbrаnih mеtоdоm slučај-
nоg оdаbirа i 32 zаvisnikа lеčеnih buprеnоrfinоm, odabranih 
prema pоlu i stаrоsti), kојi su lеčеni u Kliničkоm cеntru u Nišu. 
Pоtrеbni pоdаci sаkuplјеni su intеrvјuоm sа ispitаnicimа nа 

bаzi sаmоstаlnо rаzviјеnоg upitnikа, uz kоrišćеnjе stаndаr-
dizоvаnih instrumеnаtа Svetske zdravstvene organizacije 
(WHO) zа mеrеnjе zdrаvstvеnоg stаtusа, оzbilјnоsti pоslе-dicа 
zаvisnоsti, i kvаlitеtа živоtа, nа оsnоvu čеgа su izrаčunа-vani: 
indеks zdrаvlја (EQ-5D), indeks tеžinе pоslеdicа zаvisnо-sti 
(ASI) i indeks kvаlitеtа živоtа (WHOQOL-BREF). Pоdаci su 
оpisаni mеtоdаmа dеskriptivnе stаtistikе; rаzlikе izmеđu grupа 
аnаlizirаnе su primеnоm χ2 i t-tеstа. Zа izdvајаnjе prеdiktоrа 
kоrišćеnа је multiplа rеgrеsiја. Rеzultаti. Zаvisnici u 
mеtаdоnskоm prоgrаmu imаli su znаčајnо lоšiјu pеrcеpciјu 
kvаlitеtа živоtа оd zаvisnikа lеčеnih buprеnоrfinоm, iаkо sе ni-
su rаzlikovali znаčајnо оd njih prema indеksu kvаlitеtа živоtа. 
Nајbrојniјi prеdiktоri kvаlitеtа živоtа bili su kаrаktеristikе 
sоciјаlnоеkоnоmskе pоziciје ispitаnikа, zdrаvstvеnе kаrаk-
tеristikе, kао i tеžinа pоslеdicа zаvisnоsti. Uticај lečenja bio је 
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mаnjе izrаžеn. Učеšćе u mеtаdоnskоm prоgrаmu imа 
prеdiktivni uticај nа pеrcеpciјu i indеks kvаlitеtа živоtа 
zаvisnikа u psihičkоm dоmеnu i dоmеnu оkružеnjа. Nајvеći 
prеdiktivni znаčај imаli su trајаnjе i prеkidi lečenja mеtаdоnom. 
Uticај kаrаktеristikа mеtаdоnskоg lečenja u fizičkоm i 
sоciјаlnоm dоmеnu bio је mаrginаlаn. Zаklјučаk Vаriјаciје u 
pеrcеpciјi i nivоu kvаlitеtа živоtа opijatskih zavisnika u 

rаzličitim dоmеnimа nе mоgu sе оbјаsniti јеdnim prеdiktоrоm. 
Brој dеtеrminišućih vаriјаbli је vеliki, а dејstvо kоmplеksnо. 
 
Ključne reči: 
poremećaji izazvani opioidima; opijati, supstituciona 
terapija; metadon; buprenorfin; kvalitet života; lečenje, 
ishod. 

 

Introduction 

The substitution treatment of opioid addictions can inc-
rease the quality of life of addicts 1 and reduce the Addiction 
Severity Index (ASI), but it is not yet clear what determines 
these changes 2. The quality of life is the perception of res-
pondents about the condition, functioning and satisfaction 
with various aspects in all or selected areas of life; reflects 
the standards, norms and expectations of the respondents in 
terms of the quality of life. Variations are usually associated 
with different treatment characteristics (length, doses, the 
content of treatment, psychosocial support), as well as the 
characteristics of health care in general and addiction charac-
teristics. 

Most researchers agree that treatment can improve the 
quality of life of addicts, regardless of whether it is based on 
the substitution of methadone or buprenorphine 3, but they 
point out that the effect of treatment is not equal in all the 
domains of quality of life. Some point out that the methado-
ne treatment produces the greatest effect in the psychological 
domain 4, the others in physical and social domain 5, and the 
third in the physical, psychological and the domain of envi-
ronment 6–8. Some researchers point out that methadone trea-
tment produces significant improvements in quality of life in 
all four domains 9 resulting from the cumulative effect of the 
treatment, since the improvement in one, affects the changes 
in other domains of quality of life 10. 

The duration of treatment is the most researched factor. 
Most researchers agree that the effects of methadone substitu-
tion are the highest in the first three months of treatment 4, 5, 
although this program has certain effects thereafter. Moreo-
ver, a large number of researchers point to the negative ef-
fects of methadone treatment in the various domains of 
quality of life 11–15. 

The quality of life is emphasized as an important pre-
dictor of progress. 

Among all determinants, only the quality of life before 
treatment and its early changes are statistically significantly 
related to remaining in the treatment at least 6 months 16. The 
addicts’ quality of life, before entering the treatment program 
is an important predictor of an early progress in longer rema-
ining in the program of methadone sustaining 16–18. Others 
point out that continuous treatment oriented to the needs of 
individual patients 19 is statistically significantly associated 
with the cease of being an addict and is the strongest predic-
tor of changes in the quality of life 18, with significant effects 
on the psychological and social functioning 10. 

Nearly all of the researchers agree that the changes in 
the quality of life may be associated with dosing 2 and that 

the higher dose of methadone has a greater potential to incre-
ase the quality of life and reduce undesired events during the 
treatment 18, 20. 

The researchers point out that a certain contribution to 
the variations have other characteristics of addicts (demo-
graphic, socioeconomic, healthy), as well as the characteris-
tics of addiction, but stress that their influence is sometimes 
difficult to separate from the contributions of the treatment. 

The impact of demographic characteristics on the 
quality of life of drug users is difficult to separate from the 
contribution of other variables 21–23. The effect of age on the 
quality of life of addicts in the physical domain is predictive, 
but it is stressed that it must be viewed in conjunction with va-
riables such as employment, comorbidity, hospitalization, abuse, 
the age of first drug use 24. Socioeconomic position is an impor-
tant predictor of the quality of life of drug users 10, 21, 22, 24. It is 
described as the entire set of variables, such as education, 
employment, family life 1, 10, 21, 22. 

The influence of the environment on the quality of life 
level differences in the addicts included in the methadone 
program is often less direct, more often within the scope of 
many other personal factors, factors that are related to drugs 
and/or treatment, so it is difficult to specify it. Variations in 
the quality of life are described in relation to the environment 
influence, financial status, free time, and social activities, 
rather than direct heroin influence 12. 

The most important predictor of the quality of life is 
inability of the addicts to adapt to some new life situation, 
bad life conditions and the absence of permanent residence 
as a predictor of low quality of life of the addicts 18. 

The researchers point out the importance of the family, 
household and the relationships within, in women who have 
kids there is a downfall in the areas of social support, 
psychological and environmental domain, as well as perfor-
mance 21, 22, and the importance of life conditions and social 
support, which especially becomes prominent when there are 
symptoms and trauma (violence towards women) 25. 

The influence of physical and sexual harassment on the 
differences in the quality of life in psychological domain is 
something that researchers confirmed 24. 

There is an obvious protective impact of the scope of 
social network and the existence of close friends ready to gi-
ve support to an addict. Providing social support to the ad-
dicts causes great increase in the quality of life 12, 13. 

Health features of the addicts are the important deter-
mining factor of the quality of life. In that sense, it is impor-
tant to point out the influence of comorbidity, chronic disea-
se, psychological distress, depression, HIV infection on the 
quality of life in some domains 26.  Some variations in the le-
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vel of quality of life, especially physical and psychological 
domain, can be explained by the presence of the symptoms 
and traumas 25. Use of alcohol (the amount taken in the last 
30 days) can explain some variations in the environmental 
domain. The intensity of psychological distress and taking 
psychological treatment medications are associated with low 
quality of life 12. Human immunodefitiency virus (HIV)+ ad-
dicts have substantially lower quality of life scores in the 
areas of physical health and functional abilities, as well as 
quality of life, related to health in general 26. 

There is a high level of agreement around the addiction 
characteristics (the type of the drugs used, the number of ta-
ken substances, their combining, the length of drug abuse pe-
riod) which an addict brings into the treatment, as a signifi-
cant factor of the present quality of life and the changes 
which are expected. Some researchers confirmed the diffe-
rences in the outcome of male and female addicts, which co-
uld be related to specific characteristics of opiate use and the 
initial treatment 23. The age at the moment of the first drug 
abuse (an injection episode) is significantly related to the 
quality of life in physical domain 24. Sedative abuse, cocaine 
use, the duration of cocaine use, as well as the use of the gre-
at number of substances in the last month, are much related 
to the quality of life in psychological domain. However, 
everyone claims that variations in the physical and 
psychological domain of the quality of life can not be 
explained merely by drug effects. There is no direct effect of 
heroin use on the quality of life 13–20.  Drug effect is felt in 
coeffects with some other (personal and environmental) cha-
racteristics (life circumstances, financial status, changes, per-
spective, taking part in some free and social activities, family 
and friends support) 19.  

The treatment effect has often been the subject of rese-
arching the quality of life of the drug addicts. The research in 
opiate addicts is focused on clinical efficacy of the treatment 
more than the quality of life assessed from the perspective of 
drug users. 

The aim of this study was to identify the differences in 
quality of life between different groups of drug users (opiate 
addicts in methadone maintenance program and those treated 
with buprenorphinе) that can be correlated with the treatment 
and to investigate what demographic, socioeconomic and he-
alth characteristics of the respondents and their environment, 
ie what characteristics of addiction and treatment determine 
the differences. 

Methods 

This epidemiological cross-sectional study was perfor-
med in July and December 2013 in accordance with the 
norms of the Helsinki Declaration and with the approval of 
the Ethics Committee of the Faculty of Medical Sciences in 
Kragujevac. The observed groups were addicted to opiates, 
of both genders, aged 18 and older, with different (demo-
graphic, socioeconomic and healthy) characteristics, which 
were treated at the Clinic for Mental Health at the Clinical 
Center Niš. Using G Power program and power parameters 
of the study for medium power impact, the required number 

of units of observation was determined. On completion of the 
stratification of addicts according to the method of treatment 
(methadone vs buprenorphine) from each stratum was selec-
ted a simple random sample using the table of random num-
bers. The stratified sample had 64 participants, divided into 
two groups. 

The group A included 32 subjects involved in the met-
hadone program [17 (53.12%) males, аnd 15 (49.88%) fema-
les, mean age 48.12 ± 3.15], and the group B of 32 subjects 
treated with buprenorphine [13 (40.62%) males, 19 (59.38%) 
females, mean age 46.94 ± 4.56]. The groups were homoge-
neous in age (p = 0.233) and gender (p = 0.452).  

The instrument to collect data on the characteristics of 
the respondents was the sociodemographic questionnaire. 
Through interviews "face-to-face" with respondents in a me-
dical institution, we collected data on the following issues: 
demographic, socioeconomic and health characteristics (gen-
der, age, level of education, employment, marital status, 
children, the number and type of the disease), characteristics 
of the environment (housing conditions, living conditions, 
family characteristics and family functioning, the number of 
friends and relationships with friends), characteristics of he-
alth care (the choice of a doctor, the use of primary and pre-
ventive care, participation in methadone treatment, duration 
and type of methadone treatment, continuity and treatment 
interruption). 

The instrument to collect data on health status (quality 
of life related to health) was a standardized questionnaire to 
measure the health status of the World Health Organisation 
(WHO) (WHO EQ-5D, Version 4.0; 2011). This study  used 
both questionnaire modalities – information system (EQ-5D-
5L), which focuses on five dimensions of health (mobility, 
self-protection, the usual activities, the presence of pa-
in/discomfort and anxiety/depression) and visual analogue 
scale (EQ-5D-VAS) to which the respondent marked  the as-
sessment of the health of the worst possible to the best possi-
ble level 27. Euro QOL EQ-5D index, that represents 
quantitative measures of treatment outcome of health care 
and aggregate measures of health and quality of life was cal-
culated on the basic of the created data 28. 

To register the seriousness of the addiction cons-
equences in seven areas (health, professional, social, family, 
legal, addictive and psychiatric) functioning in the last 30 
days and during the entire life of the respondents, 
questionnaire Addiction Severity Index (ASI) was used 29. 

The overall quality of life in this study was expressed 
by the perception of quality of life that was measured in 4 
different domains (physical functioning, psychological func-
tioning, social functioning, environment). 

The instrument for collecting data on the quality of life 
was a standardized questionnaire to calculate the WHOQOL-
BREF index 30 which measures the overall quality of life on 
the basis of respondents assessment, that contributed with 
their standards, norms and expectations. 

The quality of life was shown as the frequency of dis-
tribution of respondents by the category of perception of 
quality of life graphically, parallel to both groups. To deter-
mine the significance of differences, χ2 test was used. 
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The level of quality of life in different domains was de-
scribed by descriptive statistical parameters (mean, standard 
deviation, median, minimum and maximum value). Data on 
the level of quality of life in different domains were presen-
ted in tables, parallel to both groups. To determine the signi-
ficance of differences t-test was used. 

The focus of statistical analysis were the determinants 
of differences in the perception and the quality of life of opi-
ate addicts among the characteristics of the respondents, their 
health and health care, environmental characteristics, depen-
ding on the characteristics and treatment. 

For testing and isolation of potential factors of impor-
tance for the perception of the level of quality of addicts life, 
multiple linear regression was used.  In the analysis we used 
SPSS 17.0 for Windows. 

Results 

The addicts in the methadone program had much poorer 
perception of quality of life than the addicts treated with bup-
renorphine. The differences between the two groups were 
statistically significant [(χ2 = 29.86 degrees of freadom (DF) 
= 8 p = 0.000)]. 

Analysis of the predictors of the perception of quality of 
life (R2 = 0.929 standard eror (SE) = 0.584 F = 24.250 p = 
0.016) determined the predictive value of demographic (gen-
der), socioeconomic (level of education, type of settlement) 
and health characteristics of respondents describing functio-
nal status (mobility, self-care, the ability to perform everyday 
activities), the presence of symptoms (irritability/depression) 
and the perception of health and the characteristics of the ho-
usehold in which they lived (number of household members, 
number of children). Among the characteristics of treatment, 
only the duration of methadone treatment had the predictive 
value (Table 1). 

The respondents who lived in a household with more 
members and fewer children, were more educated and the 
males who lived in the city better perceived their quality of 
life. A directly proportional correlation between health status 
(functional capacity indicated by the frequency of the prob-
lem in terms of mobility and the ability to care for themsel-
ves, the presence of limitations in their daily activities, often 
signs of irritability and depression) in this study perceived 
better their quality of life. The overall quality of life is perce-
ived poorer by respondents with higher ASI (the presence of 
severe consequences of addiction). The overall quality of life 
was perceived better by respondents involved in the metha-
done maintenance program. The higher index of quality of li-
fe in the domain of physical health can be expected in pati-
ents with fewer expressed addicts consequences (lower ASI) 
and a shorter time length of being an addict, just as the other 
researchers claim. In the methadone program addict group 
we established a bit higher values of the level of quality of li-
fe in the domain of physical health and environment, than in 
the out-of-program addicts. With the addicts off the metha-
done program, higher values of quality of life in the domain 
of physical health and social interactions were more noticea-
ble. The described differences in the level of quality of life 

between the examined groups were not statistically signifi-
cant in any domain (Table 2). 

Analysis of the predictors of quality of life in the field 
of mental health revealed a predictive value of demographic 
(gender), socioeconomic (level of education, type of occupa-
tion, monthly income, type of settlement in which they live), 
health characteristics, which describe the functional status of 
the respondents (mobility, ability of self-care), the presence 
of symptoms (pain/discomfort, irritability/depression) ie, 
perception of health, health care, especially continuity (the 
number of visits to general practice – GP) and household 
characteristics (household size, building in which they live, 
the size of the living unit, the way of heating) (R2 = 1.000 SE 
= 0.151 F = 572.779 p = 0.033). 

Analysis of the predictors of quality of life in the field 
of mental health aligned characteristics of addiction, as well 
as ASI indices and the length of heroin abuse – the length of 
taking drugs. 

Characteristics of addiction treatment that showed pre-
dictive impact on the quality of life in the field of mental he-
alth are the length of methadone treatment and interruptions 
in methadone treatment (Table 3). 

A higher index of quality of life in the domain of 
physical health could be expected in patients who live in 
smaller apartments heated by solid fuel stoves, in small 
towns (villages), have no sedentary job, have incomes above 
the minimum, live in or out of wedlock, have higher educati-
onal attainment, have better functional ability (and fewer 
problems in performing daily activities) and perceive their 
health better, pay visits to the doctor and have regular health 
controls. A higher quality of life in the physical domain was 
revealed in addicts with lower ASI (with fewer expressed 
addicts consequences) and shorter period of being addicts 
(Table 3). 

Analysis of the predictors of quality of life in the field of 
mental health (R2 = 1.000 SE = 0.236 F = 360,767 p = 0.042) 
showed a predictive value of demographic (gender), socioeco-
nomic (level of education, type of occupation, monthly inco-
me, type of settlement in which they live), health characteris-
tics, which describe the functional status of the respondents 
(mobility, ability of self-care), the presence of symptoms (pa-
in/discomfort, irritability/depression) ie, perception of health, 
health care, especially continuity (the number of visits to GP) 
and household characteristics (household size, the building in 
which they live, the size of the living unit, the way of heating. 
Analysis of the predictors of quality of life in the field of men-
tal health aligned  characteristics of addiction, as well ASIs de-
scribing  different effects and consequences of addiction, 
except the effects on employment, and the length of heroin 
abuse – the length of  taking drugs). 

Characteristics of addiction treatment that showed a 
predictive impact on the quality of life in the field of mental 
health are the length of methadone treatment and interrupti-
ons in methadone treatment (Table 3). 

The higher index of quality of life in the psychological 
domain was found in the  male addicts with higher educati-
on, higher income and more profitable occupation, those who  
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Таble 1 
Predictors of perception of the quality of life of opiate addicts 

Quality of life perception 
Predictors 

Addicts 
n (%) very bad 

n (%) 
bad 

n (%) 
acceptable 

n (%) 
good 
n (%) 

very good 
n (%) 

Gender 
male  30 (46.9) 2 (6.67) 5 (16.67) 10 (33.33) 11 (36.66) 2 (6.67) 
female 34 (53.1) 4 (11.76) 13 (38.24) 14 (41.18) 3 (8.82) 0 (0.00) 
β (p) -1.753 (0.007) 

Education 
primary education 15 (23.4) 3 (20.00) 6 (40.00) 5 (33.33) 1 (6.67) 0 (0.00) 
moderate (3 and 4 year) 46 (71.9) 3 (6.52) 12 (26.09) 18 (39.13) 12 (26.09) 1 (2.17) 
more and higher 3 (4.7) 0 (0.00) 0 (0.00) 1 (33.33) 1 (33.33) 1 (33.33) 
β (p) 1.403 (0.024) 

Number of children 
without 26 (40.6) 2 (7.69) 4 (15.39) 10 (38.46) 8 (30.77) 2 (7.69) 
one 25 (39.1) 3 (12.00) 8 (32.00) 9 (36.00) 5 (20.00) 0 (0.00) 
two or more 13 (20.3) 1 (7.69) 6 (46.16) 5 (38.46) 1 (7.69) 0 (0.00) 
β (p) -0.808 (0.047) 

Number of household members 
two 12 (18.7) 2 (16.67) 5 (41.67) 4 (33.33) 1 (8.33) 0 (0.00) 
three 21 (32.8) 2 (9.52) 9 (42.86) 7 (33.33) 3 (14.29) 0 (0.00) 
four 20 (31.2) 1 (5.00) 3 (15.00) 10 (50.00) 5 (25.00) 1 (5.00) 
five or more 11(17.3) 1 (9.09) 1 (9.09) 3 (27.27) 5 (45.45) 1 (9.09) 
β (p) 4.245 (0.011) 

Type of settlement 
village 8 (12.5) 1 (12.50) 4 (50.00) 3 (37.50) 0 (0.00) 0 (0.00) 
settlement 30 (46.9) 3 (10.00) 11 (36.67) 11 (36.67) 5 (16.66) 0 (0.00) 
town 26 (40.6) 2 (7.69) 3 (11.54) 10 (38.46) 9 (34.62) 2 (7.69) 
β (p) 0.981 (0.035) 

Medical Composite Score 
good (5) 44(68.8) 5 (11.36) 13 (29.54) 17 (38.64) 9 (20.46) 0 (0.00) 
mediocre (6–10) 15(23.4) 1 (6.67) 4 (26.66) 6 (40.00) 3 (20.00) 1 (6.67) 
bad (> 10) 5 (7.8) 0 1 1 2 1 
β (p) -2.694 (0.011) 

Index of quality of life (ЕQ-5D-VAS) 
bad (50) 15 (23.4) 3 (20.00) 6  (40.00) 4 (26.67) 2 (13.33) 0 (0.00) 
mediocre (50–75) 17 (26.6) 2 (11.76) 7 (41.18) 6 (35.3) 2 (11.76) 0 (0.00) 
good (75 and more) 32 (50.0) 1 (3.12) 5 (15.62) 14 (43.75) 10 (31.26) 2 (6.25) 
β (p) -1.602 (0.014) 

АSI / Depending on the severity of consequences 
the easiest  20) 20 (31.3) 2 (10.00) 4 (20.00) 7 (35.00) 6 (30.00) 1 (5.00) 
moderately (20–30) 26 (40.6) 2 (7.69) 8 (30.76) 9 (34.62) 6 (23.08) 1 (3.85) 
the hardest (30 and more) 18 (28.1) 2 (11.11) 6 (33.33) 8 (44.45) 2 (11.11) 0 (0.00) 
β (p) -2.672(0.015) 

Duration of methadone treatment 
out of treatement (group B) 32 (50.0) 3 (9.37) 6 (18.75) 14 (43.75) 7 (21.88) 2 (6.25) 
up to 24 months 5 (7.8) 0 (0.00) 4 (80.00) 1 (20.00) 0 (0.00) 0 (0.00) 
24–48 months 16(25.0) 2 (12.50) 6 (37.50) 4 (25.00) 4 (25.00) 0 (0.00) 
48–72 months 8(12.5) 1 (12.50) 2 (25.00) 3 (37.50) 2 (25.00) 0 (0.00) 
through 72 months 3 (4.7) 0 (0.00) 0 (0.00) 2 (66.67) 1 (33.33) 0 (0.00) 
β (p) 2.977 (0.007) 

β – regression coefficient; p – probability; ASI – Addiction Severity Index. 
 

Таble 2  
Descriptive statistical parameters of the quality of life index 

Descriptive statistical parameters  
Category 

ґ SD CV (%) Med SE Min Max 
Physical health 

group А 
group B 

 
23.72 
22.12  

 
3.57 
3.35 

 
15.05 
15.14 

 
24 
22 

 
0.63 
0.593 

 
16 
15 

 
32 
29 

Mental health 
group А 
group B 

 
18.78 
20.53  

 
4.35 
4.41 

 
23.16 
21.48 

 
19 

20.5 

 
0.768 
0.780 

 
10 
10 

 
27 
30 

Social relations 
group А 
group B 

 
9.40 
10.22  

 
2.82 
2.35 

 
30.00 
22.99 

 
9.5 
10 

 
0.497 
0.416 

 
4 
6 

 
15 
15 

Environment 
group А 
group B 

 
28.03 
27.44  

 
4.77 
4.75 

 
17.02 
17.31 

 
27.50 
27.00 

 
0.843 
0.839 

 
17 
21 

 
38 
39 

Group A – addicts in methadone treatment; Group B – addicts treated with buprenorphine; ґ – mean value; SD – 
standard deviation; CV – coefficient of variation; Med – median; SE – standard error; Min – minimal; Max – maximal. 
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Tаble 3 
Predictors of the quality of life of opiate addicts 

Quality of life domains, n (%) 
Predictors 

Addicts 
n (%) mental health physical health social relations environment 

Gender 

male 30 (46.9) 24.32 (2.17) 21.03 (3.41) 10.07 (1.35) 27.781 (3.75) 
female  34 (53.1) 21.72 (3.57) 19.81 (3.31) 9.99 (2.82) 28.11 (3.77) 
β (p)  -1.031 (0.015) -1.334 (0.014) - - 

Education 

primary 15 (23.4) 21.12 (3.35) 19.53 (4.41) 9.92 (2.92) 27.91 (4.75) 
intermediate (3 and 4 
years) 

46 (71.9) 22.43 (3.22) 21.08 (4.35) 10.36 (2.44) 28.03 (4.77) 

more and higher 3 (4.7) 23.71 (3.57) 22.21 (4.26) 10.41 (2.25) 28.73 (4.41) 
β (p)  1.053 (0.018) 1.269 (0.019) - - 

Interest 
managers officials 7 (10.9) 22.84 (3.35) 20.97 (4.41) 10.02 (2.35) 27.66 (3.75) 
VKV, KV workers 36 (56.2) 23.78 (3.57) 20.41 (4.35) 10.40 (2.82) 28.03 (3.77) 
PKV, NKV workers 17 (26.6) 19.92 (3.35) 19.33 (4.41) 10.32 (2.35) 27.94 (3.61) 
Housewives, students, 
unable to work 

4 (6.3) 17.72 (3.57) 18.78 (4.35) 9.91 (1.82) 28.12 (3.97) 

β (p)  -1.061 (0.018) -0.815 (0.029) - - 
Monthly income per member of the family household 

without receiving 19 (30.16) 21.37 (3.25) 18.22 (4.22) 9.31 (2.36) 27.74 (3.55) 
minimum  27 (42.86) 23.72 (3.52) 18.78 (4.25) 9.40 (2.81) 28.01 (3.57) 
above the minimum in-
come 

17 (26.98) 23.92 (3.15) 20.13 (4.11) 10.01 (2.30) 28.13 (3.71) 

β (p)  0.990 (0.029) 0.723 (0.049) - - 
Marital status 

unmarried   24  (37.5) 21.01 (2.93) 19.76 (4.17) 9.19 (2.37) 28.94 (4.75) 
divorced 14 (21.9) 22.22 (3.57) 18.98 (4.35) 9.90 (2.82) 27.03 (4.77) 
married/extramarital 
community 

26 (40.6) 23.92 (3.35) 20.01 (4.41) 10.12 (2.35) 26.85 (3.42) 

β (p)  0.784 (0.028) -  -1.306 (0.027) 
Number of household members 

to two members 12 (18.75) 22.52 (3.38) 17.78 (4.35) 9.01 (2.28) 27.97 (4.22) 
3 members 21 (32.81) 23.22 (3.70) 20.03 (4.54) 10.32 (2.23) 28.49 (4.52) 
4 members 20 (31.25) 22.91 (3.51) 20.21 (4.21) 10.98 (2.35) 29.02 (4.38) 
5 and more 11 (17.19) 23.64 (3.05) 20.53 (4.23) 10.99 (2.68) 28.22 (4.41) 
β (p)  - 4.896 (0.018) 2.139 (0.033) - 

Type of settlement 

village 8 (12.5) 23.92 (3.57) 18.07 (4.14) 9.81 (2.39) 27.03 (4.75) 
settlement 30 (46.9) 22.87 (3.32) 18.78 (4.05) 9.40 (2.82) 28.03 (4.27) 
town 26 (40.6) 22.02 (3.71) 20.23 (4.41) 10.22 (2.35) 29.10 (4.14) 
β (p)  -0.444 (0.046) 0.942 (0.027) - 0.905 (0.035) 

Condition of house 

house with garden 32 (50.0) 22.61 (3.39) 18.31 (4.32) 10.21(2.47) 28.23 (4.76) 
Apartment 32 (50.0) 23.72 (3.27) 20.28 (4.31) 9.90 (2.81) 27.74 (4.65) 

β (p)  - 1.109 (0.030) - - 

Surface area in which they live 

20 m2 41 (64.0) 24.08 (3.34) 18.52 (4.18) 10.22 (2.35) 27.44 (4.75) 
21–40 m2 14 (21.9) 23.72 (3.57) 18.78 (4.35) 9.40 (2.82) 28.03 (4.77) 

41 and more m2 9 (14.1) 22.12 (3.35) 20.50 (4.41) 10.07 (2.11) 27.99 (4.82) 
β (p)  -0.543 (0.048) 0.976 (0.034) - - 

Warming up the space in which they live 

steam. central or floor 
heating 

20 (31.2) 22.12 (3.35) 18.62 (4.45) 10.22 (2.35) 27.44 (4.75) 

furnaces electric 19 (29.7) 23.71(3.57) 18.78 (4.35) 9.40 (2.82) 28.03 (4.77) 
stoves 25 (39.1) 24.43 (3.32) 20.53 (4.41) 9.92 (2.19) 27.93 (4.56) 
β (p)  0.625 (0.042) 0.850 (0.039) - - 

Health status / Functional status (Rank) 

good (up to 5) 45 (70.3) 24.59 (3.39) 20.53 (4.41) 10.92 (2.35) 27.44 (4.75) 
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acceptable (6–10) 14 (21.9) 23.72 (3.57) 18.78 (4.35) 9.40 (2.82) 28.03 (4.77) 
bad (more than10) 5 (7.8) 22.12 (3.35) 18.37 (4.15) 9.05 (2.73) 27.99 (4.76) 
β (p)  -0.588 (0.013) -3.028 (0.017) -1.815 (0.024) - 

Health index/perception of health (ЕQ-5D-VAS) 

bad (50) 15 (23.4) 22.03 (3.35) 20.53 (4.41) 10.22 (2.35) 27.44 (4.51) 
acceptable (50–75) 17 (26.6) 23.24 (3.21) 18.78 (4.35) 9.40 (2.82) 28.03 (4.36) 
good (75 and more) 32 (50.0) 24.19 (3.70) 18.50 (4.43) 9.45 (3.02) 28.21 (4.45) 
β (p)  1.078 (0.028) -0.795 (0.049) - - 

Number of general practitioner visits 

up to three times 34 (53.1) 21.90 (3.45) 19.58 (4.15) 10.22 (2.35) 27.11 (4.71) 
4–6  16 (25.0) 23.62 (3.70) 20.32 (4.01) 9.40 (2.82) 28.03 (4.27) 
7 and more 14 (21.9) 23.98 (3.35) 21.53 (4.21)  29.29 (4.44) 
β (p)  0.948 (0.026) 0.649 (0.049) - 1.443 (0.028) 

The reason for visits to general practitioners 

health check 13 (20.3) 24.19 (3.39) 18.97 (4.41) 10.12 (2.34) 27.44 (4.15) 
prescribing drugs 24 (37.5) 23.72 (3.51) 20.03 (4.35) 9.49 (1.82) 28.03 (4.07) 
administration 27 (42.2) 22.06 (3.33) 19.89 (4.35) 10.01 (4.22) 27.90 (4.43) 
β (p)  -1.091 (0.026) - - - 

How long they have been addicts 

up to 5 years 9 (14.1) 23.92 (3.57) 18.78 (4.01) 10.12 (2.31) 26.91 (4.46) 
5–10  21 (32.8) 23.12 (3.35) 19.53 (4.35) 9.80 (2.28) 28.11 (4.32) 
10–15  19 (29.7) 22.06 (3.57) 20.26 (3.41) 10.04 (2.56) 28.94 (4.25) 
16 and more 15 (23.4) 21.22 (3.35) 20.88 (2.35) 9.96 (2.78) 28.99 (4.47) 
β (p)  -0.724 (0.023) 0.503 (0.041) - 0.651 (0.038) 

АSI / Depending on the severity of consequences 

the easiest  20) 20 (31.3) 24.38 (3.57) 20.65 (4.41) 10.22 (2.35) 28.13 (4.77) 
acceptable(20–30) 26 (40.6) 22.02 (3.35) 18.77 (4.35) 9.39 (2.82) 27.44 (4.75) 
the hardest (30 and 
more) 

18 (28.1) 21.55 (3.08) 18.01 (4.33) 8.12 (2.23) 26.01 (3.92) 

β (p)  -1.255 (0.013) -1.079 (0.018) -0.870 (0.020) -1.850 (0.039) 

Duration of methadone treatment 

out of treatment (group 
B) 

32 (50.0) 22.12 (3.35) 20.53 (4.41) 10.22 (2.35) 27.44 (4.75) 

Up to 24  5 (7.8) 23.97 (3.17) 18.32 (4.10) 8.89 (2.22) 28.33 (4.34) 
24–48 16 (25.0) 23.89 (3.25) 18.69 (4.19) 9.47 (2.51) 27.38 (4.72) 
48–72 months 8 (12.5) 23.59 (3.07) 19.02 (4.34) 9.35 (2.66) 28.83 (4.56) 
trough 72 months 3 (4.7) 22.73 (3.03) 19.37 (4.52) 10.02(2.72) 28.67 (3.92) 
β (p)  - 2.310 (0.022) - - 

Interruptions in treatment 

yes 16 (21.9) 23.11 (2.31) 20.93 (4.41) 10.02 (2.35) 28.53 (4.07) 
no 48 (78.1) 23.92 (2.57) 18.81 (4.35) 9.76 (2.82) 26.54 (4.25) 
β (p)  - -0.755 (0.025) - -0.892 (0.027) 

β – regression coefficient; p – probability; ASI – Addiction Severity Index. 
 
 
live in the city, in larger houses heated by solid fuel stoves, 
surrounded by a large number of household members. The 
quality of life in the psychological domain is higher in drug 
addicts with fewer problems with taking care of themselves, 
with less frequent symptoms such as pain and discomfort, 
even when they perceive their health as poor, if they behave 
protectively (and often pay a visit to a doctor). A higher 
quality of life in the field of mental health was found in those 
with longer period of being addicts, with fewer consequences 
(lower ASI index), who were involved in the methadone 
program which they rarely abandoned. 

