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Wortld Patient Safety Day (WPSD) has been observed on
17 September since 2019, with the aim of raising aware-
ness about patient vulnerability and encouraging joint ac-
tion toward safer healthcare. This year’s focus is on safe
healthcare for patients with noncommunicable diseases
(cardiovascular, malignant, chronic respiratory, and dia-
betes), which account for as much as 74% of deaths
globally. Patients suffering from noncommunicable dis-
eases are exposed to risks of delayed diagnosis, medica-
tion errors, healthcare-associated infections, and unsafe
use of medical devices. Therefore, WPSD 2026 is cele-
brated under the slogan “Safe care for noncommunica-
ble diseases”.

Svetski Dan bezbednosti pacijenata (DBP), obelezava se
17. septembra od 2019. godine, s ciljem podizanja svesti
o ranjivosti pacijenata i podsticanja zajednickog delovan-
ja za bezbedniju zdravstvenu zastitu. Ove godine u
fokusu je bezbedna zdravstvena zastita obolelih od
nezaraznih ~ bolesti  (kardiovaskularnih,  malignih,
hroni¢nih respiratornih, dijabetesa) koje su uzrok cak
74% smrtnih slucajeva na globalnom nivou. Oboleli od
nezaraznih bolesti izlozeni su riziku od kasnjenja u post-
avljanju dijagnoze, gresaka u primeni lekova, infekcija
povezanih sa zdravstvenom zastitom i nebezbedne upo-
trebe medicinskih aparata. Zbog toga se svetski DBP
2026. obelezava pod sloganom ,,Bezbedna zdravstvena
zaStita za nezarazne bolesti®.
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More than a century of pathology at the Military Medical Academy:
from the prosector’s department to the academic medical specialty

ViSe od veka patologije na Vojnomedicinskoj akademiji: od prosekture do

akademske medicinske grane

Snezana Cerovié¢

Military Medical Academy, Institute of Pathology and Forensic Medicine, Belgrade,
Serbia; University of Defence, Faculty of Medicine of the Military Medical Academy,
Belgrade, Serbia

Important years in the development of pathology at the
Military Medical Academy (MMA) were shaped by global
historical events, especially in the turbulent Balkans. The
period from 1904 to 2024 in pathology at the MMA is not
only chronologically impressive. Many individual and
collective professional destinies are woven into pathology’s
scientific research mission, which today bridges fundamental
sciences and clinical medicine. This editorial serves as a
humble tribute to all the educators who laid the foundations
and inspired numerous generations of pathologists over more
than a century of the MMAs history. The pathology service
at the MMA was organized as a Prosector’s Service, Center,
Department, and Institute. For the longest period, it has been
mostly recognized as the core component of the Institute of
Pathology and Forensic Medicine (IPFM) at the MMA * 2,
While presenting historically significant data in parts of the
text that occasionally resemble a sentimental journey through
pathology, | was guided by the wisdom of Pythagoras (6th
century BC): “Do not talk a little about a lot of topics. Talk
a lot about a few.” In this endeavor, | was aided by decades
of experience and motivation as a pathologist and professor,
as well as by my long-term leadership of the IPFM.

Pathology of the Military Medical Academy: from
Prosector’s Office to Institute 1904-1949

The development of pathology at the MMA overlaps
with the worldwide acceptance and reconceptualization of
pathology as a distinct medical specialty. It was only in the
1940s that pathology evolved into more than a medical
practice in both Europe and North America 3. In preserved

historical articles and rare publications in national journals,
the beginnings of pathology and forensic medicine at the
present MMA are most often linked to 1904 and the
formation of the Prosecture of the Main Military Hospital
(MMH) in Belgrade. The prosecture, which in Latin means
to cut off or to divide, refers to a pathological-anatomical
department where autopsies are performed. The first medical
examiners — prosectors at the Prosector’s Department were
not pathologists or forensic medicine specialists, but rather
physicians from the clinical wards where the patients had
passed away. In a country exhausted by wars and conflicts
from 1904 to 1920, the MMA, as well as the entire
healthcare system in Serbia, was still waiting for its first
specialists in pathology “°. With the establishment of the
Faculty of Medicine at the University of Belgrade in 1920
and its Institute of Pathology, prominent pathologists and
professors of the Faculty of Medicine in Belgrade were
engaged as part-time prosectors at the military hospital and
within the army. The most famous among them were
Professor DPorde Joannovi¢, Academician, Professor
Ksenofor Sahovi¢, and Professor Zivojin Ignjagev. Professor
Dorde Joannovi¢ was the first pathologist in both the civilian
and military health services of Serbia to perform autopsies
and the first head of the Prosector’s Department at the MMH
from 1921 to 1932 4. In some works, the year 1922 is linked
to the beginnings of pathology at the MMA precisely
because of a significant improvement of the Prosector’s
Department. The protocol of the very first official autopsy at
the MMH is preserved within the IPFM Archive; it is signed
by Professor Joannovi¢ and other professors from the Faculty
of Medicine of the University of Belgrade +. Colonel
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Roman Fedina, Doctor of Medicine (MD), was officially the
first head of the MMH Prosector’s Department from 1935 to
1940 4 Following the end of the Second World War,
pathology at the MMA became recognized as pathological
anatomy, driven by a steadily increasing volume of clinical
autopsies. The histopathologic aspect of the work, involving
biopsies, operative tissue, and organ samples, became
notably more prominent when, in 1949, the MMH was
renamed the MMA.

Heads of the Institute of Pathology and Forensic
Medicine at the Military Medical Academy:
pathologists and forensic medicine specialists
(1949-2024)

In this period, there were a total of 10 heads: 6
pathologists and 4 forensic medicine specialists managed the
IPFM (including temporary renamings of the Institute to
Department and Center). From 1945 to 1957, the head of the
Prosector’s Department and then the first head of the IPFM
was Colonel Professor of Forensic Medicine Miodrag Buéi¢,
MD, Doctor of Philosophy (PhD). From 1957 to 1975, the
head of the IPFM was Colonel Professor of Pathology
Konstantin  Brankovan, MD, PhD. Forensic medicine
specialist Colonel Professor Aleksandar Ceramilac, MD,
PhD, managed the IPFM from 1975 to 1986. Colonel
Professor of Pathology Nikola Bojani¢, MD, PhD, led the
IPFM from 1986 to 1990. Forensic medicine specialist
Colonel Professor Petar Spasi¢, MD, PhD, was the director
of the IPFM from 1990 to 1999, and then from 1999 to 2000,
the position was held by pathologist Colonel Professor
Vujadin Tati¢, MD, PhD. Forensic medicine specialist Major
General Assistant Professor Zoran Stankovi¢, MD, PhD, was
the head in 2000. Pathologist Colonel Professor Jovan
Dimitrijevi¢, MD, PhD, was the head from 2002 to 2005, and
pathologist Colonel Professor Srbislav Ili¢, MD, PhD, was
the director from 2005 to the end of 2007. From 2008 to
2024, the head of the IPFM was the first civilian pathologist,
Professor Snezana Cerovi¢, MD, PhD. In 2024, as an
Assistant  Professor, Lieutenant Colonel, specialist of
forensic medicine, Ivan Aleksi¢, MD, PhD, was appointed
head of the IPFM.

Milestones at the Military Medical Academy
pathology: technological and laboratory innovations,
popularization of the profession (1957-2024)

Pathology institutions worldwide and leading
international pathologists have always been our role models.
For decades, a special place belonged to the leading
institution in global pathology: the Armed Forces Institute of
Pathology (AFIP) of the United States of America — USA 7.
Following a study visit to this largest pathology institution,
Professor Brankovan improved histopathologic diagnostics
and implemented administrative and spatial frameworks
inspired by the AFIP model. In 1957, IPFM was the first in
the country (former Yugoslavia) to introduce the
intraoperative or ex tempore method. At the end of 1989,

immunohistochemical and enzyme-chemical analyses, as
well as a computer program for archiving biopsy registries
and autopsy documentation, were introduced. Furthermore, a
strong institutional connection was forged between the IPFM
pathology service and the clinics and institutes of the MMA,
as well as with other pathology institutions nationwide and
internationally. We gained a wealth of knowledge in
pathology not only through the implementation of modern
diagnostic procedures and literature updates, but also through
invaluable master lectures by leading visiting pathologists. In
the period 1986-1989, the IPFM hosted the largest number
of internal seminars, clinical-pathological confrontations,
and thanatological analyses in its history. Unforgettable
lectures were delivered by Professor Vojislav Vuzevski
(head of the Department of Diagnostic Electron Microscopy
at the Institute of Clinical Pathology of the Erasmus
University in Rotterdam, Netherlands) and Professor Doj¢in
Dojéinov. “I learned the most by teaching others” — this
guiding philosophy encapsulates the professional creed of
Professor Doj¢inov, who selflessly imparted his knowledge
to students and aspiring pathologists at the Faculties of
Medicine in Ni$ and Belgrade, as well as to pathologists at
the IPFM. In 1971, electron microscopy was introduced at
the IPFM, followed by telepathology at the end of the last
century & S The Institute’s cytology laboratory was
established in 1990, while cytogenetic analysis and human
tissue culture techniques were introduced in the last decade
of the 20th century *.

Military Medical Academy pathology as an
academic medical branch: student and resident
perspectives (2009-2024)

The number of pathologists and residents from other
healthcare institutions who completed their specialization, or
part of it, at the IPFM over the past decades, as well as the
number of master’s and doctoral theses based on the results of
histopathologic diagnostics, is immeasurable. Two golden
periods when 13-17 pathology residents were trained at the
IPFM at the same time occurred between 1986 and 1989, and
from 2008 to 2017. Since the establishment of the integrated
academic studies of medicine at the MMA of the University
of Defense in 2009, and later the Faculty of Medicine of the
MMA in 2011, pathology has become a true academic
branch, as in other medical faculties in the country. The IPFM
recorded by far the largest number of PhDs across various
fields: pathology, molecular biology, and forensic medicine,
totaling 13 between 2008 and 2024. Although very low, the
number of pathology teachers during the same period ranged
from 1 to 3: Professor Snezana Cerovié¢, Assistant Professor
Vesna Skuleti¢, and Lieutenant Colonel Assistant Professor
Bozidar Kovacéevié. Due to his retirement, Lieutenant
Colonel Assistant Professor Milo§ Kostov, Head of the
Department of Pathology at the Ni$ Military Hospital, briefly
participated in classes at the Faculty of Medicine of the
MMA. Nevertheless, we managed to establish our optimal
teaching, scientific, and research portfolio and contributed to
the spread of medical knowledge °. A total of 221

Cerovi¢ S. Vojnosanit Pregl 2026; 83(9): 533-535.
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Fig. 1 — The sixth class of the Faculty of Medicine of the Military Medical Academy
cadets at the Institute of Pathology and Forensic Medicine laboratory (personal photo).

cadets/students completed their education between 2009 and
2024 1. Although their medical education in pathology was
extensive, sometimes turbulent, it remained consistently
interactive and engaging. The IPFM pathology faculty, as
well as the teaching program, were rated with the highest
marks by the Faculty of Medicine of the MMA cadets and
students, confirming that their understanding of medicine
had become increasingly comprehensive. We deeply
appreciate their ambition and cherish their smiles after our
shared successes (Figure 1).

Four of our cadets chose pathology as their
specialization, two of whom are currently in their final year
of PhD studies. A great success for us as educators is the
scientific and research “awakening” of future pathologists —
challenging, yet beautiful and promising in its complexity
and perspective. This represents not only the pride and
satisfaction we share, but also an aspiration toward
professional excellence as the basis for the continued
progress of pathology at the MMA.
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Abstract

Background/Aim. Low-dose ionizing radiation (IR) can
cause subtle biological effects with clinical implications after
chronic occupational exposure. The aim of the study was to
examine the effect of low-dose IR occupational exposure on
female nuclear medicine personnel (NMP). Methods. The
study was conducted by analyzing medical data from man-
datory periodic health examinations of 45 female NMP ex-
posed to IR for an average of 14 years (exposed group —
EG) and 43 age-matched female healthcare workers who
were not occupationally exposed to IR (control group —
CG). Based on peripheral blood count values, systemic in-
flammatory  indices were calculated: neutrophil-to-
lymphocyte ratio (NLR), derived NLR (dNLR), platelet-to-
lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio
(LMR), systemic-immune-inflammation index (SII), system-
ic inflammation response index (SIRI), along with platelet
indices, such as mean platelet volume (MPV). Thyroid func-
tion was assessed using free thyroxine (fT'4) and thyroid-
stimulating hormone (TSH). Ultrasonographic thyroid gland
anatomy was classified as normal or abnormal (nodules,
cysts, or diminished echogenicity). Results. Compared with

Apstrakt

Uvod/Cilj. Niske doze jonizujuéeg zracenja (ionizing
radiation — IR) mogu izazvati suptilne bioloske efekte sa
klinickim implikacijama nakon hroni¢ne profesionalne
izlozenosti. Cilj rada bio je da se ispita efekat profesionalne
izlozenosti niskim dozama IR kod Zena zaposlenih na
poslovima iz oblasti nuklearne medicine (nuclear medicine
personne/l — NMP). Metode. Istrazivanje je sprovedeno
analizom medicinskih podataka iz obaveznih periodi¢nih
zdravstvenih pregleda 45 zena NMP izlozenih IR u proseku
14 godina (exposed growp — EG) 1 43 zdravstvene radnice,
uskladene po starosti, koje nisu bile izlozene IR (control gronp

CG, a significantly higher absolute number of monocytes
(» = 0.000) and higher values of the SIRI (p = 0.046) were
found in EG. SIRI had a borderline negative association
(p = 0.057) with IR exposure duration, while LMR had a
substantial positive correlation (p = 0.026). EG had signifi-
cantly decreased fT4 values (p < 0.001), with no significant
difference in TSH values (p = 0.858) compared with CG.
EG had more abnormal thyroid ultrasonography findings,
and occupational IR exposure significantly enhanced the
risk of abnormal findings in several logistic regression mod-
els (p < 0.05). Conclusion. Chronic occupational exposure
to low-dose IR in female NMP is associated with parallel ef-
fects—both systemic and thyroid-related—including altered
inflammatory response indices, lower fT4 values within the
reference range, and higher structural thyroid abnormalities.
These findings imply that radiation-related thyroid abnor-
malities are accompanied by systemic immunological altera-
tions; however, they should be interpreted as associative and
hypothesis-generating.

Keywords:
health personnel; nuclear medicine; radiation, ionizing;
women; workplace.

— CG). Na osnovu vrednosti parametara periferne krvi,
izracunati su indeksi sistemske inflamacije: odnos neutrofila
i limfocita (neutrophil-to-lymphoeyte ratio — NLR), izvedeni
(derived) NLR (dNLR), odnos trombocita i limfocita (platelet-
to-lymphoeyte ratio — PLR), odnos limfocita i monocita
(lymphocyte-to-monocyte ratio — LMR), sistemski imunsko-
inflamacijski indeks (systemic-immune-inflammation index — SII),
indeks sistemskog inflamacijskog odgovora  (systemic
inflammation response index — SIRI), zajedno sa indeksima
trombocita, kao $to je srednja zapremina trombocita (mzean
platelet volume — MPV). Funkcija Stitaste Zlezde procenjivana
je odredivanjem slobodnog tiroksina (free thyroxine — fT4) i
tireostimuliraju¢eg hormona (TSH). Ultrazvucna anatomija
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stitaste zlezde klasifikovana je kao normalna ili abnormalna
(nodusi, ciste ili smanjena ehogenost). Rezultati. U
poredenju sa CG, u EG je utvrden statisticki znacajno visi
apsolutni broj monocita (p = 0,006), kao i visi SIRI
(p = 0,040). SIRI je pokazao grani¢no negativiu povezanost
(p = 0,057) sa trajanjem izlozenosti IR, dok je LMR imao
znacajnu pozitivnu korelaciju (p = 0,026). U EG su nadene
znacajno nize vrednosti fT4 (p < 0,001), bez znacajne
razlike u vrednostima TSH (p = 0,858) u poredenju sa CG.
U EG broj abnormalnih ultrazvucnih nalaza Stitaste Zlezde
bio je veéi, a profesionalna izlozenost IR znacajno je
povecala rizik od abnormalnih nalaza u vise modela
logisticke regresije (p < 0,05). Zaklju¢ak. Hroni¢na

profesionalna izlozenost niskim dozama IR kod NMP Zena,
povezana je sa paralelnim dejstvima — sistemskim i onim
vezanim za Stitastu zlezdu — ukljucujuéi izmenjene indekse
inflamacijskog odgovora, nize nivoe fI4 u okviru
referentnog opsega 1 vise strukturne abnormalnosti Stitaste
zlezde. Ovi nalazi ukazuju na to da su abnormalnosti stitaste
zlezde  indukovane  zracenjem  pracene  sistemskim
imunoloskim promenama, ali treba ih tumaciti kao
asocijativne i hipoteticke.

Kljucne redi:
zdravstveno osoblje; medicina, nuklearna; zralenje,
jonizujuce; Zene; radno mesto.

Introduction

The medical application of ionizing radiation (IR) has
increased continuously over recent decades, with healthcare
personnel representing the largest occupational group ex-
posed to artificial radiation sources. Nuclear medicine, in
particular, employs a variety of unsealed radionuclides (al-
pha, beta, and gamma emitters) for both diagnostic and
therapeutic purposes. According to the current estimates,
approximately 200,000 individuals are engaged in this dis-
cipline, with women comprising nearly 70% of the work-
force L. The same demographic structure applies to the Ser-
bian nuclear medicine personnel (NMP) system. The ex-
pansion of clinical nuclear medicine has consequently in-
creased the potential occupational radiation risk. Neverthe-
less, data indicate a general trend toward decreasing occu-
pational exposure (OE) levels among NMP in recent dec-
ades. Reported values of the average annual effective dose
vary considerably, ranging between 0.2 mSv and 1.8 mSv 1.
The predominant sources of exposure are associated with
the preparation and administration of radiopharmaceuticals,
as well as imaging procedures. Personnel are subjected to
IR while handling radioactive substances, administering
them to patients, and performing diagnostic investigations.
The extent of exposure is determined by factors such as the
type of radionuclide used, the nature and frequency of pro-
cedures, and the workload of the department. Furthermore,
personnel working with radioiodine may accidentally in-
hale or ingest some of it, leading to thyroidal radiation bur-
den 2. Studies from Poland * # and China °, using a
whole-body spectrometer and sodium iodide scintillation
detector, have shown that NMP may have unavoidably ab-
sorbed different doses of radioiodine in the thyroid depend-
ing on their job.

NMP in Serbia who are occupationally exposed to IR
are subject to mandatory periodic medical examinations, as
regulated by the law & 7. Such occupational health and safety
procedures represent not only a preventive measure, but also
a clinically validated approach for the early detection of
chronic radiation effects. These examinations include routine
evaluation of overall health, hematological parameters, and,
among other aspects, a comprehensive assessment of the thy-
roid gland (TG).

Vukovi¢ S, et al. Vojnosanit Pregl 2026; 83(9): 536—546.

TG is among the most radiosensitive organs, and expo-
sure to IR can induce a spectrum of functional and structural
alterations 8. A substantial body of epidemiological and ex-
perimental evidence has established a strong association be-
tween high-dose radiation exposure and thyroid injury. The
adverse effects of high-dose IR on thyroid tissue have been
thoroughly investigated since the atomic bomb detonations
in Japan ° and the nuclear accidents in Chernobyl ° and Fu-
kushima . In contrast, radiation levels experienced by oc-
cupationally exposed workers are considerably lower, and
recent studies have sought to elucidate the potential conse-
quences of chronic low-dose IR exposure on thyroid mor-
phology and function 2 13, However, the available literature
remains inconclusive, presenting conflicting findings regard-
ing the relationship between occupational radiation exposure
and thyroid burden & 4 15, Namely, radiation can impair io-
dine uptake and hormone synthesis by thyroid tissue. More-
over, radiation-induced damage to the hypothalamic-
pituitary-thyroid regulatory axis may further exacerbate thy-
roid dysfunction & 4 16-18 Thyroid hormone testing, includ-
ing free thyroxine (T4) — fT4 and thyroid-stimulating hor-
mone (TSH) assessments, is frequently used to evaluate thy-
roid function °. In addition, ultrasound surveillance has been
instrumental in detecting thyroid morphological changes, es-
pecially in assessing the presence and nature of the thyroid
nodules (TNs), accurately determining their number and size,
as well as potential accompanying lymphadenopathy 2°. Alt-
hough many nodules are benign, the risk of malignancy is al-
so elevated in radiation-exposed groups % 5,

Given the radiosensitivity of the TG and its highly ox-
idative metabolic environment, chronic OE to low-dose IR
may contribute to structural and functional thyroid altera-
tions through redox imbalance, deoxyribonucleic acid -
DNA damage responses, and low-grade inflammatory sig-
naling, highlighting the need for integrated biomarker-
based monitoring in exposed workers & & 21-23_ Of note,
thyroid nodular changes in occupationally exposed workers
may originate from redox-inflammatory interplay, shaped
by chronic low-dose IR, with systemic inflammatory mark-
ers providing complementary insight into this particular bi-
ological response. Several studies have demonstrated that
such systemic inflammatory markers are associated with
the presence and biological behavior of TNs 2* 25, Data de-
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rived from mandatory periodic health examinations of
NMP provide an opportunity to assess the systemic in-
flammatory response by analyzing accessible and low-cost
biomarkers, such as systemic inflammatory indices (Syll)
[neutrophil-to-lymphocyte ratio (NLR), derived NLR
(dNLR), platelet-to-lymphocyte ratio (PLR), lymphocyte-
to-monocyte ratio (LMR), systemic-immune-inflammation
index (SII), systemic inflammation response index (SIRI),
along with platelet indices, such as mean platelet volume
(MPV)]. These indices are readily available to occupational
health specialists through the routine complete blood count
analysis and can be easily calculated. Nevertheless, the
clinical value of most proposed indices remains inconclu-
sive, particularly in the context of radiation-related thyroid
changes and their potential relevance to future malignant
risk 24-2°,

Therefore, the aim of our study was to investigate the
possible effects of occupational low-dose IR exposure on TG
function and morphology, as well as on systemic inflamma-
tory response indices, using medical data from mandatory
periodic health examinations in female NMP.

Methods

Study design

This case-control study enrolled 88 female healthcare
workers who underwent mandatory periodic health surveil-
lance at the Serbian Institute of Occupational Health, Bel-
grade, Serbia, from June 2024 to September 2025. The study
was conducted according to the Declaration of Helsinki, as
the study protocol was approved by the Ethics Committee of
the Serbian Institute of Occupational Health (No. 06-3602,
from September 04, 2025, and No. 06-674, from February
20, 2026). Informed and written consent was obtained from
all participants.

Individuals eligible for
participation in the study

(n=58)

Clinically eligible individuals
(n=51)

Individuals who
refused to provide

(n=6)

Final group of

exposed individuals
(n=45)

Individuals excluded
from the study (n=7)

informed consent

Study participants

Inclusion criteria were female sex and employment in
healthcare, with no reported personal or family history of di-
agnosed thyroid disease or thyroid surgery, and no current
therapy for hyperthyroidism or hypothyroidism. In addition,
individuals with self-reported hematological and systemic
diseases, diabetes mellitus, and recent history of infectious
diseases were not eligible. However, the Charlson Comor-
bidity Index (CCI) was calculated using the standardized
scoring algorithm and incorporates patients’ age and 19 pre-
defined comorbid conditions, including cardiovascular, pul-
monary, renal, hepatic, malignant, and other chronic diseas-
es, each assigned a weighted score. It was used as a standard-
ized measure of patients’ baseline health status and overall
comorbidity burden 3°. Of note, pregnant women were ex-
cluded from the study. The study participants were dichoto-
mized into non-exposed (control group — CG) and exposed
group (EG). CG comprised 43 age-matched female
healthcare workers who had never been occupationally ex-
posed to IR. The control subjects were selected according to
exposure to similar occupational hazards in their workplace
(biological hazards and psychological burden). On the other
hand, EG included 45 NMP employed in different jobs and
occupationally exposed to IR through a variety of unsealed
radionuclides used for diagnostic purposes only (I-131, I-
123, and mTc-99). IR exposure intensity was estimated
based on personal dosimetric control data. Data on annual ef-
fective dose were obtained from the nuclear medicine service
department. All employees working in controlled areas with
exposure to IR were required to wear appropriate personal
protective equipment, including lead aprons, thyroid shields,
and lead glasses, in accordance with radiation protection
regulations. The flowchart of the individual enrollment pro-
cess in EG is shown in Figure 1. Information on demograph-
ic data, total work experience, duration of exposure to IR,

Treated hypo/hyperthyroidism (n=4)
Thyroid carcinoma (n=1)
Pregnancy (n=1)

Altered employment (n=1)

Fig. 1 — The flowchart of the individual enrollment process in the exposed group.
n — number of subjects.

Vukovi¢ S, et al. Vojnosanit Pregl 2026; 83(9): 536—546.
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and medical history, including complete blood count parame-
ters obtained during routine periodic examinations, was ex-
tracted from the medical records. All respondents were divided
into smokers, non-smokers, and ex-smokers, with respect to
their cigarette smoking habits. A non-smoker was defined as a
person who has never smoked or has smoked less than 100 cig-
arettes in his lifetime. An ex-smoker is a person who has ab-
stained from smoking for more than 12 months. All participants
declared no history of abuse of alcohol or other psychoactive
substances. Smoking exposure was expressed as pack-years.
By selecting control subjects from the same geographically de-
fined population as the exposed subjects, the confounding ef-
fects of geographic factors or ethnic background were limited.
This approach is particularly important where mild iodine defi-
ciency has historically been present and is currently addressed
through a nationwide iodine permanent preventive measure by
fortifying table salt with iodine in Serbia 3.

Data collection

The annual effective dose limit recommended by the In-
ternational Commission on Radiological Protection (ICRP)
for members of the public is 1 mSv. In addition to public
exposure to IR, NMP may be occupationally exposed to IR
at their workplace. In accordance with the Serbian law ¢, ex-
posure monitoring to IR is performed with thermolumines-
cent dosimeters (TLDs). This study used data on external in-
dividual doses based on occupational radiation exposure ab-
sorbed from the time of placement of TLDs on the body of a
worker, at a 10 mm depth [personal deep dose equivalent —
Hp(10)]. The annual effective dose limit for OE recommend-
ed by the ICRP is 20 mSv, averaged over five consecutive
years, with no single year exceeding 50 mSv. Of note, the
thyroid has a tissue weighting factor of 0.04, which corre-
sponds to approximately 4% of the total stochastic risk from
whole-body exposure 32, However, this study did not esti-
mate the thyroid equivalent dose.

Complete blood count parameters obtained during rou-
tine periodic examinations were extracted from the medical
records. Reference values were based on the specifications of
the testing instruments and assay kits used within the Serbian
Institute of Occupational Health, and were as follows: white
blood cells - WBC (3.4-9.7 x 10%L), neutrophil count — NC
(2.1-6.5 x 109L), lymphocyte count — LyC (1.2-3.4 x
10%/L), monocyte count — MoC (0.1-0.8 x 10%L), platelet
count — PIC (150-450 x 10%L) and MPV (6.2-12.1 fL). The
values of Syll were calculated using the formula: SII — pe-
ripheral blood (PB) NC x PIC / LyC; SIRI - PB NC x MoC /
LyC; LMR - PB LyC / MoC; NLR - PB NC / LyC; dNLR -
PB NC / (WBC count- NC); PLR - PB PIC / LyC. Serum
levels of fT4 and TSH were determined using a chemilumi-
nescence immunoassay analyzer AutoLumo A1000 (Auto-
bio, China) with appropriate assays. Reference values were
based on the specifications of the testing instruments and as-
say kits used within the Serbian Institute of Occupational
Health, and were as follows: TSH (0.35-4.75 mU/L) and fT4
(10.0-22.0 pmol/L). All obtained results were reviewed and
confirmed by a professional biochemist.

Vukovi¢ S, et al. Vojnosanit Pregl 2026; 83(9): 536-546.

Thyroid ultrasonography was performed using DC-80A
ultrasound equipment (Mindray, China) with a 4.4-13.5
MHz linear array transducer L12-3E and by one dedicated
radiologist. The ultrasonographic evaluation of the TG was
categorized as normal or abnormal based on the finding of
nodules, cysts, or reduced echogenicity. Thus, the study used
a Thyroid Imaging Reporting and Data System (TIRADS)
proposed by the European Thyroid Association. The total
points determined the nodules’ European TIRADS - EU-
TIRADS level, which ranges from thyroid risk 1 — TR1 (no
nodule) to TR5 (high suspicion of malignancy) 2.

Statistical analysis

While categorical variables were presented using fre-
guency counts (numbers, percentages), continuous variable
data were expressed as mean + standard deviation or median
(minimum—maximum) in this study. Data distribution was
tested using the Kolmogorov—Smirnov test. Consequently,
differences in the investigated parameters were assessed us-
ing a t-test for continuous data with a normal distribution and
the Mann-Whitney rank-sum test for continuous data with a
non-normal distribution. Lastly, for categorical variables, the
2 test was employed. The correlation was analyzed using
Spearman’s coefficient of linear correlation. Using logistic
regression analysis, odds ratio (OR) and 95% confidence in-
terval (Cl) were used to calculate the odds of abnormal ultra-
sonography findings (UFs) development in those chronically
exposed to low-dose IR. In addition, we calculated several
logistic regression models (OR2-OR5) adjusted for age, as
well as selected hematological parameters and Syll. All
analyses were conducted using SPSS version 22 (IBM Corp.,
Armonk, NY, USA).

Results

Demographic, occupational, and clinical characteris-
tics of 45 subjects in EG and 43 subjects in CG are shown
in Table 1. Female NMP have been exposed to IR for a
median of 14 years (range: 1-40 years) with a median an-
nual effective dose of 0.22 mSv (range: 0.08-0.76 mSv).
Although the frequency of smoking did not differ between
groups (p = 0.795), smokers and ex-smokers in the CG had
a significantly higher smoking exposure, expressed as
pack-years index, compared with those in EG (p = 0.022).
Of note, CCI did not differ significantly between groups
(p > 0.05), supporting comparable overall comorbidity
burden between exposed and non-exposed participants
(p > 0.05).

The hematological parameters obtained from mandatory
periodic medical examinations and blood count—derived Syll
are presented in Table 2. Our results indicate that the abso-
lute number of monocytes was significantly higher in EG
compared to CG (U = 647.50, p = 0.006), whereas no signif-
icant difference was observed for other analyzed hematolog-
ical parameters. In addition, no significant difference was
observed for the majority of Syll, except SIRI, which exhib-
ited higher values in EG (U = 729.00, p = 0.046).
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Table 1
Demographic and occupational characteristics of nuclear medicine personnel and controls
Variable EG (n=45) CG (n=43) p-value
Age, years 47.0+£118 478+125 0.517f
Smoking habit
non-smokers 23 (51) 23 (54)
smokers 17 (38) 17 (39) 0.795*
ex-smokers 5(11) 3(7)
Pack-years index 9.9 (0.5-27.0) 15.0 (1.5-40.0) 0.0228
CCl 0(0-2) 1(0-2) 0.1778
Total work experience, years 23.0 (1-40) 19.0 (1-41) 0.773%
Duration of exposure to radiation, years 14 (1-40) NA NA
Annual effective dose, mSv 0.22 (0.08-0.76) NA NA
EG - exposed group; n — number of subjects; CG — control group; CCl — Charlson
Comorbidity Index; NA — not applicable.
Values are given as mean + standard deviation for normally distributed continuous
variables, median (minimum-maximum) for non-normally distributed continuous variables,
and numbers (percentages) for other analyzed variables.
Note: Tp-value for t-test; * p-value for y? test; $ p-value for Mann-Whitney U test.
The pack-year index is calculated as: (cigarettes smoked per day x years of smoking) / 20.
Table 2
Hematological parameters and systemic inflammatory indices
of female nuclear medicine personnel and non-exposed controls
Variable EG (n = 45) CG (n=43) p-value'
Hematological parameters
WBC, 10°/L 6.60 (4.10-11.40) 6.10 (2.90-12.00) 0.053
neutrophiles, 10°/L 3.60 (1.60-8.10) 3.40 (1.40-7.50) 0.096
lymphocytes, 10°/L 2.10 (1.00-4.10) 1.90 (1.00-4.10) 0.216
monocytes, 10°/L 0.50 (0.30-0.90) 0.40 (0.30-1.00) 0.006
platelets, 10°/L 265.00 (167.00-381.00) 241.00 (126.00-392.00) 0.141
Systemic inflammatory indices
SIRI 0.97 (0.24-3.17) 0.76 (0.30-2.50) 0.046
Sl 475.33 (179.20-1,714.50) 432.50 (203.00-880.00) 0.194
LMR 4.16 (2.14-7.50) 4.50 (2.17-7.50) 0.167
NLR 1.73 (0.80-4.53) 1.76 (0.82-3.60) 0.496
dNLR 1.36 (0.64-3.12) 1.28 (0.67-2.42) 0.341
PLR 122.77 (57.59-211.67) 120.00 (58.29-234.00) 0.838
MPV 7.80 (6.80-9.80) 7.90 (6.80-10.40) 0.339

EG - exposed group; n — number of subjects; CG - control group; WBC — white blood cells; SIRI — systemic
inflammation response index; Sll — systemic-immune-inflammation index; LMR — lymphocyte-to-monocyte ratio;
NLR - neutrophil-to-lymphocyte ratio; dNLR - derived NLR; PLR - platelet-to-lymphocyte ratio; MPV — mean

platelet volume.
Values are given as median (minimum-maximum) for non-normally distributed continuous variables.

Note: T p-value for Mann-Whitney U test. Statistically significant values are bolded. Reference values for laboratory

parameters are shown in the Methods section of the manuscript.

Table 3
The correlation between systemic inflammatory indices, the duration of exposure,
and the annual effective dose of female nuclear medicine personnel

Systemic inflammatory indices Duration of IR exposure, years

Annual effective dose, mSv

SIRI - 0.285 -0.032
Sl -0.187 0.065
LMR 0.333" 0.077
NLR -0.279 -0.018
dNLR -0.187 0.004
PLR -0.221 0.026
MPV - 0.059 -0.023

IR - ionizing radiation; SIRI — systemic inflammation response index; Sl — systemic-immune-
inflammation index; LMR - lymphocyte-to-monocyte ratio; NLR — neutrophil-to-lymphocyte ratio;

dNLR - derived NLR; PLR - platelet-to-lymphocyte ratio; MPV — mean platelet volume.

Note: “The statistically significant value is bolded (p < 0.05). Spearman’s correlation coefficient (p)

was used.

Furthermore, the duration of IR exposure on female
workers correlated positively with LMR (p = 0.333, p =
0.026) and showed a borderline negative correlation with

SIRI (p = -0.285, p = 0.057). No significant correlation was
found between the annual effective dose and assessed values
of Syll (p > 0.05) (Table 3).

Vukovi¢ S, et al. Vojnosanit Pregl 2026; 83(9): 536-546.
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Functional thyroid parameters in female NMP from EG
and those from CG are shown in Table 4 and Figure 2. The
mean fT4 values were significantly lower in EG compared to
CG (t = -4.612, p < 0.001), whereas no significant difference
was observed in TSH values (U = 946.0, p = 0.858). Although
the assessed values for TSH and fT4 were within the reference
ranges determined for the laboratory center at the Serbian In-
stitute for Occupational Health, high normal values for TSH
and low normal values for fT4 were observed within EG.

Table 4

A weak, yet insignificant correlation was found be-
tween the annual effective dose and assessed levels of hor-
mones (for TSH: p = -0.083, p = 0.589; for fT4: p = -0.062,
p = 0.684), as well as the duration of exposure to IR and as-
sessed levels of hormones (for TSH: p = 0.133, p = 0.383;
for fT4: p = 0.076, p = 0.620). The respective scatter/dot
plots are shown in Figure 3.

Regarding morphological UFs, abnormal findings
(nodules, cysts, hypoechogenicity) were more prevalent in

Functional thyroid parameters in female nuclear medicine
personnel occupationally exposed to IR and non-exposed controls

Hormonal status EG (n = 45) CG (n=43) p-value
TSH, mlU/L 2.11 (0.58-5.30) 2.14 (0.60-4.09) 0.8587
intervals
<0.35 / /
0.35-4.75 44 (98) 43 (100)
>4.75 1(2) / NA
fT4, pmol/L 15.83+2.84 18.43+2.41 <0.001%
intervals
<10.0 / /
10.0-22.0 45 (100) 42 (98)
>22.0 / 1(2) NA

IR - ionizing radiation; EG — exposed group; n — number of subjects;
CG - control group; TSH - thyroid-stimulating hormone; fT4 - free

thyroxine; NA — not applicable.

Values are given as: median (minimum-maximum) for non-normally
distributed continuous variables, mean + standard deviation for normally
distributed continuous variables, and numbers (percentages) for intervals.
Note: T p-value for Mann-Whitney U test; * p-value for t-test. The statistically
significant value is bolded. Reference values for thyroid hormones are shown
in the Methods section of the manuscript.
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Fig. 2 — Comparison of TSH values (A, B) and fT4 values (C, D) between exposed and control groups.
TSH - thyroid-stimulating hormone; fT4 — free thyroxine.
Note: Dot plots show individual measurements. High-normal TSH and low-normal fT4 values were

observed in the exposed group (B, D).

Vukovi¢ S, et al. Vojnosanit Pregl 2026; 83(9): 536-546.



Page 542 VOJINOSANITETSKI PREGLED Vol. 83, No. 9
A 03 -~ B.og s
P . T - e
g P g ~
< 06 . e 3 00 ° /'/

% e z P
< ° - g % e
pY P y P
E B ,/ ° £04 o o T
g P Z ~
ER @ P ®
E 0.2 .' .!/,"“ o o000 P ..' L] L1} ° Té 0.2 ..... /’3/// P .“\ ° .w .. [ ]
E| A e
= o0 ® ®g o ap = - ® ® @ ©
o of -
0 1 2 3 1 ; 10 2 14 16 is %0 p3)
TSH values (mlU/L) 1T4 values (pmeol’L)
D.

40-

301 - e

., . e .
10- ) 7. B
& .
. .
. .

0 1 2 3 4 5 5
TSH values (mlU/L)

N\

Time of IR exposure (years) *
[
(=]

Time of IR exposure (years) °

10 12 14 16 18 20 22
fT4 levels (pmolL)
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Table 5

Morphological thyroid parameters in female nuclear medicine
personnel occupationally exposed to IR and non-exposed controls

Variable EG (n = 45) CG(n=43) p-value'
Ultrasonography findings

normal 20 (44) 33 (77)

nodules 19 (42) 8 (19)

cysts 3(7) 1(2)

hypoechogenicity 3(7) 1(2) 0.022
TIRADS level

TR1 23(51) 34 (79)

TR2 15 (33) 5(12)

TR3 4(9) 3(7)

TR4 2(4) 1(3)

TR5 1(3) 0 (0) 0.073

IR — ionizing radiation; EG — exposed group; n — number of subjects;
CG - control group; TIRADS - Thyroid Imaging, Reporting, and Data
System; TR - thyroid risk. Data are presented as numbers (percentages)

of subjects (for categorical variables).

Note: Tp-value for y?test.

EG compared to CG (*>= 9.630, p = 0.022), whereas the fre-
quency of TIRADS levels exhibited no significant difference
between the groups (> = 8.558, p = 0.073). As shown, the
most frequent TIRADS level we found to be TIRADS1 and
TIRADS?2 (Table 5). Interestingly, among participants with
abnormal thyroid UFs, smoking exposure, expressed as
pack-years index, was higher in CG than in EG [30.0 (7.5-
40.0) vs. 10.2 (0.5-27.0), respectively].

The estimated odds of abnormal UFs development in
female NMP due to OE to IR are shown in Figure 4. As
demonstrated, five risk models were calculated: Model 1
(crude OR1) without any adjustments, Model 2 (OR2) with

age as a confounding factor, and Models 3 to 5 (OR3-5) ad-
justed for covariates from Model 2, hematological parame-
ters, and Syll that were found to be significant. Indeed, ex-
posure to IR significantly increased the odds of abnormal
UFs development (OR1 = 4.12, 95% CI: 1.64-10.35,
p =0.003; OR2 = 4.83, 95% CI: 1.82-12.83, p = 0.002),
which was even more pronounced in Model 3, adjusted to
absolute MoC (OR3 =5.31, 95% Cl: 1.89-14.85, p = 0.001).
Moreover, increased risk was observed in Models 4 and 5,
adjusted for the values of Syll, comprising absolute MoC
(OR4 =4.81, 95% ClI: 1.82-13.05, p = 0.002; OR5 = 4.53,
95% Cl: 1.68-12.16, p = 0.003).
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Discussion

In this study, chronic exposure to low-dose IR in female
NMP was associated with adverse effects on TG and altered
systemic inflammatory response.

Our findings suggest systemic inflammatory response
alteration in occupationally exposed female workers, re-
flected by higher MoC and elevated SIRI, an index inte-
grating neutrophils, monocytes, and lymphocytes. Indeed,
IR exposure can cause various biological effects in cells
and tissues 3 34, These effects can be direct, involving the
damage of molecular components, and indirect, primarily
through the generation of reactive oxygen species. In the
early phase, reactive oxygen species can induce tissue
damage events, even causing changes in cellular signaling
pathways 1% 21-23. 33,34 Plausibly, IR can result in damage-
associated molecular patterns — DAMPs release, contrib-
uting to bone marrow activation through cytokine-
dependent enhancement of bone marrow myelopoiesis, re-
sulting in mobilization of circulating monocytes, reflected
as monocytosis 2% 2% 2635 |n the chronic phase, IR expo-
sure associated with low-grade chronic inflammation
might be reflected by LMR positively correlating with ex-
posure duration 222 36 On the other hand, the observed
positive correlation between LMR and duration of IR ex-
posure, together with a negative correlation of SIRI, sug-
gests a possible adaptive shift in systemic inflammatory
responses % ¥, Moreover, the established correlation with
exposure duration may reflect a “healthy worker survivor”
effect, resulting in a relatively healthier long-term exposed
population. Interestingly, although smoking prevalence
was similar between assessed groups and cumulative
smoking history (expressed as pack-years index) was
higher among smokers and ex-smokers in CG, MoC and
SIRI values were higher in EG. This finding suggests that

Vukovi¢ S, et al. Vojnosanit Pregl 2026; 83(9): 536-546.

smoking exposure alone does not fully account for the ob-
served differences in Syll.

The TG is recognized as a radiosensitive organ suscep-
tible to radiation-induced damage, both directly and through
an oxidative environment. Its heightened vulnerability is
largely attributed to the intrinsic sensitivity of thyroid tissue
to repeated micro-injuries along with repair cycles, particu-
larly under prolonged exposure & 18 Even low-dose expo-
sure may affect thyroid hormone synthesis 4. Our findings
indicated that fT4 values were significantly lower in EG than
in CG, whereas no significant difference was observed in
TSH values. A weak correlation was found between duration
of IR exposure and the investigated hormones, as well as be-
tween the annual effective dose and those hormones. Only
several studies have evaluated the effects of low-dose IR on
thyroid function. The reported findings are inconsistent, part-
ly because different thyroid parameters were assessed [triio-
dothyronine (T3), T4, free T3, or fT4], and because most in-
vestigations included heterogeneous groups of occupational-
ly exposed medical workers rather than specifically
NMP 1438 3 Of note, NMP are among the occupational
groups receiving the highest dose of IR. However, we ob-
served an increase in TSH and a decline in fT4-both
remaining within reference ranges—possibly due to the nega-
tive feedback regulation mechanism of the hypothalamus-
pituitary-thyroid axis. This observation surely requires fur-
ther monitoring to evaluate the risk of developing hypothyro-
sis in such individuals.

The prevalence of TNs in EG and CG was 42% and
19%, respectively. The majority of participants in both
groups exhibited TIRADS 1 and 2 findings, with no signifi-
cant difference in TIRADS category distribution between
groups. TNs are more frequently detected in the female pop-
ulation and are clinically important for several reasons “.
They may cause thyroid dysfunction and compressive symp-
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toms, but they are primarily important because of the need to
exclude thyroid cancer. Although more than 90% of detected
nodules are clinically benign, TNs are clinically important as
they may represent thyroid cancer in approximately 4.0 to
6.5% of cases “*. However, we observed no significant asso-
ciation between ultrasonographic abnormalities and either
annual effective dose or the duration of exposure to IR. In-
deed, the results of multiple studies investigating the associa-
tion between occupational IR exposure and TNs vary signifi-
cantly due to differences in study design, work characteris-
tics, radiation doses, and iodine status 14 3% 4248,

In our study, the chronic IR exposure, specifically in fe-
male NMP, significantly increased the risk of ultrasonographic
changes. Furthermore, after model adjustment to MoC, the as-
sociation between OE and abnormal thyroid UFs was even
more pronounced. Finally, we observed the lack of additional
increase in OR in models adjusted for SIRI or LMR. Overall,
our results suggest that selected hematological parameters and
Syll reflect parallel effects of exposure rather than mediating
thyroid structural changes in this cross-sectional setting. In-
deed, PB MoC and derived indices cannot reliably capture a
possible local macrophage infiltration, differentiation, and po-
larization within thyroid tissue. Therefore, we could not direct-
ly link systemic inflammatory markers to macrophage-driven
fibrotic or angiogenic remodeling in the thyroid, which may re-
quire tissue-level profiling or longitudinal biomarker assess-
ment. However, parallel systemic and thyroid-specific effects
may reflect a shared biological background: the interplay of
chronic oxidative and inflammatory stress ** -2 In perspec-
tive, future mechanistic research could comprise the assessment
of systemic oxidative stress markers in order to explore the re-
dox component of this response, provide complementary bio-
logical context, and accompany inflammatory indices.

Limitations of the study

Some limitations of this study should be addressed.
Firstly, the study was conducted in a female population only,
mainly due to the frequency of female workers in the nuclear
personnel system. The relatively small sample size limited
detailed stratification according to specific job tasks in nu-
clear medicine. External TLD data indicate low effective
doses, but internal exposure was not measured; therefore,
the total thyroid dose may be underestimated. Moreover, the
level of antibodies relevant for thyroid pathophysiology was
not taken into account in this study. Therefore, although par-
ticipants with a self-reported personal history of thyroid dis-
ease were excluded, subclinical or previously unrecognized
autoimmune thyroiditis might contribute to structural and
functional thyroid abnormalities. Moreover, the level of rele-
vant hormones and hematological parameters was analyzed
only once, without any periodic follow-up. Diurnal rhythm
has a pronounced effect that is impossible to control, and in-
dividual variation in lymphocyte radiosensitivity is also
large.

Conclusion

Chronic occupational exposure to low-dose ionizing ra-
diation in female nuclear medicine personnel is linked to
both systemic and thyroid effects, including altered inflam-
matory response indices, lower free thyroxine values within
the reference range, and an increased prevalence of structural
thyroid abnormalities. The findings of this study provide ad-
ditional evidence in the area of occupational exposure to low
doses of ionizing radiation and are therefore interpreted as
associative and hypothesis-generating.

REFERENCES

1. United Nations. UNSCEAR 2020/2021 report volume I:
Sources, effects and risks of ionizing radiation: Report to the
General Assembly with Scientific Annex [Internet]. New York:
UN; 2021 [cited 2026 July 6]. Available from:
https:/ /www.unsceat.org/unscear/en/publications/2020_202
1_1.html

2. UN Scientific Committee on the Effects of Atomic Radiation.
Sources and effects of ionizing radiation. Volume 1: UN-
SCEAR 2008 report to the General Assembly with Scientific
Annexes / United Nations Scientific Committee on the Ef-
fects of Atomic Radiation [Internet]. New York: UN; 2010;
p.  463. [cited 2026 July 6]. Available from:
https:/ /www.unscear.org/unsceat/uploads/documents/uns
cear-reports/ UNSCEAR_2008_Report_Vol.I-CORR.pdf

3. Brudecki K, Kowalska A, Zagrodzki P, Szezodry A, Mroz T, Jan-
owski P, et al. Measurement of 1311 activity in thyroid of nuclear
medical staff and internal dose assessment in a Polish nuclear
medical hospital. Radiat Environ Biophys 2017; 56(1): 19-26.
DOI: 10.1007/s00411-016-0674-1.

4. Kragjewska G, Krajewski P. Evaluation of internal exposure of
nuclear medicine staff working with radioiodine in Poland. Int
J Occup Med Environ Health 2023; 36(5): 587-95. DOI:
10.13075/ijomeh.1896.02136.

5. Lin G, LiY, Zhang H, Zhang X, Lin YY, Wn X0, et al. Thyroid
dose assessments due to inhalation of 13I for nuclear medicine

workers. Front Public Health 2022; 10: 1027782. DOI:
10.3389/fpubh.2022.1027782.

6. Official Gagette of the Republic of Serbia. Law on Radiation and
Nuclear Safety and Security [Internet]. Serbia: Official Ga-
zette of the Republic of Serbia; 2018 [cited 2026 July 6].
Available from: https://www.stbatom.gov.rs/stbatomm/wp-
content/uploads/2020/07/LAW-ON-RADIATION-AND-
NUCLEAR-SAFETY-AND-SECURITY-2.pdf

7. Legal information system of the Republic of Serbia. Rulebook on the
Conditions for Obtaining a License to Perform Radiation Ac-
tivities: 61/2011-67, 101/2016-107, 44/2018-27 (other law),
50/2018-123, 30/2022-64 (other rulebook) [Internet]. Serbia:
Official Gazette of the Republic of Serbia; 2022 [cited 2026 Ju-
ly 6]. Available from: https://pravno-informacioni-sistem
s/ eli/rep/sgrs/drugidrzavniorganiorganizacije/ pravilnik /201
1/61/2 (Serbian)

8. Clement CH, Stewart FA, Akleyev AV, Haner-Jensen M, Hendry
JH, Kleiman NJ, et al. ICRP PUBLICATION 118: ICRP state-
ment on tissue reactions and eatly and late effects of radiation
in normal tissues and organs: threshold doses for tissue reac-
tions in a radiation protection context. Annals of the ICRP
2012; 41(1-2): 322. DOTI: 10.1016/j.icrp.2012.02.001.

9. Imaizumi M, Obishi W, Nakashima E, Sera N, Neriishi K, Yamada
M, et al. Thyroid Dysfunction and Autoimmune Thyroid Dis-
eases Among Atomic Bomb Survivors Exposed in Childhood.

Vukovi¢ S, et al. Vojnosanit Pregl 2026; 83(9): 536—546.


https://www.unscear.org/unscear/en/publications/2020_2021_1.html
https://www.unscear.org/unscear/en/publications/2020_2021_1.html
https://www.unscear.org/unscear/uploads/documents/unscear-reports/UNSCEAR_2008_Report_Vol.I-CORR.pdf
https://www.unscear.org/unscear/uploads/documents/unscear-reports/UNSCEAR_2008_Report_Vol.I-CORR.pdf
https://www.srbatom.gov.rs/srbatomm/wp-content/uploads/2020/07/LAW-ON-RADIATION-AND-NUCLEAR-SAFETY-AND-SECURITY-2.pdf
https://www.srbatom.gov.rs/srbatomm/wp-content/uploads/2020/07/LAW-ON-RADIATION-AND-NUCLEAR-SAFETY-AND-SECURITY-2.pdf
https://www.srbatom.gov.rs/srbatomm/wp-content/uploads/2020/07/LAW-ON-RADIATION-AND-NUCLEAR-SAFETY-AND-SECURITY-2.pdf

Vol. 83, No. 9

VOJNOSANITETSKI PREGLED

Page 545

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

J Clin Endocrinol Metab 2017; 102(7): 2516-24. DOI:
10.1210/j¢.2017-00102.

Pacini F, Vorontsova T, Molinaro E, Shavrova E, Agate 1., Ku-
chinskaya E, et al. Thyroid consequences of the Chernobyl nu-
clear accident. Acta Paediatr 1999; 88(433): 23-7. DOL:
10.1111/§.1651-2227.1999.tb14399 x.

Tsuda T, Tokinobu A, Yamamoto E, Suzuki E. Thyroid Cancer
Detection by Ultrasound Among Residents Ages 18 Years and
Younger in Fukushima, Japan: 2011 to 2014. Epidemiology
2016; 27(3): 316-22. DOI: 10.1097/EDE.0000000000000385.
Berinde GM, Socaciu Al Socacin MA, Cozma A, Rajnoveann AG,
Petre GE, et al. Thyroid Cancer Diagnostics Related to Occu-
pational and Environmental Risk Factors: An Integrated Risk
Assessment Approach. Diagnostics (Basel) 2022; 12(2): 318.
DOI: 10.3390/ diagnostics12020318.

Saenko V', Mitsutake N. Radiation-Related Thyroid Cancer. En-
docr Rev 2024; 45(1): 1-29. DOI: 10.1210/ endrev/bnad022.
Abndreadi A, Andreadi S, Cerilli M, Todaro F, Lagzaroni M,
Lodeserto P, et al. Occupational Radiation Exposure and Thy-
roid Nodules in Healthcare Workers: A Review. Int ] Mol Sci
2025; 26(13): 6522. DOI: 10.3390/1ijms26136522.

QOun H, He C, Xu H, Ren X, Sun X, Xu Y. Occupational radia-
tion exposure and risk of thyroid cancer: A meta-analysis of
cohort studies. Oncol Lett 2024; 28(3): 437. DOL
10.3892/01.2024.14570.

Reiners C, Drozd V', Yamashita S. Hypothyroidism after radia-
tion exposure: brief narrative review. ] Neural Transm 2020;
127(11): 1455-66. DOI: 10.1007/s00702-020-02260-5.

De Luca R, Davis PJ, Lin HY, Gionfra F, Percario ZA, Affabris E,
et al. Thyroid Hormones Interaction With Immune Response,
Inflammation and Non-thyroidal Illness Syndrome. Front Cell
Dev Biol 2021; 8: 614030. DOI: 10.3389/fcell.2020.614030.
Mancini A, Di Segni C, Raimondo S, Olivieri G, Silvestrini A, Mencci
E, et al. Thyroid Hormones, Oxidative Stress, and Inflamma-
tion. Mediators Inflamm 2016; 2016: 6757154. DOLI:
10.1155/2016/6757154.

Baloch Z, Carayon P, Conte-Devolx B, Demers LM, Feldt-Rasmussen
U, Henry JF, et al. Laboratory support for the diagnosis and
monitoring of thyroid disease. Thyroid 2003; 13(1): 3-126.
DOI: 10.1089/105072503321086962.

Russ G, Bonnema S|, Erdogan MF, Durante C, Ngu R, Leenbardt 1..
European Thyroid Association Guidelines for Ultrasound Ma-
lignancy Risk Stratification of Thyroid Nodules in Adults: The
EU-TIRADS. Eur Thyroid ] 2017; 6(5): 225-37. DOI:
10.1159/000478927.

Wei W, Ren Y, Lan ], Yi ], Wang M, Zhang Y, et al. Ionizing ra-
diation: molecular mechanisms, biological effects, and thera-
peutic targets. Mol Biomed 2026; 7(1): 3. DOI:
10.1186/s43556-025-00358-4.

Lummniczky K, Impens N, Armengo! G, Candéias S, Georgakilas AG,
Hornhardt S, et al. Low dose ionizing radiation effects on the
immune system. Environ Int 2021; 149: 106212. DOI:
10.1016/j.envint.2020.106212.

McKelvey KJ, Hudson AL, Back M, Eade T, Diakos CI. Radiation,
inflammation and the immune response in cancer. Mamm Ge-
nome 2018; 29(11-2): 843-65. DOIL: 10.1007/s00335-018-
9777-0.

Deng Y, Zhang |, Zoun G, Li S, Gong Z, Yue G, et al. Peripheral
Blood Inflammatory Markers Can Predict Benign and Malig-
nant Thyroid Nodules. Int ] Endocrinol 2022; 2022: 2319660.
DOI: 10.1155/2022/2319660.

Zhang |, Gong Z, 1i S, Fan P, Yue G, Zon G, et al. The value of
neutrophil-to-lymphocyte ratio combined with the thyroid im-
aging reporting and data system in the diagnosis of the nature
of thyroid nodules. ] Clin Lab Anal 2022; 36(5): €24429. DOI:
10.1002/jcla.24429.

Mikhalkevich N, O’Carroll IP, Tkave R, Lund K, Sukumar G, Dal-
gard CL, et al. Response of human macrophages to gamma ra-

Vukovi¢ S, et al. Vojnosanit Pregl 2026; 83(9): 536-546.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

diation is mediated via expression of endogenous retroviruses.
PLOS  Pathog 2021, 17(2): e1009305.  DOI:
10.1371/journal.ppat.1009305.

Aydin A, Goktas Aydin S, Karci AC. Linking MPV and NLR to
TI-RADS: improved predictive accuracy for thyroid malignan-
cy. Medicine (Baltimore) 2025; 104(19): e42452. DOI:
10.1097/MD.0000000000042452.

Andoni AA, Severin F, Calin A, Mocanu F, Roman 1A, Palade OD,
et al. The Role of Mean Platelet Volume (MPV) in Thyroid
Cancers: A Scoping Review. Medicina (Kaunas) 2026; 62(1):
100. DOTI: 10.3390/medicina62010100.

Janicic A, Petrovic M, Zekovic M, V asilic N, Coric 1/, Milojevic B, et
al. Prognostic Significance of Systemic Inflaimmation Markers
in Testicular and Penile Cancer: A Natrative Review of Cut-

rent Literature. Life (Basel) 2023; 13(3): 600. DOI:
10.3390/1ife13030600.
Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method

of classifying prognostic comorbidity in longitudinal studies:
development and validation. ] Chronic Dis 1987; 40(5): 373—
83. DOI: 10.1016/0021-9681(87)90171-8.

Institute of Public Health of Serbia. National Survey of the Biologi-
cal Impact of Universal Salt Iodisation in the Population of
Serbia 2007 - report [Internet]. Belgrade: UNICEF Belgrade;
2009 [cited 2026 July  7].  Available  from:
https:/ /www.unicef.org/serbia/media/7381/file

Valentin ], editor. The 2007 Recommendations of the Interna-
tional Commission on Radiological Protection. ICRP publica-
ton 103. Ann ICRP 2007; 37(2-4): 1-332. DOLI
10.1016/j.ictp.2007.10.003.

National Research Council. Health Risks from Exposure to Low
Levels of Tonizing Radiation: BEIR VII Phase 2. Washington,
DC: National Academies Press; 2006. p. 422. DOI:
10.17226/11340.

Hall EJ, Giaccia A]J. Radiobiology for the radiologist. 7th ed.
Philadelphia: Lippincott Williams & Wilkins; 2012. p. 576.
Huang Y, Jiang W, Zhou R. DAMP sensing and sterile inflam-
mation: intracellular, intercellular and inter-organ pathways.
Nat Rev Immunol 2024; 24(10): 703-19. DOL
10.1038/s41577-024-01027-3.

Rodel F, Frey B, Gaip! U, Keilholz L, Fournier C, Manda K, et al.
Modulation of Inflammatory Immune Reactions by Low-Dose
Tonizing Radiation: Molecular Mechanisms and Clinical Appli-
cation. Cutr Med Chem 2012; 19(12): 1741-50. DOI:
10.2174/092986712800099866.

Guiéguen Y, Bontemps A, Ebrabimian TG. Adaptive responses to
low doses of radiation or chemicals: their cellular and molecu-
lar mechanisms. Cell Mol Life Sci 2019; 76(7): 1255-73. DOL:
10.1007/s00018-018-2987-5.

Guo OS, Ruan P, Huang WX, Huang DZ, Qin JC. Occupational
Radiation Exposure and Changes in Thyroid Hormones in a
Cohort of Chinese Medical Radiation Workers. Biomed Envi-
ron Sci 2021; 34(4): 282-9. DOL: 10.3967/bes2021.037.
Alawneb K, Alshebabat M, Al-Ewaidat H, Raffee 1, Foribat D,
Khader Y. Asymptomatic Effect of Occupational Radiation
Exposure on Thyroid Gland Hormones and Thyroid Gland
Ultrasonographic Abnormalities. ] Clin Med 2018; 7(4): 72.
DOI: 10.3390/jem7040072.

Mun C, Ming X, Tian Y, Lin Y, Yao M, Ni Y, et al. Mapping
global epidemiology of thyroid nodules among general popula-
tion: A systematic review and meta-analysis. Front Oncol
2022; 12: 1029926. DOI: 10.3389/fonc.2022.1029926.
Popoveniuc G, Jonklaas |. Thyroid Nodules. Med Clin North Am
2012; 96(2): 329-49. DOI: 10.1016/j.mcna.2012.02.002.

Adibi A, Rezazade A, Hovsepian S, Koobi R, Hosseini M. The rela-
tionship between occupational radiation exposure and thyroid
nodules. ] Res Med Sci 2012; 17(5): 434-8.