Analysis of the predictors of quality of life in the doma-
in of social relations (R2 = 0.992 SE = 1.370 F = 4.402 p = 
0.036) determined the predictive value of functional status 
(ability to self-care) and environment characteristics (number 
of household members). Except as noted, the predictive va-

lue of other characteristics (demographic, socioeconomic, 
healthy characteristics of respondents and characteristics of 
their health care) were not determined. 

The predictors of quality of life in the domain of social 
health aligned the consequences of addiction, too (ASI 
indexes). 

Characteristics of treatment have no predictive effect on 
quality of life in the domain of social relations (Table 3). 

A higher level of quality of life in the domain of social 
health can be expected in patients with a lower ASI, with no 
functional limitations, who live in a household with more 
members. 

Analysis of the predictors of quality of life in the doma-
in of environment (R2 = 0.983 SE = 3.498 F = 1.884 p = 
0.050) determined the predictive importance of the characte-
ristics of the socioeconomic position of the respondents (ma-
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rital status, type of settlement in which they live), characteri-
stics that describe the health care of patients, especially 
continuity (the number of visits to the GP, the main reason 
for the visit) as well as household characteristics (possession 
and use of computers), but not the demographic characteris-
tics of respondents. 

ASIs that describe the specific effects of addiction,  as 
well as other characteristics that describe dependence (the 
length of taking drugs) had a predictive effect on the quality 
of life in the field of environment. 

A higher level of quality of life in the domain of envi-
ronment can be expected in patients with fewer consequences 
of addiction (lower ASI), longer period of being addicts, rarely 
interrupted participation in the methadone program, who 
normally ask doctor for help, live in urban areas, married or in 
a de facto relationship (Table 3). 

Discussion 

Although there is no statistically significant difference 
in the index of quality of life, the addicts in the methadone 
program perceive the quality of life significantly worse than 
the addicts treated with buprenorphine. 

The differences produce a significantly greater partici-
pation of the categories of the respondents who perceive the-
ir quality of life as poor in the group A (addicts in the met-
hadone program) and significantly greater participation of 
the categories of respondents who perceive the quality of life 
as very good in the group B (addicts of methadone program). 
It seems that the reasons for these differences lie not only in 
the characteristics of methadone treatment, bearing in mind 
that analysis has a predictive value of a large number of ot-
her characteristics that describe addicts and addiction. 

Those who live in a household with more members and 
fewer children, have more education, and males in the city, 
in this study, perceive their quality of life better. The diffe-
rences between addicts males and females can be explained 
in terms of gender specificity of men, already pointed to in 
other studies 2, 15. Our findings also confirm observations 
about the importance of social networks 11, 15, 17 for the 
quality of life of drug users, as evidenced by the predictive 
value of a great households 14, 17. In most households, there 
are all conditions for the significant support regarding ins-
trumental (material, emotional) assistance, as well as condi-
tions for the development of the sense of security (perception 
of support if needed). On the contrary, a proportional corre-
lation between the number of children and the perception of 
quality of life can be explained by age (younger addicts have 
fewer children) and a few obligations towards children in the 
life of each man, even addicts. Other studies show similar re-
sults 1, 2. 

A directly proportional correlation between health sta-
tus (functional capacity indicated by the frequency of the 
problem in terms of mobility and the ability to care for them-
selves, the presence of limitations in their daily activities, 
often have signs of irritability and depression) and health 
perceptions, on one hand and the quality of life perception 
on the other, also supports the findings of other researchers 

regarding the connection between health and the quality of 
life 14, 15. 

Closely related is the established importance of the 
consequences of addiction. The overall quality of life is per-
ceived poorer by respondents who have higher ASI index 
(the presence of severe consequences of addiction). These 
results correlate with the findings of other researchers on the 
impact of consequences of addiction on the quality of life, 
which is realized directly 16 or in conjunction with other cha-
racteristics of the respondents 14, 15, 17. 

The overall quality of life is perceived by better respon-
dents involved in the methadone maintenance program, 
which confirms the findings of other researchers on the im-
portance of long methadone treatment 3, 7–9, 11–14, 18, 20–27. On 
the contrary, interruptions of treatment showed no predictive 
value. 

The higher index of quality of life in the domain of 
physical health could be expected in patients with fewer 
expressed addicts consequences (lower ARI) and a shorter 
time length of being an addict, just as the other researchers 
claim 14, 15. The results obtained in this study confirm the im-
portance of functional capacity (lower frequency of problems 
in carrying out daily activities), better perception of health 
(higher grades of health), continuity of care (often paying vi-
sits to a doctor and regular health controls), which correlate 
with the findings of other researchers on determining the im-
pact of symptoms and chronic problems 5, 14, 15 on the quality 
of life in the physical domain. The importance of living con-
ditions, also emphasized by other researchers 14, 15, 18 confir-
med the results of this research on determining the impact of 
housing conditions: addicts who live in smaller homes with 
central heating, reside in small towns, do physical work, ha-
ve higher incomes, live in and out of wedlock, belong to ca-
tegories with higher education – have a higher quality of life 
in the physical domain. Living conditions determine the gen-
der-specific context 1, 2, 16 which can be explained by the pre-
dictive significance of gender, ie, a higher quality of life for 
male addicts. Characteristics of treatment are associated with 
an index of quality of life in the area of physical health. 

A significant predictive effect on the index of quality of 
life regarding mental health has the length of drug abuse and 
the complex consequences of addiction, as well as the urban 
environment. A higher quality of life in this area could be 
expected in those with fewer expressed addicts' 
consequences (lower ASI), with fewer problems with taking 
care of themselves, fewer functional limitations (pain, dis-
comfort), who perceive their own health better. The higher 
index of quality of life in the field of mental health have even 
those with longer period of being addicts, if they are more 
involved in the methadone program which they rarely aban-
don, and behave in a protective way (more often turn to doc-
tor for help). This finding confirms the assumption about the 
length of the contribution and importance of the continuity of 
the methadone program, also claimed by the others 10, 20. A 
higher quality of life in the psychological domain determines 
the number of features of urban social and economic position 
(higher education, higher income, occupation, life in the city, 
living in a home with larger area heated by solid fuel, a grea-
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ter number of household members), as well as the (male) 
gender. Predictive effects of gender can be explained from a 
gender perspective: our findings confirm the observations on 
the impact of drugs, which is realized in cooperation with 
those of other (personal and environmental) characteristics 
(life situation, financial condition, changes in perspective, 
participation in leisure and social activities, support enviro-
nment) that describe the position of male addicts in Serbian 
society 6. 

Analysis of the predictors confirmed the predictive va-
lue of psychosomatic preservation of addicts and characteris-
tics of family households in the quality of life in the domain 
of social relations. The addicts with better habitus (health 
status, and functional abilities) and less emphasized 
consequences of addiction (ASI of the consequences of ad-
dicts) have better social relationships with the environment. 
Characteristics of family households (households with more 
family members provide better social support) also contribu-
te to it, which has already been discussed. Contrary to 
expectation, the characteristics of the treatment have no pre-
dictive effect on the index of quality of life in the domain of 
social relationships. 

A higher level of quality of life in the domain of envi-
ronment is determined by the characteristics of addiction (se-
rious consequences of addiction, the length of drug abuse), 
but also treatment continuity (intermittent). These results 
correlate with the findings of other studies 7, 11. Better relati-
ons in the region are typical for addicts who are referred to 

their environment (living in urban settings, in and out of 
wedlock), with developed patterns of protective behaviors 
(health check). Other researchers also indicate the importan-
ce of inclusion 2, 14, 22. 

Conclusion 

Treatment can improve the quality of life of opiate ad-
dicts, regardless of whether it is based on substitution of 
methadone or buprenorphine, but the effect of treatment is 
not equal in all the domains of quality of life. 

Variations in the perception and the level of quality of li-
fe in different domains can not be explained by one predictor. 

The number of the determined variables is large, and 
their action is complex. 

The most common predictors of quality of life are he-
alth characteristics, the characteristics of the socioeconomic 
position of the respondents, as well as the various 
consequences of addiction. 

The effect of treatment on the quality of life is less pro-
nounced. 

The highest predictive values among the characteristics are 
the duration of treatment and interruptions in methadone treat-
ment. The overall quality of life is perceived better by respon-
dents involved in the methadone maintenance program. 

Future study on opiate addicts should be focused more 
on the quality of life assessed from the perspective of drug 
users. 
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Abstract 
 
Background/Aim. Osteoporosis mainly affects women in 
the early years following menopause. The aim of this study 
was to determine the level of knowledge about osteoporosis 
and osteoporosis related risk factors in postmenopausal 
women in Serbia. Methods. The study included postmeno-
pausal women regardless if suffering from osteoporosis or 
not. Assessment of knowledge was carried out by using the 
Osteoporosis Knowledge Assessment Tool - Shorter Version 
(OKAT-S) questionnaire that was validated for Serbian popu-
lation. Answers to the 9 questions were coded as 1 –true, or 0 
– false or “do not know”. Also, the following risk factors data 
for osteoporosis were collected: age, the onset and duration 
of menopause, body mass index (BMI), data on fractures, the 
incidence of falls, smoking, lifestyle (active, sedentary), regular 
sunbathing, calcium and vitamin D supplementation, intake 
of milk and dairy products. Results. A total of 132 post-
menopausal women responded to the questionnaire with the 
response rate of 90.41%. Their knowledge varied from 

27.94% to 74.26% of the correct answers, with the average 
OKAT-S score of 4.5 (SD = 2.55), which was 50% of the 
maximum possible score. Only 2 participants (1.47%) filled 
the all OKAT-S items correctly, while 11 (8.09%) of them did 
not have the proper answer to any question. A reduced bone 
density (T-score below -1) was registered in 40.91% of the 
women, previous fractures in 49 (34.51%), and more or less 3 
falls registered in 9.59% or 4.79%, respectively. Conclusion. 
The Serbian version of the questionnaire OKAT-S revealed 
generally poor knowledge on osteoporosis among postmeno-
pausal women in Serbia. Developing effective interventions 
and public health programms could be helpful in general edu-
cation towards understanding osteoporosis and risk factors. 
Promotion of preventive measures and healthy behaviour 
may prevent or at least slow down the accelerated bone loss 
in postmenopausal women. 
 
Key words: 
osteoporosis; osteoporosis, postmenopausal; risk 
factors; knowledge; attitude to health; serbia.

 
 

 

Apstrakt 
 
Uvod/Cilj. Osteoporoza uglavnom pogađa žene u ranim 
godinama posle menopauze. Cilj rada bio je da se proceni 
znanje o osteoporozi i faktorima rizika kod žena u postme-
nopauzi u Srbiji. Metode. U studiju su bile uključene žene u 
postmenopauzi nezavisno od toga da li boluju od osteopo-
roze ili ne. Procena znanja o osteoporozi vršena je pomoću 
upitnika Osteoporosis Knowledge Assessment Tool - Shorter Version 
(OKAT-S) koji je validiran za srpsku populaciju. Odgovori 
na 9 pitanja kodirani su sa 1 – pravilan ili 0 – nepravilan od-
govor ili „ne znam“. Takođe, sakupljeni su sledeći podaci o 
faktorima rizika od osteoporoze: starost, početak i dužina 

trajanja menopauze, indeks telesne mase [body mass index 
(BMI)], podaci o prelomima, broj padova, pušenje, životni 
stil (sedeći ili aktivni), redovno sunčanje, dopuna kalciju-
mom i vitaminom D, korišćenje mleka i mlečnih proizvoda. 
Rezultati. Od ukupno 146 ispitanica, upitnik OKAT-S po-
punile su 132 ispitanice (nivo odgovora od 90,41%). Nivo 
njihovog znanja varirao je od 27,94% do 74,26% ispravnih 
odgovora, sa prosečnim OKAT-S skorom od 4,5 (SD = 
2,55), što čini 50% od maksimalno mogućeg skora. Samo 
dve ispitanice (1,47%) pravilno su odgovorile na sva pitanja, 
dok njih 11 (8,09%) nije imalo nijedan ispravan odgovor. 
Snižen T-skor, manje od -1, registrovan je kod 40,91% ispi-
tanica, a prethodni prelom kod 49 (34,51%). Kod 9,59% is-
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pitanica registrovano je više od 3, a kod 4,79% manje od 3 
pada. Zaključak. Srpska verzija upitnika OKAT-S otkrila je 
generalno loše znanje o osteoporozi kod žena u postmeno-
pauzi u Srbiji. Poboljšano znanje o osteoporozi i faktorima 
rizika moguće je postići razvojem efikasnih interventnih i 
javnih zdravstvenih programa. Promocija preventivnih mera 

i zdravog ponašanja može sprečiti ili bar usporiti prerani 
gubitak koštane mase kod žena u postmenopauzi. 

Ključne reči: 
osteoporoza; osteoporoza, posmenopauzalna; faktori 
rizika; znanje; stav prema zdravlju; srbija. 

Introduction 

Osteoporosis is the most common metabolic bone dise-
ase, and one of the main causes of mortality and morbidity in 
the elderly population. It is characterized by decreased bone 
mass and structural deterioration of bone tissue, leading to an 
increased bone fragility and susceptibility to fractures 
following minimal trauma 1.  

Osteoporosis is a major cause of fracture in elderly, re-
sulting in pain, disability, costly rehabilitation, poor quality 
of life, and premature death. Osteoporosis predominantly af-
fects women who experience more rapid bone loss in the 
early years following menopause 2, 3.  

Osteoporosis is a major and growing public health 
problem in developing countries. Knowledge of modifiable 
risk factors (smoking, lack of physical exercise, dietary ha-
bits) and treatment of osteoporosis should be targeted by 
prevention programmes. A key component in developing 
successful education intervention by health care professional 
is understanding what women know about the disease and to 
what extent they practice preventive behaviours 4.  

The aim of the study was to assess the osteoporosis-
related knowledge in Serbian postmenopausal women. Esti-
mation of the level of knowledge of the population can help 
to guide public health programmes and plan education of pa-
tients in the field of osteoporosis.  

The aim was also to assess the risk factors for osteoporosis 
as well as risk factors for osteoporotic fractures. According the 
above facts it is possible to successfully plan preventative mea-
sures, primarily by influencing on the modifiable-risk factors.  

Methods 

Patients/participants 

During the meeting “Fair of the Third Age 55+”, held in 
Belgrade on 25–26 May 2015, free and voluntary peripheral bo-
ne mineral density (BMD) was measured on the heel, by the 
PIXY DXA (Dual X-Ray Apsoptiometry). Basic demographic 
data, previous fracture, non-modifiable and modifiable risk fac-
tors for osteoporosis were collected. All participants were asked 
to complete the questionnaire Osteoporosis Knowledge Asses-
sment Tool - Shorter Version (OKAT-S), regardless of whether 
or not they have osteoporosis. Out of 146 scanned patients, 132 
(90.41%) filled the questionnaire.  

The questionnaire OKAT-S 

The OKAT-S covers knowledge on preventive behaviour, 
risk factors, and consequences of osteoporosis. It is a 9-item 

questionnaire with three possible answers on every item: true, 
false, and do not know (correct answers were scored as 1, an in-
correct or “do not know” as 0). The final score presented the 
sum of all correct answers and could be in range from 0 to 9 
(with the higher scores indicating better knowledge). The ques-
tionnaire OKAT-S, presented good psychometric characteristics, 
was validated for the Serbian population and therefore could be 
used for knowledge assessment as single underlying factor 5.  

Statistical analysis 

The data were analyzed using the descriptive statistics 
measures (mean values, standard deviations and frequen-
cies). Internal consistency of the questionnaire was tested us-
ing Cronbach’s coefficient. 

Results 

The study included 132 postmenopausal women. The 
most of them had no osteoporosis or osteopenia. Their cha-
racteristics are presented in Table 1. 

Osteoporosis screening showed that 78 (59.09%) partici-
pants had normal BMD, whereas 54 (40.91%) had osteopenia or 
osteoporosis. About a third of the patients had a fracture (n = 49, 
34.51%). The average number of fractures was 1.47 (SD = 0.95) 
in all the patients. The most frequent fracture sites were arm (n = 
14, 9.59%), and leg fractures (n = 10, 6.85%). There was only 
one patient with hip fracture and five with vertebral fracture. 
Only two patients had the history of their parents’ hip fracture.  

Exactly 9.59% of the patients experienced fall more 
than three times and 4.79% less than three times. Falls occur-
red more outdoor (10.27%) than inside the house (4.79%).  

From all the patients, 132 answered the questionnaire 
OKAT-S with a response rate of 93.15%. This questionnaire 
presented good internal consistency (Cranach’s α = 0.70).  

Table 2 presents the results from the OKAT-S with the 
percentage of correct answers for each item. Only four items 
were anwered correctly by more than 50% of the respondents. 
The most frequent correct answer was about occurrence of os-
teoporosis according to the gender and the most incorrect 
answer was about item “there is a small amount of bone loss in 
the 10-year following the onset of menopause“. The levels of 
knowledge varied between 27.94% (Q8) and 74.26% (Q2).  

The mean score was 4.5 (SD = 2.25, range of correct 
answers 0-9), out of a possible 9 points on the OKAT-S, be-
ing 50% of possible maximum score. Only 2 (1.47%) pati-
ents filled the all OKAT-S items correctly, while 11 (8.09%) 
did not have any correct answer (Figure 1).  
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Table 1 
Characteristics of the participants 

Variables 
Postmenopausal women  

(n = 132) 
Non-modifiable risk factors 

age (years), ґ ± SD 65.94 ± 8.04 
menopause (missing n = 12), n (%) 120 (90.9) 
age when menopause started (years), ґ ± SD 48.97 ± 4.78 
duration of menopause (years), ґ ± SD 9.38 ± 8.02 
height (cm), ґ ± SD 163.48 ± 6.86 

 78 (59.09%) Peripheral BMD > 1 
T-score < 1  54 (40.91%) 

Modifiable risk factors 
weight (kg), ґ ± SD 70.00 ± 11.61 
BMI (kg/m2), mean value (SD) 26.14 ± 3.74 
BMI categories, n (%)  

underweight 3 (2.27) 
normal 37 (28.03) 
pre-obese 75 (56.82) 
obese 17 (12.88) 

smoking, n (%)  
current smoker 17 (12.88) 
ex smoker 9 (6.82) 
no 106 (80.30) 

lifestyle (missing n = 5), n (%)  
active 103 (81.10) 
sedentary 24 (18.89) 

sunbathing for 15 days a year (missing n = 1), n (%) 82 (62.59) 
vitamin D supplementation (missing n = 1), n (%) 33 (25.19) 
calcium supplementation (missing n = 2), n (%) 29 (22.31) 
milk products intake (missing n = 2), n (%) 91 (70.00) 

BMI – body mass index; BMD – bone mineral density; SD – standard deviation. 

 
Table 2 

Knowledge about osteoporosis – analyse results of Osteoporosis Knowledge Assesment Tool - Shorter Version  
(OKAT-S) questionnaire in postmenopausal women in Serbia 

Questions 
 Correct 

answer 
Correct answers 

n (%) 
Q1 Osteoporosis usually causes symptoms (e.g., pain) before fractures occur False 45 (33.09) 
Q2 Osteoporosis is more common in men False 101 (74.26) 
Q3 Cigarette smoking can contribute to osteoporosis True 95 (69.85) 
Q4 White women are at highest risk of fracture as compared to other races True 59 (43.38) 
Q5 By age 80, the majority of women have osteoporosis True 84 (71.76) 
Q6 Family history of osteoporosis strongly predisposes a person to osteoporosis True 91 (66.91) 
Q7 Alcohol in moderation has little effect on osteoporosis True 44 (32.35) 
Q8 There is a small amount of bone loss in the 10 years following the onset of 

menopause 
False 38 (27.94) 

Q9 Hormone therapy prevents further bone loss at any age after menopause True 55 (40.44) 
 

 

 
Fig. 1 – Osteoporosis Knowledge Assessment Tool – Shorter Version (OKAT-S) scores (sum of correct answers) in 

relation to the number of the patients. 
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Discussion 

Study subjects were surveyed using a valid and reliable 
questionnaire OKAT with good psychometric properties 5, 6. 
OKAT covers the core knowledge about osteoporosis and is 
very useful as a baseline, as well as follow-up measurement 
when implementing educational interventions.  

The tool had questions that assess four basic themes: 
knowledge of the symptoms understanding (symptoms and 
risk of fracture), the knowledge of risk factors for osteoporo-
sis, knowledge of preventive factors suh as physical activity 
and diet relating to osteoporosis, and treatment availability.  

Numerous studies have found serious lacks of knowledge 
about osteoporosis and related risk factors. A worrying deficit of 
knowledge with 39.6% of possible maximum score on the 
OKAT was found in Syrian young adult females students at nur-
sing school in Damascus 7. A sample of 250 female students 
studying at the Faculty of Pharmacy at the University of Belgra-
de revealed also poor knowledge about osteoporosis with 
41.55% of possible maximum OKAT score 5. Baseline levels of 
osteoporosis knowledge measured using the OKAT were low in 
Australian women where the tool was origialy implemented. 
The avarege score was 8.8 out of 20, being 44% of the possible 
maximum score. The average age of Australian participants was 
37.8 years 6.  

In fact, without adequate knowledge women will not 
be able to determine their own risk of developing the disea-
se and changing to health related behaviours. In spite of the 
fact that the vast majority of respondents in this study were 
able to identify osteoporosis as an elderly women disorder 
(Q5, 71.76%), with strong genetic influence (Q6, 66.91%) 
the most of them did not recognize the nature of osteoporo-
sis. Since osteoporosis is a “silent disease”, most people are 
not aware of their condition until they experience a fragility 
fracture. Only a smaller percentage (Q1, 33%) our partici-
pants recognized the “silent” nature of the disease. Altho-
ugh this response is unsatisfactory, other authors found a 
much lower percentage (9.1%) of correct answers to the 
question Q1. The mean score in Arabic population reffering 
to knowledge of less than 50% of the OKAT questions 8. 
Furthermore, our study showed very poor knowledge about 
the identification of post-menopausal conditions as a period 
of accelerated bone loss (Q8, 27.94), so as that this bone 
loss can be prevented by the application of hormone 
therapy (Q9, 40.44%).  

Our investigation showed that multiple risk factors for 
osteoporosis and fractures were present. Some of the risk 
factors are unchangeable, such as the Caucasian race, fema-
le gender, advanced age, postmenopausal status, as well as 
prolonged menopause (over 9 years of duration). We revea-
led a very low percentage of decreased BMI (below 3%) 
which could be protective factor for osteoporosis. Only 1/4 
of postmenopausal women received calcium and vitamin D 
supplementation, 40% were not regularly exposed to the 

sun, around 20% had sedentary, non-active lifestyle, and 
about 13% of them were current smokers. These are the 
areas which should focus on educating the population and 
preventive measures. Furthermore, screening dual energy 
x-ray absorptiometry (DXA) measurements in this study 
showed a reduced BMD in 40% of the sample, which 
requires further diagnostic procedures such as bone scan at 
the hip and spine by a central DXA. About 1/3 of all pos-
tmenopausal women had previous osteoporotic fracture. All 
the experts agree on the fact that there is evidence that pre-
vious osteoporosis-related fractures in both men and 
women comprise a risk factor for new fractures 1–3. 

Some studies have revealed that education programmes for 
the elderly are effective in improving health promotion 
knowledge and behaviours 9. Previous studies have shown posi-
tive results in patient education to improve the use of non-
pharmacologic preventive measures for osteoporosis 10, 11. 
Knowledge of modifiable risk factors (smoking, lack of physical 
exercise, dietary habits) should be targed by prevention pro-
grammes. Estimation of the level of knowledge in the populati-
on can help to guide public health programmes 4.  

Osteoporosis is not curable, but it can be prevented 
in part by incrasing the level of physical activity at all 
ages, cessation of smoking, reduction of alcohol con-
sumption, adequate calcium and vitamin D intake, and fall 
prevention 1.  

The current study has a number of potential limitati-
ons. It used a relatively small sample and the study was ba-
sed on urban retired postmenopausal women, so the fin-
dings cannot be generalized to the entire postmenopausal 
women in Serbia.  

Conclusion 

The Serbian version of the questionnaire OKAT-S revea-
led generally poor knowledge on osteoporosis among postme-
nopausal women in Serbia. Developing effective interventions 
and public health programms could be helpful in general edu-
cation towards understanding osteoporosis and risk factors. 
Promotion of preventive measures and healthy behaviour may 
prevent or at least slow down the accelerated bone loss in pos-
tmenopausal women. 
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Abstract 
 
Background/Aim. Total hip arthroplasty (THA) is one of the 
most widely accepted operative methods for femoral neck frac-
ture (FNF) in elderly. However, the data on the early THA for 
FNF are very limited. The aim of this study to determine if the-
re were differences in postoperative complications and functi-
onal outcomes between an urgent and delayed THA following 
FNF. Methods. This prospective study included a total of 244 
patients who had THA following FNF from January 2010 to 
January 2013. In the first group 41 FNF patients were treated 
with THA within less than 12 hours of admission. A total of 
203 FNF patients were operated in delayed settings, of whom 
162 required prolonged preoperative processing and comorbi-
dities correction. The group II consisted of 41 FNF patients 
who were fit for the early surgery at admission, but the operati-
on was delayed due to institution related reasons. Main outco-
me measurements included mortality, functional outcome as-
sessement, cardiological and pulmonary complications, pressu-
re ulcers, dislocations, infections, length of hospitalization and 
revisions. Results. There were no differences in terms of age, 
gender, type of implants, neither in mortality, nor complicati-
ons. There were differences in hospital length of stay [t (51.72) 
= -10.25, p < 0.001)]. The patients operated within less than 12 
hours of admission, had significantly better scores at all three 
time points of functional outcome assessment: at discharge t 
(80) = 2.556, p < 0.012; one month t (80) = 4.731, p < 0.001; 
three months t (80) = 5.908, p < 0.001. Conclusion. THA for 
FNF as an urgent procedure is not a widely accepted concept. 
Our findings indicate that the early operative treatment, does 
not worsen clinical outcomes, and our results give an advantage 
to the policy of the early THA for FNF. 
 
Key words: 
femoral neck fractures; arthroplasty, replacement, hip; 
time factors; treatment outcome; orthopedic procedures. 

Apstrakt 
 
Uvod/Cilj. Totalna artroplastika kuka (total hip arthroplasty – 
THA) je jedna od najčešće primenjivanih metoda za lečenje 
preloma vrata femura (femoral neck fracture – FNF) kod starijih. 
Međutim, retki su podaci o ranoj primeni THA za FNF. Cilj 
ovog rada bio je da se utvrdi razlika u postoperativnim 
komplikacijama i funkcionalnom ishodu između urgentne i 
odložene THA nakon FNF. Metode. Ovom prospektivnom 
studijom obuhvaćena su 244 bolesnika kojima je izvedena 
THA nakon FNF u periodu od januara 2010. do januara 
2013. U prvoj grupi, kod 41 bolesnika izvedena je THA u 
prvih 12 sati od prijema. Ukupno 203 bolesnika su operisana 
odloženo, od kojih je kod 162 bila potrebna dodatna 
korekcija komorbiditeta. Zbog toga je druga grupa sastavljena 
od bolesnika (n = 41) koji su mogli da budu operisani 
neposredno po prijemu, ali je operacija odlagana usled 
institucionalnih razloga. Praćeni su mortalitet, funkcionalni 
ishod, kardiološke i pulmološke komplikacije, dekubitusi, 
dislokacije, infekcije, dužina hospitalizacije i revizije. 
Rezultati. Nije bilo razlika u godinama starosti, polu, tipu 
implantata, mortalitetu niti komplikacijama. Utvrđene su 
razlike u dužini bolničkog lečenja [t (51.72) = -10.25, p < 
0.001]. Bolesnici operisani u prvih 12 časova od prijema 
imali su značajno bolje skorove u sva tri vremena procene 
funkcionalnog ishoda: na otpustu, t (80) = 2.556, p < 0.012; 
nakon jednog meseca, (80) = 4.731, p < 0.001; i nakon tri 
meseca, t (80) = 5.908, p < 0.001. Zaključak. Metoda THA 
kao urgentna procedura za FNFs nije široko prihvaćen 
koncept. Naši nalazi pokazuju da rani operativni tretman ne 
pogoršava klinički ishod. Rezultati daju jasnu prednost ranoj 
THA kod bolesnika sa FNF.  
 
Ključne reči: 
femur, prelomi vrata; artroplastika kuka; vreme, faktor; 
lečenje, ishod; ortopedske procedure. 
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Introduction  

Femoral neck fractures (FNF) as well as hip fractures in ge-
neral, represent a major challenge for today’s healthcare systems, 
mostly due to mortality, morbidity, and frequent lengthy hospi-
talization followed by a number of complications 1, 2.  

Patients with hip fractures are faced with significantly 
higher rates of mortality and morbidity than those patients of 
the same age without fractures 3. Mortality rates within a 
year of FNF range from 12% to 36% 4. 