Cioffi DL, Fontana L, Leso 1/, Dolce P, VVitale R, VVetrani 1, et al.
Low dose ionizing radiation exposure and risk of thyroid func-


https://www.unicef.org/serbia/media/7381/file

Page 546

VOJNOSANITETSKI PREGLED

Vol. 83, No. 9

tional alterations in healthcare workers. Eur ] Radiol 2020;
132: 109279. DOI: 10.1016/j.¢jrad.2020.109279.

44. Antonelli A, Silvano G, Bianchi F, Gambuzza C, Tana L, Salvioni
G, et al. Risk of thyroid nodules in subjects occupationally ex-
posed to radiation: a cross sectional study. Occup Environ
Med 1995; 52(8): 500-4. DOI: 10.1136/0em.52.8.500.

45. Antonelli A, Silvano G, Cambuzza C, Bianchi F, Tana L, Baschieri
L. Is Occupationally Induced Exposure to Radiation a Risk
Factor for Thyroid Nodule Formation? Arch Environ Health
1996; 51(3): 177-80. DOI: 10.1080/00039896.1996.9936013.

46. Vimercati 1., De Maria 1., Mansi F, Caputi A, Ferri GM, Luisi 17,
et al. Prevalence of Thyroid Diseases in an Occupationally Ra-
diation Exposed Group: A Cross-Sectional Study in a Univer-
sity Hospital of Southern Italy. Endocr Metab Immune Disord
- Drug  Targets 2019;  19(6):  803-8. DOL
10.2174/1871530318666181102114627.

47. Violante FS, Romano P, Bonfiglioli R, Lodi V', Missere M, Martioli
S, et al. Lack of association between occupational radiation
exposute and thyroid nodules in healthcare personnel. Int
Arch Occup Environ Health 2003; 76(7): 529-32. DOI:
10.1007/500420-003-0443-8.

48. Trerotoli P, Ciampolillo A, Marinelli G, Giorgino R, Serio G. Preva-
lence of thyroid nodules in an occupationally radiation ex-
posed group: a cross sectional study in an area with mild io-
dine deficiency. BMC Public Health 2005; 5: 73. DOL
10.1186/1471-2458-5-73.

Received on April 29, 2026
Revised on June 2, 2026
Revised on July 3, 2026
Accepted on July 8, 2026
Online First September 2026

Vukovi¢ S, et al. Vojnosanit Pregl 2026; 83(9): 536—546.



Vojnosanit Pregl 2026; 83(9): 547-556.

VOJNOSANITETSKI PREGLED

Page 547

ORIGINAL ARTICLE
(CC BY-SA) 28

TETg
! .\A.

UDC: 616.831-005.1-036.82:615.8
DOI: https://doi.org/10.2298/VVSP251112049S

Effect of adding chair-based group exercises to conventional
rehabilitation on fear of falling after stroke: a systematically allocated

controlled study

Uticaj dodavanja grupa vezbi sa stolicom konvencionalnoj rehabilitaciji na strah
od pada posle mozdanog udara: kontrolisana studija sa sistematskom

raspodelom ispitanika

Vesna Samardzi¢

University of Montenegro, Faculty of Medicine, Podgorica, Montenegro

Abstract

Background/Aim. Most patients who survive a stroke
develop a fear of falling (FoF). The aim of this study was
to evaluate the effects of conventional rehabilitation (CR)
alone as well as of CR combined with chair-based group
exercises on FoF in patients after a stroke. Methods. A
total of 86 post-stroke patients were systematically allo-
cated to two groups: a control group (CG) and a treat-
ment group (TG); both underwent 3 weeks of inpatient
rehabilitation. While CG received CR only, TG, in addi-
tion to CR, also participated in a program of chair-based
group exercises. The Fall Efficacy Scale — International
(FES-I) was used to measure FoF. Functional mobility
was assessed using the Timed Up and Go (TUG) test. To
evaluate the impact of therapeutic interventions on pa-
tients’ functionality, their independence in activities of
daily living (ADLs) was examined. The evaluations were
performed at baseline and after rehabilitation, on dis-
charge. Results. Following 3 weeks of interventions,

Apstrakt

Uvod/Cilj. Veéina prezivelih bolesnika posle mozdanog
udara razvije strah od pada (fear of falling — FoF). Cilj rada bio
je da se procene efekti same konvencionalne rehabilitacije
(comventional rehabilitation — CR), kao i CR kombinovane sa
grupnim vezbama sa stolicom, na FoF kod bolesnika nakon
mozdanog udara. Metode. Ukupno 86 bolesnika posle
mozdanog udara sistematski je rasporedeno u dve grupe:
kontrolnu grupu (KG) i terapijsku grupu (T'G); bolesnici
obe grupe bili su podvrgnuti stacionarnoj rehabilitaciji
tokom 3 nedelje. Dok je KG bila podvrgnuta samo CR, TG
je, pored CR, ucestvovala i u programu grupa vezbi sa
stolicama. Za merenje Fol koris¢ena je skala Fall Efficacy
Scale —  International (FES-I). TFunkcionalna mobilnost
procenjivana je pomocu testa Timed Up and Go (TUG). Da

both groups showed significant improvement, suggesting
that the interventions wete effective. According to the
FES-1I, FoF decteased in both groups: by 4.63 £ 1.98
[95% confidence interval (CI): 1.81-7.44; r = 3.316;
»=0.002] in CG, and by 10.07 £ 1.08 (95% CI: 6.97—
13.17; # = 6.550; p = 0.001) in TG. Post-rehabilitation,
both groups showed significant improvements in the time
of the TUG test: CG improved by 2.83 + 1.23 s (95% CI:
1.53-4.14; # = 4.391; p = 0.001), while TG had a greater
improvement of 4.95 £ 1.86 s (95% CI: 3.14-6.75;
t=15.534; p = 0.001). Furthermore, a more significant
improvement in ADLs was observed in TG than in CG.
Conclusion. Chair-based group exercises, as an addition
to CR, are effective in decreasing FoF, improving func-
tional mobility, and increasing patient independence in

ADLs.

Keywords:
accidental falls; fear; postural balance; rehabilitation;
stroke; treatment outcome.

bi se procenio uticaj terapijskih intervencija na
funkcionalnost bolesnika, ispitana je njthova nezavisnost u
svakodnevnim aktivnostima (activities of daily living — ADLs).
Procene su sprovedene na pocetku rehabilitacije 1 posle nje,
pri otpustu. Rezultati. Nakon 3 nedelje intervencija,
nadeno je znacajno poboljsanje u obe grupe, sto ukazuje na
to da su intervencije bile efikasne. Prema FES-I, FoF je bio
smanjen u obe grupe: za 4,63 * 1,98 [95% confidence interval
(CD): 1,81-7,44; 1= 3,316; p = 0,002] u KG i za 10,07 £ 1,08
(95% CI: 6,97-13,17; ¢+ = 6,550; p = 0,001) u TG. Posle
rehabilitacije, znacajno poboljsanje u vremenu TUG testa
nadeno je u obe grupe: u KG za 2,83 £ 1,23 s (95% CI:
1,53-4,14; + = 4,391; p = 0,001), dok je u TG nadeno
znacajnije poboljsanje od 4,95 * 1,86 s (95% CI: 3,14-6,75;
t = 5,534; p = 0,001). Takode, primeceno je znacajnije
poboljsanje u ADLs u TG u poredenju sa KG. Zakljucak.
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Program grupa vezbi sa stolicama je, kao dodatak CR,
efikasan u smanjenju FoF, poboljsanju funkcionalne
mobilnosti i povec¢anju samostalnosti bolesnika u ADLs.

Kljucne reci:
nesrec¢ni padovi; strah; ravnoteZa; rehabilitacija;
mozdani udar; leCenje, ishod.

Introduction

Stroke is one of the leading causes of death and disabil-
ity worldwide, resulting in numerous long-term consequenc-
es in the form of neurological and motor impairments *. In
addition to motor deficits, many survivors develop a fear of
falling (FoF) after stroke. FoF is a multi-faceted health and
psychological issue characterized by reduced confidence in
maintaining balance during activities of daily living (ADLS),
as well as by excessive concern about falling 2. Numerous
factors contribute to the development of FoF after a stroke,
including poor balance, physical inactivity, muscular weak-
ness, spasticity, a history of previous falls, perceptual and
visual deficits, medication side effects, and reliance on assis-
tive devices 2. Several studies have shown that FoF is direct-
ly associated with baseline balance disorders, impaired func-
tional mobility, and restricted community reintegration *.
Furthermore, FoF has been identified as a critical risk factor
for future falls in neurological patients and is negatively cor-
related with health-related quality of life after stroke 5 °.

Research indicates that nearly 90% of individuals de-
velop FoF following a fall. This psychological barrier often
leads to a self-imposed restriction of physical activity as a
protective measure. However, this reduction in movement
paradoxically results in physical deconditioning, which ulti-
mately increases the objective risk of future falls. Conse-
quently, FoF is strongly linked to progressive activity limita-
tion, a decline in physical and cognitive functions, and re-
duced overall quality of life 7.

Targeted physical exercise that improves balance and
walking capacity has been shown to successfully reduce FoF
in stroke survivors #. For instance, circuit-based training con-
sisting of a combination of walking, balance, and strengthen-
ing exercises, as well as structured walking programs, effec-
tively reduces FoF and improves self-confidence in post-
stroke patients 8. Group exercises (GE), particularly task-
oriented balance training combined with cognitive behavioral
therapy, simultaneously reduce FoF and enhance long-term
balance confidence after stroke *.

The aim of this study was to evaluate the effects of
combined treatment on FoF in patients after stroke. The
treatment included a program of GE with chairs in addition
to conventional rehabilitation (CR), as well as CR alone.

Methods

Study design

This single-blinded, systematically allocated controlled
study was conducted between November 2020 and July 2021
at the Institute for Physical Medicine, Rehabilitation, and
Rheumatology “Dr. Simo Milosevi¢”, Igalo, Montenegro.

The healthcare system of Montenegro provides patients with
a three-week inpatient rehabilitation program following a
stroke. All patients admitted for their first rehabilitation after
a stroke during the study period, who met the inclusion crite-
ria, were included in the study. The time elapsed since the
stroke was registered, but it was not used as an inclusion cri-
terion.

Ethics approval

The study protocol was approved by the Ethics Com-
mittee of the Faculty of Health Studies at the University of
Sarajevo, Sarajevo, Bosnia and Herzegovina (No. 04-7-
99/20, from July 27, 2020) and conducted in accordance with
the principles of the Declaration of Helsinki. Following the
approval of the University of Sarajevo Senate by decision
01-23-123/20 on October 28, 2020, institutional consent (No.
01/1-2915) was granted on November 3, 2020, to conduct
the research at the Institute for Physical Medicine, Rehabili-
tation, and Rheumatology “Dr. Simo MiloSevi¢” in Igalo.
Written informed consent was obtained from each patient.

Participants and group allocation

A total of 86 stroke patients were allocated into two
equal groups: control group (CG) and treatment group (TG).
Patients in CG (n = 43) underwent CR, while patients in TG
(n = 43) underwent a program of chair-based GE in addition
to CR. This study utilized a pseudo-randomized, parallel-
group design with a 1 : 1 allocation ratio. Group assignments
were determined systematically based on patients’ chrono-
logical sequence of admission and clinical examination by
the physiatrist. To manage this process, an independent assis-
tant prepared ten numbered envelopes in advance. Following
the medical evaluation and formal enrollment of a batch of
new patients, the physiatrist provided the assistant with the
sequential list of examined participants. The assistant then
sorted the patients into the envelopes on an alternating basis,
allocating odd-numbered admission sequences to TG and
even-numbered sequences to CG. While allocation was con-
cealed from the primary researcher until enrollment was
complete, the nature of the physical therapy interventions
prevented the blinding of patients and the treating physio-
therapist after the baseline assessment.

Inclusion criteria

The study enrolled patients of both genders with a clini-
cal diagnosis of stroke who met specific physical and cogni-
tive criteria. To participate, patients had to be enrolled in an
inpatient stroke rehabilitation program and mobile: able to
walk at least 10 m with or without a walking aid and able to
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stand for 10 min independently or hold onto the back of a
chair. They also had to be able to perform exercises in a
standing position (with or without holding onto the back of a
chair), answer questionnaires, and provide informed con-
sent °.

Exclusion criteria

Patients were excluded if they were not enrolled in in-
patient rehabilitation, were unable to walk 10 m (with or
without aids), were unable to stand independently or with
support for 10 min, were unable to perform exercises in a
standing position, or were unable to complete the question-
naire or provide informed consent. Additionally, patients
with severe cognitive impairment and major comorbidities
were excluded. Conditions with International Classification
of Diseases, 10" Revision (ICD-10) codes FO6 (Mental dis-
orders due to brain damage and dysfunction and physical
disease) and FO3 (Dementia) were considered serious cogni-
tive impairments. The presence of unstable cardiovascular
disease was considered a major comorbidity. The decision to
exclude or include patients in the research was made by at-
tending physiatrists after the initial medical assessment but
before the start of the rehabilitation program. The only eval-
uation tool used in the decision was a medical examination.

The sample size was determined by the timeline of the
author’s PhD program and was also influenced by the epi-
demiological situation of the coronavirus disease 2019
(COVID-19) pandemic. Sample size was not formally calcu-
lated. This pseudo-randomized trial was not prospectively
registered in a public repository.

Assessment and data collection

The medical history and demographic information of all
patients were collected from facility medical records and via
self-report (with permission from the department and in-
formed consent from the participants).

The Falls Efficacy Scale — International (FES-I), a 16-
item questionnaire, was used to assess perceived confidence
in performing various domestic and social activities. The
FES-1 questionnaire has not yet been linguistically or cross-
culturally validated for stroke patients within the partici-
pants’ specific speaking area. However, the FES-I has
demonstrated a good discriminatory ability to differentiate
fallers from non-fallers in chronic and subacute post-stroke
patients 11, Participants rate their concern on a scale of 1-
4, yielding total scores ranging from 16 to 64, with higher
scores indicating lower self-efficacy. In this study, the ques-
tionnaires were administered to patients as structured inter-
views.

Given that concern about falling and the risk of falling
are closely associated with parameters of balance and func-
tional mobility in stroke survivors, we used the Timed Up
and Go (TUG) test for evaluation. The TUG test is a brief as-
sessment tool for functional mobility and falls risk in elderly
or post-stroke patients. It requires the subject to stand up
from the chair, walk 3 m, turn around, return, and sit back
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down on the chair. Activities such as standing, walking, and
sitting are among the most affected in stroke patients and are
critical for daily life. The test is reliable and valid for quanti-
fying functional mobility, making it useful for monitoring
changes in the subject’s condition over time 2. For testing,
we used a stopwatch, a chair with a standard backrest, and a
3-m-long path marked on the floor. The test was performed
twice, and we registered the second result. This test has been
applied in several studies to assess balance, functional mobil-
ity, and the risk of falling after a stroke %4,

Questions about ADLs are valid and reliable tools for
screening stroke patients for functional dependency. Specific
ADLs, such as walking, bathing, and dressing, have shown
good sensitivity and specificity in identifying different levels
of dependency in older adults *°. We classified the basic
ADLs (feeding, continence, transferring, toileting, dressing,
and bathing), which are numerically assessed by the Katz In-
dex of Independence, into three categories: “independent”,
“dependent only with bathing”, or “dependent in all activi-
ties™ 16,

The use of a cane when walking on a flat surface-both
before and after rehabilitation in a hospital environment-was
registered by observation. Patients were classified into one of
the three categories: “does not use a cane”, “uses a cane”, or
“uses a cane with a wide base of support”.

Exercise program

Both CG and TG participated in an inpatient CR pro-
gram consisting of four components: individual exercise ses-
sions (45 min) focusing on strengthening, flexibility, and
walking; manual massage; occupational therapy (30 min);
and physical modalities. The standard rehabilitation program
was applied 5 times a week on weekdays. On those same
days, TG received an additional 30-min chair exercise pro-
gram. During the first 20 min of this program, patients per-
formed exercises while sitting in chairs. During the final 10
min, patients performed exercises in a standing position, with
safety measures provided by standing between chairs and the
wall. This program included a combination of flexibility,
bodyweight resistance strengthening, coordination, and static
and dynamic balance exercises.

The chair exercise program was individually adapted to
each patient. For example, the chair stand-up exercise was
performed with or without arm support, according to the sub-
jects’ abilities. If a patient was unable to fully stand up and
sit down, it was sufficient to simply separate their buttocks
from the chair, using their hands. Some patients practiced
maintaining balance in a unipodal stance, while others prac-
ticed maintaining more stable positions. The patients repeat-
ed each exercise a maximum of 10 times. In case of insuffi-
cient endurance, the patients repeated the exercise as many
times as they could.

Exercises were performed daily with increased repeti-
tions, longer standing times, and increased reach or stride
length, based on individual tolerance. Chairs were arranged
in a semicircle to allow therapists to easily demonstrate,
monitor, and correct the participants’ performance.
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Statistical analysis

Statistical analysis was performed using SPSS Statistics
version 20.0. Descriptive statistics were used to express data
in arithmetic mean + standard deviation for two groups.
Analysis of categorical variables was performed using Pear-
son’s y2-test. A one-way analysis of variance test (ANOVA)
was utilized to evaluate the homogeneity of the groups at
baseline and to compare the post-intervention means be-
tween the two examined groups. A paired t-test was used to
compare scores for each group before and after rehabilita-
tion. A mixed-design ANOVA was used to evaluate the in-
teraction effect between time (before and after rehabilitation)
and the groups (CG and TG) to determine whether TG
achieved a significantly greater magnitude of improvement
than CG. To evaluate the influence of baseline independent
variables on the primary outcome measure (FES-I and TUG
test scores) at discharge, separate multiple linear regression
analyses were conducted for both CG and TG. Statistical
significance for the individual predictors was assessed using

t-tests, reporting both unstandardized coefficients (B) with
95% confidence intervals (Cl) and standardized coefficients
(B). The threshold for statistical significance was set a priori
ata = 0.05.

Results

In our research, we included 86 patients enrolled in
stroke rehabilitation. The period that passed from the last
stroke to arrival at the rehabilitation was registered. In CG,
4.30 + 2.13 months had elapsed since stroke onset, com-
pared to 4.67 + 2.50 months in TG. Applying the ANOVA
test, no statistically significant difference was found be-
tween the examined groups in the length of the period from
the last stroke to the beginning of rehabilitation (F = 0.541;
p =0.464) (Table 1).

Data analysis found no statistically significant differ-
ences between CG and TG in terms of age, gender, employ-
ment status, cause of stroke, living arrangement, and number
of strokes (Tables 1 and 2).

Table 1
Age of respondents and time elapsed since last stroke according to the group

Parameters Mean = SD SEM 95% ClI Min-Max F p-value
Age of respondents, years

CG 64.79 £9.21 1.40 61.95-67.62 38.00-79.00 1371 0245

TG 66.97 £ 8.96 1.23 64.49-69.45 45.00-81.00 ' '
Time elapsed since last stroke, months

CG 430+2.13 0.32 3.65-4.96 1.50-10.00

TG 4.67 £ 2.50 0.38 3.90-5.45 0.80-1200 0541 0464

SD - standard deviation; SEM - standard error of the mean; Cl — confidence interval; Min — minimum;
Max — maximum; CG — control group; TG — treatment group.
Note: Both groups had equal respondents (number of respondents = 43).

Table 2

Demographic characteristics and stroke-related characteristics
of respondents according to group (CG vs. TG)

- Groups 2 }
Characteristics cG TG Total x p-value
Gender

male 23(535) 22(51.2)  45(52.3)

female 20 (465) 21(488) 41(ar7) 0047 0500
Strokes, number

one 40(93.0) 38(884) 78(90.7) (545 0.356

two 3(7.0) 5(11.6) 8(9.3) ' '
Stroke, cause

ischemia 38 (88.4) 35(81.4) 73 (84.9) 0.806 0.274

hemorrhage 5(11.6) 8 (18.6) 13 (15.1) ' '
Employment status

employed 7 (16.3) 5 (11.6) 12 (14.0)

unemployed 9 (20.9) 8(186)  17(19.8)  0.544 0.461

retired 27 (62.8) 30(69.8) 57 (66.3)
Living arrangement

alone 11 (25.6) 7 (16.3) 18 (20.9)

with family 32(744) 36(837) 68(791) 132 0214

CG - control group; TG - treatment group.
All values are given as numbers (percentages).
Note: Both groups had equal respondents (number of respondents = 43).
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The average FES-1 score at admission was 33.51 +
14.21 for CG and 38.00 £ 15.13 for TG. The one-way
ANOVA test showed no statistically significant difference
between the two groups at admission (F = 2.010, p = 0.160).
On discharge, the average FES-I score was 28.88 + 11.78 for
CG and 27.93 + 12,51 for TG. The one-way ANOVA test
found no statistically significant difference between the dis-
charge scores of the two groups (F = 0.132, p = 0.717). Fol-
lowing rehabilitation, a significant within-group reduction in
FoF was observed in both cohorts. FES-1 scores decreased by
a mean of 4.63 points in CG (t = 3.316, p = 0.002; 95% ClI:
1.81-7.44) and by a mean of 10.07 points in TG (t = 6.550,
p = 0.001; 95% ClI: 6.97-13.17). The mixed-design ANOVA
revealed a statistically significant group-time interaction ef-
fect [F (1.84) = 7.15, p = 0.009]. While both groups demon-
strated significant individual progress, TG achieved a signif-
icantly greater magnitude of improvement over time com-
pared to CG (mean difference in change scores = 5.44; 95%
Cl: 1.30-9.58; p = 0.009) (Table 3).

The average TUG score at admission was 15.55 + 10.11
s for CG and 15.96 £ 10.21 s for TG. The one-way ANOVA
test showed no statistically significant difference between the
two groups at admission (F = 0.034, p = 0.855). On discharge,
the average TUG score for CG was 12.72 + 7.71 s, and for TG,
it was 11.00 + 6.01 s. The one-way ANOVA test found no sta-
tistically significant difference between the discharge scores of
the two groups (F = 1.320, p = 0.254). Following rehabilita-
tion, a significant within-group improvement in functional
mobility was observed in both cohorts. TUG scores decreased
by a mean of 2.83 s in CG (t = 4.391; p = 0.001; 95% CI:
1.53-4.14) and by a mean of 4.95 s in TG (t = 5.534;
p =0.001; 95% CI: 3.14-6.75). The mixed-design ANOVA
revealed a statistically significant group-time interaction effect
[F (1.84) = 6.74, p = 0.011]. While both groups demonstrated
significant individual recovery, TG achieved a significantly
greater magnitude of functional mobility improvement over
time compared to CG (mean difference in change
scores = 2.12 s; 95% CI: 0.49-3.75; p = 0.011) (Table 4).

Table 3
Comparison of average values of the FES-I score before and after rehabilitation between examined groups
Variable Mean + SD SEM 95% ClI Min-Max F p-value
FES-I
before rehabilitation
CG 33.51+14.21 2.17 29.14-37.89 16-64
TG 38.00 £15.13 2.31 33.34-42.66 16-62 2.010 0.160
after rehabilitation
CG 28.88 +11.78 1.80 25.26-32.51 16-58
TG 27.93+12.51 1.91 24.08-31.78 16-57 0.132 0.717
Mean + SD SEM 95% ClI t-test” df p-value
FES-I before-after
CG 4.63+1.98 1.40 1.81-7.44 3.316 42 0.002
TG 10.07 £ 1.08 1.54 6.97-13.17 6.550 42 0.001
Group-time interaction (mixed ANOVA) F=7.15 1.84 0.009

FES-1 — Fall Efficacy Scale — International; SD - standard deviation; SEM - standard error of the mean; CI — confidence
interval; Min — minimum; Max — maximum; CG - control group; TG - treatment group; df — degrees of freedom;

ANOVA - analysis of variance.

Note: " Paired t-test. Both groups had equal respondents (number of respondents = 43).

Table 4
Comparisons of average values of the TUG score before and after rehabilitation between examined groups
Variable Mean + SD SEM 95% ClI Min—Max F p-value
TUG, s
before rehabilitation
CG 1555 +10.11 1.54 12.44-18.67 6.40-52.20
TG 15.96 + 10.21 1.56 12.81-19.10 6.30-6220 0034 08%
after rehabilitation
CG 1272 £7.71 1.18 10.34-15.09 6.00-38.70
TG 11.00 £6.01 0.92 9.16-12.85 4.50-40.10 1.320 0.254
Mean = SD SEM 95% Cl t-test” df p-value
TUG, s; before—after
CG 2.83+1.23 0.64 1.53-4.14 4.391 42 0.001
TG 4.95+1.86 0.89 3.14-6.75 5.534 42 0.001
Group-time interaction (mixed ANOVA) F=6.74 1.84 0.0011

TUG - Timed Up and Go; CG - control group; TG — treatment group; SD - standard deviation; SEM - standard error
of the mean; CI - confidence interval; df — degrees of freedom; ANOVA - analysis of variance.

Note: * Paired t-test. Both groups had equal respondents (number of respondents = 43).
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A multiple linear regression analysis was conducted to
evaluate the influence of demographic and clinical variables
(gender, age, stroke number, time, diagnosis, and cause) on
the outcome measure for both CG and TG at discharge. Sta-
tistical significance was assessed using the t-test for un-
standardized coefficients (B) and standardized coefficients
(B), with a 95% CI. Apart from the rehabilitation therapy, no
other independent variables significantly influenced the dis-
charge FES-I scores in either CG or TG (Table 5). In CG,
the regression model revealed that patient age was a statisti-
cally significant predictor of post-rehabilitation TUG times
(B = 0.340; t = 2.26; p = 0.030). The positive coefficient
(B = 0.284) indicates that older age was significantly asso-
ciated with longer TUG execution times after rehabilitation.
The regression model for TG yielded no statistically signifi-

cant predictors of post-rehabilitation functional mobility
(Table 6).

Following rehabilitation, both groups experienced en-
hanced independence in performing ADLs. In CG, the humber
of subjects independent in all activities increased from 27 to 31.
In TG, the number of subjects independent in all activities in-
creased from 26 to 34 (Table 7). The improvement in TG was
statistically significant compared to CG (y*>= 5.743; p = 0.048).

We analyzed the impact of interventions on the use of
a walking cane. The use of a walking cane in CG remained
unchanged, with 29 participants. In TG, the number of par-
ticipants walking independently without a cane increased
significantly from 21 to 26 participants after rehabilitation
(Table7). The improvement in TG was statistically signifi-
cantly better than in CG (*= 6.516; p = 0.038).

Table 5
The influence of the independent research variables
on the dependent variable FES-I in the examined groups after rehabilitation
Groups/Variable B SE B t-test p-value 95% ClI for B
CG
(constant) 25.600 17.343 - 1.476 0.149 -9.574-60.77
gender 0.102 3.834 0.004 0.027 0.979 -7.675-7.878
age -0.212 0.208 -0.166 -1.02 0.314 -0.635-0.210
stroke number 10.377 7.620 0.227 1.362 0.182 -5.077-25.83
time 1.162 0.894 0.211 1.299 0.202 -0.652-2.976
diagnosis -0.633 2.870 -0.036 -0.221 0.827 -6.454-5.187
cause 1.589 5.813 0.044 0.273 0.786 -10.20-13.37
TG
(constant) 14.154 27.204 - 0.520 0.606 -41.01-69.32
gender -0.816 4.144 -0.033 -0.197 0.845 -9.220-7.588
age 0.154 0.292 0.099 0.529 0.600 -0.437-0.746
stroke number 5.594 6.639 0.145 0.843 0.405 -7.870-19.05
g.me _ -0.904 0.878 -0.181 -1.03 0.310 -2.685-0.877
C;?Jgszos's 1.682 3.367 0.087 0.500 0.620 -5.146-8.510
-0.276 6.063 -0.009 0.045 0.964 -12.57-12.02
FES-1 — Falls Efficacy Scale — International; SE — standard error; Cl — confidence interval; CG - control group;

TG - treatment group.

Table 6
The influence of the independent research variables on the dependent variable
TUG test score in the examined groups after rehabilitation

Groups/Variable B SE B t-test p-value 95% ClI for B

CG
(constant) 19.172 10.462 - 1.832 0.075 -2.047-40.39
gender 2.802 2.313 0.184 1.211 0.234 -1.889-7.493
age 0.284 0.126 0.340 2.26 0.030 0.539-0.030
stroke number 1.381 4.597 0.046 0.301 0.766 -7.941-10.70
time 0.594 0.540 0.165 1.100 0.278 -0.501-1.688
diagnosis -0.780 1.731 -0.067 -0.450 0.655 -4.291-2.732
cause 4517 3.507 0.190 1.288 0.206 -2.594-11.62

TG
(constant) 20.368 13.020 - 1.564 0.126 -6.038-46.77
gender -0.350 1.983 -0.029 -0.176 0.861 -4.372-3.672
age -0.034 0.140 -0.045 -0.024 0.811 -0.317-0.249
stroke number -1.422 3.178 -0.077 -0.448 0.657 -7.867-5.022
time 0.237 0.420 -0.099 0.564 0.576 -1.089-0.616
2;93203'3 0.146 1.611 -0.016 -0.090 0.928 -3.414-3.122
-3.067 2.902 -0.201 -1.05 0.298 -8.953-2.818

TUG - Timed Up and Go; SE - standard error; CI — confidence interval; CG - control group; TG - treatment group.
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Table 7
Ability to perform ADLs and use of walking aids
among examined groups before and after rehabilitation
. CG (n=43) TG (n=43)
Variable before after before after
ADLs
independent 27 31 26 34
dependent only with bathing 12 8 12 9
dependent in all activities 4 4 5 0
Use of walking aids
does not use a cane 29 29 21 26
uses a cane 3 3 16 11
uses a cane with a wide base of support 11 11 6 6
ADLs — activities of daily living; CG - control group; n — number of respondents;
TG - treatment group.
All values are given as numbers.
Discussion ment, ensuring the findings apply to a more complex, clinical

The current study investigated the efficacy of adding
chair-based GE to CR in reducing FoF among stroke pa-
tients. The chair-based balance exercises introduced a novel
group methodology to stroke rehabilitation. Based on current
research, expert opinions, and established guidelines, the
program promoted a range of activities in sitting, standing,
and upright positions necessary for daily functioning ¥-%°,

The findings of this study may indicate that integrating
chair-based GE into CR protocols significantly enhances the
reduction of FoF in stroke patients. While both groups
showed improvement, the reduction in FES-I scores in TG
(10.07 + 1.08) was more than double that observed in CG
(4.63 £ 1.98). This suggests that chair-based GE may signifi-
cantly reduce FoF. These results align with previous research
indicating that multidimensional interventions are more ef-
fective for managing post-stroke FoF than physical therapy
alone 2> 2!, Combining body weight-supported treadmill
training with CR yielded significantly better outcomes than
either treatment in isolation 22, Similarly, a randomized con-
trolled clinical trial by Gunduz et al. 2® concluded that com-
bined treatments in subacute and chronic stroke rehabilita-
tion enhance balance and reduce FoF more effectively than
isolated approaches, specifically when comparing robot-
assisted gait training plus traditional balance training against
traditional training alone. Hung et al. 2 compared the effects
of video games vs. conventional weight-bearing training and
found that both groups showed improved FoF outcomes at a
three-month follow-up. In contrast to these high-tech inter-
ventions, our research highlights the benefits of chair-based
GE, which are cost-effective, easy to implement, and require
minimal resources.