Despite the fact that 50% of the total hip fracture popu-
lation has a displaced FNF, the optimal surgical option for 
FNF in the elderly is still the subject of an ongoing scientific 
and clinical debate 5, 6.  

Traditionally, hip hemiarthroplasty (HA) and total hip 
arthroplasty (THA) are the most widely accepted operative 
methods for FNF in the elderly. Taking all the advantages in-
to account (reduced dislocation rates, simple procedure, 
shorter operating time, less blood loss, lower initial costs), a 
number of authors prefer HA to THA 7, 8. On the other hand, 
there is ample evidence that THA, with its advances in ope-
rative techniques and implants, provides better function, sati-
sfaction, offers fewer complications and reduces the need for 
revisions 9–11. 

In addition, there is an ongoing controversy regarding 
the ideal timing of operative treatment 12, 13. Numerous studi-
es have linked the increase in mortality and complication ra-
tes with delay in surgical treatment 14–17.  

Although the impact of surgical delay on the early 
mortality after hip fractures has been extensively presented 
in the orthopaedic literature, the data on the subject of the 
early THA for FNF are exceptionally limited.  

Therefore, the aim of this study was to determine if 
THA, performed as an urgent intervention for FNF, within 
12 hours of admission, affects the outcome in relation to the 
same but delayed procedure. 

Methods 

We conducted a prospective comparative study in a 
single center, university hospital, to determine differences if 
any in postoperative complications and functional outcomes 
between an urgent and delayed THA following FNF. The 
study included a total of 244 patients who had THA 
following FNF from January 2010 to January 2013. 

The inclusion criteria for THA after FNF were as 
fallows: FNF patients, aged 60 to 80 years, without mental 
and neurological impairments, the American Society of Ane-
sthesiologists (ASA) score grade I/II. Additional 
prerequisites were that patients sustained a FNF on the day 
of admission, and that they were fit for the early surgery, 
with no need for preoperative comorbidities correction. 

The follow-up protocol consisted of physical and radio-
logical assessments, and those were done at discharge, one 
month, 3 months, 1 and 2 years after the surgery. The pati-
ents were regularly postoperatively followed-up for at least 2 
years (average 2.6 years). All the patients were available for 
the follow-ups. 

In the group I, 41 FNF patients were treated with THA 
within less than 12 hours of admission. A total of 203 FNF 
patients were operated in delayed settings, of whom 162 
required prolonged preoperative processing and comorbiditi-
es correction. Therefore, the group II consisted of 41 FNF 
patients who were fit for the early surgery at admission, but 
the operation was delayed due to institution related reasons 
(weekends, holidays, unavailability of operating theaters or 
surgeons who routinely perform THA).  

Preoperatively, all the patients were evaluated by anest-
hesiologists and if needed by other medical specialists. Most 
commonly requested consultations were by cardiologists, 
endocrinologist and pulmonologists. Preoperative evaluati-
ons of FNF patients, besides orthopedic examinations, 
routinely included complete blood counts, hematocrit and 
hemoglobin levels, biochemical analyses, electrolyte levels, 
EKG and chest radiograph, as well as some additional 
examinations requested by other specialists. 

All the patients in both series received intravenous anti-
biotic prophylaxis consisting of the second- or third-
generation cephalosporins, and low-molecular-weight hepa-
rins (LMWH) administered for 4 weeks postoperatively. The 
patients in the delayed group were given thromboprophylaxis 
preoperatively. General anesthesia was performed in all the 
cases. Surgical approach was posterolateral. Immediate 
weight bearing was allowed in all cases, and physical therapy 
was started on the first postoperative day. The time of admis-
sion was registered as the time when a patient arrived at the 
emergency room (ER). The patients in the early surgery gro-
up were transferred to the ward after operation.  

Outcome assessments included mortality, pressure ul-
cers, cardiac complications, functional outcome assessment 
by the Harris hip score (HHS), dislocations, infections, 
length of hospitalization and revisions. 

As far as THA implants are concerned, 28 mm heads 
(metal/polyethylene combination) were used in both investi-
gated groups (Figures 1 and 2). 

 
Fig. 1 – Cementless total hip arthroplasty. 
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Table 1 
Comorbidities, risk factors and type of total hip arthoplasty (THA) according to  

the timing of surgery 
Parameter Group I Group II χ² p - values 
Hypertension 9 8 χ²(1) = 0.074 < 0.785 
Well controlled diabetes type 2 3 2 χ²(1) = 0.213 < 0.644 
Stable angina 1 1 - - 
Rheumatoid arthritis 1 1 - - 
Well controlled thyroid disorder 0 1 χ²(1) = 1.012 < 0.314 
Obesity 2 3 χ²(1) = 0.213 < 0.644 
Smoking 2 2 - - 
Alcoholism 0 1 χ²(1) = 1.012 < 0.314 
Uncemented THA 27 29 χ²(1) = 0.225 < 0.635 
Cemented THA 11 9 χ²(1) = 0.265 < 0.607 
Hybrid THA 3 3 - - 

 
Fig. 2 – Cemented total hip arthroplasty. 

Statistical analysis 

Statistical analysis was performed using statistical package 
PASW 18. Long rank analysis of the null hypotesis was perfor-
med between the two timing approaches (with p < 0.05). 

All procedures performed in the study were in accor-
dance with the ethical standards of the institution and/or the 
National Research Committee, as well as with the 1964 Dec-
laration of Helsinki and its later amendments. Moreover, in-
formed consent was obtained from all individual participants 
included in the study. 

Results 

In the group I operated in the period less than 12 h of 
admission there were 31 females and 10 males, and the ave-
rage age was 66.8 years (range 60–81). According to the 
American Society of Anesthesiologists (ASA), 24 patients 

were in ASA risk group 1, and 17 patients were in the ASA 
risk group 2. In the group II (operated on in delayed settings) 
there were 32 females and 9 males, and the average age was 
67.5 years (range 62–78); 26 patients were in ASA risk gro-
up 1, and 15 were in the ASA risk group 2. Comorbidities, 
risk factors and types of THA used in both groups of patients 
are presented in Table 1. 

According to the interval from admission to the surgery, 
in the group I there were 12 patients in 0–6 hours period in 
whom THA was performed. 

In the group II THA was performed in the following 
way: in a 12–24 h post admission period in one patient; 24–
48 h in 8 patients; 2–4 days in 18 patients; 5–6 days in 12 pa-
tients and 7–8 days in 2 patients. 

Most of the patients in the group I were operated on du-
ring the late afternoon, evening and early morning hours. In 
the early group we performed 18 THAs, in the period from 3 
pm to 10 pm, and 23 THAs were performed during the night 
in the period from 10 pm to 5 am.  

One patient (a 67-year-old woman) in the delayed gro-
up died at her home 6 days after her discharge from hospital, 
on the 12th postoperative day. The autopsy report showed 
that pulmonary embolism and cardiac arrest were the cause 
of her death. The hybrid THA was performed in that case. 

A patient (81-year-old male, cemented THA) in the 
delayed group, and a patient (76-year-old woman) in the 
group I died within the first year of the surgery (8 and 11 
months postoperatively, respectively), due to the reasons that 
can not be directly linked with their hip fractures or 
consequent THA surgeries. During the follow-up period ne-
ither of the patients in both groups showed signs of aseptic 
loosening of any prosthetic component. Two patients with 
THA infections and septic loosening required revision pro-
cedures, so the two-stage revision with articulating hip spa-
cers was performed in both cases.  

Both groups had the same number of male and female 
patients (χ²(1) = 0.069, p < 0.794), as well as the same num-
ber of cementless, cemented and hybrid THAs (χ²(2) = 
0.271, p < 0.873). T-test analysis revealed no difference 
between the two groups when it comes to the age of patients 
[t (80) = 0.587; p < 0.559].  

Group I – THA performed in the period less than 12 hours of admission;  
Group II – THA performed in delayed settings. 
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Table 2  

Postoperative complications and functional outcome according to Harris hip scores (HHS) 
Parameter Group I Group II χ² / t p - value 
Infection 0 3 χ²(1) = 3.114 < 0.078 
DVT 0 3 χ²(1) = 3.114 < 0.078 
PE 0 3 χ²(1) = 3.114 < 0.078 
Cardiologic complications 1 4 χ²(1) = 1.917 < 0.166 
Pressure ulcers 0 2 χ²(1) = 2.050 < 0.152 
Dislocations 2 3 χ²(1) = 0.213 < 0.644 
Revisions 0 2 χ²(1) = 2.050 < 0.152 
HHS at discharge 59.4 51.6 t (80) = 2.556 < 0.012 
HHS 1 month after surgery 87.3 75.3 t (80) = 4.731 < 0.001 
HHS 3 months after surgery 95.3 89.2 t (80) = 5.908 < 0.001 

The average length of hospital stay in the group I was 
7.1 (range 5 to 9) days, and in the group II it was 13.5 (range 
7 to 19) days. The data relate to the initial hospitalizations af-
ter fractures, not to the days of revisions. The patients in the 
delayed group had the mean postoperative stay of 8.6 days. 
The patients who were operated within less than 12 hours 
required shorter hospitalization (ґ ± SD = 7.1 ± 1.446 days) 
than it was the case with these operated on in the delayed 
procedure (ґ ± SD = 13.5 ± 3.736 days). T-test revealed a 
statistical significance between the groups, t (51.72) = -
10.25, p < 0.001. In comparison of just postoperative length 
of stay (eliminating the amount of time the patient spent in 
hospital prior to surgery) the value of t-test was t (69.97) = -
3.79, p < 0.001. 

The patients operated within less than 12 hours of ad-
mission, had significantly better scores at all three time po-
ints of functional outcome assessment: at discharge t (80) = 
2.556, p < 0.012; one month t (80) = 4.731, p < .001; three 
months t (80) = 5.908, p < 0.001. 

There would not be any statistically significant diffe-
rences regarding functional outcome at the time point of 
three months (t (80) = 1.936, p < 0.058) if patients in the 
delayed group who needed revision procedures, were 
excluded from the final functional outcome assessment. 

When it comes to postoperative complications, even 
though there were more complications in the group operated 
in the delayed procedure, those differences were not 
statistically significant. All registered dislocations in both 
groups were one-time events, noted within the first 6 posto-
perative weeks and did not require surgical revisions. The re-
sults of χ2-tests are shown in Table 2. Log rank analysis of 
the null hypothesis was performed (Mantel χ² = 1.00 p < 
0.317) and there were no significant differences in mortality 
between these two timing approaches. 

Group I – total hip arthroplasty (THA) performed in the period less than 12 hours of  
admission; Group II – THA performed in delay settings; DVT – deep venous thrombosis;  
PE – pulmonary embolism. 

Disscusion 

The impact of surgical delay on the outcome following 
hip fractures has been extensively presented in the orthope-
dic literature. When it comes to the proximal femur fractures 
research, there are other major concerns besides the timing of 
surgery, such as significant diversity of fracture patterns, 

surgical techniques, and choice of implants, as well as influ-
ence of comorbidities, and postoperative care modalities that 
vary across different institutions and countries, so as to hin-
der the unification and standardization of optimal treatment. 

There is limited research on timing of THA for FNF, 
and even less data are available on the subject of the early 
THA for FNF. A recent study on the early hip fracture 
surgery 18 finds that surgeries done within 36 hours of FNF 
were associated with reduced mortality compared to the sur-
geries done after that time. The same outcomes were shown 
for the surgeries done within 12, 24, 48, 60 and 72 hours. 
The authors have not found the minimum amount of time 
prior to which surgery failed to confer a survival benefit, but 
the limiting factor for comparison with our analysis, was that 
only one THA procedure (out of 2,056 patients) was registe-
red. According to one systematic review and meta-
analysis 17, early surgery was associated with a lower risk of 
death and lower rates of postoperative pneumonia and pres-
sure sores among elderly patients with hip fractures. Rudelli 
et al. 11, who strongly advocate THA for FNF, performed 88 
THAs over the period of 12 years for FNF, and reported time 
frame of 8 hours to 34 days, from fracture to operation, with 
patients in ASA groups 1 to 4 and hospitalization range of 6 
to 35 days. But they have not clearly defined, neither have 
they studied differences between patients operated early and 
those THAs performed in delayed settings. 

Several authors noted a higher incidence of complicati-
ons after THA for FNF: Sharma et al. 19 reported 22% of lo-
cal complications and 19% of general complications (7% of 
deep vein thrombosis), Narayan et al. 20 found 4% of disloca-
tions, Džupa et al. 21 reported 9% of revisions. 

Jameson et al. 22 analyzed the UK National Joint 
registry THA data for acute FNF (4323 procedures were stu-
died) and the following was found: 3.25% of revision rate, 

3.2% of mortality within 90 days and increased risk of 
mortality with higher ASA score. Thus, they concluded that 
there are no benefits of using head sizes > 28 mm or bearings 
other than metal-on-polyethylene, and that THA is a good 
option in patients aged < 75 years and with ASA 1/2.  

Chaudhry et al. 23 reviewed the randomized controlled 
trials involving THA approach for FNF. Even though their 
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study did not evaluate the timing of surgery, they identified 
considerable variability in both the surgical approach and 
choice of implants. Therefore, they determined that standar-
dization was needed in order to reduce complication rates.  

FNF mortality rates, for arthroplastic procedures, range 
from 4.3% to 20% in the first 4 months following the 
surgery, and from 4.3% to 48% in the first postoperative 
year 24. Specifically for FNF, albeit disregarding the influen-
ce of timing, Sebestyén et al. 25 concluded that gender, age 
and accompanying diseases significantly influence early 
mortality, whereas early postoperative complications do not 
have a significant impact on the mortality risk. Despite the 
fact that patients in both our series were older than 60 years 
and had hip fractures, early and late mortality rates were 
much lower (5% to 11.7%) than in other reports 26, 27. It is 
likely due to the study inclusion criteria. One of the major 
concerns of THA for FNF lies in the possible higher inciden-
ce of dislocations, various authors reported different rates, 
ranging from 0% to 22% 24, 28. The incidence we reported in 
both groups, was in the typical range reported by other aut-
hors. There were no statistically significant differences in 
procedure-related specific complications, such as dislocati-
ons and infections, even though 69% of THA in the 12-hour 
group were performed during the evening and night hours. 

Low mortality rates as well as other complications regi-
stered, which are generally atypical of hip fractures, could be 
explained by patient selection and low ASA scores. Since the 
patients in both groups did not require prolonged comorbidi-
ties correction, burden of comorbidities which is typical for 
hip fractures, did not influence the delay. We may assume 
that differences in functional outcome and hospital stay were 
not caused by the presence or absence of comorbidities, but 
by the delay itself. 

In line with previous reports, we found direct associati-
on between surgical delay and length of hospital stay and 
functional outcome. There was no significant statistical diffe-
rence in mortality and complications between the two gro-
ups, but when it comes to mortality, the inspection of survi-
val function gives a slight advantage to the group of patients 
who were operated on within less than 12 hours of admissi-
on, and the difference in infections, deep vein thrombosis 

and pulmonary embolism was on the verge of statistical sig-
nificance in favor of early surgery. 

Limitations 

The number of patients enrolled in this study is lower 
than in other papers dealing with hip fractures. Therefore, it 
limits the accuracy and statistical power of the study. 
Narrowing the criteria for enrollment enabled the homogeneity 
but also reduced the number of patients in both groups. Power 
analysis revealed that sample sizes of both groups should have 
been larger (317 patients in each group) at the given 
probability of type I error of 0.05 and probability of type II er-
ror of 0.2 for the recorded mortality rate of 2.44%, to show a 
statistically significant difference between the two groups. 
Even though the study might be underpowered to demonstrate 
a significant difference in mortality and complication rates, it 
shows that early surgery may have a positive effect on functi-
onal outcome and length of hospital stay. 

Conclusion 

THA for FNF as an urgently performed procedure is not 
a widely accepted concept. The literature on the subject is 
consequently insufficient and without clear evidence to sup-
port or challenge the fast track approach. 

Our findings indicate that immediate operative treat-
ment, THA for FNF, is not associated with worse outcomes, 
and our results give an advantage to the policy of early THA 
for FNF in ASA 1 and 2 patients. Standardization efforts 
towards optimal outcomes of FNF, besides pre- and postope-
rative management, surgical approach and choice of im-
plants, should consider the concept of early surgery in 
appropriately selected THA for FNF cases.  
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Differential gene expression in patients with anal fistula reveals high 
levels of prolactin receptor 

Diferencijacija genske ekspresije kod bolesnika sa analnom fistulom ukazuje na 
visoki nivo prolaktinskih receptora 
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Abstract 
 
Background/Aim. There are limited data examining varia-
tions in the local expression of inflammatory mediators in 
anal fistulas where it is anticipated that an improved under-
standing of the inflammatory milieu might lead to the poten-
tial therapeutic option of instillation therapy in complicated 
cases. The aim of the present study was to examine prolactin 
receptors (PRLR) as inflammatory markers and to correlate 
their expression with both the complexity of anal fistulas and 
the likelihood of fistula recurrence. Methods. Microarray was 
used to screen the differentially expressed gene profile of anal 
fistula using anal mucosa samples with hemorrhoids with age- 
and sex-matched patients as controls and then a prospective 
analysis of 65 patients was conducted with anal fistulas. PRLR 
immunohistochemistry was performed to define expression in 
simple, complex and recurrent anal fistula cases. The quantita-
tive image comparison was performed combining staining in-
tensity with cellular distribution in order to create high and low 
score PRLR immunohistochemical groupings. Results. A dif-
ferential expression profile of 190 genes was found. PRLR ex-

pression was 2.91 times lower in anal fistula compared with 
control. Sixty-five patients were assessed (35 simple, 30 com-
plex cases). Simple fistulas showed significantly higher PRLR 
expression than complex cases with recurrent fistulae showing 
overall lower PRLR expression than de novo cases (p = 0.001). 
These findings were reflected in measurable integrated optical 
density for complex and recurrent cases (complex cases, 8.31 ± 
4.91  104 vs simple cases, 12.30 ± 6.91  104; p < 0.01; recur-
rent cases, 7.21 ± 3.51  104 vs primarily healing cases, 8.31 ± 
4.91  104; p < 0.05). In univariate regression analysis, low 
PRLR expression correlated with fistula complexity; a signifi-
cant independent effect maintained in multivariate analysis 
odds ratio [(OR) low to high PRLR expression = 9.52; p = 
0.001)]. Conclusion. PRLR expression inversely correlates 
with anal fistula complexity. Further work must define the spe-
cificity of this finding and its relationship to other conventional 
mediators of inflammation. 
 
Key words: 
rectal fistula; receptors, prolactin; gene expression; 
immunohistochemistry; biological markers.

  
Apstrakt 
 
Uvod/Cilj. Ispitivanja varijacija u lokalnoj ekspresiji medija-
tora inflamacije kod analnih fistula su ograničena, a očekuje se 
da bolje razumevanje ove oblasti može da doprinese razvoju 
potencijalnih terapijskih opcija poput uvođenja instilacione te-
rapije kod komplikovanih slučajeva. Cilj ove studije bio je da 
se ispitaju prolaktinski receptori (PRLR) kao pokazatelji in-
flamacije i utvrdi korelacija njihove ekspresije sa komplek-
snošću analnih fistula i verovatnoćom pojave recidiva. Metode. 
Pomoću metode microarray najpre je izvršena diferencijacija 
gena u uzorcima analne mukoze bolesnika sa hemoroidima 
(kontrolna grupa), a potom prospektivno i kod bolesnika sa 
analnim fistulama (n = 65). Obe grupe bolesnika bile su 
komparabilne u pogledu starosti i pola. Imunohistohemijska 

analiza PRLR učinjena je sa ciljem definisanja njihove genske 
ekspresije kod nekomplikovanih, kompleksnih i recidivantnih 
analnih fistula. Kvantitativno poređenje bojenih preparata 
postignuto je kombinovanjem intenziteta bojenja sa ćelijskom 
distribucijom čime je dobijen nizak i visok skor PRLR. Re-
zultati. Diferencijalni profil ekspresije nađen je za 190 gena . 
Ekspresija PRLR bila je 2,91 puta manja kod analnih fistula u 
poređenju sa uzorcima kontrolne grupe. U grupi sa analnim 
fistulama, od 65 bolesnika bilo je 35 sa nekomplikovanim i 30 
sa kompleksnim fistulama. Kod nekomplikovanih fistula eks-
presija PRLR bila je značajno viša nego kod kompleksnih 
slučajeva sa recidivantnim fistulama, a ukupno niža u odnosu 
na de novo fistule (p = 0,001). Ovi nalazi reflektovali su se u 
izmerenim vrednostima integrisane optičke gustine za kom-
pleksne i rekurentne fistule (kompleksne fistule, 8,31 ± 4,91  
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104 vs nekomplikovane fistule, 12,30 ± 6,91  104 ; p < 0,05); 
recidivantne fistule, 7,21 ± 3,51  104 vs primarno izlečene fis-
tule, 8,31 ± 4,91  104; p < 0,05). Univarijatna regresiona ana-
liza pokazala je da je niska ekspresija PRLR bila u korelaciji sa 
kompleksnošću fistule, a ovo je se pokazalo i kao značajan 
nezavisan faktor u multivarijantnoj [odds ratio (OR) za nisku 
prema visokoj ekspresiji PRLR = 9,52; p = 0,001].  
Zaključak. Ekspresija PRLR stoji u inverznoj korelaciji sa 

kompleksnošću analnih fistula. Dalja istraživanja trebalo bi da 
definišu specifičnost ovog nalaza i njegovu povezanost sa 
drugim konvencionalnim medijatorima inflamacije. 
 
 
Ključne reči: 
rektum, fistula; receptori, prolaktinski; geni, 
ekspresija; imunohistohemija; biološki pokazatelji. 

 

Introduction  

The successful management of complex anal fistulas con-
tinues to represent a significant surgical challenge 1. Low and 
simple fistulas can be safely treated by fistulotomy 2 but 
complex cases may be managed with a wide variety of alternati-
ves, each balancing long-term cure with reported postoperative 
continence disturbance 3–5. Whereas it is believed that most fis-
tulas develop from a cryptoglandular source, it is unclear why 
some cases become complicated or recurrent 6, 7 with most of 
these more specialized cases generally being separated in repor-
ted analyses from those with an underlying cause such as peria-
nal Crohn's disease, ulcerative colitis, HIV-related sepsis or ano-
rectal malignancy. It is speculated that the development of recal-
citrant, recurrent cryptoglandular anal fistulas may be 
consequent upon a disturbed local immune microenviroment. 
Concerning this point, there are limited data examining variati-
ons in the local expression of inflammatory mediators in anal fi-
stulas where it is anticipated that an improved understanding of 
the inflammatory milieu might lead to the potential therapeutic 
option of instillation therapy in complicated cases 8.  

Prolactin (PRL) is one of a group of important stress hor-
mones which has been shown to play an important role in local 
immune regulation where it has a specific immunostimulatory 
effect 9, 10. The complex mechanisms by which PRL stimulates 
the proliferation of immune cells include an enhancement of 
mitogenic responses, the preservation of B and T lymphocyte 
function through antagonism of glucocorticoid-induced apop-
tosis 11, 12, the activation of macrophage phagocytosis and the 
induction of humoral IgM and IgG responsiveness and cell-
mediated immunity 13. Local regulation of PRL is mediated by 
specific PRL receptors (PRLR) which are expressed in many 
cells including those of the mammary gland, prostate, skin, de-
cidua, brain and rectal mucosa 14. In this regard, PRL and PR-
LR expression is likely to be upregulated in anal fistula, 
however, it is unknown if this is the case or whether ligand 
and receptor expression correlates with fistula chronicity. In 
our preliminary work, we found 190 genes of significant diffe-
rence between the anal mucosa derived from patients with anal 
fistulas when compared with age- and sex-matched non-fistula 
controls. Among them, we noted differential PRLR expression 
(FC = 2.91, p < 0.01), suggesting a role for this molecular 
marker in the prediction of fistula complexity.  

The aim of this study was to examine immunohistoc-
hemical PRLR expression within nearby anal canal mucosa 
of anal fistula and to correlate this tissue expression with cli-
nical fistula type.  

Methods 

Patients 
 
The study protocol was approved by the local hospital 

ethics committee and all patients signed an informed consent 
for study participation. Patients in this prospective analysis 
were obtained through the Department of Colorectal Surgery 
at the Third People's Hospital of Hangzhou China between 
June 2010 and September 2013. For the purposes of classifi-
cation for this particular study, simple anal fistulas were de-
fined as those with a single external and internal opening and 
a single straightforward fistula track. Complex fistulas were 
defined by two or more external or internal openings, two or 
more fistula tracks and those accompanied by secondary 
branching tracks 15. Patient data were obtained from electro-
nic medical records with a postoperative review at 6 weeks 
and subsequently at 3 monthly intervals until healing became 
evident or until the operation was deemed to be unsuccessful. 
Success was defined as closure of both the internal and 
external openings without persistent discharge. Time to failu-
re was defined as the time from the fistula operation until 
clinical examination which confirmed fistula persistence or 
recurrence requiring further surgical intervention. A recur-
rent fistula was defined as one which had undergone at least 
one previous definitive operation. All patients underwent 3D 
endoanal sonography and appropriate gadolinium-enhanced 
magnetic resonance imaging. Patients with non-cryptogenic 
anal fistula (perianal Crohn's disease, ulcerative colitis and 
gastrointestinal tuberculosis) were excluded from analysis. 
All operations were performed in the prone jack knife positi-
on under spinal anaesthesia. Bowel preparation was used in 
all cases one day prior to scheduled surgery with all procedu-
res performed by a consultant colorectal surgeon. 

Gene expression microarray 

Total RNA was isolated and purified from anal mucosa 
samples of three sex- and age-matched anal fistulas and he-
morrhoids patients respectively, using QiagenRNeasy Mini 
Kit, QIAshredder kit and RNase-Free DNase Set kit (Qiagen, 
Valencia, CA) following manufacturer's recommendations. 
A total of 100 ng of each RNA was used to perform reverse 
transcription and one-color labeling steps. Amplified and la-
beled samples were purified using the RNeasy Mini Kit from 
Qiagen. Gene expression profiling was done with human 
whole-genome Agilent 28004, 8 × 60 K microarray chips 
following standard operating procedures from Agilent Tec-
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hnologies. The labeled RNA was hybridized at 65°C for 17 
hours at 10 rpm. Raw data files from Feature Extraction were 
imported into R with LIMMA, an R package from the Bio-
conductor project, and processed as follows: gMedianSignal 
data were imported, control probes were systematically re-
moved, and flagged probes were set to Non Available. 
Interarray normalization was performed by quantile normali-
zation. A single value was obtained for each transcript, ta-
king the mean of each replicated probes summarized data. 
Missing values were inferred using k-Nearest Neighbors 
(KNN) algorithm from the package “impute” from R bio-
conductor. Normalized data were then analyzed with GeneS-
pring GX. To assess differentially expressed genes between 
two groups, we started by fitting a linear model to the data. 
Then we used an empirical Bayes method to moderate the 
standard errors of the estimated log-fold changes. The top-
ranked genes were selected with the following criteria: an 
absolute fold change > 2 and an adjusted p value < 0.05. 

Immunohistochemistry 

At the time of surgery, biopsies were obtained for PR-
LR expression immunohistochemistry from the rectal muco-
sa above the dentate line and at least 5 mm away from the in-
ternal opening. All samples were analyzed by a single patho-
logist (Dr Lin) experienced in the assessment of anorectal 
specimens and blinded to the clinical and operative findings. 
Formalin-fixed paraffin-embedded tissue sections were depa-
raffinized and rehydrated, following which they were retrie-
ved for heat-induced epitope retrieval. Endogenous 
peroxidase was inhibited with 3% hydrogen peroxide (H2O2) 
and non-specific antigen was blocked with 5% bovine serum 
albumin (BSA; Amresco, Solon, OH, USA). Slides were 
then incubated overnight with the primary antibody (Rabbit 
Anti-PRLR, Boster, China) at 4°C and then rinsed 3 times in 
phosphate-buffered saline (PBS) for 5 minutes at room tem-
perature. Following this they were incubated with a 
biotinylated secondary antibody (diluted 1:100) and then in-
cubated with a streptavidin–biotin peroxidase complex (dilu-
ted 1:100). Immunohistochemical detection was performed 
with 3,3′-diaminobenzidinetetrahydrochloride (DAB) in ac-

cordance with the manufacturer’s instructions. Tissue secti-
ons were examined with a Nikon Eclipse 80i microscope 
(Nikon, Tokyo, Japan) equipped with a camera. Images were 
captured using the NIS-Element S.F. 2.30 software at × 40, × 
200, and × 400 magnification. Two techniques were used to 
analyze the immunohistochemical section. In the first met-
hod, 5 non-overlapping images were captured from each sli-
de at × 400 magnification. Quantitative image analysis was 
performed using the Image-Pro Plus 6.0 software (Media 
Cybernetics, USA) and data were expressed as an integrated 
optical density (IOD) equal to the area × the average density 
of PRLR immunoreactivity identified, represented as the me-
an expression ± SD. In the second method, immunoreactivity 
was evaluated based upon the percentage of positively-
stained cells combined with an estimate of staining intensity. 
For recording purposes, the percentage of positive cells was 
scored as 0 (< 10 %), 1 (10–40 %), 2 (40–70 %), or 3 (≥ 70 
%) with the staining intensity being scored as 0 (negative), 1 
(weak), 2 (medium) and 3 (strong). The sum of the intensity 
and distribution score was used as the final staining score. 
Pathological sections with a final score of ≥ 3 were conside-
red to have high PRLR expression and those < 3 as having 
low PRLR expression. 

Statistics 

Statistical analyses were performed with the SPSS 
v11.5 software (SPSS Inc.,Chicago, USA). Comparisons 
between groups were performed with the χ2 test and the Fis-
her’s exact method where appropriate. Assessment of 
immunoreactivity and comparisons of fistula complexity (as 
defined) was performed by a multiple logistic regression 
with values for two-sided significance < 0.05 considered as 
significant. 

Results 

We compared 36,788 genes between patients with anal 
fistulas and the control group, finding a differential gene 
expression profile of 190 genes (Figures 1 and 2). Among 
them we noted differential PRLR expression (FC = 2.91, p < 

 
Fig. 1 – Cluster result of differentially expressed genes between anal fistula and control patients with Agilent hu-

man mRNA microarray. T1-3 – anal mucosa tissue of anal fistula patients; C1–3-control patients. 
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Fig. 2 – Scatter plot of differentially expressed genes between anal fistula and control patients with Agilent human 
mRNA microarray, (red dot – more than two folds up-regulation in anal fistula; green dot – more than two folds 

down-regulation in anal fistula; black dot – no significant difference). 

Table 1 
Demographic data for 65 patient with anal fistulas 

Patient characteristics 
Anal fistula 

simple complex
p 

Number (n) 35 30
Age (years), ґ ± SD (range) 34.95 ± 12.18 (18–45) 32.45 ± 14.58 (21–54) 0.560 
Gender (n) 

males 30 27 0.325 
females 5 3

Type of fistula (n) 
primary fistula 33 27 0.302 
recurrent fistula 2 3

BMI (kg/m2), ґ ± SD 24.32 ± 4.22 23.18 ± 5.38 0.452 
Time between  
diagnosis and surgery (weeks), 
median (interquartile range) 

14 (4–38) 20 (6–50) 0.152 

0.01). Further analysis revealed the top three biological pro-
cesses whose genes involved were keratinization, immune 
response and cell signaling. 

Table 1 shows the clinicopathologic demographics for 
65 patients assessed in the analysis including 35 simple (33 
primary) and 30 complex (27 primary) cases (as defined). No 
differences were noted in the mean age of the patient groups, 
the mean body mass index (BMI) or in the time between dia-
gnosis and surgery. Figure 3 shows examples of high and 
low PRLR expression in 2 rectal mucosal samples. Table 2 
shows the separation into high and low PRLR expression 
groups where simple fistulas had significantly higher 
expression than complex cases (p = 0.001) and where low 
PRLR expression was more common in recurrent fistulas (p 
= 0.001). These findings were also reflected in the mean IOD 

measures where the recorded IOD for complex anal fistulas 
was significantly lower than that of simple cases (8.31 ± 4.91 
 104 vs 12.30 ± 6.91  104, respectively; p < 0.01). The me-
an IOD measures of non-healing cases was lower than that in 
primarily healing fistulas (7.21 ± 3.51  104 vs. 8.31 ± 4.91  
104, respectively; p < 0.05). Univariate analysis showed that 
low PRLR expression was associated with fistula complexity 
but not with age, gender or the time between fistula diagno-
sis and surgery. The complexity of the fistula (as defined) 
was maintained in a multivariate analysis as an independent 
predictor for low fistula PRLR expression (odds ratio low to 
high PRLR score = 9.52; p = 0.001) (Table 3).  

Table 4 presents list of highest rank of over-expressed 
and under-expressed genes in anal mucosa in patients with 
anal fistula. 

ґ – mean; SD – standard deviation. 

Song Y, et al. Vojnosanit Pregl 2017; 74(5): 456–462. 



Page 460 VOJNOSANITETSKI PREGLED Vol. 74, No 5 

Song Y, et al. Vojnosanit Pregl 2017; 74(5): 456–462. 

 
Fig. 3 – Representative microscopic appearance of the rectal mucosa in anal fistula biopsy specimens stained for  

prolactin receptor (PRLR): A) shows high PRLR expression, and B) demonstrates low PRLR expression 
 (magnification ×200) 

 
Table 2 

Comparison of clinicopathological and fistula features with high or low prolactin receptors (PRLR) expression 
Score of PRLR expression Clinicopathological features   

higha lowb 
p  

Number of patients (n) 65    
Age (years)     

< 40  41 17 24 0.913 
≥40  24 13 11  

Gender (n)     
males 57 28 29 0.826 
females 8 2 6  

Fistula classification (n)     
simple 35 30 5 0.001 
complex 30 6 24  

Fistula recurrence (n)     
yes 5 1 4 0.001 
no 60 35 15  

See Methods for definition of the intensity of PRLR immunoreactivity; a Score ≥ 3, b Score < 3. 
 

Table 3 
Univariate and multivariate analysis assessing the association between clinical features and fistula complexity 

Univariate analysis Multivariate analysis p Clinicopathological features  
n (%)  n (%) p OR  

Age, (years)      
< 40 vs ≥ 40  21 (32.3) 9 (13.8) 0.564  ns 

Gender      
males vs females 27 (41.5) 3 (4.6) 0.236  ns 

Time between diagnosis 
and surgery (weeks) 

     

< 24 vs ≥ 24 13 (20.0) 17 (26.1) 0.385  ns 
PRLR expression groups      

low vs high 24 (36.9) 4 (15.4) 0.0001 9.520 0.001 
ns – not significant; Low prolactin receptor (PRLR) expression – < 3;  
High PRLR expression – ≥ 3 (see Methods). 

 
Table 4 

List of highest ranked over-expressed and under-expressed  
genes in anal mucosa of anal fistula patients 

Gene symbol Fc (abs) p 
TREML1 6.41038 0.03559 
UTY 9.945895 0.036397 
CAMK1G 11.80925 0.000414 
LOC643923 -9.164125 0.001235 
LRCH1 -7.205685 0.039337 
GPR116 5.369098 0.02471 
DOK7 5.901879 0.04199 
ELMOD1 5.434485 0.04398 
IL37 10.87358 0.025695 
LCE2D 7.009463 0.027215 
PLB1 6.446507 0.014236 
LCE5A 34.11338 0.00434 

Fc (abs) – fold change, absolute. 
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Disscusion 

As far as we are aware, this is the first report on the 
differentially expression profile of anal fistula and also the 
first recorded association between PRLR expression and anal 
fistula. This preliminary study shows that immunohistoche-
mical PRLR expression is reduced in complex anal fistula 
cases when compared with simple fistulas. Low PRLR 
expression is also shown in non-healing cases confirming the 
qualitative findings with quantitative IOD measurements of 
the receptor. On multivariate analysis, fistula complexity was 
an independent predictor for low PRLR expression.  

Currently there are limited available data concerning di-
sturbances in the local peri-fistular inflammatory milieu of 
cryptogenic cases where it is anticipated that an improved 
understanding of the role of inflammatory mediators may 
explain why some fistulas become chronic, complex or fail 
to heal. PRLR which was originally identified as a lactotrop-
hic hormone secreted by the pituitary has been implicated as 
an important immunomodulator under conditions of stress 16. 
In this setting PRLR opposes the effects of glucocorticoids 
and other inflammatory mediators attenuating the acute pha-
se response 17, with a regulatory effect on the generation of 
other inflammatory mediators 18. During the acute phase res-
ponse, PRL activity is typically suppressed 19 although the ef-
fects on the adaptive immune response during chronic in-
flammation on both PRL and its receptor have only been 
poorly characterized. The autocrine and paracrine interaction 
between the lactotrophes and other pituitary hormones, 
cytokines, inflammatory mediators and growth factors or 
with the other pituitary endocrine cell types (somatotropes, 
corticotropes, thyrotropes and gonadotropes) in simple or 
persistent surgical inflammatory conditions, remains to be 
elucidated 20. Our study has shown that receptor expression 
is much higher in simple, healing anal fistula types probably 
consequent upon cytokine-mediated inhibition with coinci-
dent inhibition of its ligand. We believe a personalized 
surgery is very important when we try to address a fistula. 
Especially when it is a complex fistula, we have to weigh 
between the recurrence rate and potential chance of anal in-
continence. Our study suggests that the molecular milieu of 
anal fistula might help us to evaluate the complexity and re-
currence, which is useful for surgeons to make a reasonable 
decision about what operation to do for a specific anal fistu-
la. Our study can also serve as a basis for a future attempt of 
pharmacological treatment of anal fistula by ie prolactin in-
hibitors or prolactin analogs. 

This preliminary study has a number of significant limi-
tations, however, the early findings are of sufficient interest 
as to demand further study. The small number of patients and 
the somewhat unexpected finding of PRL and PRLR associa-
tion with anal fistula should be currently viewed with caution 
until larger number of patients is accumulated. The fistula 
classification system used in our study is unorthodox and 
more prolonged analysis along with magnetic resonance 
(MR) imaging may better define the association between 
PRLR expression and fistula outcome. It is accepted at this 
early stage that the findings may reflect the intensity of in-
flammation rather than show a specificity for high-risk anal 
fistula. It is currently unknown how the chronicity of in-
flammation in any part of the body influences local PRL and 
PRLR expression or the effect of glucocorticoids and catec-
holamines on PRL/PRLR dynamics within this orchestrated 
host response 21. Planned future work will use an animal anal 
fistula model 22 so as to examine both the total PRLR mRNA 
expression and that of any different PRLR isoform tran-
scripts which have previously been shown to differentially 
affect PRL signaling 23. Comparison of anal fistula 
expression with other inflammatory tissues will be needed 
since stress responses to exogenously administered immuno-
stimulants show that PRLR regulation is relatively tissue-
specific 17. Moreover, differences in PRLR expression will 
also reflect the differential activation of multiple promoters 
in the PRLR gene which will require molecular analysis 24.  

Conclusion 

Attenuation of the PRL/PRLR system appears to corre-
late with anal fistula complexity. It promotes our understan-
ding of the occurrence of anal fistula, might help us to tailor 
the operation approach during preoperative evaluation of 
anal fistula and even provide rationale for a future attempt of 
pharmacological treatment of anal fistula. Further study is 
needed to examine and dissect the molecular genetics of the 
PRL/PRLR system in anal fistula. 
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Abstract 
 
Background/Aim. Benign paroxysmal torticollis (BPT) is 
a rare paroxysmal dyskinesia characterized by attacks of 
head tilt alone or tilt accompanied by vomiting and ataxia, 
which may last hours to days. It is claimed that BPT disap-
pears completely in childhood, but that it can evolve into 
other conditions, such as benign paroxysmal vertigo, cyclical 
vomiting syndrome, abdominal migraine, hemiplegic mi-
graine, motion sickness and/or migraine with aura. The aim 
of this manuscript was to renew focus on benign paroxys-
mal torticollis because the disorder is almost always under-
recognized by pediatric practitioners, who often order ex-
tensive and unrewarding testing and physiotherapy treat-
ment. Methods. Twelve BPT cases observed during a 5-
year period (2009–2014) at the Clinical Centre Niš, Niš, 
Serbia were reviewed. Data were collected on the features of 
torticollis, the age of onset, the duration of episodes, associ-
ated symptoms, the frequency of episodes, the persistence 
of symptoms over time, the age when the disorder finally 
disappeared, sequelae appearing after the 5th birthday, and 
family history of BPT, migraine or kinetosis. All the chil-
dren were followed for periods ranging from 48 to 72 
months. Results. The series included 6 females and 6 
males. The age at onset of BPT was less than 8 months in 
84% of the cases. Episodes of torticollis occurred suddenly 

on waking in all the cases without any trigger factors. The 
duration of torticollis ranged from a few hours to a few 
weeks. In 58% of cases, the condition persisted for more 
than one week. The frequency of the episodes ranged from 
once every 3 days to once every 25 days. The episodes were 
more frequent and lasted longer in the early months and 
tended to cease as the child became older. The age when 
episodes ended ranged from 11 months to 62 months. In 11 
(91.66%) cases, the disorder disappeared before the patient's 
5th birthday. No patient had a family history of BPT. In 6 
cases, family members had kinetosis. In 5 cases, family 
members were positive for both migraine and kinetosis. All 
the children had normal motor development and normal 
speech and language development. After the disappearance 
of BPT, two children developed other forms of periodic 
syndromes: one boy had migraine with aura, and one girl 
experienced cyclic vomiting. Conclusion. BPT is probably 
an age-sensitive and migraine-related disorder that is benign 
in nature. The disorder is often misinterpreted, and children 
may pointlessly undergo numerous tests. Therefore, it is 
very important to recognize and observe this condition in 
order to avoid extensive, unnecessary and unpleasant pro-
cedures on the child. 
 
Key words: 
torticollis; diagnosis; diagnostic errors; child.

Apstrakt 
 
Uvod/Cilj. Benigni parosizmalni tortikolis (BPT) je retka 
paroksizmalna diskinezija koja se manifestuje iznenadnom 
pojavom prinudnog položaja glave, izolovano ili udruženo sa 
povraćanjem i ataksijom. Smatra se da BPT kompletno 
iščezava u detinjstvu ili evoluira u druga stanja kao što su: 
benigni paroksizmalni vertigo, sindrom cikličnog povraćanja, 
abdominalna migrena, hemiplegična migrena, poremećaj 
pokretljivosti i/ili migrena sa aurom. Cilj ovog rada bio je da 
se fokus usmeri na BPT, jer ovaj entitet često ostaje 
neprepoznat u pedijatrijskoj praksi, pa se preduzimaju 
opsežne i nepotrebne dijagnostičke i terapijske procedure. 

Metode. Tokom petogodišnjeg perioda (2009–2014) u 
Kliničkom centru Niš, (Niš, Srbija), praćeno je dvanaestoro 
dece sa BPT. Prikupljani su podaci o obeležjima tortikolisa, 
starosti dece prilikom inicijalne pojave poremećaja, dužini 
epizoda i pridruženim simptomima, o učestalosti epizoda, 
starosti u kojoj je poremećaj iščezao, posledicama prisutnim 
nakon petog rođendana i podacima u vezi sa porodičnom 
anamnezom BPT, migrene i kinetoze. Sva deca su praćena  
tokom perioda od 48–72 meseca. Rezultati. Praćenjem je 
obuhvaćeno 6 dečaka i 6 devojčica. Prva pojava simptoma je 
kod 84% ispitanika bila pre 8. meseca života. Kod svih 
ispitanika epizode tortikolisa javljale su se iznenada i spontano 
prilikom buđenja. Tortikolis se ispoljavao u trajanju od 
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nekoliko časova do nekoliko nedelja. Kod 58% ispitanika 
tortikolis se održavao više od jedne nedelje. Frekventnost 
epizoda kretala se od jednog pojavljivanja u tri dana do 
jednog pojavljivanja u 25 dana. Epizode su bile češće i duže 
su trajale u prvim mesecima života i imale su tendenciju 
prestanka sa odrastanjem deteta. Uzrast kada su se epizode sa 
tortikolisom završavale kretao se u rasponu od 11 do 62 
meseca. Kod 11 (96%) ispitanika poremećaj je nestajao pre 
petog rođendana. Kod svih ispitanika nije postojala pozitivna 
porodična anamneza za BPT. Kod 6 ispitanika članovi 
porodice su imali kinetozu, dok je kod 6 ispitanika porodična 
anamneza bila pozitivna i za migrenu i kinetozu. Svi ispitanici 
su imali normalan razvoj motoričkih funkcija i sposobnosti 

govora. Nakon nestanka BPT, kod dvoje dece razvili su se 
drugi oblici periodičnih sindroma. Kod jednog dečaka 
ustanovljena je migrena bez aure, dok su se kod jedne 
devojčice ispoljila ciklična povraćanja. Zaključak. BPT je 
benigni poremećaj vezan za rano detinjstvo i  često udružen 
sa migrenom. Obično se ne dijagnostikuje na vreme, pa se 
deca bespotrebno podvrgavaju brojnim ispitivanjima. Zbog 
toga je veoma važno blagovremeno prepoznati i pratiti ovo 
stanje čime bi se izbegle obimne, nepotrebne i neprijatne 
dijagnostičke i terapijske procedure. 
 
Ključne reči: 
tortikolis; dijagnoza; dijagnostičke greške; deca. 

 

Introduction 

Benign paroxysmal torticollis (BPT) is a rare 
paroxysmal dyskinesia characterized by attacks of head tilt 
alone or tilt accompanied by vomiting and ataxia, which may 
last hours to days 1. It is an episodic functional disorder of 
unknown etiology that occurs in early infancy. It is characte-
rized by recurrent episodes of abnormal rotation and inclina-
tion of the head to one side, which are sometimes accompa-
nied by an asymmetric posture of the trunk with bending 
toward the same side (tortipelvis) 2. Attacks can cause dis-
tress to the child and parents, but unfortunately, symptomatic 
treatment has not been helpful. The differential diagnosis 
may be difficult in case when the first attack occurs in a 
previously healthy infant. It includes seizures, vertigo, gas-
troesophageal reflux, idiopathic torsion dystonia, dystonic 
reactions to drugs, stroke, familiar hemiplegic migraine, al-
ternating hemiplegia of childhood, ocular palsy, posterior 
fossa tumors, cervical spine abnormalities and Sandifer 
syndrome 3–5.  

A study has been recently conducted with the aim of 
determining the general awereness of pediatricians of BPT. 
The study has shown that only 2 out of 82 pediatricians 
(2.4%) are aware of this condition 6.  

The diagnosis of BPT in infancy is based on clinical 
grounds: a proper history and physical examination in paticu-
lar. Other examinations, such as neuroimaging, long-term vi-
deo EEG recording or genetic studies, are necessary only if 
other diagnoses are suspected and other more serious condi-
tions should be excluded.When the tests prompted by the 
first episode reveal negative findings, the parents relax and 
do not return to the pediatrician. The recurrent nature of the 
episodes is what leads to the diagnosis of BPT 2, 7.  

Currently known facts about benign paroxysmal torti-
collis in infancy 

There are relatively few reports on this disorder in the 
literature, with approximately 100 cases being reported since 
1969. BPT was first described in 1969 by Snyder 8, who re-
ported 12 cases with onset in infancy. 

BPT is a self-limited condition that occurs in the first few 
months of life, usually between the age of 2 weeks and 5 

months. The disorder is characterized by recurrent episodes of 
torticollis, which is often accompanied by vomiting, pallor, 
irritability, ataxia and drowsiness. Attacks can occur on either 
side and can last for hours or days, but most attacks last for less 
than a week. The episodes recur every few days to every few 
months. Improvement is seen by the age of 2 years and the epi-
sodes end by the age of 5. There is often a family history of mi-
graine and motion sickness. BPT is a self-limited condition that 
usually does not respond to any kind of treatment. Sometimes, 
coordination problems, particularly gross motor difficulties, may 
accompany BPT, suggesting that the disorder is probably brain-
based and maturational in nature 9. 

It is crucial to recognise the condition and to reassure 
parents of its benign course and not to be misdiagnosed for 
other disorders. 

BPT is not considered to be a frequent cause of torticol-
lis. In 700 cases of primary torticollis (followed from 1970 to 
1988), only 7 cases (1%) were due to BPT 10. The etiopatho-
genesis of BPT is unknown. Some authors suggest an 
underlying vestibular disorder such as labyrinthitis 8. Others 
claim the involvement of the central vestibular region or ves-
tibulocerebellar connections 11. It is also believed that the 
immaturity of the brain or a deficiency of certain neurotran-
smitters during a limited period of life is also involved.  

The hypothesis of channelopathy has been raised. This 
entity has been recently linked to a mutation in the CAC-
NA1A gene 12, 13. Giffin et al. 12 suggested in 2002 that BPT 
was a migraine equivalent, related to familial hemiplegic mi-
graine and connected to a CACNA1A mutation on chromo-
some 19. Recent studies have shown that heterogeneous 
paroxysmal disorders which include BPT are associated with 
PRRT2 gene mutation 14, 15. 

Recognising the possible presence of a genetic defect in 
at least some cases of BPT, certain authors have suggested 
that BPT is a developmentally sensitive disorder associated 
with immaturity of the central nervous system.  

Kimura and Nezu 16 reported on findings related to sur-
face electromyography (s-EMG) in one case with BPT and 
suggested that BPT should be categorized as an idiopathic 
paroxysmal dystonia in infancy. The common finding of the 
family history of migraine and/or kinetosis supports the 
hypothesis that BPT is caused in such patients not only by an 
immaturity of the neuronal system, but also by a hereditary 
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predisposition for persistent functional vestibular 
dysfunction 17, 18. Other authors reported a positive family 
history of migraine and kinetosis in 25–55% of cases 2, 18, 19.  

It is claimed that BPT disappears completely in child-
hood, but that it can evolve into other conditions, such as be-
nign paroxysmal vertigo, cyclical vomiting syndrome, ab-
dominal migraine, hemiplegic migraine, motion sickness 
and/or migraine with aura 20, 21.  

The aim of this manuscript was to renew focus on be-
nign paroxysmal torticollis because the disorder is almost 
always under-recognized by pediatric practitioners, who of-
ten order extensive and unrewarding testing and 
physiotherapy treatment.  

Methods 

Twelve BPT cases observed during a 5-year period 
(2009–2014) at the Clinical Centre Niš, Niš, Serbia were 
reviewed. All the subjects were sent to pediatric rehabilitati-
on department by pediatricians for treatment with 
physiotherapy. Data were collected on the features of torti-
collis, the age of onset, the duration of episodes, associated 
symptoms, the frequency of episodes, the persistence of 
symptoms over time, the age when the disorder finally di-
sappeared, sequelae appearing after the 5th birthday, and 
family history of BPT, migraine or kinetosis. All the children 
were followed for periods ranging from 48 to 72 months. 

Results and Discussion 

The clinical features of included patients are presented 
in Table 1. The series included 6 females and 6 males. 

The features of our cases are generally comparable with 
those of most cases described in the literature 22–24.  

With respect to the age of onset, the frequency and du-
ration of the episodes, associated symptoms and the age of 
disappearance, our results are similar to other reports 2, 10, 24. 
The age at onset of BPT was less than 8 months in 84% of 
the cases. Episodes of torticollis occurred suddenly on 
waking in all the cases without any trigger factors. The dura-
tion of torticollis ranged from a few hours to a few weeks. In 
58% of cases, the condition persisted for more than one 
week. The frequency of the episodes ranged from once every 
3 days to once every 25 days. The head was always turned to 
the same side in 2 (16.67%) cases, but in 9 (75%) cases torti-
collis alternated sides with successive attacks. 

Accompanying symptoms during attacks of torticollis 
included irritability (4 cases), vomiting (3 cases), pallor (4 
cases) and drowsiness (5 cases). One child presented unsta-
ble gait during attacks at the age of 2.5 years. Tortipelvis 
was observed in 5 (41.67%) cases. The persistence of torti-
collis during sleep was observed in 2 cases. The episodes 
were more frequent and lasted longer in the early months 
and tended to cease as the child became older. The age 
when episodes ended ranged from 11 months to 62 months. 
In 11 (91.66%) cases, the disorder disappeared before the 
patient's 5th birthday. No patient had a family history of 
BPT. In 10 of the cases, first-degree or second-degree 

family members had family histories of migraine affecting 
at least one other family member (4 cases) or ≥ 2 family 
members (6 cases). In 6 cases, family members had kineto-
sis. In 5 cases, family members were positive for both mi-
graine and kinetosis.  

 
Table 1 

The clinical features of the 12 patients with BPT in infancy 
Clinical features  Patients, n (%) 
Sex  

female 6/12 (50.00) 
male 6/12 (50.00) 

Age of onset (months)  
< 3  4/12 (33.33) 
3–8  6/12 (50.00) 
> 8  2/12 (16.66) 

Duration of episodes (days)  
< 1  1/12 (8.33) 
1–7  4/12 (33.33) 
> 7  7/12 (58.33) 

Always on the same side 2/12 (16.67) 
Usually on the same side 1/12 (8.33) 
Alternation between sides in 
successive episodes 

9/12 (75.00) 

Tortipelvis 5/12 (41.66) 
Persistence during sleep 2/12 (16.66) 
Accompanying symptoms  

irritability 4/12 (33.33) 
vomiting 3/12 (25.00) 
pallor 4/12 (33.33) 
drowsiness/apathy 5/12 (41.67) 

Age of disappearance (years)  
< 3  3/12 (25.00) 
< 5  8/12 (66.67) 
> 5  1/12 (8.33) 

Family history of   
migraine 10/12 (83.33) 
kinetosis 6/12 (50.00) 

BPT – benign paroxysmal torticollis. 

 
Instrumental tests including laboratory tests, brain ul-

trasound, orthopedic, ophthalmologic and 
otorhinolaryngologic examinations; ultrasound of the ster-
nocleidomastoid muscle, and EEG were performed in all 
cases. Each test yielded normal results. The neurological 
findings were normal in all the cases, both during and after 
episodes, with no significant changes in muscle tone. A to-
tal of 5 (41.67%) children underwent magnetic resonance 
imaging of the brain. All the results were normal. All the 
children had normal motor development and normal speech 
and language development. After the disappearance of 
BPT, two children developed other forms of periodic 
syndromes: one boy had migraine with aura, and one girl 
experienced cyclic vomiting. 

Conclusion 

Benign paroxysmal torticollis is probably an age-
sensitive and migraine-related disorder that is benign in natu-
re. The disorder is often misinterpreted, and children may 
pointlessly undergo numerous tests. Therefore, it is very im-
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portant to recognize and observe this condition in order to 
avoid extensive, unnecessary and unpleasant procedures on 
the child. The diagnosis of BPT in infancy is based on clini-
cal grounds: a proper history and physical examination in pa-
ticular, and does not call for instrumental tests, which only 
cause pointless distress to the child and incur unnecessary 
expense and anxiety on the part of the parents. 

The recurrent nature of the episodes in a previously 
healthy infant is what leads to the diagnosis of BPT.  

In cases of torticollis which do not fit into the typical cli-
nical picture of BPT, or if there are any additional symptoms, 
additional diagnostics is required in order to find the actual ca-
use and avoid making a wrong diagnosis and losing precious 
time for the treatment of serious diseases. 
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Introduction 

With its estimated prevalence of 0.52% in Europe, 
0.68% in the United States of America and up to 1.5% in de-
veloping countries, epilepsy makes a heavy burden on indi-
viduals, healthcare systems and societies in general all over 
the world 1, 2. Despite long history of epilepsy treatment with 
medication, efficacy and effectiveness of available antiepi-
leptic drugs as monotherapy were unequivocally proven in 
clinical trials only for partial-onset seizures in children and 
adults (including elderly), while generalized-onset tonic-
clonic seizures in children and adults, juvenile myoclonic 
epilepsy and benign epilepsy with centrotemporal spikes are 
still waiting for optimal therapy 3–5. It is estimated that 19–
30% of epilepsy patients suffer from drug resistant epilepsy, 
which could not be controlled with available drugs, and they 
have to consider surgical treatment options 6–9. Besides, anti-
epileptics are drugs with narrow therapeutic window, and 
control over epilepsy could easily be lost if the patients are 
switched from brand-name to generic, or from one to another 
generic antiepileptic. Although bioequivalence of generic 
drugs with their brand-name counterparts has to be confir-
med prior to marketing authorization, generic antiepileptic 
drugs actually do not have the same bioavailability as brand-
name drugs, and plasma concentration fluctuations could have 
much different pattern, leading to loss of seizures control 2–4. 
Development of new antiepileptic drugs with mechanisms of 
action different from that of available anticonvulsants and 
with wide therapeutic window is one of the main ways to 
satisfy the unmet needs of patients with epilepsy. 
Ganaxolone, a positive allosteric modulator of gamma-
aminobutyric acid-A (GABA-A) receptor, is one of the drugs 
with new mechanism of action which are currently in the 
process of clinical testing 2–4, 6, 7, 10. 

New anticonvulsants 

The drug resistant epilepsy has been recently defined by 
the International League Against Epilepsy as “a failure of 
adequate trials of two tolerated, appropriately chosen and 
used antiepileptic drug schedules (whether as monotherapies 
or in combination) to achieve sustained seizure free-
dom” 11.The mechanisms of drug resistance in epilepsy are 
still incompletely understood, and none of the anticonvul-
sants with current marketing authorization has demonstrated 
superior efficacy in the treatment of drug resistant epilepsy 12. 
Using new anticonvulsants as add-on therapy lead to free-
dom from seizures in only 6% of patients with drug resistant 
epilepsy 13. This huge unmet need could be satisfied in the 
future only by synthesis and development of anticonvulsants 
with new mechanisms of action. 

There are several anticonvulsants besides ganaxolone 
which are currently in the stage of clinical development: bri-
varacetam, seletracetam, talampanel, fluorofelbamate, caris-
bamate, and losigamone 14. Being analogues of levetirace-
tam, brivaracetam and seletracetam bind with high-affinity 
for synaptic vesicle protein 2A (SV2A) and brivaracetam al-
so inhibits voltage-gated sodium channels; talampanel is 
non-competitive allosteric blocker of alpha-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) recep-
tors and weak inhibitor of kainite receptors for glutamate 15. 
Fluorofelbamate has similar mechanism of action as felba-
mate, ie decreases responses of N-methyl-D-aspartate 
(NMDA) and kainate receptor to activation and blocks volta-
ge-dependent sodium channels 15. While the mechanism of 
carisbamate action remains unknown, losigamone is both so-
dium channel blocker, suppressor of NMDA-induced depola-
rization and enhancer of chloride uptake into neurons 15. The 
mechanism of action of ganaxolone is different: it prevents 
seizures through positive allosteric modulation of synaptic 
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and extrasynaptic GABA-A receptors, mimicking action of 
endogenous neurosteroids. Such subtle mechanism of action 
provided for beneficial efficacy/safety ratio of ganaxolone. 

The compound 

Ganaxolone is a synthetic molecule with the steroid 
backbone which resembles endogenous neurosteroids that 
are synthesized and acting in the brain. There are three gro-
ups of endogenous neurosteroids: pregnane neurosteroids (al-
lopregnanolone and allotetrahydrodeoxycorticosterone), an-
drostane neurosteroids (androstanediol and etiocholanolone) 
and sulfated neurosteroids (pregnenolone sulfate). Neuroste-
roids from the pregnane group show anti-seizure activity in 
various animal models due to their positiveallosteric modula-
tion of GABA-A receptors and increase of chloride influx 16. 
The development of ganaxolone was initiated by Kelvin Gee 
and Nancy Lan at CoSensys company 17, and then continued 
by Edward Monaghan and his associates 18. Later develop-
ment took place at Marinus Pharmaceuticals, Inc., after this 
company obtained development and commercialization 
rights from Purdue Pharmaceuticals, who acquired CoSensys 
in 1998 18. Ganaxolone is currently in phase 3 clinical trials, 
and the results are expected in 2016. 

Chemistry 

Reduction of progesterone at the 5- and 3-positions of 
the steroid A-ring leads to formation of endogenous neuros-
teroid allopregnanolone (through an intermediate metabolite 
5-dihydroprogesterone) which has modulating effect on 
GABA-A receptors, and lacks progestogenic effect 19. 
However, allopregnanolone could be oxidized back to 5-
dihydroprogesterone which has progestogenic properties. 
Ganaxolone (3alpha-hydroxy-3beta-methyl-5alpha-pregnan-
20-one) is synthesized from allopregnanolone by methylation 
at position 3 of its A-ring (Figure 1). The methyl group ad-
ded prevents conversion of ganaxolone back to a steroid with 
hormonal (progestogenic) properties, improving its safety 
profile. 

Ganaxolone (molecular weight 332.52) is present at ro-
om temperature as white powder which is insoluble in water 20. 
Due to its insolubility in water, significant efforts were made 
to prepare suitable oral formulations of ganaxolone with ac-
ceptable bioavailability. Successful formulation efforts resul-
ted in a patent issued to Marinus Pharmaceuticals Inc. cove-
ring an oral suspension and capsule formulation. The new 
formulations achieved bioavailability of 300–400% compa-
red to conventional ganaxolone formulations 21. 

Pharmacodynamics 

Mechanism of action 

Allopregnanolone is a positive allosteric modulator of 
action of GABA on its A-type receptors, but various part of 
the brain differ in rate of allopregnanolone synthesis. Tissue 
concentrations of allopregnanolone are higher in mice 
olfactory bulb than in frontoparietal cortex or cerebellum. 
The study on patch-clamped neocortical pyramidal neurons 
of mice showed that blocking synthesis of allopregnanolone 
decreases chloride ion currents elicited by GABA-A receptor 
agonist muscimol; this effect was reversed with addition of 
allopregnanolone 22–24. The mechanism of action of 
ganaxolone is similar to the mechanism of action of endoge-
nous neurosteroid allopregnanolone: it binds for unique re-
cognition site on the GABA-A receptor which is different 
from the binding sites of GABA, benzodiazepines and barbi-
turates. After binding, ganaxolone probably potentiates 
inhibitory action of GABA on neurons which carry the GA-
BA-A receptor. In vitro studies on xenopus oocytes 
expressing the human GABA-A receptors showed that 
ganaxolone increased chlorine influx only after γ-
aminobutyric acid exhibited its basal activity, while direct ef-
fect in the absence of GABA was of minor extent. Although 
action of ganaxolone was not dependent on subunit composi-
tion of the GABA-A receptor in this study (it was exhibited 
across all three GABA-A receptor subtypes tested: 1β2γ2, 
2β2γ2, and 3β2γ2) 25, numerous other studies have shown 
that delta subunit enhances sensitivity to neurosteroids inclu-
ding ganaxolone. Neurosteroids bind for two sites on alpha 

 

Fig. 1 – Chemical structures of ganaxolone and its precursor allopregnanolone. 
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subunit of GABA-A receptor: one is in located in transmem-
brane domain and is essential for potentiation of responses to 
GABA, and another is placed on contact surface between al-
pha and beta subunits, causing activation of the receptor. 
However, the GABA-A receptor could be activated only af-
ter both sites have been occupied by a neurosteroid 26. 