A primary limitation of this study is the heterogeneity
of the patient sample regarding time since stroke onset. Our
study included patients in both subacute and chronic phases,
which may have influenced the magnitude of the observed
effects. Literature consistently emphasizes that the most sig-
nificant gains in functional recovery typically occur during
the subacute phase * 2> %, By including a broader demo-
graphic, our study avoids creating an “artificial” environ-

Samardzi¢ V. Vojnosanit Pregl 2026; 83(9): 547-556.

population. This approach may enhance the external validity
of our findings, demonstrating that chair-based GE remain a
viable intervention for reducing FoF, even in the later stages
of recovery. However, because the participants were at vastly
different points in their recovery trajectories, these results
cannot be generalized to a specific post-stroke population
without further stratified research.

Functional mobility was measured using the TUG test.
The non-significant baseline differences in both FES-I and
TUG scores indicate that groups were well-matched in terms
of both subjective FoF and objective functional mobility, en-
suring that any subsequent improvements can be attributed to
the intervention rather than initial disparities. While both
groups improved with rehabilitation, results demonstrated
that the combined treatment protocol yielded a significantly
greater reduction in TUG time (4.95 + 1.86 s) than the stand-
ard rehabilitation (2.83 £ 1.23 s). While both improvements
were statistically significant, their clinical relevance is best
interpreted through the Minimal Clinically Important Differ-
ence (MCID) typically cited as 2-3 s for the TUG test in
similar populations 27 %,

The significant between-group difference (0.011) is not
merely a statistical artifact; the 2.12 s advantage in TG is
roughly equivalent to a full MCID unit. Notably, the 95% CI
for TG (3.14-6.75) remains entirely above the 3-s MCID
ceiling, whereas the lower bound for CG (1.53) falls below
the 2-s floor. Clinically, the 4.95-s reduction in TG repre-
sents a more robust improvement in functional mobility.
These results suggest that a combined approach more effec-
tively moves patients toward functional mobility.

While CR remains the most practical and accessible op-
tion for stroke recovery ?°, our findings align with current
trends emphasizing multimodal post-stroke rehabilitation .
Recent studies indicate that mobility and functional recovery
are most effectively enhanced through a combination of di-
verse treatment components %, including specialized vestibu-
lar and dual-task training * and advanced technology such as
exoskeleton robot-assisted walking 3. The superior results in
our TG suggest that chair-based GE may serve as a safe and
effective addition to standard rehabilitation. This integrated
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approach likely addresses functional mobility more compre-
hensively than standard rehabilitation alone.

Our data may suggest that the quality and effectiveness
of rehabilitation interventions contribute meaningfully to im-
provements in balance confidence and functional mobility,
irrespective of individual demographic or clinical factors
such as age, diagnosis, or stroke history. Exploratory multi-
ple linear regression models revealed that baseline demo-
graphic and clinical covariates generally did not predict post-
rehabilitation outcomes, suggesting that the benefits of the
intervention operate independently of factors like gender,
stroke frequency, or injury etiology. Notably, advanced age
was significantly linked to slower mobility recovery within
CG (p = 0.030), whereas this negative age effect was entirely
absent in TG (p = 0.811). This may indicate that the treat-
ment protocol effectively mitigates standard age-related bar-
riers to neurological and functional recovery. However, giv-
en the statistical constraints of the regression models (n = 86
total; n = 43 per group), these predictive insights must be in-
terpreted with strict caution due to the localized risk of over-
fitting. While the treatment framework stands out as a highly
effective intervention for accelerating motor confidence and
gait speed, multi-center trials with larger sample populations
are required to definitively validate these exploratory predic-
tive pathways.

The results of this study confirmed that combined
treatment significantly boosts ADLs performance and reduc-
es reliance on walking aids, aligning with previous findings
by Bjélkefur et al. 3 and Kazmierczak et al. *. The success
observed in TG may be attributed to the functional design of
chair-based exercises. By practicing simulated ADLs (reach-
ing, bending, and weight transfer), patients enhance the skills
essential for regaining independence in daily life.

Addressing the psychological barrier, FoF is crucial as
physical rehabilitation for stroke survivors. Chair-based GE
offer a practical, resource-efficient, and scalable solution for
busy inpatient wards, serving to bridge the gap between in-
tensive therapy and functional self-reliance. While these in-
terventions show significant immediate promise in boosting
patient confidence and safety, further longitudinal research is
essential to confirm the long-term durability of these gains
and their impact on permanent functional independence.

A primary strength of this research lies in the imple-
mentation of a chair-based GE program, which provided a
safe and inclusive framework for the participants. Further-
more, despite sample-related methodological constraints,
systematic group allocation achieved baseline homogeneity

across key variables—such as initial physical function—
supporting internal comparability between the examined
groups.

Limitations of the study

Although the study design and data analysis were
planned prior to data collection, a limitation of our research
is the lack of prospective trial registration. Furthermore, the
findings of this study should be interpreted with regard to
several additional limitations. First, the sample size was rela-
tively small and was not determined through formal power
calculations, which may affect the generalizability of the re-
sults. Second, the study lacked investigator blinding; the
primary author delivered the intervention and conducted all
assessments. While this was necessitated by resource con-
straints, it introduces potential for performance and detection
bias. Third, while the FES-I questionnaire is a widely recog-
nized tool, it has not yet undergone formal linguistic or
cross-cultural validation for stroke survivors in this specific
regional context. Finally, the intervention period was rela-
tively brief, and the absence of long-term follow-up pre-
cludes conclusions regarding the durability of the improve-
ments observed.

Conclusion

The results of our study indicate that adding a chair-
based group exercise program may significantly improve
standard rehabilitation for patients in the subacute and chron-
ic phases post-stroke. The intervention yielded measurable
improvements in the fear of falling and functional mobility,
while also leading to more favorable classifications of activi-
ties of daily living dependence and reduced reliance on walk-
ing aids. These findings suggest that the targeted nature of
chair-based exercises, specifically their focus on balance,
may be an important factor in improving functional inde-
pendence and self-confidence during activities of daily liv-
ing. Integrating such programs into clinical practice offers an
effective, low-risk strategy to optimize recovery outcomes.
Future research should prioritize larger cohorts and longitu-
dinal designs to validate these preliminary findings.

Conflict of interest

The authors declare no conflict of interest concerning
the authorship and/or publication of this article.

REFERENCES

1. Kim YW. Update on Stroke Rehabilitation in Motor Impair-
ment. Brain Neurorehabil 2022; 15(2): e12. DOL
10.12786/bn.2022.15.e12.

2. Kpysiak K, Mis M, Mis M, Druszez A, Paprocka-Borowicz M,
Rosiriczuk |, et al. Fear of Falling, Balance Disturbances, and
Health-Related Quality of Life in Post-Stroke Inpatients: A
Preliminary Cross-Sectional Study. ] Clin Med 2026; 15(5):
1749. DOLI: 10.3390/jcm15051749.

3. Chen Y, Du H, Song M, Lin T, Ge P, Xu Y, et al. Relationship
between fear of falling and fall risk among older patients with
stroke: a structural equation modeling. BMC Geriatr 2023;
23(1): 647. DOI: 10.1186/s12877-023-04298-y.

4. Lin TW, Ng GYF, Chung RCK, Ng SSM. Decreasing Fear of
Falling in Chronic Stroke Survivors Through Cognitive Behav-
ior Therapy and Task-Oriented Training. Stroke 2019; 50(1):
148-54. DOL: 10.1161/STROKEAHA.118.022406.

Samardzi¢ V. Vojnosanit Pregl 2026; 83(9): 547-556.



Vol. 83, No. 9

VOJNOSANITETSKI PREGLED

Page 555

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Scholz K, Geritz ], Kudelka |, Rogalski M, Niemann K, Maetz-
ler C, et al. Static Balance and Chair-Rise Performance in
Neurogeriatric Patients: Promising Short Physical Per-
formance Battery-Derived Predictors of Fear of Falling.
Front Med (Lausanne) 2022; 9: 904364. DOI:
10.3389/fmed.2022.904364.

Schoene D, Heller C, Aung YN, Sieber CC, Kemmler W,
Freiberger E. A systematic review on the influence of fear of
falling on quality of life in older people: is there a role for
falls?  Clin Interv Aging 2019; 14: 701-19. DOI:
10.2147/CIA.S197857.

Pin TW, Winser 8], Chan WLS, Chan B, Ng S, Wong T, et al.
Association between fear of falling and falls following
acute and chronic stroke: a systematic review with meta-
analysis. ] Rehabil Med 2024; 56: jrm18650. DOI:
10.2340/jrm.v56.18650.

Chin CY, Ng MY, Lam SC, Hui KY, Keung CH, Ounyang H,
et al. Effect of physical exercise on fear of falling in pa-
tients with stroke: A systematic review and meta-analysis.
Clin Rehabil 2023; 37(3): 294-311. DOI:
10.1177/02692155221135028.

Samardgic 1, Jaganjac A. Rehabilitation for balance impairment
in patients after stroke: a single-blind randomized controlled
study. Vojnosanit Pregl 2025; 82(7): 424-32. DOL:
10.2298/VSP2502020438.

Fiedorova 1, Mrazkovi E, Zddrapovda M, Tomdiskovd H. Receiver
Operating Characteristic Curve Analysis of the Somatosensory
Organization Test, Berg Balance Scale, and Fall Efficacy Scale-
International for Predicting Falls in Discharged Stroke Pa-
tients. Int ] Environ Res Public Health 2022; 19(15): 9181.
DOI: 10.3390/ijerph19159181.

Faria-Fortini 1, Polese |C, Faria CDCM, Scianni AA, Nascimento
LR, Teixeira-Salmela LLF. Fall Efficacy Scale-International cut-
off score discriminates fallers and non-fallers individuals who
have had stroke. ] Bodyw Mov Ther 2021; 26: 167—73. DOI:
10.1016/j.jbmt.2020.12.002.

Lyders Jobansen K, Derby Stistrup R, Skibdal Schjott C, Madsen J,
Vinther A. Absolute and Relative Reliability of the Timed 'Up
& Go' Test and '30second Chair-Stand' Test in Hospitalised
Patients with Stroke. PLoS One 2016; 11(10): e0165663. DOI:
10.1371/journal.pone.0165663.

Ordaban B, Karahan AY, Basaran A, Turkoglu G, Kucnksarac
S, Cubuckn M, et al. Impact of exercises administered to
stroke patients with balance trainer on rehabilitation re-
sults: a randomized controlled study. Hippokratia 2015;
19(2): 125-30.

Lin' Y, Jiang M, Pan X, Geng ]. Effects of exercise on mobility,
balance and gait in patients with the chronic stroke: a system-
atic review and meta-analysis. Sci Rep 2025; 15(1): 24158.
DOI: 10.1038/s41598-025-09458-1.

Rebongas M, Coelho-Filho JM, Veras RP, Lima-Costa MF, Ramos
LR Validity of questions about activities of daily living to
screen for dependency in older adults. Rev Saude Publica
2017; 51: 84. DOL: 10.11606/S1518-8787.2017051006959.
Asberg KH, Nydevik 1. Early prognosis of stroke outcome by
means of Katz Index of activities of daily living. Scand ] Re-
habil Med 1991; 23(4): 187-91.

Finnegan S, Bruce ], Skelton DA, Withers EJ, Lamb SE; PreFIT
Study Group. Development and delivery of an exercise pro-
gramme for falls prevention: the Prevention of Falls Injury
Trial (PreFIT). Physiotherapy 2018; 104(1): 72-9. DOI:
10.1016/j.physio.2017.06.004.

Sadaga M, Németh 7, Makai A, Prémusz 1/, Hock M. Effective-
ness of exercise interventions on fall prevention in ambulatory
community-dwelling older adults: a systematic review with nar-
rative synthesis. Front Public Health 2023; 11: 1209319. DOL:
10.3389/fpubh.2023.1209319.

Samardzi¢ V. Vojnosanit Pregl 2026; 83(9): 547-556.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

American  stroke association. HOPE: The stroke recovery
guide [Internet]. Dallas: American stroke association; 2020.
p. 64 [cited 2026  July 8].  Available at:
https://www.stroke.org/-/media/Stroke-Files/life-after-
sttoke/ASA_HOPE_Stroke_Recovery_Guide_122020.pdf
Marin-Medina DS, Arenas-Vargas PA, Arias-Botero JC, Gimez-
Visquez M, Jaramillo-Ldpez MF, Gaspar-Toro [M. New ap-
proaches to recovery after stroke. Neurol Sci 2024; 45(1): 55—
63. DOI: 10.1007/s10072-023-07012-3.

Seo KC, Park SH, Park KY. The effects of stair gait training us-
ing proprioceptive neuromuscular facilitation on stroke pa-
tients dynamic balance ability. ] Phys Ther Sci 2015; 27(5):
1459-62. DOI: 10.1589/jpts.27.1459.

Mustafaoglu R, Erban B, Yeldan I Ersoz Hiiseyinsinogln B, Giin-
diiz B, Razak Ogzdincler A. The effects of body weight-
supported treadmill training on static and dynamic balance in
stroke patients: A pilot, single-blind, randomized trial. Turk J

Phys Med Rechabil 2018; 64(4): 344-52. DOL
10.5606/tftrd.2018.2672.
Gunduz MS, Mustafaogln R, Ural IH. Effects of Robot-Assisted

Gait Training on Balance and Fear of Falling in Patients with
Stroke: A Randomized Controlled Clinical Trial. Am ] Phys
Med Rehabil 2025; 104(6): 558—60. DOI:
10.1097/PHM.0000000000002674.

Hung JW, Chou CX, Hsieh YW, Wu WC, Yu MY, Chen PC, et al.
Randomized comparison trial of balance training by using ex-
ergaming and conventional weight-shift therapy in patients
with chronic stroke. Arch Phys Med Rehabil 2014; 95(9):
1629-37. DOI: 10.1016/j.apmr.2014.04.029

Lee ], Kim G. Functional Recovery in Acute and Subacute
Stroke Patients with or Without Post-stroke Fatigue. Brain
Neurorehabil 2024, 17(3): e22. DOL:
10.12786/bn.2024.17.e22.

Sobn JE, Tak GH, Sung YH. Enhancing Functional Recov-
ery in Subacute Stroke Patients: The Impact of Vestibular
Rehabilitation on Trunk Control and Gait Performance.
NeuroRehabilitation 2025; 57(1): 80-7. DOL:
10.1177/10538135251333353.

Goffredo M, lacovelli C, Russo E, Pournajaf S, Di Blasi C, Galafate
D, et al. Stroke Gait Rehabilitation: A Comparison of End-
Effector, Overground Exoskeleton, and Conventional Gait
Training.  Appl  Sci  2019;  9(13):  2627. DOL
10.3390/app9132627.

Beauchamp MK, Hao Q, Kuspinar A, D' Amore C, Scime G, Ma J,
et al. Reliability and Minimal Detectable Change Values for
Performance-Based Measures of Physical Functioning in the
Canadian Longitudinal Study on Aging. ] Gerontol A Biol
Sei Med  Sei  2021;  76(11):  2030-8. DOI:
10.1093/gerona/glab175.

Yang SN, Kim DY. Comparing the Effectiveness of Physical
Rehabilitation Interventions for Post-Stroke Function and
Mobility Recovery: A Meta-Analysis. Brain Neurorehabil 2023;
16(2): e17. DOI: 10.12786/bn.2023.16.¢17.

Saraiva ], Rosa G, Fernandes S, Fernandes JB. Current Trends in
Balance Rehabilitation for Stroke Survivors: A Scoping Review
of Experimental Studies. Int ] Environ Res Public Health
2023; 20(19): 6829. DOI: 10.3390/1jerph20196829.
Todbunter-Brown A, Sellers CE, Baer GD, Choo PL, Cowie ], Cheyne
JD, et al. Physical rehabilitation approaches for the recovery of
function and mobility following stroke. Cochrane Database
Syst Rev 2025; 2(2): CD001920. DOLI:
10.1002/14651858.CD001920.pub4.

Nairn B, Koohi N, Kaski D, Bamiou DE, Pavlon M. Impact of
Vestibular Rehabilitation and Dual-Task Training on Balance
and Gait in Survivors of Stroke: A Systematic Review and Me-
ta-Analysis. ] Am Heart Assoc 2025; 14(11): e040663. DOI:
10.1161/JAHA.124.040663.


https://www.stroke.org/-/media/Stroke-Files/life-after-stroke/ASA_HOPE_Stroke_Recovery_Guide_122020.pdf
https://www.stroke.org/-/media/Stroke-Files/life-after-stroke/ASA_HOPE_Stroke_Recovery_Guide_122020.pdf

Page 556

VOJNOSANITETSKI PREGLED

Vol. 83, No. 9

33.

34.

35.

Zhang T, Zheng |, Tao ], Xu'Y, Zhang X, Chen C, et al. Effects of
lower-extremity exoskeleton robot-assisted dual-task training
versus walking training on gait and postural control after
stroke: A randomized controlled trial. PM R 2025; 17(12):
1400-10. DOI: 10.1002/pmtj.13419.

Bjilkefur K, Nasic S, Bertholds E, Jood K, Reni A. Self-rated
health over the first five years after stroke. BMC Neurol 2020;
20(1): 389. DOI: 10.1186/512883-020-01956-1.

Ragmierczak K, Wareiiczak-Pawlicka A, Miedzyblocki M, Lisiriski
P. Effect of Treadmill Training with Visual Biofeedback on Se-
lected Gait Parameters in Subacute Hemiparetic Stroke Pa-

tients. Int | Environ Res Public Health 2022; 19(24): 16925.
DOL: 10.3390/ijerph192416925.

Received on November 12, 2025
Revised on March 16, 2026
Revised on April 26, 2026
Revised on May 31, 2026
Revised on July 5, 2026
Accepted on July 22, 2026
Online First September 2026

Samardzi¢ V. Vojnosanit Pregl 2026; 83(9): 547-556.



Vojnosanit Pregl 2026; 83(9): 557-569.

VOJNOSANITETSKI PREGLED

Page 557

ORIGINAL ARTICLE
(CC BY-SA) (88

TETg
! .\A.

UDC: 616-002.5-036.22(497.113)"1998/2025"
DOI: https://doi.org/10.2298/VSP260424052R

Epidemiological characteristics of tuberculosis in the Autonomous
Province of Vojvodina, Serbia (1998-2025): a population-based study

Epidemioloske karakteristike tuberkuloze u Autonomnoj Pokrajini VVojvodini,

Srbija (1998-2025): populaciona studija

Mioljub Risti¢*", Svetlana Ili¢*, Jelena Djeki¢-Malbasa'™, Smiljana Rajéevié*,
SneZana Medi¢*', Milorad Spanovi¢*$, Vladimir Petrovi¢*,
Tatjana Pustahija*', Maja Lazovié¢*, Vladimir Vukovi¢**

*Institute of Public Health, Vojvodina, Novi Sad, Serbia; University of Novi Sad,
Faculty of Medicine, 'Department of Epidemiology, $Department of Occupational
Medicine, Novi Sad, Serbia; *Institute for Pulmonary Diseases of Vojvodina,
Sremska Kamenica, Serbia

Abstract

Background/Aim. Tuberculosis (TB) incidence has
declined substantially in Europe over recent decades.
However, demographic shifts and health disruptions such as
the coronavirus disease-19 — COVID-19 pandemic continue
to influence TB epidemiology. In the Republic of Serbia,
long-term subnational analyses remain limited. The aim of
the study was to analyze trends in TB incidence, mortality,
demographic  characteristics, and seasonality in the
Autonomous Province (AP) of Vojvodina, Serbia, over 28
years. Methods. A descriptive, population-based study was
conducted using routinely collected surveillance data from
1998 to 2025. TB cases were identified according to national
case definitions aligned with World Health Organization
and European Center for Disease Prevention and Control
standards. Occupational data for TB cases among workers
were available for the period 2015-2025. Results. A total of
9,511 TB cases were reported (mean 339.7 annually).
Joinpoint regression analysis demonstrated a significant
overall decline in TB incidence (average annual percent
change — AAPC = -5.73%; 95% confidence interval: -7.31
to -4.02; p < 0.001), primarily driven by a marked annual
decrease between 2002 and 2021, followed by a non-

Apstrakt

Uvod/Cilj. Ucestalost tubetkuloze (IB) u Evropi je
znacajno opala tokom poslednjih decenija. Medutim,
demografske promene i zdravstvene krize poput pandemije
izazvane korona virusom 2019. (coronavirus disease-19 —
COVID-19) i dalje uticu na epidemiologiju TB. U Republici
Srbiji, analize dugogodisnjih trendova na subnacionalnom
nivou su i dalje ogranicene. Cilj rada bio je da se analiziraju
trendovi stopa incidencije i mortaliteta od TB, demografske

significant increase in incidence during the final study
period. A total of 226 deaths were recorded. Mortality
remained low (0.00-0.98 per 100,000), with no deaths
recorded in 2020-2021. TB incidence and mortality showed
a pronounced age gradient, with the highest rates in
individuals aged = 60 years, while pediatric TB was nearly
eliminated. The proportions of older patients, laboratory-
confirmed cases, and fatal outcomes compared to survivors
were all significantly higher in 2012-2025 than in 1998—
2011. A consistent seasonal pattern was observed, with peak
case notifications in January (22% of all reported cases). A
total of 21 sporadic TB cases were identified among
workers during 2015-2025, distributed across various
occupational groups, mainly among middle-aged males.
Conclusion. TB burden in the AP of Vojvodina has
declined markedly, but an increasing proportion of TB cases
among older adults was recorded. Although rare, TB cases
among workers occurred across diverse occupational
groups, underscoring the need for continued occupational
surveillance.

Keywords:
epidemiology; incidence; mortality; serbia;
tuberculosis.

karakteristike 1 sezonalnost u Autonomnoj Pokrajini (AP)
Vojvodini, Stbija, tokom perioda od 28 godina. Metode.
Koriséenjem rutinski prikupljenih podataka iz sistema
nadzora, sprovedena je deskriptivna populaciona studija za
period 1998-2025 godine. Slucajevi TB definisani su prema
nacionalnim definicijama slucaja, uskladenim sa standardima
Svetske zdravstvene organizacije i Evropskog centra za
prevenciju i kontrolu bolesti. Podaci o zanimanju obolelih
od TB medu zaposlenima bili su dostupni za period 2015—
2025. Rezultati. Prijavljeno je ukupno 9 511 slucajeva TB
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(prosecno  339,7 godisnje). Regresiona analiza tacaka
spajanja (joinpoint) pokazala je statisticki znacajan ukupni pad
incidencije tuberkuloze (average annual percent change — AAPC
= -5,73%; 95% confidence interval -7,31 do -4,02; p < 0,001),
prvenstveno uslovljen izrazenim godisnjim padom stope
incidencije u periodu 2002-2021, pracen porastom
incidencije, koji nije bio statisticki znacajan, u finalnom
periodu studije. Registrovano je ukupno 226 smrtnih ishoda.
Mortalitet je bio nizak (0,00-0,98 na 100 000), bez
registrovanih smrtnih slucajeva u periodu 2020-2021.
Ucestalost obolevanja i smrtnost od TB zavisili su od
zivotnog doba obolelih, sa najvisim stopama registrovanim
kod osoba starosti = 60 godina, dok je TB kod dece bila
gotovo eliminisana. Udeo starijih  obolelih, procenat
laboratorijski potvrdenih slucajeva, kao i procenat smrtnih
ishoda u odnosu na prezivele, bio je statisticki znacajno visi

u periodu 2012-2025. u odnosu na period 1998-2011.
Uocen je dosledan sezonski obrazac, sa maksimalnim
brojem obolelih u januaru (22% svih registrovanih
slucajeva). U periodu 2015-2025 utvrdeno je ukupno 21
sporadicno obolelih od TB medu radnicima svrstanim u
razlicite profesionalne grupe, uglavnom medu muskarcima
stednjeg zivotnog doba. Zakljuc¢ak. Optereéenje TB u AP
Vojvodini zna¢ajno je smanjeno, ali je zabelezen ve¢i udeo
TB medu starijim osobama. Mada retki, slucajevi TB medu
radnicima javljali su se u razli¢itim profesionalnim grupama,
$to naglasava potrebu za kontinuiranim nadzorom u oblasti
medicine rada.

Kljucne redi:
epidemiologija; incidencija; mortalitet; stbija;
tuberkuloza.

Introduction

Tuberculosis (TB) remains a major global public health
challenge, with substantial incidence and mortality despite
considerable progress in prevention, diagnosis, and
treatment 1. According to the World Health Organization
(WHO), an estimated 10.7 million people developed TB
globally in 2024, with approximately 1.3 million deaths
(including 150,000 among people with  human
immunodeficiency virus — HIV), highlighting the persistent
global burden of the disease 2. Approximately one-quarter of
the global population is estimated to be infected with TB.
The risk of progressing to active disease is highest within the
first 2 years after infection (around 5%), and declines
substantially thereafter 1 3. Although TB incidence has been
declining over the past two decades, the rate of decrease
remains insufficient to meet the targets set by the End TB
Strategy » 2. Urgent action is needed to end the global TB
epidemic by 2030, a goal endorsed by WHO and all Member
States of the United Nations 4.

In low-incidence regions, including Europe, TB
epidemiology is characterized by heterogeneous trends, with
higher burdens observed in specific subpopulations such as
older adults, migrants, and socioeconomically vulnerable
groups. In 2024, an estimated 204,000 people developed TB
in the WHO European Region, corresponding to 22 cases per
100,000 population. The overall reduction in TB incidence
between 2015 and 2024 was 39%, falling short of the WHO
End TB milestone of a 50% reduction by 2025. In 2023, a
total of 38,993 TB cases were reported across 29 European
Union (EU) and European Economic Area (EEA) — EU/EEA
countries, corresponding to a notification rate of 8.6 per
100,000 population. This reflects a continued slight increase
observed in most countries since 2022, although the overall
trend over the past 5 years remains downward °,

In 2023, the United States reported 9,633 TB cases,
corresponding to an incidence rate (IR) of 2.9 per 100,000
population. This represents an increase of 15% compared
with 2022 and 6.2% compared with 2019 (the year preceding
the coronavirus disease 2019 — COVID-19 pandemic). While

these data indicate overall effective TB control, they also
highlight persistent disparities among high-risk groups ®.

In  South-Eastern Europe, including Serbia, TB
incidence has shown a sustained downward trend over recent
decades, largely driven by strengthened national control
programs, improved diagnostics, and the widespread
implementation of directly observed therapy (DOT) 5.
According to national surveillance data, Serbia has
transitioned to a low-incidence setting, with notification rates
declining from over 30 per 100,000 population in the late
1990s to below 10 per 100,000 in recent years. A substantial
reduction was observed between 2005 and 2019, with an
approximately 80% decrease in notification rates, reaching 9
per 100,000 population. In 2020 and 2021, rates further
declined to 5.0 and 3.75 per 100,000, respectively, most
likely reflecting underreporting during the COVID-19
pandemic. This was followed by an increase to 7.2 per
100,000 in 2023, and a slight decrease to 6.8 per 100,000 in
2024, representing a 6% reduction compared with the
previous year. Despite this overall progress, ongoing
challenges remain, including population ageing, the growing
burden of comorbidities, and potential disruptions to TB
services, particularly during the COVID-19 pandemic 7.

Understanding long-term epidemiological trends at the
subnational level is essential for tailoring public health
interventions and identifying residual transmission patterns.
The Autonomous Province (AP) of Vojvodina, Serbia,
represents a specific epidemiological setting within Serbia,
characterized by demographic ageing, urban-rural diversity,
and varying socioeconomic conditions that may influence
TB dynamics. TB surveillance in the AP of Vojvodina has
been conducted since 1949; however, until 1998 it was under
the jurisdiction of the Institute for Pulmonary Diseases of
Vojvodina, Sremska Kamenica, Serbia, after which
responsibility was transferred to the epidemiological service
of the Institute of Public Health of Vojvodina (IPHV), Novi
Sad, Serbia 8.

The aim of this study was to analyze long-term trends
in TB incidence, mortality, demographic characteristics, and
seasonal patterns over 28 years (1998-2025), and to describe
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the occupational profile of workers diagnosed with TB
during routine medical examinations (2015-2025) in the AP
of Vojvodina.

Methods

Study design and setting and data sources

This descriptive study was conducted in the AP of
Vojvodina, Serbia, a northern region of Serbia with
approximately 1.7 million inhabitants .

Data were obtained from the regional communicable
disease surveillance system, coordinated by the IPHV. From
1998 onwards, data on registered active TB cases were
retrospectively entered into the communicable diseases’
registry in collaboration with the Institute for Pulmonary
Diseases of Vojvodina. Since 2000, dispensaries for
pulmonary diseases and TB in the AP of Vojvodina have
routinely reported newly diagnosed TB cases to the IPHV, as
well as to the regional public health institutes across the
province 8. TB notification is mandatory in Serbia, and cases
are reported in accordance with national legislation and
aligned with international standards defined by the WHO and
the European Center for Disease Prevention and Control
(ECDC) ™ 10 11 All active TB cases (both clinically- and
laboratory-confirmed) reported between 1 January 1998 and
31 December 2025 were included in the comprehensive
analysis.

Case definition, variables, and population data

An active TB case was defined as either a laboratory-
confirmed case (by bacteriological methods, including smear
microscopy, culture, or molecular diagnostics) or a clinically
diagnosed case based on radiological, histopathological, and
clinical findings in the absence of laboratory confirmation —
signs, symptoms and/or radiological findings consistent with
active TB in any site and a clinician’s decision to treat the
person with a full course of anti-TB therapy 1* %,

The following variables were analyzed: year/month of
notification, age, gender, place of residence (urban/rural),
district of residence, diagnostic category (laboratory-
confirmed vs. clinically diagnosed), and treatment outcome
(including death). Age was categorized into four groups:
0-14, 15-39, 40-59, and > 60 years.