Anti-epileptic effects 

In a variety of animal models of epilepsy ganaxolone 
shows potent anti-seizure activity which is comparable to 
that of valproate: it prevents pentylenetetrazol (PTZ)-induced 
seizures in mice and rats, and bicuculline, tert-
butylbicyclophosphorothionate (TBPS) or aminophylline-
induced seizures in mice. In a rat cornea-kindled seizures 
model ganaxolone efficiently prevents seizures, and it 
significantly elevates seizure threshold in mice receiving 
pentylenetetrazol (PTZ) 25, 27. Besides anticonvulsant activity 
against PTZ-induced clonic and tonic seizures in mice, 
ganaxolone shows anti-epileptogenic action against sensiti-
zation of the kindled mice to the convulsive and lethal effects 
of PTZ; its efficacy in this animal model was better than that 
of diazepam and valproate 28. Both anticonvulsant and anti-
epileptogenic effects of ganaxolone were recorded in cocai-
ne-kindled seizures in male mice, too; this dual action gives im-
portant advantage to ganaxolone over conventional anti-
convulsive drugs which mostly lack anti-epileptogenic action 29. 
Ganaxolone was more potent than diazepam in exhibiting 
protection against cocaine-induced seizures in mice; when 
co-administered with diazepam, it acts synergistically to pro-
tect against both cocaine and pentylentetrazol-induced seizu-
res in mice. Although high doses of ganaxolone produce mo-
toric impairment similar to that induced by diazepam, the 
same was not observed at lower doses of ganaxolone which 
produce anticonvulsant action 27. Beneficial ratio was also 
observed between doses of ganaxolone that prevent prolon-
gation of cortical epileptic after discharges in rats caused by 
low-frequency stimulation of the sensorimotor cortical area 
through epidural electrodes, and doses that compromise mo-
tor activity, suggesting acceptable safety profile of the drug 30. 
In a model of primarily generalized seizures in developing 
rats, where seizures were induced by inhalation of flurothyl, 
ganaxolone showed dose-dependent anticonvulsant effect 31. 

Protective effect of ganaxolone against seizures was al-
so shown in an animal model of infantile spasms. The rats 
were at first prenatally primed with betamethasone, and then 
on the day 15 after birth convulsions were initiated with 
NMDA. When given 30 min before the NMDA, ganaxolone 
delayed the onset of spasms and decreased the number of 
spasms or suppressed their occurrence 32. 

In a mice model of complex partial seizures induced by 
low-frequency (6 Hz), long-duration (3 s) electrical stimula-
tion ganaxolone showed strong protective effect, comparable 
to that of clonazepam. Potency of ganaxolone in this model 
was similar to its potency in models of PTZ-induced seizures 
(ED50 value = 6.3 mg/kg) 33. The same protective effect with 
almost identical potency (ED50 value = 6.6 mg/kg) 
ganaxolone exerted in fully amygdala-kindled female mice 

(by means of the electrodes implanted into the right 
amygdala complex). The seizures were nearly completely 
prevented with the highest doses of ganaxolone, and its ef-
fect was comparable to protective effect of clonazepam. The 
potential advantage of ganaxolone over benzodiazepines lies 
in the absence of tolerance for protection against seizures, 
which is regularly observed in experiments with the latter 
drugs 34, 35. 

Ganaxolone showed a specific protective anticonvulsive 
effect in a rat model of catamenial epilepsy (a kind of 
epilepsy with the exacerbation of seizures immediately befo-
re, during or after menstruation), which is believed to be cau-
sed by perimenstrual decrease in brain levels of progesterone 
metabolite allopregnanolone 36. Almost 70% of women in 
reproductive age with epilepsy experience increase in seizure 
frequency around menstruation.  Female rats were maintai-
ned at high levels of progesterone, then subsequently depri-
ved of allopregnanolone by administration of finasteride. 
Ganaxolone gave protection against PTZ-induced seizures in 
much lower doses (ie, with higher potency) than in non-
deprived pregnant or non-pregnant animals. Similar phenome-
non was not observed with diazepam or valproate, which indi-
cated that ganaxolone could be specific and potent drug for 
treatment of catamenial epilepsy in humans. Greater efficacy 
of neurosteroids including ganaxolone compared to benzodia-
zepines in the treatment of catamenial epilepsy in animal mo-
dels could be explained by temporary increase in expression of 
delta subunit of GABA-A receptor caused by progesterone. 
GABA-A receptors which contain a delta subunit are located 
mostly perisynaptically/extrasynaptically, and GABA is less 
efficacious at such receptors. While benzodiazepines require 
gamma-2 subunit to act on GABA-A receptor, neurosteroids 
positively modulate GABA-A receptors with all kinds of su-
bunits, especially those with delta-subunits which are more 
sensitive to them. These temporary changes in the composition 
of GABA-A receptors during and around menstruation give to 
neurosteroids a unique opportunity to enhance inhibitory effect 
of GABA and prevent exacerbation of seizures during and 
around menstruation 37. 

On the other hand, ganaxolone was not only ineffective 
in animal models of absence seizures, but it showed seizure-
potentiating activity. Pretreatment of rats with ganaxolone 
prolonged absence seizures caused by low-doses of PTZ or 
gamma-hydroxybutyric acid (GHB), and ganaxolone alone 
(> 20 mg/kg) caused occasional bilateral synchronous spike 
wave complexes in EEG 38. When during in vivo experiments 
ganaxolone was focally micro-injected into WAG/Rij rats, 
genetically modified animals that suffer from absence-like 
epilepsy, with characteristic recordings of spike-wave 
complexes, it significantly increased frequency of spike-
wave complexes when injected into thalamic but not 
somatosensory cortical nuclei 39 (Table 1). 

Other central effects of ganaxolone 

An anxiolytic-like effect of ganaxolone was observed 
on pentylentetrazol-treated mice: ganaxolone administered 
15 minutes before pentylentetrazol prevented PTZ-induced 
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Table 1 
Anti-epileptic effects of ganaxolone observed in pre-clinical studies 

Experimental model Observed effects  
PTZ - induced seizures in mice Elevates seizure threshold 27 

Rat cornea - kindled seizures model Prevents seizures 25 
PTZ - induced seizures in kindled mice Prevent sensitization of the kindled mice to PTZ 28 
Cocaine - kindled seizures in male mice Anticonvulsant and anti-epileptogenic actions 29 
Primarily generalized seizures in developing 
rats induced by flurothyl 

Dose-dependent anticonvulsant effect 31 

Rat model of infantile spasms Prevents convulsions induced by NMDA 32 
Mice model of complex partial seizures Prevents the seizures 33 
Fully amygdala - kindled female mice Prevents complex partial seizures 34, 35 
Rat model of catamenial epilepsy Prevent the seizures 36 
Absence seizures caused by low-doses of PTZ 
or gamma-hydroxybutyric acid 

Ineffective 38 

WAG/Rij rats model of absence seizures Increases frequency of spike-wave complexes 39 
Audiogenic seizures in Fmr1 knockout mice Anti-convulsant effect 40 

PTZ – pentylenetetrazol; WAG/Rij – Wistar Albino Glaxo/Rij; NMDA – N-methyl-D-aspartate. 

decrease in behaviors like sitting or lying without moving, 
lying with at least one of the back limbs clearly visible, the 
occurrence of small twitches of the body, the tail straighte-
ned backwards or pressed along a wall of the cage and sitting 
or lying with the nose turned to the corner of the cage. When 
compared with well-established anti-convulsants (phenobar-
bital, ethosuximide, clonazepam, diazepam and valproate), 
ganaxolone was more efficient in prevention of PTZ-induced 
behaviors than the majority of comparators except phenobar-
bital. The effect of ganaxolone is dose-dependent, and it oc-
curs within the dose range that is not associated with motor 
toxicity like circling or uncoordinated walking 41. 
Ganaxolone produced similar effects in mice treated by other 
pro-convulsive and anxiogenic drugs: it reversed locomotor 
depression caused by bicuculline, picrotoxin and yohimbine 
(it was the least potent against yohimbine) 42. Interestingly, 
ganaxolone failed to decrease cocaine-induced hyperactivity 
in mice and motor stimulation caused by methamphetamine, 
dizocilpine, and phencyclidine, which suggests complex and 
regionally specific role of neurosteroids in control of loco-
motion 43. Indeed, in a study on rat hippocampal CA1 
pyramidal neurons and dentate granule cells using whole-cell 
patch-clamp recordings it was shown that the cells from the 
two hippocampal regions are differentially sensitive to neu-
rosteroids in regard to enhancement of GABA-A receptor 
conductance due to both variations of the subunit compositi-
on and phosphorylation of the GABA-A receptor, and the 
differences in local steroid metabolism 44. 

A possible antidepressant action of ganaxolone was 
hypothesized after in vivo experiments on dorsal raphe nuc-
leus serotonergic neurons in female rats, where ganaxolone 
and endogenous neurosteroid allopregnanolone strongly inc-
reased spontaneous firing activity. When co-administered 
with a serotonin-uptake inhibitor citalopram, ganaxolone 
prevented the reduction of firing activity usually caused by 
citalopram after 3 or more days of treatment. This observati-
on sets rationale for further testing of augmenting properties 
of ganaxolone in regard to the antidepressant effect produced 
by selective serotonin reuptake inhibitors 45. Interestingly, 

fluoxetine and fluvoxamine have been shown to increase al-
lopregnanolone levels at doses below those effective at sero-
tonin transporters 46. 

Ganaxolone, as well as endogenous neurosteroids, has 
certain effect on regulation of ethanol consumption in 
experimental rats. When administered systemically to rats 
trained to self-administer ethanol, ganaxolone at first shor-
tens the latency until the animals start licking ethanol, and 
then decreases overall ethanol consumption 47–49. The same 
effect was achieved after stereotaxic infusion of ganaxolone 
to nucleus accumbens shell 50, and it results from positive 
modulation of both synaptic and extra-synaptic GABA-A re-
ceptors. On the other hand, ganaxolone induces reinstate-
ment of ethanol seeking behavior in mice that previously 
were trained to self-administer alcohol, and then 
extinguished 40. These effects of ganaxolone should be taken 
into account if this drug is going to be used in patients with 
epilepsy and concomitant alcohol dependence. 

A number of new areas where ganaxolone could offer 
therapeutic benefit were recently studied through animal 
models of fragile X syndrome, posttraumatic stress disorder, 
spinal analgesia, Niemann-Pick Type C disease and multiple 
sclerosis. In rodents (and humans) with the fragile X mental 
retardation gene (Fmr1) mutation the ensuing intellectual 
disability is accompanied with down-regulation of GABA 
transmission (decreased synthesis and increased catabolism 
of GABA, decreased number of GABA receptors). 
Ganaxolone effectively rescued audiogenic seizures in Fmr1 
knockout mice through its positive modulation of GABA-A 
receptors 51. In mice with  mutation in the NPC1 gene and 
signs and symptoms which resemble Niemann-Pick Type C 
disease in humans activity of the neurosteroidogenic 
enzymes is decreased; administration of allopregnanolone or 
ganaxolone in such mice delay the onset and progression of 
neurological symptoms 52. As the level of allprenanolone in 
cerebrospinal fluid is reduced in premenopausal women with 
post-traumatic stress disorder 53, beneficial effect of 
ganaxolone on this disorder was supposed by researchers 
who tried it on socially isolated (SI) mice, which have allop-
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regnanolone deficiency and post-traumatic stress-like beha-
viors. Brain areas of the SI mice which control emotions 
(frontal cortex, hippocampus and basolateral amygdala) have 
decreased allopregnanolone levels, and GABA-A receptors 
on neurons in these areas have distinct subunit composition, 
with the decreased presence of gamma 2, alpha 1 and alpha 2 
subunits. Such GABA-A reeptors are less sensitive to benzo-
diazepines, but retain sensitivity to neurosteroids, including 
ganaxolone. Unlike benzodiazepines, ganaxolone improved 
anxiety, aggression, and other posttraumatic stress disorder 
(PTSD) like behaviors in SI mice, without causing sedation 
or locomotor impairment 54, 55. 

In models of pain, peripheral nerve injury causes changes 
in K(+)/Cl(-) cotransporter isoform 2 (KCC2) expression on 
spinal neurons  from the dorsal horn; these changes lead to ac-
cumulation of chloride ion within the neurons, decreasing the 
flux of that ion through GABA-A channels, preventing 
hyperpolarization of neuronal membrane and creating allodynia 
(hypersensitivity). Intrathecal administration of ganaxolone 
within the framework of tail flick assay produces significant 
analgesic effect 56. Finally, it has been shown in human material 
from multiple sclerosis patients as well as in mice with induced 
experimental autoimmune encephalomyelitis (EAE) that neuro-
inflammation increases expression of GABA transporter type 2, 
which then decreases concentration of extracellular GABA. On 
the other hand, GABA and ganaxolone decrease expression of 
receptors for inflammatory mediators on surface of activated 
macrophages, improving behavior of the animals and reducing 
demyelination and injury of nerve fibers 57 (Table 2). 

Table 2  
Other central effects of ganaxolone observed in pre-clinical studies 

Experimental model Observed effects  
Behaviors of pentylentetrazol-treated mice Anxiolytic-like effect 41 

Locomotor depression of mice by bicuculline, 
picrotoxin and yohimbine 

Reversal of the depression 42 

Cocaine-induced hyperactivity in mice Ineffective 43 
Electrical activity of dorsal raphe nucleus sero-
tonergic neurons in female rats 

Increases spontaneous firing activity 45 

Rats trained to self-administer ethanol Decreases overall ethanol consumption 46–49 
Mice model of Niemann-Pick Type C disease Delays onset and progression of neurological  

symptoms 51 
Socially isolated (SI) mice model of post-
traumatic stress disorder 

Improves anxiety, aggression, and other PTSD-like 
behaviors 53, 54 

Tail flick assay in rats as model of nerve injury Analgesic effect 55 
Autoimmune encephalomyelitis in mice Decreases expression of receptors for inflammatory 

mediators and reduce demyelination 56 

                   PTSD – posttraumatic stress disorder. 

Pharmacokinetics 

After oral administration ganaxolone is rapidly and 
completely absorbed from the gastrointestinal tract: maximal 
plasma concentration after single oral dose is achieved after 
1 to 4 hours 21. Food increases bioavailability of ganaxolone 
which is formulated with submicron particulates in suspensi-
on or capsules, and area under the curve plasma concentrati-
on/time when ganaxolone is taken with food  is 1.5 to 3 ti-
mes greater than when it is taken on empty stomach 21. 
Ganaxolone is 99% bound to plasma proteins and metaboli-
zed in the liver, by cytochromes CYP3A4/5, to an inactive 

metabolite 16-hydroxyganaxolone. Only 20% of dose is 
eliminated through kidneys, and the rest is eliminated in fe-
ces 10. The elimination half-life is approximately 10–30 h ba-
sed on formulation and dose tested 1, 58. 

It has linear kinetics of elimination, and after repeated do-
sing 500 mg three times a day (tid) steady-state was achieved af-
ter 48 h (significant accumulation of ganaxolone was not obser-
ved in clinical trials) 58. Maximal ganaxolone concentrations in 
the steady state range from 32 ng/mL (the dosing regimen of 50 
mg bid) to 376 ng/mL (the dosing regimen of 500 mg bid) with 
early formulations of oral suspension 59. The newer formulati-
on‚, on oral capsule has maximum concentration (Cmax) of 239 
ng/mL while maintaining area under the curve (AUC) 58, which 
may have a positive impact on tolerability. Total clearance of 
ganaxolone was not affected by creatinine, urea or aminotran-
sferases serum levels according to population pharmacokinetic 
analysis from a clinical trial 60. 

Ganaxolone neither induces nor inhibits activity of 
CYP3A4/5. However, strong inducers (eg carbamazepine) 
and inhibitors (eg ketoconazole) of CYP3A4/5 may increase 
and decrease clearance of ganaxolone, respectively 61. 

Clinical efficacy 

Phase I studies 

Safety, tolerability, and pharmacokinetics of ganaxolone 
were reported from 7 phase I studies conducted on 87 healthy 
adult male and 9 healthy adult female volunteers 59. The first 

study was open-label, single dose study on 15 male volunteers, 
testing the following oral doses: 50, 150, 300, 450, and 600 mg. 
In the second study on 16 volunteers higher single doses (900, 
1,200 and 1,500 mg) of ganaxolone were tested using a double-
blind, placebo-controlled design. The first-single-then-multiple 
doses design was used in two studies, one being double-blind, 
placebo-controlled (12 volunteers, 50, 200, and 500 mg/day), 
and another open-label study (6-volunteers, 300 mg bid). The 
excretion pathways and pharmacokinetics were studied on 6 ma-
le volunteers receiving single oral 300 mg dose of [14C]-
ganaxolone. The differences in ganaxolone pharmacokinetics 
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among sexes were tested in double-blind, single oral dose (300 
or 900 mg), cross-over trial involving 8 males and 9 females. 
Finally, the seventh study assessed influence of food on absorp-
tion of ganaxolone, using different formulations (24 volunteers). 

These studies show that ganaxolone in beta-
cyclodextrin formulations has linear pharmacokinetics at the 
doses tested with rapid absorption and bi-exponential elimi-
nation, characterized by shorter initial, and a long terminal 
half-life (18–28 h and 37–70 h, respectively); reports with a 
newer formulation state a 7–10 h initial half-life 58. The drug 
does not accumulate in the body after multiple doses. The 
safety of ganaxolone in these early studies was excellent. 
The only serious complaint of the volunteers was somnolen-
ce, but it was pronounced only after the highest doses (900, 
1,200 and 1,500 mg), which could have been expected taking 
into account the mechanism of action of ganaxolone. No se-
rious adverse events were recorded in the phase I studies. 

Phase II studies 

The first clinical trial on adult patients was conducted on 
52 adults with a history of complex partial seizures with or 
without secondary generalization, who have been withdrawn 
from antiepileptic drugs during diagnostic evaluation for sur-
gical treatment of seizures 61. The study was double blind, ran-
domized, placebo controlled, and lasted for 8 days. The pati-
ents started to take orally either ganaxolone (500 mg tid on the 
day 1 and 625 mg tid on the days 2 to 8) or placebo only after 
plasma concentrations of previously used anti-convulsive 
drugs dropped to the levels less than 25% of lower limit of the 
therapeutic range. The primary measure of antiepileptic 
activity was duration of treatment before withdrawal from the 
trial. Fifty percent of the patients treated with ganaxolone 
completed the study, in comparison with 25% of the patients 
on placebo. However, the study was underpowered to prove a 
significant difference (p = 0.0795) in the duration of treatment 
before withdrawal from the study due to one of the following: 
four seizures of any type except simple partial, three generali-
zed tonic-clonic seizures in the patients who had such seizures 
before and one in the patients without such experience, and 
status epilepticus.  Ganaxolone was well tolerated, with similar 
pattern and frequency of adverse events in the two groups. It 
was also observed that through plasma concentrations of 
ganaxolone did not correlate with anti-convulsive effect tho-
ugh most responders had trough levels above 20 ng/mL. 

Ganaxolone was also tested in a small open-label study 
in children (7 months to 7 years old) with either refractory 
infantile spasms or continuing seizures after treatment for in-
fantile spasms 62. Ganaxolone was added to existing anti-
convulsive therapy for 12 weeks, in oral doses that were 
gradually increased up to 36 mg/kg/d. The frequency of 
spasms was reduced for 50% or more in 33% of the patients, 
while another 33% of the patients had 25–50% less spasms. 
The patients did not experience any serious adverse event 
that could be attributed to ganaxolone. 

The  study with children 4 to 24 months of age suffering 
from infantile spasms and already treated unsuccessfully with 3 
anti-epileptic drugs was designed as double-blind, placebo-
controlled and randomized study. In total 56 patients participa-

ted in the study for two weeks, and then the study was extended 
for further 99 weeks in an open-label manner. The outcomes set 
before the study were not significantly different between the 
groups, but there were beneficial trends toward decrease in sei-
zure clusters, better responder rates, global assessment of the pa-
tients and decrease of hypsarrhythmia 58. 

Another small, open-label study with ganaxolone was 
conducted on 15 children 5–15 years of age with partial or 
generalized seizures (myoclonic seizures and epileptic 
spasms, too) that were not controlled with 2 anti-epileptic 
drugs 63. Ganaxolone was given as add-on oral therapy, and 
in the first 16 days the doses were titrated from 1 mg/kg bid 
up to the maximal tolerated dose or to 12 mg/kg, tid; after 
the titration period, the patients were receiving the last titra-
ted dose for the next 8 weeks. Although only 8 patients com-
pleted this study, an intention-to-treat analysis showed that 
after 8 weeks 27% of the patients had more than 50% reduc-
tion in the seizures frequency (responders), and 13% of the 
patients between 25 and 50%. Three of the responders conti-
nued to take ganaxolone, from 4 months to 3.5 years, mainta-
ining the same level of response. The most frequent adverse 
events were somnolence (9 patients), convulsions (3 patients) 
and agitation (2 patients). 

There is only one published clinical study (ie, case re-
port) on usage of ganaxolone in catamenial epilepsy. Oral 
ganaxolone (300 mg/day, bid) was given to two women from 
the 21st day of the menstrual cycle to the third day of the 
menstruation, and it decreased the number of seizures 64. 

A larger phase II clinical study, double-blind, placebo con-
trolled and randomized, was conducted with 147 patients (100 
women and 47 men,18 to 69 years old) suffering from partial 
onset seizures with or without secondary generalization and 
refractory to previously used anti-convulsants.  The dose of oral 
ganaxolone was 500 mg/8 hours. During the 10-weeks study 
ganaxolone decreased the mean seizure frequency per week for 
18%, while placebo increased it for 2%. In the ganaxolone gro-
up there were 26% of the patients with more than 50% reduction 
in seizure frequency, and in the placebo group only 13%. The 
study was extended in a way that the patients from both placebo 
and ganaxolone group continued to take ganaxolone, and even 
38 patients remained in the extension phase for more than 52 
weeks. Even 24% of all the patients had a decrease in seizure 
frequency for more than 50% in the extension study. The only 
adverse events which were more frequent in the ganaxolone 
group were somnolence (13% vs 2%), dizziness (16% vs 8%) 
and fatigue (16% vs 8%) 60, 65. 

Phase III studies 

There is only one phase III clinical trial with 
ganaxolone, which is currently ongoing, and its completion 
is planned for the year 2016. It is a multicenter, randomized, 
double-blind and placebo-controlled study investigating 
efficacy and safety of ganaxolone as add-on antiepileptic 
therapy for adult patients with partial-onset seizures that 
were not controlled with previous therapy. In Cohort 1, the 
study lasts for 9 weeks, and then the patients will enter open-
label phase for 52 weeks. In the first 9 weeks, placebo or two 
doses of ganaxolone will be tested (1,200 mg/day and 1,800 
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mg/day), and in the open-label phase the dose of 1,800 
mg/day open label ganaxolone will be used. A second cohort 
will receive 1,800 mg/day ganaxolone or placebo for 12 
weeks and then enter the one-year open label phase. Primary 
outcome of the study is the percentage change in seizure 
frequency per 28 days relative to baseline in the second co-
hort, and the outcomes in the open-label phase are the chan-
ge in seizure frequency, responder rate, percentage of seizu-
re-free patients, change in percentage of seizure-free days 
and clinician’s and patient’s global impression of change 66. 

Safety and tolerability 

When tried on usual battery of preclinical safety tests, 
ganaxolone caused only dose-dependent and reversible sedation 
of experimental animals, while the other findings were unre-
markable. Ganaxolone did not show mutagenicity or reproducti-
ve toxicity when given to both male and female rats 18. 

Although human experiences with ganaxolone are still 
limited (about 1000 patients received this drug until now), 
from what was published so far it appears that its safety pro-
file is rather beneficial. No serious adverse reactions that co-
uld be ascribed to ganaxolone with certainty were described 
in published reports, and the adverse reactions that were de-
scribed were actually the extension of pharmacological acti-
on of ganaxolone, and depend on its dose. Since this drug 
enhances GABA-mediated inhibitory transmission in the 
central nervous system, it is not surprising that the most 
frequent adverse effect is somnolence, which affects less 
than 20% of patients taking ganaxolone. In small children, 
paradoxical irritability and agitation were noted in less than 
10% of cases, what is analogous to similar paradoxical ef-
fects observed in the same population with classic sedatives 
as benzodiazepines. Only in a few cases these adverse effects 
were severe enough to require withdrawal from the therapy 
with ganaxolone. While these experiences seem promising, a 
larger picture about safety profile of ganaxolone will have to 
wait for  completion of new clinical trials. 

Regulatory affairs 

Ganaxolone is currently tested in the third phase, multi-
centric clinical trial as add-on therapy for the treatment of partial 
onset seizures in adults with epilepsy. The results from phase II 
trials in adults with partial seizures were encouraging, and it is 
expected that after the third phase studies ganaxolone file will be 
submitted to the FDA for marketing approval. The Marinus 
Pharmaceuticals is also trying to obtain clinical evidence for 
efficacy and safety of ganaxolone in other indications: it is a 
conducting phase 2 study with ganaxolone as a treatment for be-
havior disturbances in Fragile X Syndrome and preparing initia-
tion of another phase II study on children of female sex with 
PCDH19 gene mutation epilepsy, who have deficient GABA-
ergic neurotransmission 67, 68. 

Summary of the drug characteristics is given in Adden-
dum.

Conclusion 

Ganaxolone is an allopregnanolone analogue devoid of 
hormonal activity which allosterically potentiates inhibitory ac-
tion of GABA on neurons carrying the GABA-A receptor on 
their membranes. It prevented seizures in animal models of par-
tial seizures and generalized tonic-clonic seizures, while in the 
models of the absence of seizures it was either ineffective or 
prolonged spike wave discharge. Phase I clinical trials pointed to 
linear pharmacokinetics of ganaxolone, its high protein-binding 
and metabolism in the liver, and predominant excretion through 
feces. Ganaxolone was the most efficient as add-on therapy aga-
inst partial seizures with or without secondary generalization in 
adult patients, and it is this indication with which the sponsor 
proceeded to the phase III clinical trials. Although tried in seve-
ral studies on children suffering from infantile spasms, benefici-
al effects never reached a statistical significance. Due to its be-
neficial safety profile (somnolence being the most prominent 
adverse effect until now) and considerable efficiency in partial 
onset seizures, it is likely that ganaxolone will be approved as 
useful adjunct to existing anti-epileptic therapy which could not 
achieve satisfactory seizure control in adult patients with partial 
onset seizures. 
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Addendum 

Drug summary box 

Drug name (generic) and route of administration:  ganaxolone, oral. 

Clinical trial phase (for indication under discussion):  phase III. 

Pharmacology description/mechanism of action: Ganaxolone binds 
for unique recognition site on the GABA-A receptor which is different 
from the binding sites of GABA, benzodiazepines and barbiturates. 
After binding, ganaxolone potentiates inhibitory action of GABA on 
neurons which carry the GABA-A receptor.  

Indication: drug-resistant, partial onset seizures in adult patients, 
with or without secondary generalization. 

Chemical structure: 3alpha-hydroxy-3beta-methyl-5alpha-pregnan-
20-one. 

Key trial(s): Phase I: 7 phase I studies conducted on 87 healthy adult 
male and 9 healthy adult female volunteers 59; Phase II: Assessment 
of ganaxolone's anticonvulsant activity against complex partial sei-
zures in adults with epilepsy using a randomized, double-blind, pre-
surgical trial design, and another double-blind, placebo controlled 
and randomized study conducted with 147 patients suffering from 
partial onset seizures with or without secondary generalization and 
refractory to previously used anti-convulsants 61. Phase III: An on-
going multicenter, randomized, double-blind and placebo-controlled 
study investigating efficacy and safety of ganaxolone as add-on an-
tiepileptic therapy for adult patients with partial-onset seizures that 
were not controlled with previous therapy 66. 
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Introduction 

For decades, vitamin D has been characterised with its 
important role in regulating the serum levels of calcium and 
phosphorus, as well as in maintenance of bone and mineral 
metabolism. In addition to its classical action, an increasing 
amount of available data suggests a possible involvement of 
vitamin D activity in many other pathophysiological fields, 
such as inflection of immune response and inflammation, cell 
proliferation or gene expression 1. Many experimental and cli-
nical data indicate the impact of vitamin D on different steps in 
onset and development of diabetes, representing this way its 
potential beneficial influence on morbidity, glycemic control 
and the incidence of chronic complications 2. 

Metabolism of vitamin D 

Vitamin D is a group of sterols with a hormone-like 
activity, that can be consumed from food or synthesized in the 
skin 3. There are two inactive forms of vitamin D: cholecalci-
ferol (also called vitamin D3), that comes from foods of ani-
mal origin, and ergocalciferol (also called vitamin D2) which 
is of plant origin. When the skin is exposed to solar ultraviolet 
B radiation, cholecalciferol could also be rapidly converted 
from its precursor, called 7-dehydrocholesterol. After entering 
into blood stream from guts or skin, these inactive forms of vi-
tamin D, are transported to the liver binded to the vitamin D-
binding protein (VDBP). Next step in the activation process, is 

the hydroxylation at C-25 via vitamin D-hydroxylase enzyme, 
forming 25-hydroxyvitamin D3 [25 (OH) D, also called calci-
diol]. This is the major form of storage and detection of vita-
min D. Almost all calcidiol is bound to circulating VDBP and 
transported to kidneys. At the level of the proximal renal tubul, 
this metabolite is further hydroxylated by the 1α-hydroxylase 
enzyme forming 1α,25 dihydroxyvitamin D3 [1α,25 (OH)2D, 
also called calcitriol]. This is the active form of vitamin D 3, 4. 

Apart from the kidneys, many other tissues have the 
ability to convert calcidiol into calcitriol, since the enzyme 
1α-hydroxylase has been observed in placenta, breasts, co-
lon, prostate, macrophages or monocytes. However, in hu-
mans, this extrarenal sources of calcitriol only contribute 
significantly to circulating levels of this active vitamin D 
form during pregnancy, in chronic renal failure, in sarcoido-
sis, tuberculosis, granulomatous diseases and rheumatoid 
arthritis 5. 

The production of calcitriol is regulated by serum calci-
um and phosphorus levels, plasma parathyroid hormone 
(PTH) levels and fibroblast growth factor 23 (FGF23). Most 
of the biological activities of calcitriol are mediated by a 
high-affinity receptor that acts as a ligand-activated tran-
scription factor. This cytosolic/nuclear vitamin D receptor 
(VDR) is a transcriptional activator of many genes and is 
widely distributed in more than 38 types of tissues, control-
ling bone metabolism, inflammation, oxidative damage or 
chronic diseases 6. This distribution becomes especially im-
portant in understanding of extraskeletal effects of vitamin 
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D. This is due, not only the ability of different tissues to 
synthesized calcitriol, but also because of widespread distri-
bution of the specific VDR that mediated vitamin D action 4. 

Vitamin D effects on the immune process and type 1 
diabetes 

Type 1 diabetes mellitus is chronic progressive auto-
immune disease characterized by mononuclear cell infiltrati-
on, dominantly by interleukin (IL)-12-dependent T helper 
type 1 (Th1) cells of the pancreatic islets, with subsequent β-
cells destruction and decreased insulin secretion. After 
70−90% of β-cells are destroyed, available insulin is no lon-
ger adequate to maintain normal blood glucose level and di-
abetes may be diagnosed. Thus, an autoimmune destruction 
process plays a central role in the development of type 1 dia-
betes, and is mediated by the subjects own genetic 
susceptibility and by non-genetic factors. Vitamin D 
deficiency is one of the non-genetic factors that could be as-
sociated with an increased risk of developing of autoimmune 
diabetes. In favor of that, the incidence of type 1 diabetes 
follows a geographical pattern, with reported association 
between this type of diabetes mellitus and vitamin D status 7. 
Vitamin D has a protective effect on the pancreatic β-cells. 
VDR is detected in almost all cells of the immune system, 
especially antigen-presenting cells (dendritic cells and mac-
rophages) and activated T-lymphocytes. These cells are also 
able to synthesize and secrete calcitriol since they possess 
the enzyme 1α-hydroxylase. Although multiple, the main ef-
fect of calcitriol on the immune system is leading to the ge-
neration of tolerance and anergy, rather than immune activa-
tion 4. For instance, at the level of dendritic cells, calcitriol 
inhibits the surface expression of major histocompatibility 
complex (MHC) class II-complexed antigen. Thus, these 
cells do not mature at a subsequent exposure to an antigen, 
but become tolerogenic. IL-12, the major cytokine managing 
the immune system towards Th1 development, is almost 
totally inhibited in the presence of calcitriol. The same goes 
to several other inflammatory T cell cytokines, such as IL-2, 
interferon-gamma (IFN-γ), and tumor necrosis factor-alfa 
(TNFα), while the production of anti-inflammatory cytokines 
like IL-4 or IL-10 is stimulated. These immunomodulatory 
effects of calcitriol can lead to the protection of target tissues 
such as β-cells in type 1 diabetes 8. 

Treatment of non-obese diabetic (NOD) mouse, which 
represents an animal model for human type 1 diabetes, with 
calcitriol analog, can prevent dendritic cells maturation, dec-
reased IL-12 and IFNγ production and arrests Th1 cell infil-
tration. These processes lead to the inhibition of insulinitis 
and slow down the progression of type 1 diabetes 9. Clinical 
type 1 diabetes can also be prevented in animal models, if 
calcitriol analogues  are administered to NOD mice when the 
autoimmune disease is already active 10.  

Simultaneously to experimental data, there are some cli-
nical studies confirming protective immunological effect of vi-
tamin D supplementation. In 38 patients with new-onset type 1 
diabetes, cholecalciferol supplementation led to increased le-
vel of regulatory T-cells, serum IL-10 levels and significant 

increase of monocyte chemoattractant protein-1 (MCH-1) le-
vels. This protective effect might contribute to preservation of 
residual C-peptide secretion obtained in this study 11. Several 
observational clinical studies raised the possibility that vitamin 
D intake during early life, may prevent the development of 
type 1 diabetes 12, 13. The first prospective study of cholecalci-
ferol supplementation in infants was conducted in Northern 
Finland 14. This study provides the evidence that high doses of 
vitamin D [2,000 international units (IU) daily or more], du-
ring the first year of life, may reduce the risk for type 1 diabe-
tes, at least in the parts of the world where yearly sunlight is 
limited. Still, some other studies did not confirm this associati-
on 15, 16. 

Conflicting results were also observed in studies related 
to vitamin D deficiency in the fetal period and risk of type 1 
diabetes.  In a Swedish cohort study, a weak inverse associa-
tion was observed between maternal vitamin D supplementa-
tion and the appearance of diabetes-associated autoantibodies 
at the age of 1 year, but not at 2.5 years 17. Maternal intake of 
vitamin D from food, but not from supplements during 
pregnancy was associated with a decreased risk of early islet 
autoimmunity appearance in the offspring 18.  Lower risk of 
type 1 diabetes in the offspring was observed in women 
using cod liver oil during pregnancy 19. On the other hand, 
Marjamäki et al. 20, found no association between the mater-
nal intake of vitamin D, either from food or from supple-
ments, with the risk of advanced β-cell autoimmunity and 
type 1 diabetes in offsprings 20. Similarly, measuring of cal-
cidiol concentrations during the first trimester of pregnancy, 
showed no difference between mothers whose children later 
on developed type 1 diabetes, and mothers of “non diabetic” 
healthy children 21. 

Vitamin D effects on insulin secretion, insulin resis-
tance and glucose control in type 2 diabetes 

Potential influence of vitamin D on glucose handling is 
based on experimental  data, that include the expression of 1α-
hydroxylase enzyme and the presence of VDRs on pancreatic 
β-cells, as well as the presence of VDR on skeletal muscle. 
Calcitriol also stimulates the expresion of insulin receptor, ac-
tivates peroxisome proliferator-activated receptor gamma 
(PPRγ ) and enhances insulin-mediated glucose transport in vi-
tro 22.  In vitro, calcitriol induces the biosynthesis of insulin in 
rat pancreatic islet cells and improves glucose uptake in cultu-
red myocytes in a dose-dependent manner. Moreover, calcitri-
ol protects pancreatic ß-cells from immune attacks, directly 
and indirectly by enhancing dendritic cell maturation, T-cells 
proliferation and macrophage differentiation 23. 

Possible mechanisms od vitamin D activity on insulin 
secretion or sensitivity include: its effect on intracellular cal-
cium levels, diminishing the expresion  of proinflammatory 
citokines involved in insulin resistance such as IL-1, IL-6 
and down regulation of nuclear factor kappa B activity 24. 
Obesity is commonly associated with vitamin D deficiency, 
due to the capacity of adipocytes to store  calcidiol, making it 
biologically unavailable 25. On the other hand, decreased 
amount of serum calcidiol, calcitriol and raised PTH, can le-
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ad to increased intracellular calcium in adipose tissue, which 
can in turn stimulate lipogenesis, increasing this way the risk 
of metabolic syndrome and type 2 diabetes 26. 

In spite of the mentioned biological data reffering a 
potential influence of vitamin D to insulin secretion and ac-
tion, results of conducted clinical studies are pretty inconsi-
stent. 

In healthy volunteers, calcidiol concentrations showed a 
positive relation to insulin sensitivity, and a negative effect on 
ß-cell function using the hyperglycemic clamp tehnique 27. In 
the group of 157 individuals with prediabetes, serum calcidiol 
levels had a significant inverse correlation with insulin resis-
tance measured by homeostasis model assessment (HOMA2) 
index, and a positive correlation with insulin sensitivity 28. A 
significant inverse association has been reported between cal-
cidiol levels and oral glucose tolerance test (OGTT) − induced 
insulin secretion in elderly 29. Similar results regarding positive 
relationship between serum calcidiol and insulin sensitivity 
were reported by some other autors 30−32 . 

On the other hand, prospective cross sectional study 
conducted on type 2 diabetics enrolled from the urban Indian 
population, showed no association of serum calcidiol 
deficiency, on metabolic control or insulin restistance measu-
red by HOMA of insulin resistance (HOMA IR) 33. Measu-
ring insulin sensitivity with the euglycemic-hyperinsulinemic 
clamp tehnique in morbidly obese Cavcasian women before 
and after bariatric surgery, showed no possitive correlation 
between D vitamin leveles and periferal glucose uptake 34. 
The same goes to some other populations 35, 36. The reasons 
for such conflicting results might originate from different op-
timal serum concentrations of calcidiol for different 
ethnicity, dissimilar methodological approach in measuring 
of insulin sensitivity, or relativly small sample size in menti-
oned studies. 

The effect of vitamin D supplementation on glucose 
homeostasis have been studied in many researches. Oral 
weekly supplemental vitamin D (dose of 50,000 IU) given 
for two months, significantly decreased serum fasting pla-
sma glycemia and insulin resistance (HOMA IR) in a group 
of type 2 diabetic patients 37. A similar association between 
vitamin D supplementation and insulin sensitivity and fas-
ting glucose levels was obtained in some other studies 27, 38.  
Insulin sensitivity was also improved  in nondiabetic pati-
ents with monthly suplementation with 120,000 IU of vi-
tamin D 39. In contrast to these results, cholecalciferol sup-
plementation during 6 months (20,000 IU twice weekly) to 
apparently healthy subjects with insufficient serum calcidi-
ol levels, did not improve insulin secretion or sensitivity 
using hyperglycemic clamp technique 40. Some other studi-
es using HOMA β as insulin secretory outcome, also did 
not observe significant changes in insulin secretion after 
cholecalciferol suplementation 41, 42. Disperities in mentio-
ned studies could be partly explained by using HOMA IR 
instead of more sensitive clamp tehniques in some studies. 
Supplementation of vitamin D-sufficient populations could 
be an additional factor; using calcitriol or/and vitamin D 
analogues instead of oraly supplemental cholecalciferol, 
could also contribute to result unsteadiness. 

As for prospective studies, it seems that they provide 
the potentially strongest evidence for the relationship of ba-
sal plasma calcidiol values and subsequent glycemic control. 
In the group of 524 non-diabetic persons, baseline values of 
calcidiol were inversely associated with a 10-year risk of fas-
ting hyperglycemia, insulin resistance and metabolic 
syndrome 43. Similarly, a Finnish cohort study showed an in-
verse relationship  between baseline calcidiol levels and a 
17-year risk of type 2 diabetes 44.  Finally, meta analysis of 
21 prospective studies, that included nearly 5,000 incident 
cases of type 2 diabetes and 76,220 nondiabetic controls, 
confirms a significantly inverse association between calcidiol 
levels and the incidence of type 2 diabetes. This association 
did not differ markedly by sex, study size or calcidiol assay 
method 45. 

Vitamin D and chronic complications of diabetes 

Vitamin D deficiency rate reported to be higher among pa-
tients with both types of diabetes 46, 47. In contrast to numerous 
evidence that hypovitaminosis D is associated with higher pre-
valence of type 1 and type 2 diabetes, data of mutual connecti-
ons between vitamin D status and chronic diabetic complicati-
ons  are scarce. Vitamin D have several immunomodulatory ef-
fects, such as inhibition of the renin-angiotensin system and re-
duction of inflammatory activity, that can be correlated with 
pro-inflammatory condition that is typical of diabetes. 

Some observational studies in small samples, noticed a 
significant association between lower calcidiol levels and 
risk of all-cause or cardiovascular mortality in patients with 
type 2 and type 1 diabetes 48, 49. Currently the largest, obser-
vational study on 472 men and 245 women with type 2 dia-
betes confirmed an independent relationship between low 
calcidiol levels and all-cause mortality, but only in men. This  
relationship was still significant when two other risk markers 
for mortality (pulse wave velocity and carotid intima-media 
thickness) were added to analysis, suggesting the posibility 
that vitamin D can be used as a surrogate marker of risk for 
mortality in male type 2 diabetic patients. These results also 
suggest that potential non-skeletal effects of  vitamin D is 
gender-dependent 50. 

In the cross-sectional study on 715 type 2 diabetic pati-
ents, there was a significant inverse association between cir-
culating vitamin D levels and the presence of retinopathy 
and/or nephropathy 46. This inverse and independent relati-
onship was maintained even when the analysis was confined 
only to patients with glomerular filtration rate above 60 
mL/min/1.73 cm2. Vitamin D deficiency was associated with 
increased prevalence of retinopathy in young people with 
type 1 diabetes and in patients with type 2 diabetes, even af-
ter adjustment for potential confounders 51, 52. Another study 
on 1,520 type 2 diabetic patients showed that vitamin 
deficiency is an independent risk factor for retinopathy 53. 
The same study showed that the prevalence of sight threate-
ning diabetic retinopathy doubles when the serum vitamin D 
levels are less than 15,57 ng/mL. In a retrospective study on 
557 type 2 diabetic patients, vitamin D deficiency was lower 
in subjects with more severe diabetic microvascular compli-
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cations 54. On the other hand, some other autors did not con-
firm this relationship. In the prospective observational study 
on a cohort of type 1 diabetic patients, severe vitamin D 
deficiency, independently predict all cause mortality, but not 
the development of retinopathy or nephropathy 49. 

As for neuropathy, one meta-analysis showed that vi-
tamin D deficiency was significantly associated with increa-
sed risk of diabetic neuropathy in patients with type 2 diabe-
tes. Vitamin D insufficiency was also associated with redu-
ced parasympathetic function in type 2 diabetes, while the 
onset of neuropathy can be delayed by vitamin D treatment 
in type 1 diabetic patients 55−57. 

A potential protective effect of vitamin D on the onset 
and progression of diabetic complications, originates from in 
vitro and in vivo experimental studies. Calcitriol is a 
powerful inhibitor of angiogenesis in mouse models of 
retinopathy and in vitro studies on retinal endothelial cells 58. 
High serum calcitriol levels were associated with reduced 
angiogenesis in transgenic retinoblastoma model and in is-
chemic retinopathy in mice 59. 

There are also some experimental evidence that VDR is 
a modulator of glomerular injury. Calcitriol decreases the 
glomerulosclerosis index and urinary albumin excretion 
(UAE) in animal models, while the combination of VDR-
activator and an angiotensin-converting ezyme (ACE) inhibi-
tor protected mice from developing diabetic nephropathy 
(DN). Vitamin D receptor agonists also reduce expresion of 
inflammatory mediators by monocyte and T-cells, promote 
survival of podocytes by preventing their apoptosis. Vitamin 
D is a potent negative endocrine regulator of the renin-
angiotensin system (RAS) and predominantly works as a 
suppressor of renin biosynthesis. Calcitriol also suppresses 
hyperglycemia-induced activation of the RAS and transfor-
ming growth factor beta (TGFβ) in mesangial and 
juxtaglomerular cells, acting this way on one of the main 
mechanisam of  renal injury in diabetes 60. 

As for clinical studies, it is well-known that patients 
with chronic kidney disease (CKD), regardless of etiology, 
have active vitamine D deficiency. Serum calcidiol levels 
begin to decrease in stages 2 CKD, and its deficiency is 
prevalent in all subsequent stages of CKD. This could be 
influenced by the loss of VDBP in urine, ineffective 
synthesis in skin or reduced nutritional intake 61 . In a pros-
pective follow up study on 168 patients with CKD, calcidi-
ol levels were indipendent inverse predictor of disease pro-
gression and death,  in patients with stages 2−5 of CKD 62. 
This association was the strongest among patients with DN. 
In the prospective study on 103 patients with type 2 diabe-
tes and DN, vitamin D deficiency was associated  with ac-
celerated progression of CKD after a median follow-up of 
32 months, even though all patients have been received op-
timal RAS blockade 63. Finally, the first clinical study that 
clearly suggests  potential renoprotective effect of vitamin 
D supplementation was the study of Kim et al. 64. In the 
group of 63 type 2 diabetic patients with nephropathy, trea-
tment with oral cholecalciferol for 4 months, significantly 
decreased UAE and urinary TGF-β1 excretion, which rep-

resents the prinicipal mediator of onset and progression of 
diabetic kidney disease. 

Vitamin D supplementation: current  
recommendations 

The most accurate way to determine vitamin D status is 
measuring of calcidiol. Vitamin D deficiency in adults, is de-
fined as a serum calcidiol level of less than 50 nmol/L (20 
ng/mL), while insufficiency is defined as a serum calcidiol 
level of 50 to 75 nmol/L (20 to 30 ng/mL) 65. 

A possible explanation for the actual widespread vita-
min D deficiency is the lack of sunlight exposure, since the 
humans typically obtain 90 percent of vitamin D from skin 
synthesis. It is thought that 5 to 30 min of sun exposure of 
face, arms, back or legs, at least twice per week is usually 
adequate for vitamin D synthesis. Other factors contributing 
to vitamin D deficiency are increased use of sunscreen, pol-
lution, dark or aging skin, seasons, latitude, sedentary 
lifestyle, obesity and use of some medications like glucocor-
ticoids or anticonvulsants, which can increase catabolism of 
vitamin D. Furthermore, dermatologists caution against di-
rect sun exposure to avoid risks of skin damage or skin can-
cer; so the useful alternative is supplemental vitamin D 66. 

There is still no universally accepted standard regimen 
for overal correction of vitamin D deficiency, including diabe-
tic state. Thus, there are no specific recommendations for vi-
tamin D supplementations for diabetic patients or pregnant di-
abetic women, and the treatment strategy is the same as for the 
general population. 

Current referrals are formed as a result of the previously 
mentioned clinical studies, taking into account the tolerable 
upper intake level. It is also important to point out, that the 
vitamin D supplementation is relatively safe, and that the 
toxicity have been observed only in patients taking more 
than 40,000 IU/daily 67. 

In contrast to the World Health Organisation (WHO), 
which has not change its referrals from 2004, the Food and 
Nutrition Board of the American Institute of Medicine notifi-
ed its new recommendations for vitamin D supplementation 
in 2010 68, 69. The later organisation recommends daily intake 
of 600 IU of vitamin D for persons aged 9−70 years; 800 IU 
daily intake for individuals over 70 years and 600 IU daily 
intake for pregnancy and lactation. Infants are recommended 
to intake 400 IU per day during the first 12 months, and 600 IU 
for everyone older than one year of age 69. The American 
Academy of Pediatrics shares the same recommendations 70. 
This organisation consider that the safe upper limit for vitamin 
D is 1,000 to 1,500 IU daily for infants; 2,500 to 3,000 IU daily 
for children between age of 1 to 8 years and 4,000 IU daily for 
children over 9 years of age, adults and pregnant women. Ac-
cording to the Endocrine Society Clinical Practice Guidelines, 
daily regimen for pregnant women includes taking products that 
contain at least 1,000 IU of vitamin D. For lactating women it is 
recomeneded to take 1,400−1,500 IU vitamin D every day, and 
to satisfy infant's requirement, they may need 4,000−6,000 
IU/daily, if they choose not to give the infant a vitamin D sup-
plements. They also suggets that obese children and adults sho-
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uld be taken at least two or three times more vitamin D for age 
group to satisfy their body requirement 71. Unlike these organi-
sations, WHO consider that there is no indications for vitamin D 
supplementation during pregnancy 72. Some autors claim that 
there may be no preventive effectiveness of early supplementa-
tion with 400 IU/daily of vitamin D or less, while higher doses 
of 2,000 IU/ daily could provide stronger protective effect aga-
inst type 1 diabetes 67.  It should be also provided that all infants 
and children receive between 200 and 1,000 IU of suplemental 
vitamin D daily, especially if they have limited sun exposure, 
exclusively breastfed or, are at increased risk of type 1 diabetes. 
Guided by the results of previous studies, some other autors as-
sume that vitamin D dose needs to be high enough, above 2,000 
IU/daily, to raise blood calcidiol levels above 80 nmol/L, becau-
se diabetes risk is the lowest at this level 73. 

As for patients with DN and CKD, in the majority of 
guidelines, vitamin D substitution strategies are based on se-
rum calcidiol, calcium and PTH levels, mainly in order to re-
duce risk for secondary hyperparathyroidism. According to 
Kidney Disease Outcomes Quality Initiative (KDOQI) gui-
delines, ergocalciferol should be used in CKD stages 3 and 4, 
when serum level of calcidiol is less than 30 ng/mL 74.  

For those with high PTH and calcidiol level more than 30 
ng/mL in CKD stages 3 and 4, substitution is recommended 
with active oral steroids (calcidiol, calcitriol or calcitriol ana-
logues such as paricalcitol). Potential nephroprotective effect 
of cholecalciferol substitution on diabetic kidney disease is 
still under investigation, and therefore, has not been included 
in official recommendations. 

Conclusion 

Although promising, the data on the association 
between vitamin D and both types of diabetes are still incon-
clusive. There is also no clearly defined answer to what are 
the optimal concentrations of vitamin D for optimal glucose 
maintenance, or whether  vitamin D supplementation may 
provide better clinical course of diabetes and reduce risk for 
diabetic complications. In order to resolve this problem, lar-
ge randomized controlled clinical trials of the effect of vita-
min D supplementation on glycemic control and diabetic risk 
are required, providing this way a simple and inexpensive 
additional assistance in prevention of diabetes mellitus all 
over the world. 
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Abstract 
 
Introduction. Intraosseous vascular malformation could be 
life-threatening due to uncontrolled hemorrhage after tooth ex-
traction. According to biological behavior of this lesion, ade-
quate diagnostic and treatment strategies are necessary in order 
to avoid possible complications. We reported cone beam com-
puted tomography (CBCT) planning of an urgent en bloc  re-
section of an intraosseous venous malformation by piezoelec-
tric knife. Case report. A 55-year-old man was submitted to 
CBCT planning followed by piezoelectric knife resection of 
an intraosseous focal venous malformation of the mandibular 
body. Immediate reconstruction of the defect using iliac bone 
free graft was performed. The surgical treatment was unevent-
ful and a 2-year follow-up revealed no signs of recurrence.  

Conclusion. Piezoelectric knife could provide precise, safe and 
bloodless procedure which is especially important in this pa-
thology. Advantages of this technique are: lower risk of damag-
ing soft tissue structures, precise osteotomy and bloodless sur-
gery.  Moreover, using piezosurgery bone knife, blood transfu-
sion and blood transmitted diseases could be avoided. This 
case highlights the importance of CBCT as planning tool for 
resection of the mandible, using piezoelectric knife as safe 
method to achieve bloodless surgery. 
 
 
Key words:  
mandibular neoplasms; hemangioma; diagnosis; cone-
beam computed tomography; oral surgical procedures; 
bone transplantation.

Apstrakt 
 
Uvod. Intraosealna vaskularna malformacija vilica može ugroziti 
život bolesnika zbog nekontrolisanog krvarenja do kojeg može 
doći nakon ekstrakcije zuba. Shodno biološkom ponašanju tih 
lezija, primena odgovarajućih dijagnostičkih i terapijskih metoda 
neophodna je kako bi se izbegle moguće komplikacije. Prikazana je 
en bloc resekcija intraosealne venske malformacije piezoelektričnim 
nožem nakon prethodno izvršene kompjuterizovane tomografije 
konusnim zrakom (CBCT). Prikaz bolesnika. Kod bolesnika 
starosti 55 godina resekcija intraosealne fokalne vaskularne 
malformacije donje vilice piezoelektričnim nožem urađena je 
nakon prethodne CBCT, a defekt je rekonstruisan slobodnim 
koštanim transplantatom sa ilijačne kosti. Hirurško lečenje i 
postoperativni tok protekli su bez komplikacija. U periodu 
praćenja od dve godine nije došlo do razvoja recidiva.  

Zaključak. Piezoelektričnim nožem može se postići precizna i 
bezbedna resekcija uz minimalan gubitak krvi, što je od posebnog 
značaja kada je u pitanju venska malformacija koštanog tkiva. 
Prednosti ove tehnike su: mali rizik od oštećenja mekotkivnih 
struktura, mogućnost precizne osteotomije i minimalan gubitak 
krvi. Korišćenjem piezoelektričnog noža može se izbeći transfuzija 
krvi kao i transmisija krvnoprenosivih bolesti. U ovom prikazu 
slučaja posebno je istaknut značaj planiranja resekcije donje vilice 
piezoelektričnim nožem pomoću CBCT. To je izuzetno bezbedan 
metod lečenja, kojim se gubitak krvi svodi na minimum. 
 
Ključne reči: 
mandibula, neoplazme; hemangiom; dijagnoza; 
kompjuterizovana tomografija konusnim zrakom; 
hirurgija, oralna, procedure; transplantacija kosti; lečenje, 
ishod. 
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Introduction 

Head and neck vascular anomalies are classified accor-
ding to the International Society for the Study of Vascular 
Anomalies (ISSVA) into two groups: vascular tumors and 
vascular malformations 1. In 1982 Mulliken and Glowacki 2 
proposed the classification of vascular anomalies in order to 
standardize the nomenclature. Vascular malformations are 
present at birth and enlarge proportionately with the growth 
of the child and do not undergo spontaneous involution 2, 3. 
Hemangiomas, considered as vascular tumors, have two ma-
in types: infantile hemangiomas (IH) and congenital heman-
giomas. There are two types of congenital hemangiomas: ra-
pid involuting congenital hemangioma (RICH) and non-
involuting congenital hemangioma (NICH). Hemangiomas 
generally are characterised by spontaneous involution, 
except non-involuting congenital hemangioma (NICH).  
Applying the classification of the ISSVA  and the classifica-
tion of vascular tumors of bone of the World Health Organi-
zation (WHO), intraosseous cavernous hemangioma (ICH) 
corresponds to intraosseous focal venous malformation 
(IFVM) 4–6. This revised and updated nomenclature is used in 
this article. 

Intraosseous vascular lesions of the mandible are 
usually asymptomatic, but they can be present as uncomfor-
table slow growing lesions with hard consistence, spontane-
ous hemorrhage, pulsatile sensation or tooth mobility 7, 8. 
Clinical signs may include swelling of the soft tissues, pain 
of varying intensity, change in the color of the oral mucosa, 
toothache, unexplained bleeding of gums and enlargement of 
the cortical plate that makes the jaw asymmetrical 7, 9. 
Among distortion, destruction, hypertrophy, hypoplasia and 
density change, primary intraosseous vascular lesions were 
also reported as possible alterations of the skeleton 10. 
Radiographically they range from an unilocular rounded le-
sion, “honeycombed”, “sunburst”  or radiopaque appearan-
ce 8. Differential diagnoses include odontogenic tumors, 
ameloblastomas, cystic lesions and fibrous dysplasia 7, 9, 11, 12. 

Cone beam computed tomography (CBCT) has been 
commercially available as diagnostic tool since 2001. It has 
been used firstly in oral surgery and maxillofacial surgery 
giving the possibility of adequate visualisation of bony struc-
ture and pathology 13–16. 

Piezosurgery create bloodless surgical site that makes 
visibility in the working area much clearer than with conven-
tional bone cutting instruments. Unlike conventional burs 
and micro saws, piezosurgery inserts do not become hot, 
which again reduces the risk of postoperative necrosis. 
Nowadays, piezosurgery is one of the most advanced techno-
logies in dental surgery, but also could become very impor-
tant in head and neck surgery. 

By minimising blood loss during surgery, piezosurgery 
could be very helpful tool in order to avoid blood transfusion. 

We presented an urgent en bloc resection of an intraos-
seous venous malformation by a piezoelectric knife based on 
CBCT planning. 

Case report 

A 55-year-old asymptomatic male was referred to the 
Maxillofacial Surgery Department in Belgrade by his dentist 
to investigate a radiolucent lesion of the left mandibular 
body that he accidentally noticed using orthopantomography 
(OPG) prior tooth extraction (Figure 1). The patient compla-
ined of tooth loosening and lower denture instability due to a 
swelling underneath. There was no reported bleeding and the 
patient had no other systemic signs and symptoms and no 
comorbidities. 

OPG showed an ill-defined multilocular lesion 
extending from parasymphiseal region to the angle of man-
dible (Figure 1). 

As additional procedure and in order to minimise pati-
ent’s radiation, CBCT (Planmeca unit promax 3DS) of the 
mandible was performed. It showed ill-defined multilocular 
osteolytic expansive lesion which was associated with man-
dibular canal. Both of the lingual and buccal mandibular cor-
tical bones revealed signs of invasion (Figure 2). 

After administrating of block and terminal (plexus) local 
anaesthesia (1 : 80,000 lidocaine with adrenaline) and  rai-
sing of mucoperiosteal flap, non-pulsatile, dark blue soft tis-
sue masses of mandibular body was presented. Biopsy was 
carried out using No 11 surgical blade. It was followed by 
excessive intraoperative bleeding. Hemostasis was 
temporarily achieved with iodoform gauze packing, hemos-
tatic mucogingival sutures and external compressive bandage. 
Frozen section showed IFVM. 

 
Fig. 1 – Orthopantomographic view showing discrete multilocular radiolucency in the left mandibular body. 
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Fig. 2 – Core beam computed tomography (CBCT) of the mandible (Planmeca Unit Promax Cone Beam CT 3DS). 

After obtaining the histological report, immediate trea-
tment plan was made, using CBCT’s prediction (On Demand 
Software Cybermed Seoul Korea). The patient was prepared 
and under hypotensive general anesthesia en bloc surgical re-
section of the mandibular body through submandibular ap-
proach was performed (Figure 3). 

Piezosurgery was used to make precise surgical resec-
tion and to prevent excessive surgical bleeding. After achi-

eving radical excision of the IFVM, left iliac bone graft 
was harvested and precisely remodelled by piezosurgery 
(Figures 4, 5). Figure 6 shows finding ofter free bone graft 
reconstruction of the mandible. Postoperative course was 
uneventful. Final histopathological report confirmed IFVM 
(Figure 7). 

The 2-year follow-up revealed no signs of relapse. 
The patient was in the process of pre-implant planning. 

 
Fig. 3 – Submandibular approach to the mandibular body. 

 

 
Fig. 4 – a) Use of piezoelectric knife in resection of intraosseous venous malformation (IVFM); 

b) Conturing iliac bone graft by use of piezoelectric knife. 
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Fig. 5 – a) Surgical specimen; b) Cross section. 

 

 
Fig. 6 – a) Iliac bone graft “in situ“; b) Postoperative orthopantomogram (OPG) X-ray. 

 

 
Fig. 7 – Intraosseous focal venous malformation (IFVM), which is composed of anastomosing, ectasic,  
engorged, thin-walled blood vessels (histologically-capillary hemangioma) (hematoxylin eosin, × 100). 

 

Discussion 

Historically “intrabony hemangioma” was presented as 
peripheral or central intraosseous lesion. It is classified as 
benign vascular tumor 17, 18 and accounts less than 1% of in-
traosseous “tumors” 3. The highest incidence of occurring is 
in 20–50 years of age and it is almost twice more frequent in 
female population 8. These lesions are commonly located in 
spine and skull bones, rarely in facial bones (zygomatic, or-
bital, mandible) 7, 12, 18–23. 

The term “hemangioma” used in the literature to describe 
intraosseous vascular anomalies is a source of confusion 24. Ka-
ban et al. 11 reported that hemangiomas are not localized in the 
bone and postulated that “intrabony” vascular lesions are mostly 

venous malformations. Applying the classification of the ISSVA 
for an effective communication with medical doctors who are 
dealing with intraosseous vascular malformations, the term of 
IFVM was used in this article 25. 