Occupational data for active TB cases among workers
were obtained from the Institute of Occupational Health of
Novi Sad. Data were collected for the period 2015-2025 and
classified according to the International Standard
Classification of Occupations 2008 (ISCO-08) of the
International Labor Organization (ILO) *2.

Statistical analysis

Descriptive epidemiological methods were used to
summarize TB incidence, mortality, and demographic
characteristics of TB cases. Population denominators were
obtained from official statistics of the Statistical Office of the

Risti¢ M, et al. Vojnosanit Pregl 2026; 83(9): 557-569.

Republic of Serbia °. Mid-year population estimates were
used to calculate incidence and mortality rates (MRs) per
100,000 inhabitants. Trends in TB IRs over the period under
study were assessed using joinpoint regression analysis
(JRA), which characterized temporal trends by estimating
their magnitude and direction from models fitted to the
observed data. Changes in TB incidence trends were
presented graphically. The average annual percent change
(AAPC) and corresponding 95% confidence intervals (Cls)
were estimated to summarize trends over the entire study
period. Trends were considered statistically significant when
the slope differed from zero at a = 0.05 (indicated by an
AAPC that differed significantly from zero) and were
classified as increasing or decreasing. JRA was performed
using Joinpoint Regression Software, version 6.0.1 (National
Cancer Institute, Bethesda, MD, USA) 3. The value of
p <0.05 was considered statistically significant across the
analyses. Incidence and MRs were calculated annually and
stratified by age groups. Seasonality was assessed by
analyzing the monthly distribution of TB notifications over
the entire study period and across age groups.

The demographic (gender, age), geographic (place of
residence, district), temporal (quarter of the year), and
clinical characteristics (diagnostic  confirmation and
outcome) of active TB cases were compared between the two
study periods (1998-2011 vs. 2012-2025). The study period
was stratified into two equal intervals based on the average
annual number of reported cases, with case numbers close to
or above the overall average in 1998-2011 and below the
average in 2012-2025 in the AP of Vojvodina. Comparisons
between the two study periods were performed using the x2
test for categorical variables and the t-test for continuous
variables. The results were presented as numbers and
percentages or means + standard deviation (SD), with
statistical significance set at p < 0.05. All statistical analyses
were conducted using SPSS software, version 21 (IBM
Corp., Armonk, NY, USA).

Ethical considerations

The study was based on anonymized surveillance data
routinely collected for public health purposes. Therefore,
approval from an Ethics Committee was not required under
Serbian regulations. All analyses were conducted using
anonymized and aggregated surveillance data.

Results

Between 1998 and 2025, a total of 9,511 active TB
cases were reported in the AP of Vojvodina. Over the 28-
year observation period, the mean annual number of reported
TB cases was 339.7. According to JRA, the TB IR in the AP
of Vojvodina showed a statistically significant decreasing
trend over the study period (AAPC = -5.73%; 95% ClI: -7.31
to -4.02; p < 0.001). Two joinpoints were identified,
resulting in three distinct temporal trends in TB incidence.
Between 1998 and 2002, IR increased non-significantly by
an average of 6.21% per year (APC = 6.21%; 95% CI: -6.52
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to 39.94; p = 0.343). This was followed by a statistically  During the final period (2021-2025), IR showed a non-
significant annual decline of 10.55% between 2002 and 2021  significant annual increase of 7.40% (APC = 7.40%; 95%
(APC = -10.55%; 95% CI: -21.51 to -9.44; p = 0.001). CI:-6.28 to 38.36; p = 0.324) (Figure 1A, B).
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Fig. 1 — A, B) Joinpoint regression analysis plot of tuberculosis incidence rate trends
in the Autonomous Province of Vojvodina, Serbia (1998-2025).

Inc. — incidence; AAPC - average APC.
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Over the study period, a total of 226 fatal cases were
recorded. The annual number of TB-related deaths ranged
from 0 to 19, corresponding to MRs between 0.00 and 0.98
per 100,000 population. During the late 1990s and early
2000s (1998-2001), mortality remained relatively stable, with
11-13 fatal cases annually and MRs of 0.55-0.65 per
100,000. This was followed by a moderate decline between
2002 and 2004, when the number of TB deaths decreased to
7-9 cases per year, with MRs between 0.34 and 0.44 per
100,000. From 2005 to 2010, mortality fluctuated without a
clear trend, ranging from 6 to 12 deaths annually and
corresponding rates of 0.30-0.59 per 100,000 inhabitants. A
pronounced peak was observed in 2011, with 19 fatal cases,
representing the highest recorded MR (0.98 per 100,000)
during the study period. In the subsequent years (2012-2014),
mortality declined again (MRs 0.41-0.62 per 100,000). A
sustained low-mortality phase was evident from 2015 to
2019, with 4-5 fatal cases annually. Notably, no fatal cases
were recorded in 2020 and 2021. After this period, mortality
re-emerged, with 4 deaths in 2022 (0.23 per 100,000) and a
transient increase in 2023 to 10 fatal cases (0.58 per 100,000),
followed by a decline in 2024-2025, when mortality ranged
from 0.29 to 0.46 per 100,000 inhabitants (Figure 2).

From 1998 to 2025, TB incidence showed a marked
decline across all age groups, with a persistent age-related
gradient. The highest incidence was consistently observed in
individuals aged > 60 years, followed by those aged 40-59
years, while substantially lower rates were recorded in the
15-39-year and 0-14-year age groups.
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During the early study period (1998-2002), incidence
was highest among older adults, reaching 66.0 per 100,000
in those aged > 60 years and 57.9 per 100,000 in the 40-59-
year age group. Thereafter, a sustained decline was observed
across both age groups. In the 15-39-year age group, the
highest TB IRs were also recorded in the early study period,
followed by a continuous decline until 2021; however, an
increasing trend was observed between 2022 and 2025.
Among children aged 0-14 years, incidence declined to
below 1.0 per 100,000 by 2007 and reached zero from 2021
onwards (Figure 3).

From 1998 to 2025, TB mortality showed a pronounced
age gradient, with fatal outcomes occurring almost
exclusively among adults, particularly in the > 60-year age
group.

Throughout the entire study period, no TB-related
deaths were recorded among children aged 0-14 years,
except for a single low-rate observation in 1998. Mortality
among individuals aged 15-39 years remained very low and
sporadic, with annual rates generally below 0.32 per
100,000, and isolated increases observed in 2000-2001,
2013-2014, and 2025. In contrast, mortality in the 40-59-
year age group and especially among those aged > 60 years
was consistently higher. The highest age-specific MRs were
observed in 2011, reaching 1.41 per 100,000 in the 40-59-
year group and 2.19 per 100,000 in individuals aged > 60
years. Elevated mortality in the oldest age group was also
recorded in 2000 (2.39 per 100,000) and 2005 (2.48 per
100,000) (Figure 4).

1.20

1.00

0.80

Mortality rate

0.60

0.40

0.20

0.00

n o
aF o
AT AP AT AP DA

Years

I Number of fatal cases

e \|ortality per 100,000 inhabitants

Fig. 2 — Annual number of fatal cases and mortality rate of tuberculosis
in the Autonomous Province of Vojvodina, Serbia (1998-2025).
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Fig. 3 — Age-specific incidence of tuberculosis
in the Autonomous Province of Vojvodina, Serbia (1998-2025).
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Fig. 4 — Age-specific mortality of tuberculosis
in the Autonomous Province of Vojvodina, Serbia (1998-2025).

Analysis of TB cases reported during the period 1998-
2025 revealed a clear seasonal pattern. The highest
proportion of cases was recorded in January (22% of all
notified cases), followed by a marked decline during the
subsequent months. From February to September, the

monthly distribution was relatively uniform, with each
month accounting for approximately 7-9% of total TB cases.
In contrast, a pronounced decrease was observed in the last
quarter of the year, and December accounted for the lowest
proportion of notifications (2.9%) (Figure 5).
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The highest number of cases was consistently reported
in January, particularly among individuals in the 15-39,
40-59, and > 60-year age groups, who accounted for the
majority of notifications throughout the year. From
February to September, case numbers remained relatively
stable across adult age groups, with moderate month-to-

2,500

1,500

month variation. A marked decline was observed during the
autumn and early winter months, with the lowest numbers
recorded in November and December in all age categories.
TB cases among children aged 0-14 years were few
throughout the year and showed no pronounced seasonal
variation (Figure 6).
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Fig. 5 — Monthly distribution of tuberculosis and percentage of total notifications
in the Autonomous Province of Vojvodina, Serbia (1998-2025).
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A total of 9,511 TB cases were registered during the
study period, with 7,516 cases reported in 1998-2011 and
1,995 cases in 2012-2025.

Men predominated in both periods, accounting for
65.45% of cases in 1998-2011 and 64.46% in 2012-2025;
the gender distribution did not differ significantly between
periods (p = 0.4263). The mean age of TB cases was higher
in the later period (2012-2025) compared with the earlier
period (1998-2011), increasing from 50.54 years (SD
+17.37) to 52.24 years (SD + 17.75). This difference was
statistically significant (p = 0.0001).

Age-specific analysis revealed a significant shift in the
distribution of cases between the two periods (p = 0.0195).
The proportion of children aged 0-14 years declined (from
1.78% to 1.20%), as did the share of individuals aged 15-39
and 40-59 years, whereas the proportion of patients aged
> 60 years increased from 33.62% to 36.89%.

No statistically significant difference in the distribution
of TB cases by place of residence was observed between
1998-2011 and 2012-2025 (p = 0.2825).

In contrast, the geographical distribution by district
changed significantly over time (p < 0.001). A higher

proportion of cases in the later period was recorded in South
Backa (from 31.85% to 38.50%) and South Banat (from
17.16% to 19.65%), while declines were observed in North
Backa, West Backa, and North Banat.

Seasonal distribution of TB notifications remained
stable, with the highest proportion of cases consistently
reported in the first quarter of the year (January—March),
accounting for approximately 39% of cases in both periods
(p = 0.4526).

In 1998-2011, 2,626 cases (34.94%) were diagnosed
clinically, whereas 4,890 (65.06%) cases were laboratory-
confirmed. In contrast, during 2012-2025, the proportion of
clinically diagnosed cases decreased to 362 (18.15%), while
laboratory-confirmed cases increased to 1,633 (81.85%)
(p<0.001).

Treatment outcome analysis showed a significant
increase in case fatality over time. While survival remained
high overall, the proportion of fatal cases more than doubled,
rising from 1.94% in 1998-2011 to 4.01% in 2012-2025
(p < 0.001) (Table 1).

During the period 2015-2025, the total number of
workers undergoing routine medical examinations showed

Table 1
Distribution of tuberculosis cases in the Autonomous Province of Vojvodina,
Serbia, by demographic, spatial, and temporal characteristics (1998-2025)
Variable 1998-2011 2012-2025 p-value
(n =7,516) (n =1,995)
Gender
male 4,919 (65.45) 1,286 (64.46) 0.4263
female 2,597 (34.55) 709 (35.54) '
Age, years 50.54 +17.37 52.24 +17.75 0.0001
Age, range
0-14 134 (1.78) 24 (1.20)
15-39 1,815 (24.15) 463 (23.21) 0.0195
40-59 3,040 (40.45) 772 (38.70) :
>60 2,527 (33.62) 736 (36.89)
Place of residence
urban 3,573 (47.54) 976 (48.92) 0.2825
rural 3,943 (52.46) 1,019 (51.08) '
District of the AP Vojvodina
North Backa 631 (8.40) 128 (6.42)
West Backa 838 (11.15) 180 (9.02)
South Backa 2,394 (31.85) 768 (38.50)
North Banat 489 (6.51) 78 (3.91) <0.001
Central Banat 560 (7.45) 134 (6.72)
South Banat 1,290 (17.16) 392 (19.65)
Srem 1,314 (17.48) 315 (15.79)
Quarter of the year
January—March 2,934 (39.04) 794 (39.80)
April-June 1,903 (25.32) 487 (24.41) 04526
July-September 1,736 (23.10) 443 (22.21) '
October—December 943 (12.55) 271 (13.58)
Confirmed TB
clinically diagnosed 2,626 (34.94) 362 (18.15) <0001
laboratory-confirmed 4,890 (65.06) 1,633 (81.85) '
Treatment outcome
survived 7,370 (98.06) 1,915 (95.99) <0.001
fatal cases 146 (1.94) 80 (4.01) )

n — number of patients with tuberculosis.

Statistically significant values (p < 0.05) are marked in bold.

Values are given as mean + standard deviation or numbers (percentages).
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notable fluctuations, ranging from 3,489 in 2020 to a peak of
7,552 in 2024. TB cases among workers were reported
sporadically throughout the study period. In the early years,
3 TB cases were recorded in both 2015 and 2016, followed
by a decrease to 1 case annually in 2017 and 2018. No cases
were reported in 2019 and 2020. Subsequently, 2 TB cases
were detected in 2021 and 1 case in 2022. A further increase

B Workers with TB

=

2II

1

0 II

Number of workers with TB

2015 2016 2017 2018 2019 2020

emmTotal of examined workers

was observed in 2023 (3 cases), followed by 2 cases in 2024,
and a peak of 5 cases in 2025, representing the highest
annual number recorded during the study period (Figure 7).
A total of 21 workers with reported TB cases were
identified across a broad range of occupations, classified
according to ISCO-08 of the ILO. The distribution was
heterogeneous, including healthcare, service, technical, and
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Fig. 7 — Annual number of workers examined and tuberculosis (TB) cases
at the Institute of Occupational Health of Novi Sad (2015-2025).

Table 2

Occupation, gender, and age distribution of workers with tuberculosis
at the Institute of Occupational Health of Novi Sad (2015-2025)

Occupations — ISCO-08 code Gender Age, years
Electrical technician — 3113 m 61
Nurse — 2221 f 60
Hospital cleaner / sanitation worker — 9112 f 53
Nurse — 2221 m 28
Software developer — 2512 m 64
Cashier — 5230 m 65
Petrol station attendant — 5245 f 25
Municipal services worker — 9613 m 57
Physician — 2211 f 60
Municipal services worker — 9613 f 64
Hospital cleaner / sanitation worker — 9112 m 50
Nurse — 2221 f 50
Municipal services worker — 9613 f 55
Locksmith — 7222 m 65
Plant breeding assistant — 3142 m 57
Nurse — 2221 f 43
Carpenter — 7115 m 47
Locksmith — 7222 m 51
Horticultural technician / fruit production technician — 3142 m 64
Physician — 2211 m 52
Central heating installer — 7126 m 62

ISCO - International Standard Classification of Occupations; m — male; f — female.
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manual occupations. Healthcare workers were notably
represented (4 nurses, 2 physicians, and 2 hospital cleaners),
alongside municipal services workers (n = 2), and various
other occupations, such as a cashier, petrol station attendant,
electrical technician, software developer, skilled trades
workers, and agricultural technicians. Most cases occurred
among males (62%; 13/21). The age ranged from 25 to 65
years, with a median of 54 years, indicating a predominance
of TB among middle-aged workers (Table 2).

Discussion

This long-term population-based study demonstrates a
substantial decline in TB incidence in the AP of Vojvodina
between 1998 and 2025, accompanied by persistently low
mortality and a shift towards an older age distribution. These
findings are consistent with broader global and regional
trends reported by WHO and ECDC, reflecting overall
progress in TB control over the past decades %5,

JRA demonstrated a significant overall decline in TB
incidence throughout the study period, indicating sustained
progress in TB control in the AP of Vojvodina. The temporal
pattern, however, was not uniform. Following a non-
significant increase in incidence during the early years of
observation (1998-2002), TB incidence declined markedly
between 2002 and 2021, representing the most substantial
period of epidemiological improvement. This prolonged
decline likely reflects the combined effects of strengthened
TB control measures, improved case detection and treatment,
and broader socioeconomic improvements. Although a slight
upward trend was observed during the final period (2021-
2025), this increase was not statistically significant and
should be interpreted with caution, as it may reflect year-to-
year variation rather than a true reversal of the long-term
declining trend.

The marked reduction in TB incidence observed from
the early 2000s onwards mirrors trends reported across
Europe, where improved case detection, treatment success
rates, and implementation of DOT have contributed to
declining transmission 2 °. In Serbia, this decline has been
particularly pronounced, with national notification rates
falling below 10 per 100,000 population in recent years ’.
The decline in the AP of Vojvodina aligns with the country’s
progression towards low TB incidence.

In EU countries, in 2024, the highest TB IRs were
reported in Romania (49/100,000), Latvia (17/100,000),
Portugal (12/100,000), Malta (12/100,000) and Bulgaria
(10/100,000), while the lowest were observed in Belgium,
Denmark, Iceland, and Slovenia (2.1-2.6/100,000). Among
non-EU/EEA countries, the highest IRs in 2024 were
reported in Kyrgyzstan (99/100,000), Ukraine (68/100,000),
Tajikistan  (56/100,000), the Republic of Moldova
(52/100,000), and Azerbaijan (50/100,000). On the other
hand, the lowest were recorded in Israel (2/100,000) and the
United Kingdom (9/100,000)-levels comparable to those
observed in our country®.

The exceptionally low number of reported TB cases and
the absence of TB-related deaths during 2020-2021 likely

reflect the impact of COVID-19 on TB surveillance and
healthcare access rather than a true reduction in transmission.
Similar disruptions have been documented globally, with
WHO reporting declines in TB notifications during the
pandemic period due to reduced healthcare utilization and
diagnostic delays . The moderate increase in reported cases
observed after 2021 may therefore reflect delayed diagnoses
and the partial restoration of surveillance systems 5.
Regarding fatal cases, increases in the number of deaths were
observed in two years (2011 and 2023). Although a direct
causal relationship cannot be confirmed, these increases may
be associated with the impact of preceding public health
crises, namely the 2009 H1N1 influenza pandemic (2009/10)
and the COVID-19 pandemic.

Overall, the long-term decline in TB mortality
observed in the AP of Vojvodina is consistent with trends
reported across most European countries ° and likely
reflects the combined effects of sustained reductions in TB
incidence, improvements in socioeconomic conditions,
earlier diagnosis, standardized treatment regimens, and
strengthened implementation of the WHO Directly
Observed Treatment, Short-course (DOTS) strategy 2 5.
Improved access to microbiological diagnostics, systematic
contact investigation, and effective drug supply have
probably contributed to better treatment outcomes and
reduced mortality over time. Nevertheless, the occurrence
of occasional mortality peaks indicates that TB deaths
remain sensitive to fluctuations in case detection, delays in
diagnosis, and the clinical complexity of affected patients,
particularly among older adults and individuals with
multiple comorbidities.

A key finding of this study is the persistent age
gradient in both TB incidence and mortality, with the
highest burden consistently observed among older adults
aged > 60 years. This pattern is well recognized in both
low- and high-incidence settings and reflects the combined
effects of immunosenescence, reactivation of latent TB
infection acquired earlier in life, reduced lung function,
inflammation, adverse drug reactions, poor tolerance to
anti-TB treatment, delayed or suboptimal diagnosis and
management, and age-related comorbidities > * 5, Similar
patterns have previously been reported in Serbia for the
1992-2002 period ¢, as well as in Central Serbia (1992-
2006), where most patients were aged 40-60 years, but the
highest IRs were observed in the oldest age group '’.
Findings from another prospective study conducted at the
Department of Pulmonology, Clinical Center in Kosovska
Mitrovica, Serbia, which included all TB patients treated
during two three-year periods (2000-2002 and 2012-2014),
further indicated that social determinants, older age, and
comorbidities are key risk factors contributing to the
persistent burden of TB 8. We observed an increasing
proportion of older TB patients in the later study period,
further supporting the role of population ageing as a key
driver of TB epidemiology in the AP of Vojvodina and in
comparable European settings °.

TB remains a major cause of both pulmonary and
extrapulmonary disease, as well as mortality, among children
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in TB-endemic areas. However, it is increasingly
encountered in non-endemic settings due to growing
international travel, population mobility, and refugee
resettlement. While overdiagnosis may occur in certain
contexts, underdiagnosis remains far more common in most
TB-endemic regions, where access to TB care for young
children is often limited to referral hospitals . A study
conducted in Serbia among children and adolescents between
2005 and 2016 reported a stable trend in TB notification
rates, alongside a significant increase in the proportion of
pediatric cases among all TB cases 2°. Coverage with Bacille
Calmette-Guerin — BCG vaccine among children aged < 12
months in the AP of Vojvodina has traditionally been >
95% 8. In our study, incidence among children aged 0-14
years declined to below 1.5 per 100,000 after 2010, with no
reported deaths during the study period except for a single
case in 1998.

The observed increase in the proportion of reported
cases in the South Backa and South Banat districts should be
interpreted with caution. In addition to differences in
population size and urbanization, this pattern may partly
reflect the concentration of specialized healthcare facilities
for TB diagnosis and treatment located in these districts.
These centers serve patients from a wider catchment area,
which may influence the geographical distribution of notified
cases. Therefore, the higher proportion of TB cases in these
districts should not necessarily be interpreted as evidence of
a higher underlying risk of TB transmission.

Overall, TB notifications were highest in winter and
early spring, followed by a gradual decline towards the end
of the year. These variations were largely driven by changes
in case numbers among middle-aged and older adults,
consistent with the age distribution of the TB burden in the
population. Similar seasonal patterns have been reported
across diverse settings, with peaks in late winter or early
spring observed in Europe, North America, and Asia. This
seasonality is commonly attributed to increased transmission
during colder months, when indoor crowding is more
frequent, as well as to delayed progression from infection to
clinically manifest disease. Seasonal variation in host
immunity, including reduced vitamin D levels during winter,
may also contribute. In addition, healthcare-seeking behavior
and reporting practices may have influenced the observed
distribution 2-%5,

The increasing proportion of laboratory-confirmed TB
cases over time indicates improvements in diagnostic
capacity and surveillance quality, in line with international
recommendations promoting bacteriological confirmation
wherever possible. This shift enhances the reliability of
surveillance data and supports more accurate monitoring of
TB trends. Similar patterns have been reported following the
scale-up of improved diagnostic tools, including rapid
molecular assays, which have contributed to increased case
detection and confirmation * 2 5 26-28,

Although overall MRs declined during the study period,
the proportion of fatal outcomes among notified TB cases
increased significantly in the later period. This apparent
paradox may partly reflect changes in the demographic
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profile of TB patients, with a growing proportion of older
individuals who are more likely to have multiple
comorbidities, delayed clinical presentation, and poorer
treatment tolerance. Because detailed information on disease
severity, drug resistance, HIV status, and individual
comorbidities was not available, the relative contribution of
these factors could not be assessed and warrants further
investigation. Maintaining low TB mortality in low-
incidence settings therefore requires sustained TB control
programs, timely diagnosis, prompt initiation of effective
treatment, and uninterrupted TB services, particularly during
public health emergencies. Particular attention should also be
given to older adults with multiple comorbidities, who
remain at increased risk of adverse outcomes 51415,

The number of TB cases detected among workers
undergoing routine medical examinations remained low
throughout the study period, despite fluctuations in the
number of examined workers. Although a slight increase in
reported TB cases was observed in the most recent years,
particularly in 2025, the small number of cases precludes
conclusions regarding a true temporal increase in
occupational TB burden. This pattern may reflect random
annual variation, changes in case detection, or differences in
the number of workers undergoing routine medical
examinations rather than a genuine increase in occupational
transmission.

The occupational profile of TB cases was
heterogeneous, encompassing healthcare workers, municipal
service employees, technical personnel, skilled trades
workers, and other service occupations. These findings
suggest that TB among workers in the AP of VVojvodina was
not restricted to a single occupational category. Healthcare
workers represented the largest identifiable occupational
subgroup, which is consistent with their recognized
occupational exposure to Mycobacterium tuberculosis and
their increased likelihood of being diagnosed through routine
occupational health surveillance. However, given the limited
number of TB cases and the absence of denominator data for
individual occupational groups, the present study cannot
estimate occupation-specific incidence or relative risk.
Therefore, the occupational findings should be interpreted as
descriptive rather than indicative of differential occupational
risk. From a public health perspective, these findings
underscore the importance of maintaining systematic
occupational surveillance and strengthening targeted risk
assessments, even in low-incidence settings. The occurrence
of TB cases among healthcare personnel reinforces the
continued need for strict infection prevention and control
measures, regular occupational screening, prompt diagnosis,
and timely initiation of treatment within healthcare facilities
to minimize the risk of nosocomial transmission and protect
both healthcare workers and patients. Furthermore, the
occurrence of TB across diverse occupational groups
highlights the importance of maintaining awareness of TB
beyond traditionally recognized high-risk professions.
Sustained vigilance remains essential to preserve the
progress achieved in TB control and to ensure early detection
of occupationally relevant cases 29-%3,
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This study has several important strengths. First, it is
based on a long-term, population-level dataset spanning 28
years, enabling robust assessment of temporal trends in TB
epidemiology. Such extended observation periods are rarely
available and provide valuable insights into both pre- and
post-transition phases in TB control. Second, the analysis
relies on routine surveillance data from a mandatory
notification system aligned with the WHO and ECDC
standards. Third, the inclusion of multiple epidemiological
dimensions—incidence, mortality, age-specific patterns,
seasonality, diagnostic  practices, and occupational
distribution—provides a comprehensive overview of TB
dynamics in a defined population. Finally, the study captures
recent disruptions and subsequent recovery patterns
associated with the COVID-19 pandemic, contributing to the
growing body of evidence on its indirect effects on TB
surveillance and control.

Limitation of the study

Several limitations should be considered when
interpreting these findings. First, as a retrospective study
based on routinely collected surveillance data, the analysis
is subject to potential underreporting and reporting delays,
particularly in earlier years when diagnostic capacity and
surveillance systems were less developed. In addition,
changes in case definitions, diagnostic methods (e.g.,
increased availability of molecular tests), and reporting
practices over time may have influenced the observed
trends, particularly the increase in laboratory-confirmed
cases. Second, data on outbreak-related TB occurrences in
hospitals, social care institutions, and similar settings were
not analyzed, which may partly explain the observed year-
to-year variability in age-specific MRs. Third, the absence
of detailed clinical and risk-factor data—such as HIV status,
diabetes, socioeconomic status, or migration background-
limits the ability to fully explain the observed demographic
patterns and mortality trends. Fourth, the apparent decline
in TB incidence and mortality during 2020-2021 should be
interpreted with caution, as it likely reflects reduced
healthcare utilization and disruptions in case detection
during the COVID-19 pandemic. Fifth, the occupational

analysis was based on a relatively small number of cases
and a limited time period, which restricts the
generalizability of these findings. Sixth, the study did not
assess treatment outcomes beyond mortality in detail (e.g.,
treatment success, loss to follow-up), nor did it include
microbiological data on drug resistance, which are
important components of TB surveillance. Finally, as an
ecological, population-level analysis, causal inferences
cannot be established, and the observed associations should
be interpreted with caution.

Given the observed fluctuations during and after the
COVID-19 pandemic, further research should assess the
long-term impact of healthcare disruptions on TB detection,
treatment outcomes, and delayed diagnosis. Analytical
studies exploring health system factors, access to care, and
diagnostic delays would be particularly valuable.
Moreover, the near-elimination of pediatric TB warrants
continued surveillance to ensure sustained interruption of
transmission. Studies focusing on occupation and specific
risk groups, including healthcare workers and other
vulnerable populations, should be expanded using larger
datasets and longer follow-up periods. Such research would
support the development of tailored screening, prevention,
and intervention strategies adapted to the evolving
epidemiology of TB in low-incidence settings.

Conclusion

Tuberculosis  incidence and
Autonomous Province of Vojvodina have declined
substantially over the past three decades, with the
epidemiological profile increasingly characterized by low
transmission and a predominance of cases among older
adults. These findings underscore the need to adapt
tuberculosis control strategies to an ageing population,
ensure timely diagnosis, and maintain robust surveillance
systems, particularly in the context of potential disruptions
such as pandemics. Although tuberculosis cases among
workers were uncommon, their occurrence across multiple
occupational groups highlights the need for continued
occupational health surveillance and effective infection
prevention measures.

mortality in the
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Trends in cesarean section rates and declining birth rates in a
secondary care hospital: a 20-year retrospective analysis (2005-2025)

Trendovi stopa carskog reza i opadanja broja porodaja u bolnicama
sekundarnog nivoa zdravstvene zastite: 20-godiSnja retrospektivna analiza

(2005-2025)

Melika Dervisefendié¢ Peljto

Primary Health Care Center Gracanica, Department of Women’s Health Care,
Gracanica, Bosnia and Herzegovina

Abstract

Background/Aim. The global rise in cesarean section (CS)
rates represents a significant clinical and public health
concern. Long-term monitoring of local trends provides
important insight into healthcare system organization and
evolving obstetric practice. The aim of the study was to
analyze temporal trends in total deliveries, CS rates, and major
indications for CS in a secondary care hospital over a 20-year
period. Methods. A retrospective descriptive study was
conducted using anonymized hospital records from General
Hospital in Gracanica, Bosnia and Herzegovina, covering the
period from 2005 to 2025. Annual data on total deliveries and
CS were collected. CS rates were calculated for each year, and
temporal trends were assessed using descriptive and trend
analysis. In addition, a subanalysis of CS indications from
2015 to 2025 was performed. Results. A marked decline in
total deliveries was observed, decreasing from 464 in 2005 to
214 in 2025. At the same time, CS rates demonstrated a
consistent upward trend, increasing from 13.6% in 2005 to
29.4% in 2025. The peak CS rate was recorded in 2019
(31.9%), while a similarly high rate was observed in 2021
(31.8%). Lower rates were observed in 2022 and 2023,
followed by an increase in the subsequent 2 years. The most
frequent indication for CS was previous CS (55.5%), followed
by hypertensive disorders in pregnancy (11.6%) and breech
presentation of the fetus (11.5%). Conclusion. The
simultaneous decline in birth rates and increase in CS rates
reflects the combined impact of demographic changes and
evolving healthcare system capacity, including improved
access to operative obstetric care. The predominance of
repeat CS as the leading indication further emphasizes the
importance of careful evaluation of primary cesarean
deliveries and adherence to evidence-based clinical guidelines.

Keywords:
birth rate; bosnia and herzegovina; cesarean section;
primary health care.