Usually detailed medical history and examination of a 
patient are sufficient to establish the clinical diagnosis of vas-
cular anomalies of soft tissue 26. However, IFVM of the jaws is 
rare lesion hidden in bone that could be difficult to diagnose. 
Because of the presence of multilocular radiolucenc, it can be 
often misdiagnosed as dentigerous cyst, ameloblastoma, cen-
tral giant cell granuloma, myxoma and metastatic tumor, as 
well. The following signs and symptoms can be associated 
with the growth of IFVM: discomfort, pulsatile sensation, 
numbness, loosening the teeth, bluish discoloration of the 
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overlying mucosa 7, 8. The most frequent localization of the 
IFVM in the mandible is in the premolar-molar region 27. 

In this case the patient presented swelling in the mandi-
bular area with no history of bleeding or altered neurological 
function. Radiologically there was ill-defined radiolucency 
in the premolar and molar region affecting both of the lingual 
and buccal mandibular cortical bones.  Vascular malformati-
on has to be taken in consideration in the differential diagno-
sis of any multi- or unilocular radiolucency of the jaws, 
particularly if there is the presence of “spoke like” and “sun 
ray” 28. Clinically and radiologically IFVM could present as 
many other pathological entities in lower jaw. 

Until now there is no single reliable non-invasive ima-
ging technique that is adequate enough to diagnose venous 
malformation of the bone tissue 29. 

Computed tomography (CT) and magnetic resonance 
(MR) angiography could be used in the diagnosis of vascular 
malformations (flow and feeding vessels characteris-
tics) 12, 18, but it requires time for patient preparation and 
usually is not available technique for urgent situations. 
CBCT technology is clinically introduced in 1998 29–31, and 
due to a high resolution imaging possibilities without using 
contrast became alternative to multislice CT and event better 
tool than MR 14, 18. New generation of CBCT presented not 
only usability in establishing the diagnosis of IFVM but also 
enable clear visualization of the cortical involvement and re-
lation with surrounding structures 18. In this case CBCT has 
been used to plann en bloc segmental resection of the mandi-
bular lesion and enable immediate reconstruction of the de-
fect with free bone graft. CBCT was of great importance in 
giving to the surgeon accurate information about the 
extension of the lesion and the prediction of the margins of 
resection’s. 

With the rapid development of head and neck surgical 
techniques over the last few decades 32, 33 this surgical 
technique based on piezoelectric phenomenon seems to have 
a lot of applications 34, 35, but until now piezoelectric resecti-
on of the IFVM of the mandible is not yet presented in the li-
terature, except creating window for embolisation in two ca-
ses of arterio-venous malformation 36. 

This article reports an urgent treatment of IFVM in the 
mandibular body because of acute and excessive bleeding af-
ter biopsy attempt and usage of piezosurgery enabled surge-
on to create almost bloodless surgical field. It also carries 
minimal risk of bone necrosis due to a constant cooling in 
comparison to conventional surgical instruments such as burs 
and micro saws. Beside wide usage in dentistry piezosurgery 
also became a power tool in head and neck surgery. Using 
this ultrasonic knife the possibility of damaging blood ves-
sels and nerves is decreased because a piezoknife only cuts 
hard tissue (bony structures). According to the pathology tre-
ated in this case it was very important to provide safe and 
bloodless procedure as much as possible. 

Therapeutic alternatives in the treatment of intraosseous 
venous malformation include curettage and 
sclerotherapy 2, 26. 

Conclusion 

Intraosseal venous focal malformation in orofacial region 
should be always considered in the differential diagnosis of mul-
tilocular intraosseal lesions in oral and maxillofacial region! 

The use of CBCT in the diagnosis and  radiographic 
planning of resection of intraosseal venous focal malformati-
on of the mandible is new method and gives more precise in-
formation not only about nature of vascular anomaly, but al-
so of extension inside bone structure. This enables surgeon to 
make precise plan of resection and avoid unnecessary blee-
ding in potentially life threatening situation. 

The advantages of piezosurgery in the treatment of in-
traosseal vascular malformation of the mandible are: lower 
risk of damaging soft tissue structures, precise osteotomy 
and bloodless surgery. Moreover, using piezosurgery, blood 
transfusion and blood transmitted diseases could be avoided. 
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Abstract 
 
Introduction. Hereditary hemorrhagic telangiectasia and inher-
ited thrombophilia are genetic disorders with quite opposite 
clinical manifestation. The main characteristic for hereditary 
hemorrhagic telangiectasia is recurrent bleeding, while the main 
characteristic for hereditary thrombophilia is thrombosis. The as-
sociation between hereditary hemorrhagic telangiectasia and in-
herited thrombophilia in the same patient is rare. Case report. 
We presented a 32-year-old female with recurrent gastrointestinal 
hemorrhage and epistaxes, during a 9-year period. Hereditary 
hemorrhagic telangiectasia was established according to “Cura-
çao” criteria. Three of four criteria have been present: spontane-
ous recurrent epistaxis, multiple telangiectasias (nose) and vis-
ceral lesions (gastric angiodysplasias, jejunal telangiectasias, arte-
rio-venous jejunal fistula). Pulmonary thromboembolism was the 
first manifestation of thrombophilia; the diagnosis was con-
firmed by genetic testing. Therapy of hemorrhage with tranex-
amic acid (anti-fibrinolytic agent;  its use increases risk of throm-
bosis) was unsuccessful. Remission was achieved by thalidomide. 
The initial therapy for pulmonary thromboembolism included 
aspirin (that have an increased risk of bleeding), but aspirin had 
to be discontinued because of massive hematemesis. Unfortu-
nately, a year later, anticoagulant therapy combined with the pro-
ton pump inhibitors, were introduced, because of a new throm-
bosis. One month after, the patient was still on this therapy, 
without new episodes of bleeding and thromboembolic events. 
Conclusion. Hereditary hemorrhagic telangiectasia and inherited 
thrombophilia could be unrecognized for years, partly due to the 
lower degree of clinical suspicion. Early diagnosis and the appro-
priate choice of therapy are essential for reducing serious conse-
quences and to improve quality of life. 
 
Key words: 
telangiectasia, hereditary hemorrhagic; thrombophilia; 
comorbidity; diagnosis; treatment outcome. 

Apstrakt 
 
Uvod. Nasledna hemoragijska teleangiektazija i nasledna trom-
bofilija su genetski poremećaji sa potpuno suprotnim kliničkim 
manifestacijama. Glavna karakteristika nasledne hemoragijske 
teleangiektazije su ponavljana krvarenja, a glavna karakteristika 
nasledne trombofilije je tromboza. Udruženost oba poremećaja 
kod istog bolesnika retko se sreće. Prikaz bolesnika. Prikazali 
smo bolesnicu staru 32 godine, koja je tokom devet godina 
imala ponavljana gastrointestinalna krvarenja i epistakse. Dijag-
noza nasledne hemoragijske teleangiektazije postavljena je 
prema „Curaçao“ kriterijumima. Kod bolesnice su postojala tri, 
od četiri kriterijuma: spontane, ponavljane epistakse, multiple 
teleangiektazije (u nosu) i visceralne lezije (angiodisplastične 
promene u želucu, teleangiektazije i arterio-venska fistula u je-
junumu). Prva manifestacija trombofilije bila je plućna trombo-
embolija, a dijagnoza je potvrđena genetskim testiranjem. Jed-
nomesečna terapija krvarenja traneksamičnom kiselinom (anti-
fibrinolitički agens čije korišćenje povećava rizik od tromboze) 
bila je neuspešna, pa je remisija postignuta talidomidom. Plućna 
tromboembolija inicijalno je lečena aspirinom (koji je lek sa 
povišenim rizikom od krvarenja), ali lečenje je prekinuto zbog 
masivne hematemeze. Godinu dana kasnije, zbog pojave novih 
tromboza, započeta je antikoagulantna terapija u kombinaciji sa 
blokatorima protonske pumpe. Tokom mesec dana terapije nije 
bilo novih epizoda krvarenja, niti tromboze. Zaključak. Nas-
ledna hemoragijska teleangiektazija i nasledna trombofilija mo-
gu biti neprepoznate godinama, delom i zbog toga što se na 
ove bolesti retko misli. Rana dijagnoza i izbor adekvatne terapi-
je su od ključnog značaja za smanjivanje broja ozbiljnih posle-
dica i poboljšanje kvaliteta života. 
 
 
Ključne reči: 
teleangiektazija, nasledna, hemoragijska; trombofilija; 
komorbiditet; dijagnoza; lečenje, ishod. 
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Introduction 

Hereditary hemorrhagic telangiectasia (HHT) or Rendu-
Osler-Weber disease is an autosomal dominant disorder of 
angiogenesis, presented by mucocutaneous and visceral te-
langiectasias and arteriovenous malformations in the lungs, 
liver, gastrointestinal tract, spinal cord, and the brain. Visce-
ral arteriovenous malformations may cause serious, and so-
metimes lifethreatening complications, such as brain absces-
ses, strokes and hemorrhages 1–3. The prevalence for HHT is 
of 1.5–2.0 /10,000 persons 4. Clinical diagnosis is based on 
the “Curaçao” criteria 5, while genetic testing is indicated in 
asymptomatic patients with positive family history and in the 
patients with clinical suspected disease 6, 7.  

Inherited thrombophilia is a genetic disorder caused by 
the lack of natural inhibitors of coagulation (antithrombin, 
protein C, protein S), or by gene mutations for factor V Lei-
den, prothrombin G20210A and methylene tetrahydrofolate 
reductase C667T 8, 9. It represents a hypercoagulable state, 
leading to venous and arterial thrombosis. The most frequent 
clinical manifestations are deep vein thrombosis and 
pulmonary embolism 10, 11. 

We presented a patient, suffered from HHT associated 
with inherited thrombophilia. In the current literature, we fo-
und only two similar cases so far 12, 13. 

Case report 

A 32-year-old female was admitted to our Clinic for the 
first time in January 2009, because of recurrent gastrointestinal 
hemorrhage (melena and hematemesis) and the consequent 
hypochromic anemia. Her previous medical history included pu-
rulent meningitis in 1996 and repeated episodes of epistaxis, 
bloody stools, hematemesis, metrorrhagia and hematuria, and 
Henoch Schonlein purpura between 2001 and 2006. Gastroente-
rological examination performed in 2004 in other institution re-
vealed angiodysplasia in gastric mucosa without the signs of ac-
tive bleeding. In July 2005, after cessation of pregnancy due to 
sepsis, the patient had a grand-mall seizure, but computed 
tomography (CT) brain scan was normal. On admission, the pa-
tient was pale, with normal coagulation status, but with low le-
vels of hemoglobin [61 g/L – the normal range (NR) is 120–160 
g/L], mean corpuscular volume – MCV [67 fL, NR 80–100 fL], 
serum iron (5 µmol/L, NR 9–30.4 µmol/L), and ferritin (31 
µg/L, NR 50–200 µg/L). During the one month hospitalization, 
the patient had seven episodes of melena, hematemesis and 
epistaxis, resulted in severe hypochromic anemia (hemoglobin 
60 g/L), which required blood transfusions. Frequently, gastro-
intestinal hemorrhage was followed by the grand-mall seizure. 
Gastric angiodysplasia without active bleeding was found by re-
peated endoscopy, and it was treated by argon plasma coagulati-
on. Thoracic and brain CT, as well as abdominal ultrasound, 
gynecological and otorhinolaryngological examination were all 
normal. The patient was discharged in stable condition and re-
commended therapy included proton pump inhibitors and iron 
preparations. 

The next hospitalization followed a week after dischar-
ge, due to abundant hematemesis, which was repeated seve-

ral times in the hospital. Abdominal CT angiography revea-
led arteriovenous fistula between the I and II jejunal arteries 
and the I and II jejunal vein, in the jejunal wall distal to the 
ligament Treitz (Figure 1). The patient underwent jejunal re-
section in length of 70 cm and jejunojejunal anastomosis. 
Upon discharge, the patient continued to take proton pump 
inhibitors and iron preparations. In the following 16 months 
the patient had two episodes of appearance of blood in the 
stool lasting for 7 days each. 

 
Fig. 1 – Abdominal computed tomography (CT) angiogra-

phy: arteriovenous fistula between the I and II jejunal  
arteries and the I and II jejunal vein. 

 
In September 2010 the patient was readmitted to our Clinic 

because of hematemesis and severe hypochromic anemia (hemo-
globin 65 g/L). No sign of bleeding was found endoscopically, 
but selective angiography of visceral abdominal blood vessels re-
vealed the presence of multiple telangiectatic lesions in jejunal 
mucose (Figure 2). Pulmonary and brain arteriovenous malfor-
mations were excluded by thoracic CT, cerebral magnetic reso-
nance imaging (MRI) and cerebral angiography. The patient was 
considered to have HHT, and was commenced on tranexamic 
acid at a daily dose of 3 g. Bleeding tendency was not decreased 
and the therapy was discontinued after one month. After that, tha-
lidomide therapy was initiated (100 mg twice daily), which sto-
pped bleeding. The patient continued with the same therapy after 
discharge, but unfortunately not regularly.  

 

Fig. 2 – Selective angiography of visceral abdominal 
blood vessels: multiple telangiectatic lesions in jejunal 

mucosa. 
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In November 2011 the patient was hospitalized again 
because of hematemesis, anemia (hemoglobin 60 g/L), and 
diminished breath sounds over the right lung base. CT 
angiography of the chest diagnosed pulmonary thromboem-
bolism (Figure 3). DNA analysis confirmed the dignosis of 
hereditary thrombophylia. The patient was found to be a 
homozygous carrier for methylene tetrahydrofolate reductase 
C667T gene mutation. In spite of bleeding tendency, we sta-
rted with antiplatelet therapy after discharge with aspirin 
(100 mg twice weekly) and thalidomide 100 mg daily. 

 

 
Fig. 3 – Computed tomography (CT) angiography of the 

chest: pulmonary thromboembolism. 
 

In the next twenty months there were no episodes of blee-
ding. However, the patient stopped taking thalidomide therapy, 
which resulted in gastrointestinal hemorrhage and epistaxis, 1.5 
months after the cessation of the therapy. This was the reason 
for new hospitalization in July 2013. During that hospitalization, 
the patient had hematemesis and melena every two or three 
days. External carotid angiography revealed numerous telangi-
ectasia in the posterior part of the middle concha and in the 
nasopharynx (Figure 4).  

 
Fig. 4 – External carotid angiography: numerous 

telangiectasia in the posterior part of the middle concha 
and in the nasopharynx. 

A low hemoglobin level (60 g/L) was the only biochemical dis-
turbances. Clinical course was complicated with biliary colic 
and cholecystectomy was necessary. The initial therapy included 
aspirin and thalidomide, but aspirin had to be discontinued after 
one month because of massive hematemesis. After discharge, 

the patient had an episode of hematemesis (2014) with hemo-
globin level of 82 g/L and an episode of epistaxis (March 2015). 
The patient was admitted to the hospital in March 2015 because 
of neck pain. Color duplex scan of the neck blood vessels detec-
ted thrombosis of external jugular veins bilaterally. Lung scan-
ning showed small perfusion scan defects, possibly due to 
pulmonary thromboembolism. It was decided to start anticoagu-
lant therapy (debigatran etexilate tbl, 110 mg/12 h), combined 
with the proton pump inhibitors. One month after, in April 2015, 
the patient was still on this therapy, without new episodes of 
bleeding and thromboembolic events.  

Discussion 

Hereditary thrombophilia and HHT are disorders with 
quite different clinical manifestation. The main characteristic 
for HHT is recurrent bleeding, most frequently from the nose 
and gastrointestinal tract. Epistaxis, from mild to severe, is 
usually the first manifestation in preschool children, although 
it may appear later, after thirty years of life. It is present in 
almost 90% of patients 1, 6, 14. Gastrointestinal hemorrhage 
with chronic anemia is present in 15–30% of patients with 
HHT, and frequency increases with age. The first appearance 
is usually between forty and fifty years of life. The causes of 
bleeding are mucosal telangiectasias, angiodysplasias, or ar-
teriovenous malformations 15–18.  

In the presented patient, epistaxis and gastrointestinal 
bleeding started in her 24-year. Unfortunately, the disease 
had been unrecognized for almost 9 years. The diagnosis was 
established according to the “Curaçao” criteria. Three of four 
criteria were present: spontaneous recurrent epistaxis, multi-
ple telangiectasias (nose), and visceral lesions: gastric 
angiodysplasias, jejunal telangiectasias, arterio-venous jeju-
nal fistula. Some other authors have reported on a long diag-
nostic delay in patients with HHT 19, 20. Interestingly, in the 
study of Pierucci et al. 19 diagnostic delay was 25.7 years.  

Some studies demonstrated that patients with HHT are 
under “increased risk for both events: bleeding and clotting”. 
Increased levels of coagulant factors V, VIII, and von 
Willebrand factor in HHT, result in enhance thrombotic risk 
in those patients 21, 22. 

We did not find such abnormalities in the presented patient. 
The main characteristic for thrombophilia is thrombo-

sis, which may occur in different sites 23, 24. Some authors po-
inted on increased risk for deep venous thrombosis and vas-
cular gestational abnormalities in the patients with inherited 
thrombophilia 8, 25, 26. In light of that, pregnancy loss in the 
presented patient in her 28, might be a complication due to 
thrombophilic gene mutation. However, the diagnosis was 
established 6 years later by finding the signs for pulmonary 
thromboembolism on chest CT angiography and by genetic 
testing.  

Although patients with HHT may have increased risk for 
thrombosis, reports on the association between HHT and inheri-
ted thrombophilia in the same patient have been rare 12, 13. There 
is a dilemma regarding the treatment of these patients, beca-
use of the opposite clinical manifestations of both diseases. 
Tranexamic acid, an antifibrinolytic agent, reduces epistaxis, 

Roganović B, et al. Vojnosanit Pregl 2017; 74(5): 489–493. 



Page 492 VOJNOSANITETSKI PREGLED Vol. 74, No 5 

Roganović B, et al. Vojnosanit Pregl 2017; 74(5): 489–493. 

and to a lesser extent gastrointestinal bleeding, but caution is 
needed because of possible thrombotic events 14, 17, 27, 28. 
Wechalekar and Parapia 13 successfully treated their patient, 
who had HHT associated with inherited thrombophilia, with 
tranexamic acid for 3 years. In the presented patient one 
month therapy with tranexamic acid was unsuccessful. Re-
mission was achieved by thalidomide. In a few recent studi-
es, the use of thalidomide, as inhibitor of angioneogenesis, 
has been recommended for the treatment of gastrointestinal 
bleeding in HTT 2, 17. Another problem in the presented pati-
ent was the therapy of pulmonary thromboembolism. 
Acetylsalicylic acid (aspirin) was stopped after 20 months 
because of gastrointestinal hemorrhage. A year later, antico-
agulant therapy combined with the proton pump inhibitors, 
was introduced, because of a new thrombosis. We have no ot-
her experience with such patients, but the results of the other 
authors suggest that the “long time anticoagulant therapy in 
patients with HHT is possible” 13, 29. Wechalekar and Parapia 13 

reported  the second patient with HHT and predominat throm-
bosis who was on oral anticoagulant for 5 years, without blee-
ding or new thrombosis 13. Bianca et al. 12 suggest that anticoa-

gulant therapy is indicated in pregnant women with HHT and 
inherited thrombophilia, but obligatory hematological and cli-
nical monitoring are required. 

Conclusion 

The association between HHT and inherited throm-
bophilia is a rare disorder. It could be unrecognized for 
years, partly due to the lower degree of clinical suspicion. 
The early diagnosis and appropriate choice of therapy are 
essential to reduce serious consequences and to improve 
quality of life. 
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Hemophagocytic syndrome triggered by intense physical activity and 
viral infection in a young adult female with three heterozygous 
mutations in Munc-18-2 

Hemofagocitni sindrom izazvan intenzivnom fizičkom aktivnošću i virusnom 
infekcijom kod mlade odrasle ženske osobe sa tri heterozigotne mutacije u 

Munc-18-2  
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Abstract 
 
Introduction. Hemophagocytic lymphohistiocytosis (HLH) 
is a rare, potentially life-threatening, hyperinflammatory syn-
drome caused by severe hypercytokinemia due to a highly 
stimulated, but ineffective immune response. Case report. 
We reported a 19-year-old woman presenting with fever, 
muscle and joint pain and sore throat. After diagnostic 
procedures we made the diagnosis of hemophagocytic 
lymphohistiocytosis (7 of 8 HLH-2004 diagnostic criteria) 
caused by Ebstein-Barr viral infection and trigerred by the 
intense physical activity. Genetic analysis showed three 
different sequence changes in Munc-18-2, two splice 
acceptor side mutations/changes affecting exon 10 (c.795–4 
C > T) and exon 15 (c.1247–10 C > T) and a missense 
mutation c.1375 C > T; p.Arg 459 Trp. All mutations were 
in heterozygous state and their significance in pathogensis 
of HLH is not clear. After treatment with corticosteroids 
and cyclosporin A complete clinical remission was achieved. 
Conclusion. The presented case history suggests the 
possibility that mutations of undetermined clinical signi-
ficance in a gene associated with primary HLH may underlie 
some cases of secondary HLH, probably by causing a 
partial, rather than total or subtotal, impairment of encoded 
protein function. Our case also suggests that strenuous 
physical activity (in apparent synergy with viral infection) 
can trigger HLH. 
 
Key words:  
lymphohistiocytosis, hemophagocytic; inflammation; 
immunologic factors; physical exertion; ebstein-barr virus 
infections; mutation; diagnosis, differential; drug therapy.

Apstrakt 
 
Uvod. Hemofagocitna limfohistiocitoza (HLH) je redak, 
moguće i životno ugrožavajći, upalni sindrom izazvan 
povećanom citokinskom aktivnošću nastalom na terenu 
izuzetno stimulisanog, ali neefikasnog imunskog odgovora. 
Prikaz bolesnika. Prikazali smo 19-godišnju bolesnicu koja 
je hospitalizovana zbog povišene temperature, bolova u 
mišićima i zglobovima i bolova u grlu. Nakon kompletne 
dijagnostičke obrade utvrđeno je da se radi o hemofagocitnoj 
limfohistiocitozi (7 od 8 HLH-2004 dijagnostičkih kriteriju-
ma) uzrokovanoj infekcijom Ebstein-Barr-ovim virusom i 
intenzivnom fizičkom aktivnošću. Genetska analiza pokazala 
je tri heterozigotne mutacije u genu Munc-8-2, dve splice 
mutacije u egzonu 10 (c.795–4 C > t) i egzonu 15 (c.1247–10, 
C > T) i jednu missence mutaciju c. 1375 C > T; p.Arg 459 
Trp, čiji patogenetski značaj nije jasan. Posle lečenja sa 
kortikosteroidima i ciklosporinom A ostvarena je kompletna 
klinička remisija. Zaključak. Ovaj prikaz bolesnice ukazuje 
na to da otkrivene heterozigotne mutacije (čiji patogenetski 
značaj nije utvđen) u genu Munc-18-2, inače povezanom sa 
primarnom HLH, mogu biti u osnovi i nekih sekundarnih 
HLH, izazivanjem delimičnog oštećenja funkcije kodiranog 
proteina. Ovaj slučaj takođe sugeriše da naporna fizička 
aktivnost (u očiglednoj sinergiji sa virusnom infekcijom) 
može biti pokretač HLH. 
 
 
Ključne reči: 

limfohistiocitoza, hemofagocitna; zapaljenje; imunski 
faktori; napor, fizički; ebstein-bar virus, infekcije; 
mutacija; dijagnoza, diferencijalna; lečenje lekovima. 
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Introduction 

Hemophagocytic lymphohistiocytosis (HLH) is a 
potentially fatal condition of immune system dysregulation 
characterized by severe inflammation and uncontrolled 
activation of T-cells and macrophages 1–3. When the immune 
system is activated in a healthy person, histiocytes, natural 
killer (NK) cells and cytotoxic T lymphocytes (CTL) are all 
activated, further stimulating each other by receptor 
interactions as well as by secretion of inflammatory 
cytokines and chemokines 2, 3. This leads to killing of 
infected cells, removal of antigen, and subsequent 
termination of the immune response. However, in HLH, 
there is a defect of NK and CTL function. Activated T 
lymphocytes and macrophages infiltrate organs and tissues 
and impair their function, with the occurrence of chronic 
inflammation caused by hypercytokinemia 3. 

Depending on the presence or absence of an underlying 
condition, HLH can be either primary (genetic) or secondary 
(acquired) 4. Primary HLH may be familial (FHLH) – or 
associated with some primary immunodeficiency 4. Familial 
HLH is associated with mutations of genes involved in 
secretory pathways of cytotoxic lymphocytes, either through 
inactivation of granule contents or impairment of fusion, 
transport or delivery of such granules through the plasma 
membrane 5, 6. Acquired HLH occurs with infections, 
lymphoproliferative disorders, metabolic and autoimmune 
diseases 7. 

We presented a young adult female with HLH triggered 
by intense physical activity and viral infection, characterized 
by abnormal tests of T and NK cell degranulation and three 
heterozygous mutations in MUNC-18-2 gene. 

Case report 

A 19-year-old woman presented with a five-day history 
of fever (39ºC), muscle and joint pain and sore throat. A day 
before the appearance of symptoms the patient underwent an 
intense physical effort in the gym. She had no history of 
previous disease that could be the trigger for HLH. Three 
days after the initiation of symptoms antibiotic therapy 
started in primary care. As the fever persisted and the 
patient's condition deteriorated, the patient was admitted to 
the Clinic for Infectious Diseases (April 2012). Her personal 
and familial medical histories were unremarkable. Physical 
examination showed fever, a hyperemic pharynx, and 
cervical lymphadenopathy (maximal diameter 15 mm). Her 
blood count showed leukopenia and thrombocytopenia 
(hemoglobin – Hgb 134 g/L, white blood cell – WBC 3.8 × 
109/L, platelet count – PLT 94 × 109/L) with normal 
leukocyte differential (neutrophils – Neu 54%, lymphocytes 
– Ly 40%, monocytes – Mon 6%). Laboratory analyses 
showed accelerated sedimentation of erythrocytes (SE) (24 
mm/1h), elevated C-reactive protein – CRP (27.2 mg/L), 
ferritin (578 µg/L), aspartate aminotransminase –  AST (718 
U/L), alanine aminotransaminase – ALT (369 U/L), lactate 
dehydrogenase – LDH (2,086 U/L), creatine-kinase (3,423 
U/L), normal holesterol (3.41 mmol/L) and triglyceride level 

(1.14 mmol/L). Haptoglobin was immeasurable. Tests of 
hemostasis showed normal prothrombin time – PT, activated 
partial thromboplastin time – aPTT and fibrinogen level, and 
increased D-dimer (4.37 µg/mL). Serum soluble interleukin-
2 receptor and interleukin-6 were increased (4.86 ng/mL and 
21 pg/mL, respectively; reference range 0.2–2.0 ng/mL, and 
1.9–6.5 pg/mL, respectively). Serological analyses for 
human immunodeficiency virus – HIV, hepatitis B virus 
antigen – HbsAg, hepatitis C virus – HCV, hepatitis A virus 
– HAV and Mycoplasma pneumoniae were negative. 
Influenza A (H1, H3), Influenza B and respiratory syncytial 
virus (RSV) infections were not detected by polymerase 
chain reaction (PCR) analysis. Tumor markers alpha-
fetoprotein (AFP) and carcinoembryonic antigen (CEA) were 
normal. Epstein-Barr virus (EBV) serology showed positive 
IgM antibodies and gradual increase in the titer of IgG from 
< 1/40 in the first sample to 1/160 in the third sample. EBV 
was not detected by PCR analysis, performed at two 
occasions. Immunological analyses: antinuclear antibodies 
(ANA), human epithelial line type 2 (HEp2), extractable 
nuclear antigens (ENA), circulating immune complexes 
(CIC), complement 3 (C3), complement 4 (C4), anti-
mitochondrial antibodies (AMA), anti-smooth muscle 
antibodies (ASMA), anti-neutrophil cytoplasmatic antibodies 
(ANCA) and anti-liver kidney microsomal antibodies (anti-
LKM) were negative. Chest radiography revealed normal 
finding. Computed tomography scan visualized bilateral 
axillary lymphadenopathy (15–20 mm) and 
hepatosplenomegaly (liver 178 mm, spleen 185 mm). Bone 
marrow aspirate examination showed discrete 
hemophagocytosis. Morphological examination of the bone 
marrow trephine biopsy showed reactive changes. 
Pathohistological findings of an extirpated axillar lymph 
node showed sinus histiocytosis. Immunophenotyping of 
peripheral blood lymphocytes showed increased amount of 
activated (HLA-DR+) CD4+ (41.05%) and CD8+ (87.41%) 
T cells. As hemophagocytic syndrome was suspected, 
functional analysis of NK cells and CTL was performed 
(Centre for Chronic Immunodeficiency, University of 
Freiburg, Germany). NK cell cytotoxicity assay showed 
normal findings. Flow cytometry showed normal expression 
of perforin in NK cells. Analysis of activation-induced 
degranulation performed by detection of surface expression 
of CD107 on NK cells showed low, but not absent 
degranulation of NK cells after stimulation with target cells 
on two occasions (8.69%; 7.0%). No recovery of NK cell 
degranulation after stimulation with IL-2 was detected 
(11.09%). This finding was compatible with familial HLH. 
Repeated analysis of NK cell degranulation (one month later) 
showed a better result than in the first assay, but it was still 
not normal (28.95%). Degranulation of CTL after activation 
with anti-CD3/CD28 antibodies was normal in the first 
analysis (16.27%) and reduced in the second one (7.71%). 
According to all these findings and revised diagnostic 
guidelines for HLH (Table 1) 8 the diagnosis of HLH was 
established. Genetic analysis (performed at University 
Medical Center Hamburg, Germany) did not show changes 
in MUNC 13-4 gene, but three different sequence changes in 
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Table 1 
Revised diagnostic guidelines for hemophagocytic lymphohistiocytosis (HLH) 

The diagnosis HLH can be established if one the 2 below is 
fulfilled: 

The molecular diagnosis consistent with HLH or 
Diagnostic criteria for HLH fulfilled (five out of the eight 
criteria below) 
Fever 
Splenomegaly 
Cytopenias (affecting at least 2 of 3 lineages in the 
peripheral blood): 
Hemoglobin < 90 g/L (in infants < 4 weeks: hemoglobin < 
100 g/L) 
Platelets < 100 × 109/L 
Neutrophils < 1.0 × 109/L 
Hypertriglyceridemia and/or hypofibrinogenemia: 
Fasting triglycerides ≥ 265 mg/100 mL 
Fibrinogen  1.5 g/L 
Hemophagocytosis in bone marrow or spleen or lymph 
nodes 
No evidence of malignancy (low or absent NK cell 
activity) 
New diagnostic criteria 
Ferritin ≥ 500 mg/L 
Soluble CD25 (i.e., soluble IL-2 receptor) > 2,400 U/mL 

NK – Natural killer. 