Apstrakt

Uvod/Cilj. Globalni porast stopa catskog reza (cesarean section
— CS) predstavlja znacajan klinicki i javnozdravstveni
problem. Dugoro¢no praéenje lokalnih trendova pruza vazan
uvid u organizaciju zdravstvenog sistema i razvoj akuserske
prakse. Cilj rada bio je da se analiziraju vremenski trendovi
ukupnog broja porodaja, stopa CS i glavnih indikacija za CS u
bolnici sekundarnog nivoa zdravstvene zastite tokom perioda
od 20 godina. Metode. Retrospektivna deskriptivna studija
sprovedena je koris¢enjem anonimizovanih  bolnickih
podataka iz Opste bolnice u Gracanici, Bosna i Hercegovina,
za period od 2005. do 2025. godine. Prikupljeni su godisnji
podaci o ukupnom broju porodaja i CS. Stope CS izracunate
su za svaku godinu, a vremenski trendovi analizirani su
primenom deskriptivne analize i analize trenda. Pored toga,
sprovedena je podanaliza indikacija za CS od 2015. do 2025.
godine. Rezultati. ZapaZen je izraziti pad ukupnog broja
porodaja, sa 464 u 2005. godini na 214 u 2025. godini.
Istovremeno, stope CS pokazale su kontinuirani porast, sa
13,6% u 2005. na 29,4% u 2025. godini. Najvisa stopa CS
zabelezena je 2019. godine (31,9%), a skoro identi¢no visoka
stopa zabelezena je 2021. godine (31,8%). Nize stope
zabelezene su 2022. i 2023. godine, dok je u naredne 2 godine
usledio porast. Najcesc¢a indikacija za CS bio je prethodni CS
(55,5%), zatim hipertenzivni poremecaji u trudnodi (11,6%) i
karlicna prezentacija ploda (11,5%). Zaklju¢ak. Istovremeni
pad nataliteta i porast stopa CS odrazava kombinovani uticaj
demografskih promena i razvoja kapaciteta zdravstvenog
sistema, ukljucujuci bolju dostupnost operativnog akuserskog
zbrinjavanja. Dominacija ponovljenog CS kao vodece
indikacije dodatno naglasava znacaj pazljive procene
indikacija za primarni CS i pridrzavanja klinickih smernica
zasnovanih na dokazima.

Kljucne reci:
natalitet; bosna i hercegovina; carski rez; zdravstvena
zastita, primarna.
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Introduction

In recent decades, a significant increase in cesarean
section (CS) rates has been observed worldwide,
representing a major challenge for modern obstetric practice.
Although CS can be a life-saving procedure in certain
clinical situations, its excessive use is associated with
increased risks for both the mother and the newborn %2,

The World Health  Organization - WHO
recommendation is that CS rates should not exceed 10-15%,
while many countries report considerably higher values.
Monitoring local trends is of particular importance, as it
provides insight into changes in clinical practice, healthcare
organization, and demographic patterns 35,

The coronavirus disease 2019 (COVID-19) pandemic
further affected the organization of healthcare systems and
the management of childbirth, and in some healthcare
systems it was associated with changes in CS rates 59,

Although based on data from a single healthcare
institution, such analyses provide valuable insights into
broader demographic and clinical trends comparable to
regional and global patterns. However, data from smaller
healthcare facilities, particularly in transitional healthcare
systems, remain underrepresented in the literature,
highlighting the importance of such studies. In addition to
monitoring temporal trends, evaluation of the major
indications for CS may provide further insight into
contemporary obstetric practice and factors contributing to
the increasing CS rates.

The aim of this study was to analyze temporal trends in
total deliveries, CS rates, and major indications for CS at the
General Hospital in Graanica, Bosnia and Herzegovina,
during the 2005-2025 period.

Methods

Study design and data source

A retrospective, descriptive study was conducted using
data on the total number of deliveries and CSs at the General
Hospital in Gracanica, Bosnia and Herzegovina, from
January 1, 2005, to December 31, 2025. The study was
approved by the Ethics Committee of the General Hospital
“Dr. Mustafa Beganovi¢”, Gracanica, Boshia and
Herzegovina (No. 02-389-3/26, from April 30, 2026). The
study was conducted in accordance with the ethical
principles of the Declaration of Helsinki.

Data were obtained from internal hospital records. The
analysis included the total number of deliveries and the
number of CSs for each year of the study period. For each
year, the CS rate was calculated as the percentage of CSs
among all deliveries. In addition, a subanalysis of indications
for CS from 2015 to 2025 was performed using aggregated
institutional data. Additional demographic and obstetric
characteristics, including maternal age and gestational age
among women who underwent cesarean delivery, were
analyzed from 2021 to 2025 using aggregated institutional
records.

Dervisefendic¢ Peljto M. Vojnosanit Pregl 2026; 83(9): 570-575.

Statistical analysis

Data were analyzed using descriptive statistics,
including absolute values and percentages. Trends over time
were assessed descriptively, with graphical presentation of
changes in the total number of deliveries and CS rates.
Frequencies and percentages of major indications for CS
between 2015 and 2025 were additionally analyzed. The
analysis was descriptive in nature and did not include
inferential statistical methods. All analyses were performed
at the aggregate level, and no individual patient-level data
were used.

Results

During the study period, the total number of deliveries
declined from 464 in 2005 to 214 in 2025.

At the same time, CS rates showed a progressive
increase. The rate increased from 13.6% in 2005 to values
ranging between 24.3% and 29.4% in recent years. The
highest rate was recorded in 2019, reaching 31.9%, while a
similarly high rate of 31.8% was observed in 2021.

A temporary decline was observed in 2022, when the
CS rate fell to 24.8%, compared to the previous year.
Subsequently, the rates were 24.3% in 2023, 29.0% in 2024,
and 29.4% in 2025 (Table 1; Figures 1-3).

Analysis by time periods showed that the average CS
rate increased from 13.3% between 2005 and 2014 to 26.3%
between 2015 and 2019, and further to 27.9% between 2020
and 2025.

Table 1

Trends in total number of deliveries
and cesarean section (CS) rates from 2005 to 2025

Year

Total deliveries Cesarean sections, rate

2005 464 63 (13.6)
2006 556 75 (13.5)
2007 472 47 (10.0)
2008 341 13 (3.8)

2009 316 22 (7.0)

2010 289 18 (6.2)

2011 401 68 (17.0)
2012 386 70 (18.1)
2013 344 78 (22.7)
2014 384 81 (21.1)
2015 364 92 (25.3)
2016 354 91 (25.7)
2017 305 77 (25.2)
2018 321 75 (23.4)
2019 285 91 (31.9)
2020 307 86 (28.0)
2021 365 116 (31.8)
2022 326 81 (24.8)
2023 329 80 (24.3)
2024 310 90 (29.0)
2025 214 63 (29.4)

Values are presented as absolute numbers and percentages.
CS rate (%) represents the proportion of CS relative to total
deliveries.
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Fig. 1 — Trend in the total number of deliveries (2005-2025)
at the General Hospital in Gracanica, Bosnia and Herzegovina.
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Fig. 2 — Trend in cesarean section rate (2005-2025)
at the General Hospital in Gracanica, Bosnia and Herzegovina.

A subanalysis of CS indications from 2015 to 2025
demonstrated that previous CS was the leading indication
(55.5%), followed by hypertensive disorders in pregnancy
(11.6%) and breech presentation (11.5%) (Table 2).

Additional analysis of women who underwent cesarean
delivery from 2021 to 2025 showed that women aged 35
years and older accounted for 48.8% of all cesarean
deliveries, while 37.9% occurred among women aged 25-34
years and 13.3% among those younger than 25 years.

Analysis of gestational age demonstrated that the
majority of cesarean deliveries were performed in term
pregnancies (37-40+6 weeks of gestation), accounting for
80.9% of all CSs. Preterm pregnancies (< 37 weeks of
gestation) accounted for 7.7%, while 11.4% of cesarean
deliveries were performed at 41 or more weeks of
gestation (Table 3). These findings provide additional
demographic and obstetric context to the observed CS
trends.
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Fig. 3 — Average cesarean section rate across time periods (2005-2025)
at the General Hospital in Gracanica, Bosnia and Herzegovina.
Table 2
Main indications for cesarean section (CS) in the period 2015-2025

Indication for CS Values
Previous CS (status post CS) 523 (55.5)
Hypertensive disorders in pregnancy 109 (11.6)
Breech presentation (presentatio pelvina) 108 (11.5)
Perinatal asphyxia 51 (5.4)
IVF pregnancy 40 (4.2)
Cephalopelvic disproportion (dysproportio fetopelvina) 33 (3.5)
IUGR 26 (2.8)
Twin pregnancy (gemelli) 22 (2.3)
Previous VE (status post VE) 17 (1.8)
Placenta previa 11(1.2)
Uterus duplex 2(0.2)
Total 942 (100)

IVF — in vitro fertilization; IUGR - intrauterine growth restriction;
VE - vacuum extraction.
All values are given as numbers (percentages).

Table 3

Distribution of maternal and gestational age among women
who underwent cesarean delivery between 2021 and 2025,
at the General Hospital in Gracanica, Bosnia and Herzegovina

Variable Values
Age group, years
<25 57 (13.3)
25-34 163 (37.9)
>35 210 (48.8)
Gestational age, weeks
<37 33(7.7)
37-40+6 348 (80.9)
>41 49 (11.4)
Total 430 (100)

Values are given as numbers (percentages).
Preterm: < 37 weeks; term: 37-40+6 weeks; post-term: > 41 weeks.
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Discussion

The present study demonstrates two consistent and
interrelated trends: a long-term decline in the total number
of deliveries and a parallel increase in CS rates over a 20-
year period. The observed decline refers to the annual
number of deliveries recorded at our institution rather than
to a population-based birth rate. These findings are in line
with global and regional patterns, where declining fertility
rates, population migration, and changes in reproductive
behavior have significantly influenced birth trends 13,

The observed increase in CS rates reflects a well-
documented global phenomenon, commonly attributed to
evolving clinical practice, advances in surgical safety, and
medico-legal considerations 2 * ®. However, in the context
of this study, the increase should be interpreted within a
broader health-system perspective. Changes in institutional
organization and referral patterns over time may have
contributed to the observed differences in CS rates.

These findings underscore the importance of
considering structural and organizational factors when
interpreting CS trends, particularly in smaller healthcare
systems undergoing transition. In such settings, rising CS
rates may represent a phase of system development and
strengthening of obstetric services, rather than unequivocal
overuse.

The similarly high CS rate observed in 2021 (31.8%)
coincides with the COVID-19 pandemic, suggesting a
potential association with changes in healthcare
organization and obstetric care during that period. Similar
increases have been reported globally, often linked to a
more cautious and controlled approach to delivery
management during the pandemic ®'2. In contrast, the
decrease in CS rates in 2022 likely reflects the
reorganization of healthcare services in the later phase of
the pandemic and changes in referral patterns 14-8,

Despite following global trends, the results highlight
specific local characteristics related to healthcare
organization and capacity building. In addition, broader
demographic changes and declining fertility trends
observed in many transitional healthcare systems may have
further contributed to the reduction in total deliveries
during the study period . Additional analysis of cesarean
deliveries from 2021 to 2025 revealed that women aged 35
years and above accounted for nearly half of all cases, with
the majority of procedures performed in term pregnancies.
These findings provide additional demographic and
obstetric context to the observed trends. Advanced maternal
age has been recognized as a factor associated with an
increased likelihood of CS and may have contributed, at
least in part, to the rising CS rates observed in our
population 1820,

From a clinical and public health perspective, the
continuous rise in CS rates observed in this study highlights
the necessity for systematic monitoring, critical evaluation

of indications, and adherence to evidence-based guidelines.
Continued monitoring is important to ensure that increasing
access to operative care remains aligned with appropriate
clinical indications. The additional analysis of CS
indications demonstrated that previous CS was the leading
indication, followed by hypertensive disorders in
pregnancy and breech presentation. These findings are
consistent with contemporary obstetric practice, where
repeat CS remains one of the major contributors to rising
CS rates worldwide 8, Similar findings have been reported
in recent studies, where previous CS, hypertensive
disorders in pregnancy, and malpresentation remain among
the leading indications for CS 18-2°,

Limitations of the study

This study has several limitations. As a retrospective,
single-center analysis, its findings may have limited gen-
eralizability. The retrospective design limited the possi-
bility of more detailed evaluation of factors associated
with changing CS rates. Detailed maternal age and gesta-
tional age data were available only from 2021 to 2025 and
could therefore not be analyzed for the entire study peri-
od.

Nevertheless, the strength of this study lies in its long
observation period and consistent data collection, providing
valuable insight into temporal trends in obstetric practice.

Conclusion

Over the 20-year study period, a marked decline in
birth rates accompanied by a sustained increase in cesarean
section rates was observed. These trends reflect the com-
bined effects of demographic changes and progressive de-
velopment of healthcare system capacity, including im-
proved access to operative obstetric care.

The findings highlight the importance of continuous
surveillance of cesarean section rates and critical evaluation
of clinical indications. Furthermore, they emphasize the
need to balance improved accessibility of surgical care with
the prevention of unnecessary interventions. The predomi-
nance of repeat cesarean section as the leading indication
further underscores the importance of reducing unnecessary
primary cesarean deliveries in contemporary obstetric prac-
tice. From a broader health system perspective, these re-
sults may inform strategic planning, resource allocation,
and optimization of obstetric services, particularly in sec-
ondary care settings and transitional healthcare systems.
Future research incorporating detailed clinical variables is
warranted to further elucidate the determinants of increas-
ing cesarean section rates.
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Serum neurofilament light chain as a biomarker for monitoring the
therapeutic response of disease-modifying therapies in patients with
relapsing-remitting multiple sclerosis

Laki lanac neurofilamenta u serumu kao biomarker za praéenje terapijskog
odgovora na lekove koji modifikuju tok bolesti kod obolelih od relapsno-

remitentne multiple skleroze

Marija Vasi¢*, Evica Ding&i¢'

Military Medical Academy, *Institute of Medical Biochemistry, 'Neurology Clinic,
Belgrade, Serbia; *University of Defence, Faculty of Medicine of the Military Medical
Academy, Belgrade, Serbia

Abstract

Background/Aim. Serum neurofilament light chain
(sNfL) is a sensitive biomarker of neuroaxonal damage
and disease activity in multiple sclerosis (MS). The aim of
this study was to investigate changes in sNfL levels
following initiation of different disease-modifying
therapies (DMTs) in treatment-naive patients with
relapsing-remitting MS (RRMS), and to explore potential
sex-related differences in treatment response. Methods.
The longitudinal study analyzed 78 treatment-naive RRMS
patients (40 males, 38 females) initiating their first DMT
[injectable (n = 37): interferon beta-la: Rebif®, interferon
beta-1b: Betaferon®, glatiramer acetate: Copaxone®, or
oral (n = 41): sphingosine 1-phosphate receptor (S1PR)
modulators:  fingolimod,  ozanimod,  ponesimod].
Concentrations of sNfLL were measured using enzyme-
linked immunosorbent assay — ELISA prior to therapy
initiation and after 6 months. Disability was assessed at
baseline using Expanded Disability Status Scale — EDSS
and Multiple Sclerosis Severity Score — MSSS. Repeated
measures analysis was used to evaluate longitudinal

Apstrakt

Uvod/Cilj. Laki lanac neurofilamenta u serumu (serum
neurofilament  light  chain  —  sNfL)  je  osetljiv
biomarker neuroaksonalnog ostecenja i aktivnosti bolesti
kod multiple skleroze (MS). Cilj rada bio je da se ispitaju
promene nivoa sNfL. posle zapocinjanja razli¢itih terapija
koje modifikuju tok bolesti (disease-modifying therapies — DMT)
kod prethodno nelecenih, obolelih od relapsno-remitentne
MS (RRMS), kao i da se u terapijskom odgovoru analiziraju
potencijalne razlike povezane sa polom. Metode.
Longitudinalnom studijom analizirano je 78 obolelih od

changes. Results. A significant reduction in sNfL levels
was observed after 6 months of DMT therapy in the
examined patients (p < 0.001; partial n> = 0.358). A
significant interaction between sex and treatment response
was found (p = 0.003), with a more pronounced reduction
in sNfLL levels observed in females. No significant
difference in sNfL reduction was found between injectable
therapies and S1PR modulators (p = 0.092), although
baseline sNfL levels were higher in the S1PR group
(p <0.001). Conclusion. Initiation of DMTs in RRMS
patients was associated with a significant decrease in sNfLL
levels, suggesting reduced neuroaxonal damage following
treatment introduction. Higher baseline sNfL levels in
females may indicate potential sex-related differences in
neuroaxonal injury. Monitoring sNfL. may represent a
useful non-invasive biomarker of biological treatment
response in RRMS patients.

Keywords:

biomarkers; drug administration routes;
immunotherapy; multiple sclerosis, relapsing-
remitting; neurofilament proteins; sex factors.

RRMS (40 muskaraca i 38 zena) koji ranije nisu bili lec¢eni a
koji su zapoceli DMT prvi put [injekciono (n = 37):
interferon beta-1a: Rebif®, interferon beta-1b: Betaferon®,
glatiramet acetat: Copaxone® ili oralno (n = 41): modulatori
sfingozin-1-fosfat receptora (sphingosine 1-phosphate receptor —
S1PR): fingolimod, ozanimod i ponesimod]. Koncentracije
nivoa sNfLL odredene su metodom  engyme-linked
immunosorbent assay — ELISA na pocetku i posle 6 meseci
terapije. Stepen onesposobljenosti procenjen je na pocetku
studije, primenom Expanded Disability Status Scale — EDSS i
Multiple ~ Sclerosis — Severity Score — MSSS. Za procenu
longitudinalnih promena primenjena je analiza ponovljenih
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merenja. Rezultati. Zabelezeno je znacajno snizenje nivoa
sNfL kod ispitivanih bolesnika 6 meseci nakon primene
DMT (p < 0,001; delimi¢ni n?> = 0,358). Nadena je znacajna
interakcija pola i terapijskog odgovora (p = 0,003), sa
izrazenijim snizenjem nivoa sNfL kod Zena. Nije utvrdena
statisticki znacajna razlika u snizenju nivoa sNfL izmedu
injekcione terapije i SIPR modulatora (p = 0,092), mada su
pocetne vrednosti SNfL bile znacajno vise u grupi bolesnika
lecenih  SIPR  modulatorima (p < 0,001). Zakljucak.
Zapocinjanje DMT kod obolelih od RRMS bilo je povezano
sa znacajnim snizenjem nivoa sNfL, s$to ukazuje na

smanjeno neuroaksonalno ostecenje posle uvodenja terapije.
Visi pocetni nivoi sNfL kod Zena mogu ukazivati na razlike
u neuroaksonalnom ostecenju povezane sa polom. Pracenje
nivoa sNfl. moze predstavljati koristan neinvazivan
biomarker bioloskog odgovora na terapiju kod obolelih od
RRMS.

Kljucne reci:

biomarkeri; lekovi, putevi primene; imunoterapija;
multipla skleroza, relapsno-remitentna; proteini,
neurofilament; pol, faktor.

Introduction

Multiple sclerosis (MS) is a chronic autoimmune
neurodegenerative disease of the central nervous system
characterized by inflammation, demyelination, and axonal
loss . The most common form is relapsing-remitting MS
(RRMS), characterized by relapses followed by periods of
remission. Functional disability is commonly assessed using
the Expanded Disability Status Scale (EDSS) 2. A better
parameter for estimating the severity of the disease is the
Multiple Sclerosis Severity Score (MSSS), which includes
disease duration 2.

Neurofilament light chain (NfL) is a structural protein
released during axonal damage * °. Serum NfL (sNfL) has
emerged as a promising biomarker reflecting disease activity
and therapeutic response in MS 7. Increased sNfL levels
correlate with inflammatory activity and risk of disability
progression 58,

In addition, oxidative stress contributes to neuroaxonal
damage in MS, leading to increased release of NfL into the
circulation. Therefore, sSNfL can also reflect oxidative stress-
related neuronal injury &9,

Although disease-modifying therapies (DMTSs) reduce
relapse rates and slow down disease progression, reliable
biomarkers for monitoring therapeutic response in clinical
practice remain of great importance °.

The aim of this study was to investigate the effect of
initiating different DMTs [interferon beta-1la: Rebif®
interferon  beta-1b:  Betaferon®, glatiramer acetate:
Copaxone®, and sphingosine 1-phosphate receptor (S1PR)
modulators: fingolimod, ozanimod, ponesimod] on sNfL
levels in RRMS patients after 6 months of follow-up, as well
as to explore potential sex-related differences in treatment
response.

Methods

Design and participants

This longitudinal interventional study included 78
treatment-naive RRMS patients who initiated their first DMT
at study entry. They were recruited at the Neurology Clinic
of the Military Medical Academy, Belgrade, Serbia, between
March 2018 and July 2019. Diagnosis was established
according to the 2017 McDonald criteria . The study was
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approved by the Ethics Committee of the Military Medical
Academy (from June 12, 2018) and conducted in accordance
with the Declaration of Helsinki. All participants provided
written informed consent.

All patients initiated DMT at study entry. Baseline
blood samples were obtained prior to the first dose of
therapy. Disability was evaluated using EDSS and MSSS.
The injectable therapy group included patients who had been
receiving interferon beta-1a (Rebif®), interferon beta-1b
(Betaferon®), and glatiramer acetate (Copaxone®), whereas
the S1IPR modulator group included patients who had been
receiving fingolimod, ozanimod, and ponesimod. Baseline
blood samples were obtained prior to the first dose of DMT,
and follow-up samples were collected 6 months after therapy
initiation.

Inclusion and exclusion criteria

The study included patients diagnosed with RRMS
according to the 2017 McDonald criteria .

Patients with acute infections, severe systemic diseases,
or other medical conditions potentially affecting serum
biomarker levels at the time of sampling were not included in
the study.

Comorbidity data were not systematically collected for
all participants and therefore could not be analyzed as
potential confounders.

Biochemical analysis

Concentrations of sNfL were measured using a
commercial sandwich enzyme-linked immunosorbent assay
(ELISA) kit (NEFL-BioAssay™, US Biological) according
to the manufacturer’s instructions. Serum samples were
stored at -80 °C until analysis.

Statistical analysis

Statistical analyses were performed using IBM SPSS
Statistics for Windows, version 24.0 (IBM Corp., Armonk,
NY, USA). Normality of data distribution was assessed using
the Shapiro-Wilk test and Kolmogorov-Smirnov tests.
Although several variables showed moderate deviations from
normality, mixed-design repeated measures analysis of
variance — ANOVA was applied because of its robustness to
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such deviations and its suitability for longitudinal repeated
measures designs. Non-parametric tests were used where
appropriate. Appropriate paired and unpaired statistical tests
were applied to assess differences between measurements.
Continuous variables were presented as mean + standard
deviation to facilitate comparison with previous studies.

A value of p < 0.05 was considered statistically
significant. A formal power analysis was not performed prior
to the study because it was exploratory; however, the sample
size was comparable to that of similar studies in the field.

Results

Demographic and clinical characteristics

Demographic and clinical characteristics are presented
in Table 1. Females had significantly higher baseline sNfL
levels than males (p < 0.001). This sex-related difference

was observed among younger patients (< 30 years), with
females showing higher sNfL levels than males (p = 0.027),
and also among older patients (> 30 years) (p < 0.001).
Younger patients (< 30 years) showed higher sNfL levels
compared with older patients (> 30 years) (p = 0.003).

Demographic and baseline clinical characteristics of
study patients according to the route of administration
(injectable vs. oral) are presented in Table 2. No statistically
significant differences were observed between patients
receiving injectable therapies and those treated with S1PR
modulators in terms of age, disease duration, baseline EDSS,
or MSSS scores (all p > 0.05). However, baseline sNfL
levels were significantly higher in patients treated with S1PR
modulators compared to those receiving injectable therapies
(p <0.001).

No significant correlation was observed between
body mass index (BMI) and sNfL levels (Spearman’s rho
=-0.168, p = 0.140).

Table 1
Demographic and clinical characteristics of patients with RRMS receiving DMT according to gender
Parameter T?‘a' Mfles FeTaIes *p-value
(n=78) (n =40) (n=38)
Age, years 42.26 + 8.67 42.95+8.11 4153 +9.28 0.472
MS duration, years 8.72 £5.70 9.15+4.93 8.26 £6.45 0.496
EDSS 2.62 £1.21 2.67+£1.22 2.56 +1.22 0.693
MSSS 3.84+215 3.80+£2.25 3.89 £2.07 0.853
sNfL, pg/mL* 13.09 +3.20 11.63+1.90 14.62 +3.59 <0.001
sNfL (pg/mL) by age group, years*
<30 15.43 +£2.45™ 13.06 £1.95 16.61+1.74™ 0.027
> 30 12.78 £3.17 11.51+1.87 14.21 £1.09 <0.001

RRMS - relapsing-remitting multiple sclerosis; DMT - disease-modifying therapy; n — number; MS — multiple sclerosis;
EDSS - Expanded Disability Status Scale; MSSS — Multiple Sclerosis Severity Score; sNfL — serum neurofilament light

chain.

All values of continuous variables are given as mean + standard deviation.

Note: *gender-related differences; **age-related differences; *statistical analysis performed: Student’s t-test and
Mann-Whitney U test. Parameter sNfL represents the levels of sNfL before the patients received DMTSs. The age groups
are as follows: < 30 years — total (n=9); males (n=3), females (n = 6); and > 30 years — total (n = 69), males (n= 37),

females (n= 32).

Table 2
Demographic and baseline clinical characteristics of patients with
RRMS according to the route of administration of DMT (injectable vs. oral)
Parameter Injectable therapies S1PR modulators p-value
(n=37) (n=41)

Age, years 43.67 £9.03 40.59 £9.33 0.089
MS duration, years 9.02 £5.16 7.90 £5.39 0.288
EDSS 253 +1.09 252 +1.29 0.939
MSSS 3.62+231 3.69 £2.04 0.878
Baseline sNfL, pg/mL 10.21 +1.04 13.24 +1.69 <0.001

RRMS - relapsing-remitting multiple sclerosis; DMT — disease-modifying therapy; n — number;
S1PR - sphingosine 1-phosphate receptor; MS — multiple sclerosis; EDSS — Expanded Disability
Status Scale; MSSS — Multiple Sclerosis Severity Score; sNfL — serum neurofilament light chain.
All values of continuous variables are given as mean + standard deviation.

Note: Statistical analysis performed — Student’s t-test and Mann-Whitney U test.
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Effects of disease-modifying therapies on serum
neurofilament light chain levels

Repeated measures analysis showed a significant
decrease in sNfL levels after 6 months of DMT therapy in
the RRMS population (p < 0.001; partial n? = 0.358). A
significant sex-related difference in treatment response was
observed (p = 0.003; partial n? = 0.107), with a more
pronounced reduction of sNfL in females (Figure 1).

When patients were grouped according to therapeutic
category (injectable therapies vs. S1PR modulators), no

statistically significant difference in sNfL reduction was
observed between groups (p = 0.092; partial n? = 0.037),
although patients treated with SIPR modulators showed a
trend toward greater reduction (Figure 2).

Discussion

Intensive investigation of MS pathophysiology has led
to the development of DMTs that reduce inflammation and
delay disease progression ° In parallel, significant efforts
have focused on identifying and validating diagnostic and
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Fig. 1 — Estimated marginal means (EMM) of sNfL before and 6 months after
initiation of DMTs in patients with RRMS: a) overall RRMS patient group (n = 78);
b) gender-related RRMS subgroup analysis (males, n = 40; females, n = 38).
sNfL — serum neurofilament light chain; DMT - disease-modifying therapies;
RRMS - relapsing-remitting multiple sclerosis.
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Fig. 2 — Effects of DMTs on sNfL levels after 6 months of follow-up in
patients who have been receiving injectable therapies (Betaferon®, Rebif®,
or Copaxone®) (n = 37) and those treated with SIPR modulators (n = 41).

EMM - estimated marginal means; sNfL — serum neurofilament light chain;
DMT - disease-modifying therapies; S1PR — sphingosine 1-phosphate receptor;
mod — modulators; n — number.
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prognostic biomarkers capable of detecting neuronal
damage and monitoring therapeutic response in patients
with MS. Among circulating biomarkers, sNfL has
emerged as a sensitive indicator of recent neuroaxonal
damage and is particularly valuable in “clinically silent
disease” where overt clinical changes may be difficult to
interpret ©.

A previous study has shown that chronic white matter
inflammation is associated with increased sNfL levels and
greater disease severity in MS 2. Furthermore, elevated
baseline sNfL concentrations have been reported as a
potential prognostic marker of brain lesion development
and brain atrophy in patients with RRMS 1,

In the present study, we evaluated longitudinal
changes in sNfL levels following the initiation of DMTs. A
significant reduction in sNfL concentrations was observed
after 6 months of therapy in the overall RRMS population.
These findings are consistent with a previous report
demonstrating lower sNfL levels under DMTs 4.

Recent evidence from routine clinical practice and
systematic reviews reinforces the role of sNfL as a
biomarker of disease activity and therapeutic response in
MS 518 In line with these findings, our longitudinal data
demonstrate a significant reduction in sNfL levels
following DMT initiation, further supporting its utility in
monitoring treatment response.

MS is characterized by demyelination and axonal
injury, leading to increased release of neurofilament
proteins into the circulation. Therefore, the observed
decrease in sNfL following treatment initiation likely
reflects reduced neuroaxonal damage after therapeutic
intervention 4.

Our results showed that females had significantly
higher baseline sNfL levels compared to males. This
finding may indicate greater susceptibility of females to
neuroaxonal injury, emphasizing the importance of early
therapeutic intervention. However, a previous study has not
consistently demonstrated the effect of gender on the level
of sNfL in patients with MS 4 Additionally, younger
female patients showed higher sNfL levels compared with
older female patients, whereas such age-related differences
were not observed in males. In contrast, previous studies
have reported no significant influence of age on sNfL
concentrations 7, Further studies are warranted to clarify
the combined effects of age and sex on sSNfL levels in
RRMS.

Although BMI has been reported to influence sNfL
levels in some studies %, we did not observe a significant
association in our cohort.

After 6 months of follow-up, sSNfL levels were
significantly reduced in patients receiving DMTSs, both in
the overall RRMS population and within sex-based
subgroups. The 6-month follow-up period was selected to
capture early biological changes in sNfL levels following
DMT initiation. A previous study has shown that sNfL
responds relatively rapidly to treatment, reflecting acute
neuroaxonal damage 4. However, longer follow-up may be
necessary to fully capture the maximal effects of certain

DMTs on sNfL levels and long-term clinical outcomes ** 4,
This approach may help bridge the gap between early
biological responses reflected by sNfL changes and long-
term clinical outcomes !4 In addition, therapies were
grouped into injectable treatment and S1PR modulators
based on their distinct mechanisms of action. Injectable
therapies primarily exert immunomodulatory effects, while
S1PR modulators act by preventing lymphocyte egress
from lymph nodes, potentially leading to differential effects
on neuroaxonal damage and sNfL levels . When patients
were divided according to therapeutic group (injectable
therapies vs. SIPR modulators), no statistically significant
difference in sNfL reduction was observed between groups,
although a slightly greater decrease was noted in patients
treated with SIPR modulators.

Patients receiving S1IPR modulators had significantly
higher baseline sNfL levels compared with those treated
with injectable therapies. This difference likely reflects
greater pre-treatment neuroaxonal activity and may partly
explain variations in observed treatment responses.
Previous literature suggests that SNfL concentrations above
approximately 16 pg/mL may indicate active disease in
patients with MS 8, In our study population, baseline sNfL
values were within the range consistent with ongoing
neuroaxonal damage prior to treatment initiation,
supporting the biological relevance of the observed
reduction after therapy.

These findings are in line with studies reporting
decreased sNfL levels following treatment with interferon-
beta and fingolimod 419 2,

Limitations of the study

Limitations of this study include the absence of a
healthy control group and the lack of longitudinal clinical
disability assessment. This limits the ability to directly
correlate biological changes in sNfL with clinical
outcomes. EDSS was evaluated only at baseline and was
not reassessed after 6 months of follow-up. Therefore, we
were unable to directly correlate changes in sSNfL
concentrations  with clinical improvement. Another
limitation of the study was that comorbidities were not
systematically collected, although they may act as potential
confounding factors influencing sNfL levels. In addition,
SNfL concentrations were measured using ELISA, which is
less sensitive than newer ultrasensitive platforms such as
single-molecule array; however, all samples were analyzed
using the same standardized protocol, minimizing intra-
study variability.

The study primarily focused on longitudinal changes

within  patients following DMT initiation, without
comparisons with healthy controls.

An additional limitation of this study is that
potentially  important  factors  influencing  sNfL

concentrations were not evaluated. Specifically, patients
were not stratified according to BMI, and comorbid
conditions were not systematically recorded. Both factors
may have contributed to the interindividual variability in
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sNfL concentrations ?* and should be taken into account in
future studies.

Conclusion

This study demonstrated a significant reduction in
circulating serum neurofilament light chain levels
following disease-modifying therapy initiation in patients
with relapsing-remitting multiple sclerosis, suggesting

decreased neuroaxonal damage after treatment introduction.
Higher baseline serum neurofilament light chain levels
observed in females indicate potential sex-related
differences in neuroaxonal injury; however, further
investigation is needed to clarify their clinical implications.
Monitoring serum neurofilament light chain levels may
serve as a useful non-invasive biomarker for assessing
biological response to therapy in relapsing-remitting
multiple sclerosis.
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Abstract

Introduction. Bardet-Biedl syndrome (BBS) is a rare auto-
somal recessive ciliopathy caused by structural and function-
al abnormalities of primary cilia, leading to disruption of key
signaling pathways. It is clinically characterized by progres-
sive retinal degeneration, polydactyly, eatly-onset obesity,
cognitive impairment, hypogonadism, and renal abnormali-
ties. Malignant mesothelioma (MM) is a malignant tumor of
mesothelial cells that most commonly affects the pleura and
is strongly associated with asbestos exposure and poor prog-
nosis. In addition to environmental factors, genetic predis-
position may contribute to its pathogenesis. Case report.
We present a 27-year-old male with BBS who was evaluated
for chest pain and progressive dyspnea. Pleural fluid analysis
and video-assisted thoracoscopic pleutral biopsy confirmed
epithelioid pleural MM. The patient received systemic chem-
otherapy with pemetrexed and cisplatin, together with pallia-
tive treatment for recurrent pleural effusions. Therapeutic
options were further limited by the underlying genetic disor-
der. Despite advanced disease and limited treatment options,
the patient achieved unexpectedly prolonged overall survival
of 7 years from the time of MM diagnosis. Conclusion. This
case illustrates the diagnostic and therapeutic complexity of
managing malignancies in patients with rare genetic syn-
dromes and emphasizes the importance of an individualized
multidisciplinary approach. It also raises the possibility that
ciliary dysfunction may contribute to mesothelioma patho-
genesis, warranting further molecular and clinical investiga-
tion.

Keywords:
bardet-biedl syndrome; diagnosis; palliative care;
survival; antineoplastic agents.

Apstrakt

Uvod. Bardet-Biedl-ov sindrom (BBS) je retka autozomno
recesivna ciliopatija, nastala usled strukturnih i funkcionalnih
poremecaja primarnih cilija, $to dovodi do narusavanja klju¢nih
signalnih  puteva. Klinicki se karakteriSe progresivnom
degeneracijom retine, polidaktilijom, ranom gojaznoscu,
kognitivnim poremecajem, hipogonadizmom 1 bubreznim
poremecajima. Maligni mezoteliom (MM) je maligni tumor
mezotelnih Celija koji najéesce zahvata pleuru i usko je povezan
sa izloZzeno$éu azbestu 1 nepovoljnom prognozom. Pored
faktora sredine, genetska predispozicija moze doprineti
njegovoj patogenezi. Prikaz bolesnika. Prikazujemo 27-
godisnjeg muskarca obolelog od BBS koji je ispitivan zbog
bolova u grudima i progresivne dispneje. Analizom pleuralnog
izliva i biopsijom pleure, dobijenom video-asistiranom
torakoskopijom, potvrden je epiteloidni MM pleure. Bolesnik je
lecen  sistemskom  hemioterapijom, pemetreksedom i
cisplatinom, zajedno sa palijativnim lecenjem ponavljajucih
pleuralnih izliva. Terapijske moguénosti bile su dodatno
ogranicene prisutnim genetskim poremecajem. Uprkos
uznapredovaloj bolesti i ogranicenim moguénostima lecenja,
bolesnik je postigao neuobicajeno dugo ukupno prezZivljavanje
od 7 godina od trenutka dijagnostikovanja MM. Zakljucak.
Prikazani slucaj ukazuje na slozenost dijagnostike i lecenja
maligniteta kod bolesnika sa retkim genetskim sindromima i
naglasava  znacaj individualizovanog —multidisciplinarnog
pristupa. Slucaj ukazuje i na mogucu ulogu disfunkcije cilija u
patogenezi mezotelioma, sto upucuje na potrebu za daljim
molekularnim i klinickim istrazivanjima.

Kljucne reci:

bardet-biedl sindrom; dijagnoza; leCenje, palijativno;
preZivljavanje; antineoplastici.
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Introduction

Bardet-Biedl syndrome (BBS) is a rare multisystem au-
tosomal recessive ciliopathy caused by structural and func-
tional abnormalities of primary cilia, leading to disrupted
cellular signaling and multisystem dysfunction. Historically
classified within Laurence-Moon-Biedl syndrome, BBS is
clinically characterized by cone-rod retinal dystrophy, post-
axial polydactyly, early-onset truncal obesity, learning diffi-
culties, hypogonadism, genitourinary anomalies, and fre-
guent renal involvement ranging from congenital abnormali-
ties to progressive tubulointerstitial disease 3,

BBS is associated with mutations in more than 25
genes, particularly BBS1 and BBS10, which are involved in
ciliary trafficking and signaling pathways .

Inheritance is typically autosomal recessive, and mo-
lecular diagnosis requires identification of biallelic patho-
genic variants in a known BBS gene. Modifier loci are
thought to contribute to the marked phenotypic variability
observed among affected individuals 7. Clinical manifesta-
tions usually begin in childhood with night blindness, fol-
lowed by progressive visual impairment, obesity, and de-
velopmental abnormalities, while renal disease often
emerges later and represents a major determinant of mor-
bidity and prognosis & °.

Life expectancy largely depends on the severity of renal
and cardiometabolic complications 112,

Malignant mesothelioma (MM) is an aggressive malig-
nancy arising from mesothelial surfaces, most commonly the
pleura. Although rare worldwide, pleural MM accounts for
approximately 85% of all mesothelioma cases, with an esti-
mated global incidence of 0.3 per 100,000 population 2 13,
Histologically, MM s classified into epithelioid, sarcoma-
toid, and biphasic subtypes. The principal etiologic factor is
asbestos exposure, while additional risk factors include eri-
onite exposure, prior therapeutic radiation, and inherited ge-
netic susceptibility 1* 15, A key pathogenic alteration involves
BAP1 (BRCAl-associated protein 1), a tumor-suppressor
deubiquitinating enzyme whose inactivation disrupts chro-
matin regulation, cell-cycle control, and deoxyribonucleic
acid — DNA repair processes, contributing to tumor predis-
position and the development of multiple malignancies.
Prognosis remains poor and is strongly influenced by disease
stage and histologic subtype. Current management includes
surgical resection in selected early-stage cases, platinum-
pemetrexed chemotherapy, immune checkpoint inhibitors,
and palliative interventions for recurrent pleural effu-
sions 1617,

Although no direct association between BBS and MM
has been established, ciliary dysfunction may represent a po-
tential mechanistic link. Impaired mucociliary clearance may
facilitate retention of inhaled carcinogens, including asbestos
fibers, within the pleural environment and contribute to mes-
othelial carcinogenesis.

We present an exceptionally rare coexistence of BBS
and pleural MM, highlighting the diagnostic challenges,
therapeutic limitations, and unexpectedly prolonged patient
survival.

Sarac S, et al. Vojnosanit Pregl 2026; 83(9): 582-589.

Case report

A 27-year-old male with genetically confirmed BBS,
harboring pathogenic variants in BBS1, was under longitudi-
nal follow-up for cone-rod dystrophy and obesity. He had no
documented occupational or familial exposure to asbestos.
The patient presented with subacute pleuritic pain localized
to the right hemithorax, accompanied by a nonproductive
cough and progressively worsening exertional dyspnea over
a period of 4 to 6 weeks.

Phenotypically, the patient showed characteristic fea-
tures of BBS including truncal obesity with relatively slender
extremities, postaxial polydactyly, brachydactyly, broad feet
with pes planovalgus, and hypogonadism. Mild craniofacial
dysmorphism was also present, including a broadened nasal
root and subtle midfacial flattening. The overall phenotype
was consistent with the typical skeletal and metabolic mani-
festations of BBS. The patient’s physical appearance is illus-
trated in Figures 1 and 2.

Physical examination demonstrated diminished breath
sounds at the right lung base. Resting peripheral oxygen sat-
uration was 95%, and the Eastern Cooperative Oncology
Group — ECOG scale *® performance status was 1 (that
means the patient is symptomatic but fully ambulatory and
capable of self-care).

Laboratory testing revealed mild thrombocytosis with a
platelet count of 480 x 10%L (reference range 150-400 x
10%L) and elevated C-reactive protein of 68 mg/L (upper
limit less than 5 mg/L). Tumor markers showed no character-
istic pattern.

Chest X-ray and multidetector computed tomography
revealed a right-sided pleural effusion with diffuse irregular
thickening of the parietal and diaphragmatic pleura without
an identifiable pulmonary parenchymal mass (Figures 3
and 4).

The patient’s mother was his legal guardian because of
his longstanding physical and cognitive developmental im-
pairments. He had previously been assessed as unable to
make independent medical decisions and had a documented
mild intellectual disability, with an intelligence quotient of
60. Following a detailed discussion with the patient’s moth-
er, informed consent was obtained for the performance of in-
vasive diagnostic procedures and, if clinically indicated, sur-
gical intervention.

An ultrasound-guided thoracentesis was performed un-
der procedural sedation and analgesia. The procedure pro-
duced an exudative pleural effusion that on macroscopic ex-
amination appeared serous to serosanguineous. Cytologic
analysis revealed atypical mesothelial cells and reactive
mesothelial proliferations. The findings were inconclusive
and did not allow determination of a definitive underlying
etiology. Given the persistent clinical suspicion of a neo-
plastic process, additional diagnostic evaluation was re-
quired.

Video-assisted thoracoscopic (VATS) pleural biopsy
was then performed. During the procedure, a total of 2,000
mL of pleural effusion was evacuated, allowing complete in-
spection of the pleural cavity. Thoracoscopic examination
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a) b)
Fig. 1 — Characteristic Bardet-Biedl syndrome phenotype habitus with central obesity
and typical body disproportions: a) anterior view; b) profile view.

Fig. 2 — Postaxial polydactyly of the foot with shortened Fig. 3 — Chest X-ray
toes (brachydactyly) and morphologically irregular toes showing a right-sided
representing a typical manifestation of Bardet-Biedl syndrome. pleural effusion (arrow).

Fig. 4 — Multidetector computed tomography of the chest in the axial plane (a—c) demonstrating a large right-sided
pleural effusion and thickening of the costal and diaphragmatic pleura (arrowed).

Sarac S, et al. Vojnosanit Pregl 2026; 83(9): 582—-589.



Vol. 83, No. 9

VOJNOSANITETSKI PREGLED

Page 585

revealed diffuse thickening of the parietal pleura with nodu-
lar deposits distributed across its entire surface, as well as
nodular involvement of the diaphragmatic and visceral pleu-
ra. Representative biopsy specimens were obtained from
multiple areas of the parietal, diaphragmatic, and visceral
pleura. Samples were taken from macroscopically suspicious
regions whenever technically feasible. The procedure was
completed without intraoperative or delayed complications.
Histopathologic evaluation confirmed epithelioid MM sup-
ported by a characteristic immunohistochemical profile
demonstrating diffuse positivity for calretinin, Wilms tumor
1 (WT1), podoplanin (D2-40), and cytokeratin 5/6 (CK5/6),

Fig. 5 — Epithelioid malignant mesothelial cells

with negative staining for epithelial cell adhesion molecule
BerEP4 and epithelial-related antigen MOC31. The im-
munophenotypic profile was consistent with epithelioid MM
and argued against metastatic adenocarcinoma, including
primary pulmonary adenocarcinoma. In combination with
radiologic evidence of diffuse pleural involvement without
an identifiable pulmonary parenchymal mass, the overall
clinicopathologic findings supported the diagnosis of epithe-
lioid pleural MM.

Histopathologic and immunohistochemical samples
were analyzed using a microscope equipped with a Leica
ICC50 W digital camera (Figures 5-8).

"R i

infiltrating connective and adipose tissue
with tubulopapillary architecture
(hematoxylin-eosin staining, magnification x20).

Fig. 6 — Tumor cells demonstrate strong cytoplasmic and
membranous positivity for calretinin, with nuclei counterstained
blue with hematoxylin. The positive cells are arranged in irregular
clusters and cords within a fibrous stromal background
(immunohistochemical staining for calretinin, magnification x50).

Sarac S, et al. Vojnosanit Pregl 2026; 83(9): 582—-589.
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Fig. 7 — Tumor cells demonstrate strong membranous and
cytoplasmic positivity for D2-40, evidenced by dark brown
staining. The positive cells line tubulopapillary and irregular
luminal structures within a fibrous stromal background containing
scattered negative cells. Nuclei are counterstained blue with hematoxylin
(immunohistochemical staining for D2-40, magnification x10).

Fig. 8 — Tumor cells demonstrate strong cytoplasmic and
membranous positivity for cytokeratin 5/6 (CK5/6), highlighted
by dark brown staining. The positive cells form prominent
tubulopapillary and trabecular structures within a fibrous stromal
background. Nuclei are counterstained blue with hematoxylin
(immunohistochemical staining with CK5/6, magnification x50).

As the patient was treated 8 years ago, disease staging
was determined according to the International Association
for the Study of Lung Cancer — IASLC 8th edition tumor-
node-metastasis — TNM classification for malignant pleural
mesothelioma, which was valid at that time 1°. Based on
diffuse parietal pleural thickening with nodularity involving
the parietal, diaphragmatic, and visceral pleura, in the ab-
sence of regional lymph node involvement or distant metas-
tases, the disease was classified as T3NOMO, corresponding
to stage I11 pleural MM.

A multidisciplinary tumor board comprising thoracic
surgery, medical oncology, radiology, and pathology rec-

ommended a cytoreductive surgical strategy consisting of
pleurectomy and decortication, with the option of pericardial
reconstruction, based on the locally advanced yet predomi-
nantly epithelioid disease and the absence of distant metasta-
ses.

Despite comprehensive counseling regarding the thera-
peutic objectives, potential risks, and expected outcomes, the
patient’s family, including his legal guardian and mother, de-
clined surgical intervention, and surgery was not performed.
The patient underwent additional evaluation by the oncology
tumor board. In accordance with the standard treatment pro-
tocol at that time, a nonsurgical multimodal approach was
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recommended, consisting of first-line systemic chemothera-
py with pemetrexed (500 mg/m?) and cisplatin (75 mg/m?)
administered every 21 days with appropriate vitamin sup-
plementation, combined with integrated palliative and sup-
portive measures to control pain, dyspnea, and pleural effu-
sions.

He completed six cycles of pemetrexed-cisplatin chem-
otherapy without significant adverse effects. Imaging per-
formed during and after treatment showed a favorable tumor
response, with a partial response according to the modified
Response Evaluation Criteria in Solid Tumors (mRE-
CIST) &,

The patient was followed regularly with scheduled clin-
ical and radiologic evaluations. Two years later, radiologic
assessment revealed disease progression according to mRE-
CIST criteria, accompanied by recurrent right-sided pleural
effusion. Reinduction systemic chemotherapy was recom-
mended by the multidisciplinary team. However, consent
from the legal guardian was not obtained, and additional sys-
temic treatment was not initiated.

Recurrent symptomatic pleural effusions were initially
treated with four therapeutic thoracenteses, followed by talc
pleurodesis, resulting in sustained control of pleural fluid re-
currence. Overall survival was 7 years from the time of MM
diagnosis. The final 9-12 months were characterized by
gradual disease progression with moderate but symptomatic
pleural effusions, managed with repeated drainages and a
second pleurodesis procedure. The patient remained inde-
pendent in activities of daily living until the late stage of the
disease, with effective palliative control of pain and dyspnea.

Discussion

This report presents a complex and unusual case of co-
existence of two rare conditions, BBS and MM, highlighting
possible biological links and the associated diagnostic and
therapeutic challenges.

A previous report has described various malignancies in
individuals with BBS, including renal, hepatic, and gastroin-
testinal tumors, suggesting a potentially increased oncologic
risk within this population 2.

A review of the available literature revealed no previ-
ously reported cases of this highly unusual coexistence, un-
derscoring the uniqueness of the present case.

Despite advances in diagnostic methods and the intro-
duction of novel systemic therapies, the median overall sur-
vival of MM remains between 12-18 months in most report-
ed series, particularly in advanced stages of the disease and
in the absence of surgical management 22, In this context, the
prolonged survival of our patient, well beyond the expected
median survival, represents an exceptional clinical course.

Several factors may have contributed to the unexpected-
ly prolonged survival observed in our patient. First, the tu-
mor was of the epithelioid subtype, which is associated with
a more favorable prognosis than sarcomatoid or biphasic
mesothelioma. Second, despite locally advanced disease,
there was no evidence of distant metastatic spread or lymph
node involvement at diagnosis. Third, the patient achieved a
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partial response to first-line pemetrexed-cisplatin chemother-
apy, followed by prolonged disease control. In addition, ef-
fective management of recurrent pleural effusions with re-
peated thoracenteses and talc pleurodesis contributed sub-
stantially to symptom control, preservation of functional sta-
tus, and maintenance of quality of life. Finally, it remains
speculative whether underlying molecular or biologic charac-
teristics associated with BBS-related ciliary dysfunction may
have influenced tumor behavior and contributed to a less ag-
gressive clinical course.

Establishing the diagnosis was particularly challenging.
The subacute presentation with chest pain and dyspnea was
nonspecific and could resemble benign pleuropulmonary
disorders. Although the presence of pleural effusion and dif-
fuse pleural thickening on imaging raised suspicion for MM,
these findings were insufficient to definitively distinguish it
from chronic inflammatory conditions or secondary malig-
nant involvement.

As in most published series, cytological evaluation of
the pleural effusion was nondiagnostic, consistent with the
well-recognized limitation of cytology in the assessment of
MM 23, 24'

VATS pleural biopsy and, less frequently, open surgical
biopsy can provide representative tissue samples from multi-
ple pleural regions, enabling definitive histologic and im-
munohistochemical confirmation of MM, although open sur-
gical biopsy is rarely required in contemporary clinical prac-
tice %,

The differential diagnosis of epithelioid mesothelioma
primarily includes metastatic adenocarcinomas, particularly
primary lung adenocarcinoma . In our case, the combina-
tion of positive mesothelial markers (calretinin, WT1, D2-40,
CK5/6) and negative epithelial markers (BerEP4 and
MOC31), together with the absence of a pulmonary paren-
chymal mass on imaging, strongly supported the diagnosis of
malignant pleural mesothelioma.

The presence of BBS further complicated both the di-
agnostic evaluation and therapeutic decision-making. As a
prototypical ciliopathy, it is characterized by primary ciliary
dysfunction leading to widespread disturbances in cellular
signaling and a multisystem phenotype that includes reti-
nopathy, obesity, skeletal and renal abnormalities, and often
cognitive impairment %7,

In our patient, the presence of intellectual disability,
which had resulted in legal incapacity and guardianship, sub-
stantially influenced the process of obtaining informed con-
sent, particularly in relation to invasive diagnostic proce-
dures and therapeutic options.

From a therapeutic standpoint, cytoreductive surgery
(pleurectomy/decortication) within a multimodal treatment
strategy was recommended, which was consistent with
treatment recommendations at that time for selected pa-
tients with locally advanced epithelioid MM. In the ab-
sence of consent from the legal guardian, surgical interven-
tion could not be performed, restricting management to sys-
temic chemotherapy and palliative measures. Treatment
with the standard pemetrexed-cisplatin regimen achieved a
partial response, consistent with the established benefit of
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this combination demonstrated in randomized clinical tri-
als %8,

At the time treatment was initiated, immunotherapy
with immune checkpoint inhibitors (nivolumab and ipili-
mumab) was neither available nor recommended as first-line
therapy. Evidence supporting this approach emerged later,
when the CheckMate 743 trial * demonstrated improved
overall survival compared with chemotherapy in patients
with unresectable MM. Effective control of recurrent pleural
effusions through thoracenteses and talc pleurodesis played
an important role in symptom relief, preservation of func-
tional status, and maintenance of quality of life %. Together
with the partial response achieved with pemetrexed-cisplatin
chemotherapy and the epithelioid histologic subtype, these
factors may have contributed to the unusually prolonged sur-
vival observed in our patient.

Pathogenetically, this case raises the question of a po-
tential link between ciliopathy and the development of MM.
Primary cilia function as cellular signaling organelles in-
volved in the regulation of proliferation, differentiation, and
responses to the microenvironment, and their dysfunction is
increasingly implicated in the pathogenesis of various malig-
nancies 3.

At the same time, the role of genetic predisposition in
MM has already been well established, particularly through
the BAP1 tumor predisposition syndrome, in which germline
BAP1 mutations markedly increase the risk of mesothelioma
as well as other malignancies *.

An additional potential pathogenetic mechanism may
involve impaired mucociliary clearance. Beyond asbestos
exposure, various environmental factors have been implicat-
ed in MM development. It is therefore conceivable that im-
paired mucociliary clearance, resulting in reduced elimina-
tion of potential etiologic agents from the airways, may con-
tribute to disease initiation.

In our case, a germline BAP1 mutation was not identi-
fied, yet the occurrence of MM in a young patient with a
confirmed ciliopathy raises the hypothesis that ciliary dys-
function may create a microenvironment more permissive to
malignant transformation of mesothelial cells, even in the
absence of classical asbestos exposure.

Although isolated malignancies have been reported in
patients with BBS, a definitive association between BBS and
increased cancer predisposition has not been established 2.

Conclusion

Although a single case cannot establish a causal rela-
tionship between Bardet-Biedl syndrome and mesothelioma,
it raises the possibility of a pathogenetic link that warrants
further investigation. This case also highlights important di-
agnostic and therapeutic challenges, including nonspecific
clinical presentation, limitations related to cognitive impair-
ment and legal guardianship, and the need for an individual-
ized multidisciplinary treatment approach. Further studies,
particularly those incorporating molecular profiling in pa-
tients with ciliopathies, may help clarify the role of ciliary
dysfunction in mesothelioma pathogenesis and identify po-
tential therapeutic targets.
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via the Aseestant submission system. In order to preserve quality, submitting the
images as separate files is also recommended to avoid image compression and
potential loss of quality, since Word may reduce their resolution. All authors and
reviewers must be registered system users with a unique email address.
Registration is possible at: http://aseestant.ceon.rs/index.php/vsp/user. The
technical guide for using the electronic submission system is available at:
https://aseestant.ceon.rs/index.php/vsp/about/submissions.

If you encounter any problems submitting your manuscript via the Aseestant
platform, you can contact the journal’s Editorial Office for assistance by sending
an email to: vsp@vma.mod.gov.rs.

GENERAL INSTRUCTIONS

VSP publishes manuscripts that have not been previously published, in whole
or in part, and that are not under consideration for publication or have not been
accepted for publication in any other journal.

VSP does not consider manuscripts that have been previously published as
preprints.

The journal accepts manuscripts whose results have been previously
presented at scientific or professional meetings and published as abstracts,
provided that these results have not been published with a DOI (e.g., an extended
abstract in a journal supplement).

If part of the results presented in the submitted manuscript has previously
been reported at a scientific/professional meeting or is part of a doctoral
dissertation, the Submission Letter to the Editorial Board must specify the official
name of the meeting, its location and date, and indicate whether the presented
results have been published and in what form (e.g., same or different title or
abstract). This information should also be clearly stated in a Note at the end of the
manuscript.

Manuscripts are published in English. Certain categories of articles (e.g.,
history of medicine/dentistry/pharmacy) may, at the discretion of the VVSP Editorial
Board, be published in Serbian. All manuscript categories, except for Editorials,
Letters to the Editor, Research Letters, Book Reviews, and Reports from Scientific
or Professional Meetings, must include abstracts in both Serbian and English (as
part of the manuscript). For details on the structure and length of the abstract, see
the Abstract section of these Instructions.

Manuscripts should be prepared using Microsoft Word, with Times New
Roman font, size 12 pt, and line spacing 1.5. Set the page size to A4, with a left
margin of 4 cm and the remaining three margins 2 cm each. Text should be typed
without hyphenation, and only one space should follow each punctuation mark. If
special characters (symbols) are used in the text, the Symbol font should be applied.

References cited in the text should be indicated with Arabic numerals in
superscript, in the order in which they appear.

Pages should be numbered consecutively in the bottom right corner, starting
from the first page (excluding the title page).

When writing in English, follow the American English language standard.
The International System of Units (SI) must be used, except for blood pressure
(mm Hg) and temperature (°C).

Use standard abbreviations throughout the text. Avoid abbreviations in the
title and abstract unless necessary. At their first mention, provide the full term
followed by the abbreviation in parentheses; thereafter, use only the abbreviation
in both the abstract and the main text. Do not use abbreviations in the Conclusion
section (excluding the abstract).

Do not use commercial names of drugs or other products; if necessary, the
generic name must also be provided. Devices and equipment should be referred to
by their trade names, with manufacturer details (name and location) provided in
round brackets. If labels combining letters and numbers are used in the text, ensure
that superscript or subscript numbers are written precisely.

Avoid using bold or italic fonts, as they are reserved for subheadings.
Exceptions include terms that must be italicized, such as gene names or foreign
words in Latin.

Study groups must be clearly defined and consistently named throughout the
manuscript. Use a single, consistent term for the same concept. In the Results
section, avoid sentences beginning with phrases like “Table X shows” or “Figure
X illustrates”. Instead, the sentence should describe the result, with the table or
figure reference placed in parentheses at the end of the sentence. Sentences should
not begin with abbreviations, numbers, or dates. Avoid overly long sentences that
reduce clarity; favor short, clear sentences. The Conclusion should be written with

new sentences, without repeating previously stated ones. Translation of
manuscripts into English using Google Translate may lead to misunderstandings
and is therefore not recommended.

When selecting keywords, use Medical Subject Headings - MeSH
(https://www.nlm.nih.gov/mesh/meshhome.html). Keywords in the accepted
manuscript cannot be altered by the authors, as they are descriptors from the
Thesaurus used by professional indexers.

REQUIRED ACCOMPANYING DOCUMENTS
AUTHOR STATEMENT AND AUTHORSHIP

For every manuscript submitted for consideration for publication in VSP, the
author(s) must provide an Authorship Statement Form (ASF) confirming that the
work has not been previously published and is not simultaneously under
consideration for publication in another journal. The ASF must also confirm that
all authors meeting the authorship criteria have read and approved the manuscript,
and provide contact information for all authors (email address and mobile phone
number). In this form, authors must declare any potential conflicts of interest or the
absence thereof. All authors must sign the ASF by hand.

For additional information on different types of conflicts of interest, see the
recommendations of the World Association of Medical Editors — WAME:
http://www.wame.org.

VSP follows the authorship criteria recommended by ICMJE
(https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-
the-role-of-authors-and-contributors.html). Authorship is based on fulfilling all four
given criteria: substantial contributions to the conception of the work, acquisition
of data or analysis/interpretation of data; critical revision of the manuscript for
important intellectual content; approval of the final version of the manuscript to be
published; accountability for all aspects of the published work. All other
contributors who participated in the work but do not meet the authorship criteria
should be listed in the Acknowledgements, specifying their contribution.
Individuals mentioned in the Acknowledgements must provide written consent.

ETHICAL APPROVAL

All research involving humans and/or human material must be conducted in
accordance with the [ICMJE recommendations (https://www.icmje.org/
recommendations/browse/roles-and-responsibilities/protection-of-research-particip
ants.html) and the Declaration of Helsinki, 2024 revision (https://www.wma.net/
policies-post/wma-declaration-of-helsinki/). Authors are required to submit a
scanned copy of the Ethics Committee (EC) approval from the competent
institution that approved the study, showing the date of issuance and the subject of
the research, along with the manuscript. The EC approval should be submitted in
the original language and in English (a certified copy is acceptable).

The Methods section must indicate that the study was approved by the
relevant EC, including the name of the institution and the approval number, and
that it was conducted in accordance with ethical principles for research involving
humans and/or human material.

Patient anonymity must be protected following ICMJE recommendations. For
research involving patient data that could allow direct or indirect identification,
authors must obtain written informed consent from the patient, state in the
manuscript that consent was obtained, and provide it to the Editorial Board if
requested.

For research involving animals, authors must provide approval from the
relevant EC ensuring compliance with international standards for the use of
laboratory animals in research.