 

Munc-18-2 were detected: two splice acceptor site 
mutations/changes affecting exon 10 (c.795–4 C > T) and 
exon 15 (c.1247–10 C > T) and a missense mutation c.1375 
C > T; p.Arg459Trp, each of them in heterozygous state. The 
patient's mother was the carrier of the exon 10 splice site 
mutation and her father the carrier of the remaining two 
mutations. A splice site prediction program revealed no 
changes in splicing. The missense mutation had a low 
conservation grade. The overall pathogenetic significance of 
the detected mutations was unclear. At first, the patient was 
treated with symptomatic therapy. However, the patient's 
condition steadily deteriorated and laboratory analyses 
showed further aggravation. Therefore, the treatment 
consisting of corticosteroids, intravenous immunoglobulins, 
albumins and intravenous acyclovir was initiated. Soon after 
the initiation of treatment, the patient's condition gradually 
improved. However, as any attempt to reduce the dose of 
corticosteroids resulted in a drop of hemoglobin level, 
leukocyte and thrombocyte values, cyclosporin A (6 mg/kg) 
was introduced and the patient was transferred to the 
Hematology Department. In a few weeks fever subsided, her 
general condition improved, and all laboratory findings 
became normal. On the day 78 of hospitalization, the patient 
was discharged in good clinical condition. She thereafter 
remained, up to the time of writing (two years later) in 
excellent health. 

Discussion 

Primary hemophagocytic lymphohistiocytosis appears 
during infancy in 70–80% of the patients, usually within the 

first two years of life 9, 10. Thanks to a better understanding of 
the genetic basis of the disease and better diagnostics, HLH 
has been increasingly diagnosed in patients presenting 
beyond infancy. These atypical presentations have been 
reported in adolescents and even in adults 3, 6. Time of onset 
of disease and severity of clinical presentation are a 
reflection of underlying genetic aberrations and the intensity 
of triggering factors1, 2. Rohr et al. 9 classified a group of 
HLH patients presenting with HLH before two years of age 
as “typical FHLH” and the patients older than two years of 
age and survival without hematopoietic stem cell 
transplantation (HSCT) until at least six years of age as 
“atypical HLH” 10. 

The presented patient met seven of the eight HLH-2004 
diagnostic criteria (fever, splenomegaly, pancytopenia, 
hypofibrinogenemia, hemophagocytosis in bone marrow, 
abnormal NK cell activity, elevated ferritin and solubile IL-2 
receptor). As immunological analyses were negative the 
diagnosis of myositis and other rheumatological diseases 
were excluded. Functional tests of NK cells and cytotoxic T 
lymphocytes showed findings that were not discriminative 
between primary and secondary HLH. Genetic analysis in 
our patient showed three different sequence changes of 
Munc-18-2 (syntaxin binding protein 2 – STXBP2) in 
heterozygous state. Syntaxin binding protein 2 (Munc-18-2) 
is involved in the regulation of vesicle transport to the 
plasma membrane 6. According to the literature, some 
mutations in STXBP2 may be associated with milder and 
often recurrent HLH episodes and prolonged survival even 
without HSCT, which is unusual in the patients with the 
“typical“ HLH 6. However, clinical significance and 
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patogenetic potential of three different heterozygous 
sequence changes of Munc-18-2 gene detected in the 
presented patient is, at present, not clear (zur Stadt, personal 
communication). It is possible that these sequence changes 
decrease the threshold for the development of HLH, but to a 
lesser extent than severe mutations that cause HLH during 
the early stages of life. 

When the diagnosis of hemophagocytic syndrome was 
established in our patient, search for an underlying infection, 
genetic, rheumatological, or malignant disease was undertaken. 
The presented patient had elevated creatin kinase which is an 
unusual finding in hemophagocytic syndrome, unless in the 
context of underlying myositis. However, the presence of 
rheumatological disease or malignant disease was excluded. 
Consequently, the diagnosis of HLH triggered by EBV infection 
was made. However, in addition to genetic predisposition and 
triggerring factors, additional factors that contribute to the 
development of HLH may exist. Such a factor in the presented 
patient was intense physical activity. Strenuous exercise induces 
negative changes in the cellular compartment of the immune 
system and suppression of NK cell cytotoxic activity 11. 
Furthermore, strenuous exercise induces increased circulating 
levels of several cytokines 10. Bruunsgaard et al. 12 show that 
post-exercise cytokine production is related to skeletal muscle 
damage. They found an association between increased levels of 
IL-6, that is locally produced in response to exercise-induced 
muscle damage, and the increased creatine kinase level, but it is 
not a typical finding in HLH. 

The immediate aim of HLH treatment is the suppression 
of the increased inflammatory response and control of cell 
proliferation using immunosuppressive or immunomodulatory 
agents and cytotoxic drugs 4. The treatment differs in children 

and adults and depends on the underlying disease, the presence 
of a trigger and severity of symptoms. Chemotherapy using 
dexamethasone, cyclosporin, and etoposide is used for severe, 
particularly familial and EBV-associated haemophagocytic 
syndrome cases 1, 4. The presented patient was sucessfully 
treated by corticosteroids and cyclosporin A which 
corresponds to the expected clinical course of secondary HLH. 

Conclusion 

The case we reported illustrates the difficulties in 
distinguishing between primary and secondary HLH. This is 
very important since the preferred therapeutic approach in 
these two forms of the disease is quite different. Adult cases 
with HLH may be associated with „mild“ mutations in the 
primary HLH-related gene (with „weaker“ phenotypic 
expression), predisposing to disease initiation upon the 
action of common trigger(s), thus resulting in clinically 
secondary HLH. Further studies are needed to clarify the 
significance of particular gene mutations in the pathogenesis 
of HLH and to determine optimal therapeutic modalities in 
different patients suffering from HLH. This appears to be 
particularly true for those with “atypical” presentations of 
what is still generally classified as „secondary“ HLH. 
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Abstract 
 
Introduction. Pulmonary vein isolation (PVI) by antral 
circumferential ablation is the standard procedure for pa-
tients with symptomatic and drug-refractory paroxysmal 
atrial fibrillation (AF). In some patients addition of gan-
glionated plexi (GP) modification in anatomic locations to 
PVI confers significantly better outcomes than PVI alone. 
Case report. We reported a patient with paroxysmal, 
symptomatic AF and severe bradycardia a month prior to 
ablation. The patient was treated with antiarrhythmic 
drugs without success. Because of severe bradicardia the 
patient was implanted with a temporary pace maker two 
days before PVI. During PVI the decision was made to 
also do a modification of the left GP. Three months after 
the procedure the patients was in stable sinus rhythm 
without any symptoms. Conclusion. In selected patients 
with paroxysmal AF and pronounced vagal response PVI 
by circumferential antral ablation combined with GP 
modification during single ablation procedure can produce 
higher success rates than PVI or GP ablation alone. 
 
 
Key words: 
atrial fibrillation; pulmonary veins; catheter ablation; 
vagotomy. 

Apstrakt 
 
Uvod. Izolacija plućnih vena (PVI) antrumskom cirkumferent-
nom ablacijom je standardna metoda za bolesnike sa simpto-
matskom i na lekove refraktornom atrijalnom fibrilacijom (AF). 
Kod pojedinih bolesnika dopunska modifikacija anatomskih 
lokacija autonomnih gangliona ganglionated plexi (GP) dovodi 
do značajno boljeg ishoda od onih kojima je učinjena samo 
PVI. Prikaz bolesnika. Prikazali smo bolesnika sa paroksiz-
malnom AF i epizodama teške bradikardije koje je imao u pos-
lednjih mesec dana. Bolesnik je lečen antiaritmijskom terapijom 
bez značajnijeg uspeha. Zbog teške bradikardije bolesniku je 
implantiran privremeni vodič srčanog ritma dva dana pre elek-
trofiziološkog ispitivanja i radiofrekventne ablacije. Tokom ra-
diofrekventne ablacije zbog izraženog vagalnog odgovora odlu-
čeno je da se učini i modifikacija anatomskih lokacija GP sa le-
ve strane. Tri meseca kasnije bolesnik je bio u stabilnom sinus-
nom ritmu i bez simptoma. Zaključak. Kod pojedinih boles-
nika sa paroksizmalnom AF i naglašenim vagalnim odgovo-
rom, PVI cirkumferentnom antrumskom ablacijom udruže-
nom sa modifikacijom GP, može imati veći uspeh od PVI ili 
modifikacije GP samostalno.  
 
Ključne reči: 
fibrilacija pretkomora; vv. pulmonales; ablacija preko 
katetera; vagotomija.

 

Introduction 

The most common sustained arrhythmia is atrial fibril-
lation (AF) and the main concern is that this arrhythmia is 
associated with significant morbidity and mortality 1. Many 
mechanisms have been considered to contribute to the creati-
on of AF, among them the autonomic nervous system (ANS) 
plays an important role, because in general opinion AF re-
sults from the interplay between trigger, substrate and ANS 

in each patient 1. The ANS of the heart consists of extrinsic 
and intrinsic ganglia 2. The vagus nerve with 
parasympathetic components is the part of extrinsic cardiac 
nervous system. The sympathetic components beside the va-
gus nerve originate primarily from the cervical spinal cord 3. 
The mechanisms by which autonomic activation is 
arrhythmogenic are complex and different for specific 
arrhythmias. In AF simultaneous sympathetic and 
parasympathetic activations are the most common trigger. In 
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contrast to some other arrhythmias, like ventricular 
tachycardia, where sympathetic activation is proarrhythmic, 
parasympathetic activation is antiarrhythmic. PVI is the sta-
ndard catheter ablation procedure for patients with recurrent, 
symptomatic or drug-refractory paroxysmal AF. Adjunctive 
ablation such as performing linear lesions, ablating complex 
fractionated atrial electrograms or ganglionated plexi (GP) 
are still used only for improving procedural efficacy in selec-
ted patients 4. 

Case report 

A 37-year old man with severe sinus bradycardia (pulse 
under 40/min), was admitted to our Clinic, complaining to he-
adache, dizziness and postural instability. One month prior to 
admission, the patient was admitted to another hospital becau-
se of paroxysmal AF and bradycardia. He was treated briefly 
with antiarrhythmics (amiodaron, beta blockers) but due to 
profound bradycardia, pulse under 35/min, they were disconti-
nued. His CHA2DS2-VASc score (Birmingham stroke risk 
stratification algorithm) was 0, but regarding preparation for 
the radiofrequency (RF) ablation the patient was commenced 
onto warfarin therapy. Transesophageal echocardiography was 
performed to rule out the presence of left atrial or left atrial 
apendage thrombus. Left ventricular ejection fraction and the 
left atrial diameter were normal and no significant valvular 

lesions were found. Subsequent Holter monitoring revealed 
episodes of short paroxysmal AF not longer than 5 min tri-
ggered by atrial premature beats (APBs) with episodes of 
bradycardia (minimal frequency on Holter was 35/min). On 
the third hospital day, due to bradycardia, a temporary pace 
maker was implanted through femoral vein. On the fourth 
hospital day the patient underwent electrophysiological 
study. In terms of analgosedation through the right femoral 
vein a decapolar electrode catheter was inserted and positio-
ned at the distal coronary sinus. The transseptal access was 
achieved under fluoroscopic guidance applying the standard 
technique. Intravenous unfractionated heparin was adminis-
tered till the end of the procedure (a starting dose of 70 IU/kg 
and then 1,000 IU per hour). Then, spiral computed 
tomografy was performed and the resulting image of the left 
atrium (LA) was integrated with the electroanatomic map of 
the LA. PVI was performed using the Ensite Velocity elec-
troanatomic mapping system (St Jude Medical, Minnesota, 
USA). First RF application in the posterosuperior part of cir-
cumference arund left veins produced profound bradycardia 
which was then followed by AF initiation. Ablation was car-
ried out at the antral part of all four pulmonary veins (PVs). 
They were successfully isolated and sinus rhythm was resto-
red spontaneously (Figure 1). After that, ablation was carried 
out near the areas of anatomic location of GP (Figure 2) As 
an endpoint for GP ablation we selected abolition of inducibi-

Fig. 1 – Spontaneous termination of atrial fibrillation after ablation of all four pulmonary veins. 
 

 
Fig. 2 – Ablation lines shown in white represent pulmonary vein isolation and the lines  

in green the location of ganglionated plexi ablations. 
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le vagal response (induction of AF and/or bradicardia and/or at-
rioventricular (AV) block. Presumed locations of the four major 
left atrial GP were ablated outside the junctions of PVs and LA 
at the following sites: left superior GP (SLGP), left inferior GP 
(ILGP), right anterior GP (ARGP) and right inferior GP (IRGP) 
and ligament of Marshall 5. The procedure was performed 
without complications. During a 3-month follow-up period the 
patient was in stable sinus rhythm without episodes of atrial fib-
rillation or sinus bradycardia.  

Discussion 

In published studies the success rate of GP ablation alo-
ne was not significantly superior to pulmonary vein isolation 
alone, but GP ablation plus PVI significantly increased free-
dom from AF after a combine procedure both in paroxysmal 
and persistent AF 6–13. Regarding pronounced vagal response 
in the presented patient the decision was made to do PVI 
plus GP ablation 6. We decided to ablate the four major left 
atrial GP according to their anatomic locations. We did not 
use GP ablation guided by high frequency stimulation (HFS) 
because recent studies demonstrated that the outcome was in-
ferior to that guided by the anatomic locations of the GP 7. 
PVI by antral circumferential ablation eliminates the triggers 
in the PV antrum and ensures that PV firing cannot conduct 
into the atrium to initiate AF but at the same time during 
conventional PVI we also transected the SLGP, the ligament 
of Marshall, ARGP, and a part of the IRGP, as well as many 
small clusters of autonomic ganglia and nerves localised aro-
und PV. More complete autonomic denervation by GP abla-
tion in combination with PVI can be an additional step 

forward to beter outcome. Another possibility is that ablati-
on in the GP area also results in elimination of the complex 
electrical activity located at parts of the LA localised near 
GP or PV antrum 12. Regarding fractionated electrograms 
some studies show that they are usually found in the areas 
of GP and that is consistent with the possibility that GP ab-
lation may target both autonomic neural elements and frac-
tionated electrograms 4. Pacemaker implantation in the pati-
ent with AF because sinus node disfunction for some time may 
not be clinically apparent until conversion to sinus rhythm 14. 
The patient presented here had a temporary pace maker im-
planted before ablation and during a follow-up period was in 
stable sinus rhytm without indication for pace maker. The risk 
for permanent pace maker implantation after ablation is similar 
to cardioversion, suggesting that patients require pacing due to 
a common underlying electrophysiologic substrate, rather than 
the ablation itself 14, 15. Longer ablation time and large number 
of RF application delivered have a higher risk for complicati-
ons and ablation-induced proarrhythmia, but we did not have 
such problems in the presented patient 16.  

Conclusion 

PVI by circumferential antral ablation with GP modifi-
cation performed in a single ablation procedure in selected 
patients with paroxysmal AF and prononced vagal response 
has higher success rates than PVI or GP ablation alone. A 
short follow-up period in the presented patient is the major 
disadvantage regarding this conclusion. The long-term bene-
fit and risk in patients with PVI and GP modification ablati-
on deserve further evaluation. 
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I N  M E M O R I A M    

 
prof. dr BOGDAN BOŠKOVIĆ 

pukovnik u penziji 
(1931–2017) 

  

 

Dana 5. aprila ove godine, iznenadila nas je smrt pukovni-
ka u penziji, profesora, doktora medicinskih nauka Bogdana Bo-
škovića, izuzetno cenjenog i dragog kolege, a za one sa kojima 
je bio blizak - našeg Boce. Iznenađeni smo jer po mentalnoj i fi-
zičkoj vitalnosti, poletu i entuzijazmu, niko nije očekivao, čak ni 
pretpostavljao, da će nas smrt tako naprasno i nenadano odvojiti 
od njega.  

Stari Latini su nam ostavili glasovito pravilo o pristojnom 
ponašanju kada se govori o pokojnicima: De mortius nihil nisi 
bene - O mrtvima sve najbolje. Ta sentenca se često koristi s 
upadljivim preterivanjem, ponekad bez ikakvih kriterijuma. 
Međutim, ovog puta ja imam drugačiji  problem - kako da se 
ono što treba reći o profesoru Bogdanu Boškoviću, kao suštin-
sku istinu, ne izgubi u sivilu puke, običajne konvencije.  

Prof. dr Bogdan Bošković rođen je 17. septembra 1931.. 
godine u selu Konjuh kod Kruševca. Osnovnu  školu je završio u 
rodnom mestu, a gimnaziju u Kruševcu. Završio je dva fakulteta: 
farmaceutski u Zagrebu, 1956. godine, i medicinski u Sarajevu, 
1964. godine. Magistrirao je 1961, specijalizaciju iz toksikologije 
bojnih otrova završio je 1963, a doktorsku disertaciju pod naslo-
vom „Prilog mehanizmu delovanja reaktivatora holinesteraze“ 
odbranio je na Medicinskom fakultetu u Sarajevu 1968. godine. 
Na stručnom usavršavanju u oblasti farmakologije boravio je u 
Velikoj Britaniji u dva navrata, 1964. i 1969. godine. 

Od kraja 1964. do penzionisanja 1993. godine radio je u 
Vojnotehničkom institutu (VTI) u Beogradu gde je prošao sve 
faze napredovanja u oficirskoj hijerarhiji, struci, nauci i ruko-
vođenju: od kapetana do pukovnika, od istraživača do naučnog 
savetnika i redovnog profesora, od rukovodioca grupe za nuk-
learno-hemijsko-biološku zaštitu, preko načelnika odseka i odel-

jenja, do načelnika Sektora za medicinsku zaštitu i inženjersko 
obezbeđenje. Tokom rada u VTI-u, pod njegovim ruko-
vodstvom vršena su opsežna istraživanja iz različitih oblasti vo-
jne toksikologije koja su imala za cilj razjašnjenje mehanizama 
toksičnosti najvažnijih grupa bojnih otrova (nervni bojni otrovi, 
plikavci, cijanidi) i pronalaženje njihovih najefikasnijih antidota 
i sredstava zaštite. Istovremeno, vršena su istraživanja o moguć-
nostima zaštite od pojedinih bioloških agenasa, kao i istraživanja 
hemijskih radioprotektora koji bi bili u stanju sprečiti, odnosno 
ublažiti radijacionu povredu. Rezultati ovih istraživanja publik-
ovani su u najpoznatijim svetskim časopisima, zahvaljujući ko-
jima je naša vojna toksikologije bila prepoznata kao jedna od 
vodećih u svetu. Godinama posle, na svetskim toksikološkim 
skupovima često smo od kolega iz drugih zemalja slušali kako s 
poštovanjem govore o toj čuvenoj „Beogradskoj toksikološkoj 
školi“.  

Godine 1981. izabran je za redovnog profesora farma-
kologije i toksikologije u Vojnomedicinskoj akademiji 
(VMA). Od 1986. do 1990. godine bio je redovni profesor na 
poslediplomskim studijama na Medicinskom fakultetu u 
Tuzli, a od 1998. godine držao je po pozivu predavanja iz 
farmakologije i toksikologije studentima Medicinskog fa-
kulteta u Foči. 

Bio je član Srpskog lekarskog društva, Društva farmako-
loga Jugoslavije (kasnije Srpskog farmakološkog društva), 
Udruženja toksikologa Jugoslavije (kasnije Srbije), Farma-
ceutskog društva Srbije, glavni i odgovorni urednik i jedan od 
osnivača dva domaća stručna časopisa na engleskom jeziku, 
član uredništva i recenzent više domaćih i međunarodnih 
medicinskih časopisa uključujući i Vojnosanitetski pregled.  
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Godine 1971. izabran je za člana Britanskog farmako-
loškog društva, a 1996. godine za člana Nemačkog društva za 
farmakologiju i toksikologiju. Za eksperta Svetske zdravstvene 
organizacije za toksikologiju pesticida izabran je 1972. godine. 

Profesor Bošković je bio član Saveta za naučni rad u 
oružanim snagama bivše Jugoslavije i predsednik Komisije za 
naučne kadrove tog saveta. Više godina je bio rukovodilac 
Naučnog projekta Vlade Socijalističke Republike Srbije pod 
nazivom „Zaštita hrane od zagađivanja i zdravstveni aspekti 
zagađivanja“. Bio je član Naučnog društva Srbije i predsednik 
Savezne komisije za dijagnostiku i terapiju u bivšoj SFRJ.  

Objavio je oko 400 naučnih i stručnih radova, većinu u 
prestižnim međunarodnim časopisima, koji su citirani više od 
750 puta. Autor je monografije "Pesticidi - toksikologija i te-
rapija trovanja" i koautor poglavlja u tri domaća udžbenika i 
u dve inostrane monografije. Bio je mentor i član za odbranu 
54 magistarska rada i 68 doktorskih disertacija. 

Održao je više predavanja po pozivu na prestižnim uni-
verzitetima u SAD i Velikoj Britaniji i učestvovao, kao poz-
vani predavač, na šest međunarodnih naučnih skupova iz ob-
lasti toksikologije i farmakologije. 

Nastavničkim radom, mentorstvom i učešćem u komisi-
jama za izradu i odbranu magistarskih teza i doktorskih dis-
ertacija profesor Bošković je značajno doprineo razvoju medi-
cinskih fakulteta u Beogradu, Banjaluci, Nišu, Novom Sadu, 
Prištini, Sarajevu, Foči, Rijeci, Tuzli i Zagrebu, kao i razvoju 
naučnoistraživačkog podmlatka u VTI i VMA u Beogradu. 

Profesor Bogdan Bošković dao je značajan doprinos 
razvoju eksperimentalne i primenjene toksikologije i farma-
kologije na svetskom nivou, posebno u oblasti prevencije i 
terapije akutnih trovanja organofosfornim jedinjenjima (OFJ) 
iz grupe nervnih bojnih otrova i organofosfornih insekticida. 
Njegovo razjašnjenje mehanizma toksičnog dejstva nervnog 
bojnog otrova somana doprinelo je da se u kliničku praksu 
uvede do tada zaboravljeni i potisnuti reaktivator acetil-
holinesteraze, HI-6, što je znatno poboljšalo efikasnost le-
čenja ovih trovanja. Na osnovu rezultata tima eksperata na 
čelu sa profesorom Boškovićem u kliničku praksu u Jugo-
slaviji uveden je HI-6 kao antidot za lečenje akutnih trovanja 
OFJ, a nakon toga ovaj lek je ušao u obavezan sastav ratnog 
sanitetskog kompleta u armijama tadašnje SFRJ, SAD, Ka-
nade i Švedske. Ne postoji nijedna ozbiljnija publikacija koja 
se bavi problemom lečenja akutnih trovanja OFJ, uključujući 
i nervne bojne otrove, a da se u njoj ne citiraju istraživanja i 
rezultati profesora Boškovića i njegovih saradnika iz Medi-
cinskog odeljenja VTI-a u Beogradu. Ova istraživanja su 
našla praktičnu primenu u lečenju akutnih trovanja organo-
fosfornim insekticidima koji se koriste u poljoprivredi, šu-
marstvu, humanoj i veterinarskoj medicini.  

Osim istraživanja iz domena vojne toksikologije, 
svakako treba spomenuti ona koja su su se odnosila na ispiti-
vanja mehanizama dejstva lekova i otrova na različitim 
eksperimentalnim in vitro i in vivo modelima, proučavanje 
terapije Parkinsonove bolesti, terapije eksperimentalno izaz-
vane kongenitalne miotonije, mijastenije gravis, konvulziv-
nih stanja i terapije bola. Kao rezultat ovih poslednjih is-
traživanja razvijen je i u kliničku praksu uveden analgetik na 
bazi kombinacije antiepileptika karbamazepina i nesteroid-

nog antiinflamatornog leka etodolaka, koji je pokazao izvan-
rednu efikasnostt u terapiji umerenih do jakih bolova različ-
ite etiologije. Taj lek je bio i registrovan za upotrebu u našoj 
zemlji pod zaštićenim nazivom Novokomb® (1995-2001), 
ali proizvođač nije obnovio njegovu registraciju jer je u me-
đuvremenu prešao na proizvodnju dijetetskih suplemenata. 
Za istraživanja i razvoj ovog leka prof. Bošković je nagrađen 
Plaketom Nikola Tesla na jednom od skupova pronalazača u 
našoj zemlji. 

Pukovnik prof. dr Bogdan Bošković nosilac je šest vi-
sokih domaćih vojnih odlikovanja, kao i međunarodnog or-
dena International Order of Merit (IOM) koji je 2000. godine 
dobio od Međunarodnog biografskog centra u Kembridžu, 
Velika Britanija. Biografski podaci o profesoru Bogdanu 
Boškoviću mogu se pronaći u „Vojnom leksikonu“ (1981), 
ediciji „Ko je ko u Srbiji“ (1996), „Međunarodnom lek-
sikonu prestižnih ličnosti" Američkog biografskog instituta 
(1998), publikaciji „2000 istaknutih intelektualaca 21. veka“ 
Međunarodnog biografskog centra u Kembridžu (2003) i bi-
ografskom leksikonu „Poznati srpski lekari“ (2005). 

Ako bih sebi dao za pravo da se kritički osvrnem na pro-
fesionalni put profesora Bogdana Boškovića, bio bih u ozbiljnoj 
dilemi: da li je bio briljantniji kao istraživač-naučnik, publi-
cista ili pedagog. Posedovao je osobine vrhunskog naučnika i 
istraživača: kompetentnost, lično i akademsko poštenje, inici-
jativnost i sistematičnost, ali i ne manje važne odrednice: pro-
nicljivost, upornost, oprez i odmerenost u zaključivanju. Uvek 
su mu vodilje bile dve univerzalne mudrosti i njih se držao do 
kraja života: jedna latinska „Non dies sine linea“ („Nijedan 
dan bez poteza“), a druga srpska, narodna „Tri put meri, jed-
nom seci“. Nije bio sklon avanturizmu niti senzacionalizmu. 
Sve je procenjivao realno, sa dozom kritičnosti ozbiljnog 
naučnika: i svet oko sebe, i ljude kao individue i ličnosti, i 
društvene tokove, i stanje u nauci i struci, i sopstvene rezultate 
i svakodnevne događaja. Na osnovu realnih procena, 
postavljao je ostvarive zahteve i ciljeve, vršio je temeljne i sis-
tematične pripreme, pratio svaku fazu istraživanja ili bilo kod 
drugog posla kojim se bavio, minuciozno zapažao greške i 
napretke, uspehe i nedostatke, nalazio načine za dodatne mo-
tive, pomerao granice postojećih znanja.  

Mi, vojni toksikolozi i farmakolozi, nismo imali pot-
rebu da se obraćamo za stručnu pomoć kolegama u Betezdi, 
Volter Ridu, Vojnomedicinskoj akademiji u Lenjingradu, 
Karolinskoj bolnici u Štokholmu, Institutu za toksikologiju u 
Minhenu, Svetskoj zdravstvenoj organizaciji u Ženevi, Im-
perijal koledžu u Londonu. Dovoljno je bilo da potražimo 
prof. Bogdana Boškovića i da iznesemo problem koji imamo. 
Dešavalo se da mi ni ne ispričamo da kraja svoje dileme, a 
da profesor nastavi priču, postavi pitanje i počne da daje od-
govor. To je važilo za sve oblasti eksperimetnalne i kliničke 
toksikologije, za bazičnu i kliničku farmakologiju, za farma-
ciju, za metodologiju naučnog istraživanja i publikovanja i 
za sve one koji mu se obrate. 

Sa mlađima je ravnopravno razgovarao. Dijalog mu je 
bio omiljena forma komunikacije. Kada bi nepoznati posma-
trač pratio samo govor tela dvojice sagovornika, nikada ne bi 
mogao sa sigurnošću da tvrdi ko je profesor, a ko je student. 
Međutim, sve bi mu bivalo jasno kada bi čuo živu reč. 
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Razgovori sa profesorom Boškovićem su uvek bili in-
spirativni, sadržajni, puni njegovih ideja. Ideje je iznosio od-
mah, na licu mesta, bez zadrške i rezerve, kao da ih je imao 
odranije pripremljene.  

Ovo su samo najosnovniji podaci o profesoru Bogdanu 
Boškoviću, velikanu nauke i struke, doajenu jugoslovenske i 
srpske toksikologije i farmakologije, čoveku koji je ugradio 
svoj život u temeljne vrednosti društva, medicine, kao svog 
profesionalnog izbora, i svoje porodice. 

Nadam se da smo mi, toksikolozi i farmakolozi, svesni 
koliko smo bili privilegovani i počastvovani što smo imali 
priliku da živimo i radimo sa pukovnikom prof. dr Bogdanom 
Boškovićem. Smatram da sadašnje generacije toksikologa i 
farmakologa treba ozbiljno, još jednom da izuče sve ono što je 

profesor uradio, napisao i objavio, da nastave sa radom i reali-
zuju neke od njegovih ideja i projekata, koje zbog kratkoće 
života i neumitnih prirodnih zakona nije stigao sam da dovrši.  

Odlazak profesora Boškovića gubitak je za sve, pre 
svega za njegovu porodica, ali i za nas, njegove saradnike, 
kolege, prijatelje i poštovaoce. Zahvalni smo mu i ponosni 
što smo bili deo njegovog vremena, sveta i dela. 

 
Neka je večna slava i hvala dragom i poštovanom pu-

kovniku prof. dr Bogdanu Boškoviću! 
 

   
dr sc. med. Veljko Todorović 

brigadni general u penziji 
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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, Micro-
soft 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 in-
vited 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 af-

filiation 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 Wis-
tar 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 right 
corner and supplied with a brief title each. Explanatory notes are printed 
under a table. Each table should be mentioned in the text. If data from 
another source are used, acknowledge 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 pris-
tupa. 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 preda-
ti za objavljivanje redosledom koji određuje uređivački odbor. Svaki 
pokušaj plagijarizma ili autoplagijarizma kažnjava se. Prilikom prijave 
rada u sistem elektronskog uređivanja „Vojnosanitetskog pregle-
da“(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 po-
stupak. 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 objavlji-
vanja. 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 pretho-
dno platio traženi iznos, ima više prihvaćenih radova za objavljivanje u godi-
ni u kojoj je izvršio uplatu. Svi autori koji su platili “Article Processing 
Charge” mogu, ukoliko žele, dobijati štampanu verziju časopisa tokom godi-
ne 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 istra-
živači, 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 prak-
tičnog lekara, članci iz istorije medicine, lični stavovi, naručeni ko-
mentari, pisma uredništvu, izveštaji sa naučnih i stručnih skupova, pri-
kazi 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. Koristi-
ti font veličine 12, a načelno izbegavati upotrebu bold i italic slova, koja 
su rezervisana za podnaslove. Originalni članci, opšti pregledi i metaanali-
ze 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 gra-
fičke programe za Windows, poželjno iz programskog paketa Micro-
soft 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 uredni-
ka/recenzenata dostavljaju se autoru radi konačnog oblikovanja. Pre ob-
jave, 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 rečeni-
cama na srpskom i engleskom jeziku iznosi se Uvod/Cilj rada, osnov-
ne 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 reproduk-
cija rezultata. Navesti podatke iz literature za uhodane metode, uključu-
jući i statističke. Tačno identifikovati sve primenjene lekove i hemika-
lije, 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 ilustra-
cijama. U tekstu naglasiti ili sumirati samo značajna zapažanja. 

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

Literatura 

U radu literatura se citira kao superskript, a popisuje rednim broje-
vima 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, ne-
objavljenih 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 ef-
fort 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 desnom 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, obave-
zno ih navesti kao i svaki drugi podatak iz literature.  

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

teke u sistemu aseestant. Slova, brojevi i simboli treba da su jasni i ujednačeni, 
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 pojedi-
nog dela ilustracije, svaki pojedinačno treba objasniti u legendi. Za fotomi-
krografije 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 dosta-
viti 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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