The Editorial Board reserves the right to reject manuscripts deemed not
conducted in accordance with international ethical standards.

REPRODUCTION OF PREVIOUSLY PUBLISHED OR UNPUBLISHED
THIRD-PARTY COPYRIGHTED MATERIAL

If previously published illustrations (photographs, diagrams, etc.) are used,
the source must be cited, and permission must be obtained from the journal in
which they were originally published, granting approval for their use in VSP. If
unpublished third-party illustrations (photographs, diagrams, etc.) are used,
permission must be obtained from the original author(s) for publication in VSP.

PLAGIARISM

Since 2012, all manuscripts submitted to VSP are checked for potential
(self-)plagiarism using SClindeks Assistant — Cross Check (iThenticate).
Manuscripts found to contain (self-)plagiarism will be rejected. Depending on the
extent and type of detected (self-)plagiarism, authors may be banned from
publishing in VSP for varying durations. Relevant authorities at the authors’
institutions and appropriate professional associations will also be notified.

USE OF Al

Generative artificial intelligence (Al) or Al-assisted technologies may be used
only in compliance with the principles of transparency (the use of Al must be
clearly stated in the manuscript), accountability (authors remain fully responsible
for the accuracy and originality of the content), verifiability (all participants in the
publishing process must verify that Al has not introduced fabricated data, citations,
or claims), and confidentiality (authors and reviewers are prohibited from
uploading manuscripts submitted to VSP to public Al services).

The use of Al tools is permitted only for limited linguistic and technical
interventions in the manuscript text: grammar and spelling correction, stylistic
refinement of the authors’ text, assistance with formatting, and technical assistance
(such as code correction). Authors may use Al tools exclusively to create Al-
assisted, but not Al-generated content.

Authors who have used Al-assisted content are required to fully and
accurately disclose the use of Al tools (the exact name of the Al tool, date of
access, prompts used, and purpose of use), guarantee the originality of the
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scientific contribution, avoid any fabrication or manipulation, and comply with the
rules of scientific ethics. Information on Al use should be stated in the Methods or
Acknowledgements section.

Using Al tools is prohibited for the following: generating substantial portions
of the manuscript content; creating scientific ideas, data, or results; analyzing or
interpreting results; formulating conclusions; modifying images, tables, or graphs
(including graphical abstracts); altering data or references.

Any unequivocally established improper use of Al will result in rejection of
the manuscript.

Al may not under any circumstances be an author or co-author, nor may it be
cited as an author in the References section.

To protect confidentiality, no part of unpublished research submitted to VVSP
may be entered into a large language model by authors or reviewers.

Authors who have used any Al tools are required to submit an Al Use
Statement when submitting the manuscript.

TYPES OF MANUSCRIPTS

VSP publishes the following categories and types of manuscripts and
communications: Editorial, Original Article, Preliminary Report, Short Report,
Case Report and Case Series, General (Narrative) Literature Review, Mini-
Review, Systematic Literature Review, Meta-Analysis, Systematic Literature
Review with Meta-Analysis, Current Topic, In Focus, Article on the History of
Medicine/Dentistry/Pharmacy, Letter to the Editor, Research Letter, Clinical
Research, Congress and Scientific Meeting Report, Book Review, In Memoriam,
and other contributions.

ORIGINAL ARTICLE

An Original Article presents new and significant findings in a specific field,
with a detailed description of the research methods used, the results obtained, and
the conclusions drawn. The reference list should include the most recent and most
relevant references in the field.

PRELIMINARY REPORT

A Preliminary Report presents research that has not yet been completed, with
findings that require further investigation and validation before final conclusions
can be drawn, but where the obtained information is of interest to the scientific and
professional community. It contains all sections of an Original Article, but in a
substantially abbreviated form. Authors are encouraged to subsequently publish a
full Original Article with complete, validated data and a comprehensive analysis.

SHORT REPORT

A Short Report presents a completed research study that is small in scope,
narrowly focused, and has clear conclusions based on the presented results. It
includes all sections of an Original Article, but in a substantially abbreviated form.
It is considered the final publication of that specific, limited study and cannot be
republished as a full-length article (although follow-up research building on it is
encouraged).

REVIEW ARTICLES

GENERAL (NARRATIVE) LITERATURE REVIEW

A General (Narrative) Literature Review provides a review, critical analysis,
and synthesis of existing scientific knowledge on a selected topic. Authors cover
all available relevant literature over a defined time period, present the results of
relevant studies, identify gaps, limitations, or controversies, and indicate directions
for future research, offering their own perspective on the issue in the form of
concluding remarks.

Authors of this category of article should have published at least five papers
in peer-reviewed journals (M20) in the field of the review topic.

MINI-REVIEW ARTICLE

A Mini-Review provides a concise overview of the existing literature and the
most recent advances within defined aspects of a particular research field, as well
as its new and/or current directions of development.

SYSTEMATIC LITERATURE REVIEW

A Systematic Literature Review synthesizes previously published studies on a
specific topic using clearly defined and pre-established methodological procedures
for study selection and evaluation. The author must use relevant databases, define
inclusion and exclusion criteria, and apply a transparent methodology.

META-ANALYSIS

A Meta-Analysis uses statistical methods to combine quantitative data from
multiple primary studies in order to identify overall trends and assess the strength of
evidence on a specific topic. Authors must use relevant databases, define inclusion
and exclusion criteria, and apply a transparent and reproducible methodology. The
research question must be clearly defined using the PICOS framework, and selection
guidelines and a study flow diagram (PRISMA) must be provided.

SYSTEMATIC LITERATURE REVIEW WITH META-ANALYSIS

A Systematic Literature Review with Meta-Analysis combines qualitative and
quantitative synthesis, using statistical techniques to summarize quantitative results
and qualitative synthesis for descriptive/narrative findings. Authors must use
relevant databases, clearly define inclusion and exclusion criteria, and apply a
transparent and reproducible methodology. The research question must be clearly
defined according to the PICOS framework, with specification of the reporting
guidelines used (e.g., PRISMA) and inclusion of a PRISMA flow diagram showing
study selection.

CURRENT TOPIC

A Current Topic addresses a contemporary, unresolved, or controversial issue
of theoretical and practical importance, presenting the authors’ own research

results or the most recent important data from the literature. The structure of the
article is flexible, and brief concluding remarks with a clear message are
encouraged.

IN FOCUS

An In Focus article provides a thematic, focused analysis or a brief overview
of a scientific issue within the journal’s scope, addressing a topic of significance
for the scientific community and broader professional audience.

CASE REPORTS
CASE REPORT and CASE SERIES (>4, <9)

Case reports or case series present cases with rare or unusual diagnoses,
diagnostic processes, treatment strategies, clinical courses, or treatment outcomes
that may be useful for clinical practice and medical education. The CARE
guidelines should be followed when preparing the manuscript (https://www.care-
statement.org/writing-a-case-report). Written informed consent from the patient is
mandatory.

EDITORIAL

Editorials are non-peer-reviewed texts written by the Editor-in-Chief and/or
members of the Editorial Board, intended to announce a new volume, special
issues, or content of significance for the profession and/or institutions served by
the journal, as well as invited editorial texts. Editorials should not contain
unpublished or original data, and must include a statement of conflict of interest.

LETTER TO THE EDITOR

A non-peer-reviewed comment or critique of a paper published in VSP. It is
written in a free format, with optional citation of relevant literature, and must not
contain unpublished results. It is published at the discretion of the Editor-in-Chief.

RESEARCH LETTER

A Research Letter is a short report of original research, containing
Introduction, Methods, Results, and Discussion in a condensed form (without
separate sections or subheadings) and up to 2 supplementary items (tables/figures).
It does not include an abstract or keywords, but must meet all general manuscript
requirements for consideration, including the peer-review process.

HISTORY OF MEDICINE/STOMATOLOGY/PHARMACY

Manuscripts presenting material relevant to elucidating specific events and/or
portraying notable figures in the history of medicine/stomatology/pharmacy, with
particular emphasis on military medicine/stomatology/pharmacy.

CLINICAL RESEARCH

Clinical Research includes original randomized controlled trials and
observational studies assessing the impact of one or more interventions or
measures on human health outcomes, clinical practice, or health policy.

Manuscripts must be prepared in accordance with international
guidelines (e.g., CONSORT - https://www.consort-statement.org/ or STROBE —
https://www.strobe-statement.org/) and be registered in a recognized public
registry (e.g., ClinicalTrials.gov).

BOOK REVIEW

A Book Review includes bibliographic details of the publication (authors,
original title, publisher, place, and year of publication), a brief summary, and
critical comments on the content, style, and significance of the book in the relevant
field. The manuscript must not exceed 2 pages.

SCIENTIFIC MEETING REPORT

A Scientific Meeting Report presents the activities of a scientific or
professional meeting, highlighting the most important presentations, conclusions,
or recommendations relevant to the wider readership of VSP.

MANUSCRIPT LENGTH

A complete manuscript consists of: title page, abstracts in Serbian and
English with keywords, main text, acknowledgements (if applicable), reference
list, and supplementary material (tables, figures, charts, diagrams, drawings).

For Original Article, General (Narrative) Literature Review, Systematic
Literature Review, Meta-Analysis, and Systematic Literature Review with Meta-
Analysis, the manuscript length may not exceed 5,000 words.

For Mini-Review, Preliminary Report, Short Report, Case Report, Case Series,
Current Topic, Clinical Research, and History of Medicine/Stomatology/Pharmacy,
the manuscript length may not exceed 3,000 words.

Manuscripts in other categories/sections may have a maximum of 1,500
words.

MANUSCRIPT PREPARATION
TITLE PAGE

The first page of the manuscript should include the following:

. Title of the manuscript without abbreviations;

2. Full names of all authors (without academic titles, but with ORCID
numbers included for those who have them) with symbols assigned in the
following order: *, t, §, §, ||, T, **, T1... etc.;

. Full official names of the institutions where the authors work, including

city and country of the institution (the symbols *, t, 1, §, ||, 1, **, 11 ... etc.

correspond to the institutions of each author);

At the bottom of the page, provide the name and surname, postal address,

email address, and phone number (mobile/Viber or WhatsApp) of the

author responsible for correspondence.

ABSTRACT

The abstract and keywords should be provided on the second page of the
manuscript. The abstract should be written in short and clear sentences. For the
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categories Original Article, Preliminary Report, Short Report, Systematic
Literature Review, Systematic Literature Review with Meta-Analysis, Meta-
Analysis, and Clinical Research, the abstract must be structured and include the
following sections: Introduction/Aim, Methods, Results, Conclusion. Each section
should be written as a separate paragraph beginning with a bolded heading. The
most important results should be presented, including numerical values and the
level of statistical significance. The conclusion must be directly related to the study
results. The abstract must not exceed 300 words.

For the categories Case Report and Case Series, the abstract should have the
following structure: Introduction (with the aim stated in the last sentence), Case
Report, Conclusion. Each section should be written as a separate paragraph
beginning with a bolded heading. The abstract must not exceed 250 words.

For all other manuscript categories: General (Narrative) Literature Review, Mini
Review, Current Topic, In Focus, and History of Medicine/Stomatology/Pharmacy,
the abstract is unstructured and must not exceed 200 words.

Care should be taken in ensuring that the Serbian and English versions of the
abstract are accurate and precise translations of each other. No sentence may
appear in one version without being translated into the other.

KEYWORDS

Below the abstract, list five to seven relevant keywords or phrases that
indicate the content of the manuscript. It is recommended to avoid repeating words
from the title of the paper. When selecting keywords, use Medical Subject
Headings (MeSH) (https://www.nlm.nih.gov/mesh/meshhome.html).

STRUCTURE OF THE MAIN TEXT

Original Articles, Preliminary Reports, Short Reports, Meta-Analyses,
Systematic Literature Review, Systematic Literature Reviews with Meta-Analysis,
and Clinical Research papers must include the following sections: Introduction (a
brief overview of the research topic, with the study aim stated in the final
paragraph); Methods (a precise description of participant selection and applied
methods, including statistical methods, and the approval number of the competent
Ethics Committee); Results (presented in a logical order, without duplicating the
same results in multiple forms); Discussion (without repeating data already
presented in the Results section; only the obtained findings should be discussed,
placing them in the context of other relevant studies; the discussion and
conclusions should be linked to the study aims, and study limitations should be
highlighted if necessary); Conclusion (derived directly from the study results);
Acknowledgements (if applicable); References.

Manuscripts in the categories General (Narrative) Literature Review, Mini-
Review, Current Topic, and In Focus should contain the following sections:
Introduction (with appropriate subheadings), Conclusion, and References.

Manuscripts in the categories Case Report and Case Series should include the
following sections: Introduction (the aim of the paper should be stated in the final
paragraph of the Introduction), Case Report (the patient’s identity must remain
anonymous), Discussion, and References.

A Case Report must not have more than five authors.

QUESTIONNAIRES

All questionnaires used as measurement instruments for any of the
investigated parameters must be translated into the language spoken by the study
participants, with evidence provided of their validation and cultural adaptation to
the participants’ setting.

TABLES AND FIGURES

Tables and figures, the number of which should be appropriate to the length
of the text, should be placed at the end of the main manuscript text, after the
References. The exact position of each item should be clearly indicated in the text.
The final placement of tables and figures will be determined during manuscript
preparation for publication.

Tables

The title should be placed above the table, and explanations (the legend)
below it. Tables should be numbered with Arabic numerals in the order in which
they appear in the text. Tables must be created exclusively in the Microsoft Word
program using the menu Table-Insert-Table, with the exact number of rows and
columns defined. Use Times New Roman font, 12-point size, single spacing.
Tables must be clear and include all elements necessary for the proper
interpretation of the data presented. If the displayed values have ranges or
reference values, these must be specified.

In the legend below the table, all abbreviations used in the table and all
symbols (e.g., superscript letters or bolded values) must be explained. In addition,
the applied statistical methods must be clearly specified.

Figures (Illustrations)

Figures include all forms of graphical material (photographs, drawings,
diagrams, and graphs). Figures should be embedded in the manuscript at the end
of the text, after the References and after the Tables (if any). Figures should be
numbered with Arabic numerals in the order in which they appear in the text.
Capital letters A, B, C, etc., should be used to designate parts of multipart
figures. Letters, numbers, and symbols must be clear, consistent, and of
sufficient size to remain legible after reduction. All elements shown in figures
must be saved as images (not as editable graphic objects) so that their position
cannot be altered, ensuring the accuracy of the data presented. Only digital
images with a minimum resolution of 300 dpi and in JPEG, PNG, or PDF
format are accepted. Figures that do not meet these requirements will not be
accepted for publication. The dimensions of submitted figures should be
approximately the same as the dimensions at which they will be published. If
authors are unable to provide digital photographs, original images should be
scanned at a resolution of 300 dpi and at their original size and submitted in that
form. All text in diagrams and graphs should be written in a sans-serif font for

better readability (e.g., Arial, Helvetica), with a font size of no less than 10 pt.
Measurement units and scales must be clearly indicated. Decimal numbers in
graphs must be presented with a decimal point, and thousands should be
separated by a comma (e.qg., 1,234.56).

Video supplements (illustrations of the manuscript) may last 1-3 minutes and
should be submitted in AVI or MP4 (FLV) format. A separate still image
representing the video (video thumbnail) must also be provided for use in the
electronic edition and publication in the printed edition, along with a link to the
platform where the video is already hosted.

In the legend below each illustration, all abbreviations, symbols, numbers, or
letters used to explain individual parts of the figure must be defined. For graphs,
the applied statistical methods should be specified where appropriate; for
photomicrographs, details of the staining method and magnification must be
provided.

If photographs of persons (patients) are presented, the face must be blurred or
written consent must be obtained from the person depicted. In imaging materials
(X-rays, CT scans, ultrasound images, etc.), all information that could identify the
patient must be removed. If a figure has been previously published, the source
must be cited, and written permission must be obtained if the material is protected
by copyright.

ABBREVIATIONS

Abbreviations should be used only when necessary, primarily for very long
names of chemical compounds or for terms that are already widely recognized in
abbreviated form (e.g., DNA). For each abbreviation—except standard units of
measurement—the full term must be given at its first occurrence in the text
(including the abstract). The use of abbreviations should be avoided in the title and
abstract; in the title, abbreviations should be used only if absolutely necessary. For
terms mentioned more than 3 times in the text, introducing appropriate
abbreviations is recommended.

DECIMAL NUMBERS

In manuscripts written in English, decimal numbers should be written with
a decimal point (e.g., 22.7), whereas in manuscripts written in Serbian, a comma
should be used (e.g., 22,7). Whenever possible, numbers should be rounded to
one decimal place and reported consistently throughout the manuscript (e.g., if
one value is 32.2, all others should also be rounded to one decimal place, e.g.,
32.0).

UNITS OF MEASUREMENT

Length, height, weight, and volume should be expressed in metric units
(meter — m, kilogram (gram) — kg (g), liter — L) or their subunits. Temperature
should be expressed in degrees Celsius (°C), and blood pressure in millimeters of
mercury (mm Hg). Results of clinical and biochemical measurements should be
reported in metric units according to the International System of Units (SI).
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STATISTICAL ANALYSIS

In the Methods section, the applied statistical methods should be described in
sufficient detail to allow verification of their correct use and reproduction of the
analysis. Results must be presented numerically and clearly, with appropriate
measures of variability and reliability (e.g., standard deviation, standard error,
confidence interval). The type of study should be specified, and the manner in
which it was conducted should be described. Inclusion and exclusion criteria must
be stated. The software and the version of the computer program used for statistical
data analysis should be reported. In the Results section, as well as in the legends of
tables and/or figures, the statistical method used to analyze the presented results
must be indicated. The p values should always be written with a leading zero (e.g.,
p > 0.05, not p >.05).

REFERENCES

References should be numbered with Arabic numerals according to the order
of their first appearance in the text (including tables and figure legends). It is
recommended that the majority of cited references be published within the last ten
years. At least 80% of the cited references should be original research articles,
while books, book chapters, and review articles should account for no more than
20% of the total number of references. All references, regardless of the language of
the original source, must be cited in English, with the original language indicated
in parentheses after the reference.

All data on the references must be accurate, and the cited works should be
easily accessible to readers. A DOI number must be provided for each reference.
Citation of articles published in journals indexed in Current Contents, Index
Medicus (MEDLINE), Excerpta Medica, Scopus, and Web of Science is
recommended.

Citation of abstracts, secondary publications, oral communications, unpublished
works, official or confidential documents, Wikipedia, preprints and in press articles,
retracted articles, and articles published in predatory journals is not permitted.

When citing websites, the homepage must not be cited; instead, the specific
webpage from which the information was obtained must be referenced. Each cited
reference must be available for online verification. If a reference is not available
online (e.g., archival material), the author must provide the source from which the
cited material was obtained, or submit a photographed or scanned copy of the
document by emailing it to: strliteratura@gmail.com.

References should be formatted according to the VVancouver style established
by the ICMJE (https://connect.ebsco.com/s/article/Citing-Articles-in-Vancouver-
ICMJE-Style?language=en_US).
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Citation examples:
Article with 1 to 6 authors

Nikoli¢ A, Bioc¢anin V, Ranci¢ N, DuSpara M, Puri¢ D. Serbian translation
and validation of the SF-36 for the assessment of quality of life in patients with
diagnosed arterial hypertension. EABR Exp Appl Biomed Res 2023; 24(3): 227-
34. DOI: 10.2478/sjecr-2020-0073

Article with more than 6 authors

Kapur VK, Auckley DH, Chowdhuri S, Kuhlmann DC, Mehra R, Ramar K, et
al. Clinical Practice Guideline for Diagnostic Testing for Adult Obstructive Sleep
Apnea: An American Academy of Sleep Medicine Clinical Practice Guideline. J
Clin Sleep Med 2017; 13(3): 479-504. DOI: 10.5664/jcsm.6506

Volume with a Supplement

Smith JA, Brown LM. Effects of vitamin D on immune response. J Nutr Sci
2024; 15(Suppl 2): S45-53.

Issue with a Supplement

Zhou Q, Shi R, Kopjar B, Wang H, Chen D, Li H, et al. Adjacent
Intervertebral Disc Changes in Patients with Isobar Semirigid Dynamic
Stabilization System. Global Spine J 2017; 4(1 Suppl): s-0034-1376699.

Volume with Part (Pt)

Ozben T, Nacitarhan S, Tuncer N. Plasma and urine sialic acid in non-insulin
dependent diabetes mellitus. Ann Clin Biochem 1995; 32(Pt 3): 303-6.

Issue with Part (Pt)

Poole GH, Mills SM. One hundred consecutive cases of flap lacerations of the
leg in ageing patients. N Z Med J 1994; 107(986 Pt 1): 377-8.

Issue with no Volume

Turan I, Wredmark T, Fellander-Tsai L. Arthroscopic ankle arthrodesis in
rheumatoid arthritis. Clin Orthop 1995; (320): 110-4.

No Volume or Issue

Browell DA, Lennard TW. Immunologic status of the cancer patient and the
effects of blood transfusion on antitumor responses. Curr Opin Gen Surg 1993:
325-33.

Pagination with Roman numerals

Fisher GA, Sikic Bl. Drug resistance in clinical oncology and hematology.
Introduction. Hematol Oncol Clin North Am 1995; 9(2): xi—xii.

Book

Printed Book

Ritter JM, Flower RJ, Henderson G, Loke YK, MacEwan D, Robinson E, et
al. Rang & Dale's Pharmacology. 10th ed. London: Elsevier; 2023. p. 3630.

Book in electronic format

Shreeve DF. Reactive attachment disorder: a case-based approach [Internet].

New York: Springer; 2012 [cited 2012 Nov 2]. 85 p. Available from:
http:/dx.doi.org/10.1007/978-1-4614-1647-0

Chapter

In an edited book

Metcalf CS, Smith MD, Wilcox KS. Pharmacotherapy of the Epilepsies. In:
Brunton LL, Knollmann BC, editors. Goodman & Gilman’s The pharmacological
basis of therapeutics. 14th ed. NY: McGrawHill; 2023. p. 385-411.

In an edited electronic (online) book

Halpen-Felsher BL, Morrell HE. Preventing and reducing tobacco use.
In: Berlan ED, Bravender T, editors. Adolescent medicine today: a guide to
caring for the adolescent patient [Internet]. Singapore: World Scientific
Publishing Co.; 2012 [cited 2012 Nov 3]. Chapter 18. Available from:
http://www.worldscientific.com/doi/pdf/10.1142/9789814324496_0018

Website
Homepage

Diabetes Australia. Diabetes globally [Internet]. Canberra ACT: Diabetes
Auwustralia; 2012 [updated 2012 June 15; cited 2012 Nov 2]. 85 p. Available from:
http://www.diabetesaustralia.com.au/en/Understanding-Diabetes/Diabetes-Globally/

Part of a website

Australian Medical Association [Internet]. Barton ACT: AMA; ¢1995-2012.
Junior doctors and medical students call for urgent solution to medical training
crisis; 2012 Oct 22 [cited 2012 Nov 2]; [about 3 screens]. Available from:
https://ama.com.au/media/junior-doctors-and-medical-students-call-urgent-solution-
medical-training-crisis

Conference Proceedings

Kimura J, Shibasaki H, editors. Recent advances in clinical neurophysiology.
Proceedings of the 10th International Congress of EMG and Clinical
Neurophysiology; 1995 Oct 15-19; Kyoto, Japan. Amsterdam: Elsevier; 1996.

Article from Conference Proceedings

Bengtsson S, Solheim BG. Enforcement of data protection, privacy and
security in medical informatics. In: Lun KC, Degoulet P, Piemme TE, Rienhoff O,
editors. MEDINFO 92. Proceedings of the 7th World Congress on Medical
Informatics; 1992 Sep 6-10; Geneva, Switzerland. Amsterdam: North-Holland;
1992. p. 1561-5.

Dissertation

Knezevi¢ D. The importance of decontamination as an element of complex
therapy of poisoning with organophosphorous compounds [Ph.D. Thesis].
Belgrade: School of Veterinary Medicine; 1988. (Serbian)

Other published articles
News article

Vujadinovié J. The inconsistency between federal and republican regulation about
pharmacies. In between double standards. Borba 2002 February 28; p. 5. (Serbian)

Holy Bible

Serbian Bible. Belgrade: British and Foreign Biblical Society; 1981. Book of
Isaiah 2: 19-22. (Serbian)

Dictionaries and similar references

Kosti¢c AD. Multilingual Medical Dictionary. 4th Ed. Belgrade: Nolit; 1976.
Erythrophobia; p. 173-4.
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YIOYTCTBO 3A AYTOPE

Ipe nogHoMIeHa PYKOIKCA 32 pa3MaTpase 32 00jaB/bUBaIbE Y YACOMHCY
.BojHocanuterckn mperien” (BCII) HeomxomHo je Ja ayTopH NaK/bHBO
Npo4HTajy YHOYTCTBO 32 ayTOpe, KAKO OH PYKOIMC MPUIPEMHIH Y CKIALy ca
NpoNno3uuKjaMa Yaconuca.

Pan koju He HCHyBaBa yCIOBE OBOT YIYTCTBA HE MOKE OMTH pa3MaTpaH H
6uhe BpaheH ayTopuma Jia ra JIOIlyHe U UCIIPaBe.

AyTopu paja mpeHoce CBOja ayTOPCKAa NMpPaBa HA M3/aBaya 4Yacommca
MunucraperBo onbpane Peny6iuke Cp6uje, YHHBep3uTeT 0a0paHe HAKOH
NpPUXBaTamba paja 3a o0jaBsuBame y BCIIL.

BCII ce mpuapxkaBa mnpenopyka MelyHapoaHor KOMHTeTa YpeIHHKa
menuuunckux vaconuca (International Committee of Medical Journal Editors
— ICMIE), Ilpenopyke 3a cnposolemwe, ussewmasgarwe, ypehusamwe u
nyoIUKO8arbe HAYUHUX PaAd08d y MeOUYUHCKUM yaconucuma (DOCTYHHO Ha
https://www.icmje.org/recommendations/).

BCII je moctyman y pexuMy OTBOpeHOr mnpuctyma. CBH 4NaHIM MOTY ce
GecIulaTHO NpEY3eTH Ca CajTa Yacoluca M KOPUCTUTH Yy CKIIady ca JIMICHIIOM
Creative Commons Autorstvo-Deliti pod istim uslovima (CC BY-SA)
(https://creativecommons.org/licenses/by-sa/4.0/deed.en).

CJABE PYKOITUCA

Pykonuc paja ¥ CBH IIPHIO3M y3 Pajl JOCTaBJbajy ce Ko jeJaH JOKYMEHT
(TIpHJIO3U Cy MHKOPIOPHPAHU y TEKCT M MO3MLHOHUPAHU HA KPajy PYKOIHCA M3a
ozesbKa JIutepaTypa) HCKIbYYHBO CJIEKTPOHCKH HPEKO CHCTEMa 3a NPHjaBIbUBAE
Aseestant. Pagu ouyBama kBamuteta otorpaduja, npernopydyje ce I0CTaBbambe
cIMKa M Kao mocebHux dajmosa, jep Word Moxke CMamHTH HBUXOBY PE3ONYLH]Y,
Kako Ou ce u30eria KOMIpecHja CIMKa U eBeHTyalIH! I'yOHTaK KBaJIMTETa.

CBHM ayTOpM M PpELECH3CHTH MOpajy OWTH PErHCTPOBAHH KOPHUCHHUIM
cucTeMa Cca jeIMHCTBEHOM e-Mami ajapecoM. Perucrtpanmjy je wmoryhe
usBpwutu Ha: http://aseestant.ceon.rs/index.php/vsp/user. TexHu4KO ymyTCTBO 3a
xopumheme  cHCTeMa  CNEKTPOHCKE  NpHjaBe  JOCTYIHO  je  Ha:
https://aseestant.ceon.rs/index.php/vsp/about/submissions.

VKonuKo MMate mpoGieM ca IOJHOIICHEM PYyKONHca ITyTeM Iuatdopme
Aseestant mosxete ce oOparuti 3a momoh Penakimju qaconuca ciameM e-Mejiia Ha
azpecy: vsp@vma.mod.gov.rs,

OIIIITA YIIYTCTBA

BCII o6jaBibyje pajoBe KOjH [0 cajia HUCY MPETXOJHO 00jaBibeHH (y LEIHHH
WIH JeJ0M), KOjH ce He pa3Matpajy 3a o0jaBJbHBaEkbe¢ HHUTH Cy npuxsaheHH 3a
00jaBIbHBAE Y HEKOM JIPYrOM YacOIIUCY.

BCII He pa3maTpa pagoBe KOjU Cy NPETXOAHO O0jaBIbEHH Kao IPEHPHHT
Bep3uje.

Yacomuc npuxBaTa W PafoBe UMjU Cy PE3yIATaTH MPETXOLHO IPHKA3aHU HA
HayYHHMM HIIM CTPYYHHM CKYIOBHMA M 00jaBJ/beHH y BUJY allCTPAKTA, IO YCIOBOM
a TH pe3ynrtatd HuCy objaBibenu ca DOI GpojeM (HIp. MPOLIMPEHH AlCTPAKT Y
JIOJIATKy HEKOTI' 4acoIIica).

VKOIHKO je 1e0 pesynrara IOAHETOr PYKOINCA IPETXOAHO CAOILITCH Ha
HayYHOM/CTPYYHOM CKyIy HJIM je Je0 JOKTOpcKe aucepramwje, y IIponpartHom
nucMy YpeIHHUIITBY HOTPEOHO je HABECTH 3BaHMYAH HA3UB CKyIA, MECTO H BpEMe
OJIpKaBamba, M a JIM Cy CAOMIITCHH PEe3yJITaTH MyOIMKOBAaHH U Yy K0joj dhopmu
(HIp. MCTH WIM JAPYraddju HAclOB WM caxerak), a y Hamomenu Ha Kpajy
pyKomuca To Tpeba oCeOHO HA3HAYHTH.

PanoBu ce o0jaBibyjy Ha eHIJIECKOM je3uky. IlojenmHe kareropuje paaoBa
(unp. ucropuja Meauimue/cToMarosoruje/hapmaiije) ce no oAy Y peIHUIITBA
BCII Mmory o0jaBUTH M Ha cprickoM je3uky. CBe KaTeropuje pyKoIHCa OCHM
KaTeropuja yBOAHHUK, IMHCMO YPCAHHUKY, MCTPAKUBAYKO IHCMO, HPHUKA3 KEGHTE,
M3BCIITaj Ca HAyYHOI WM CTPYYHOI CKyna ce 00jaBlbyjy ca amlcTpakTHMa Ha
CPIICKOM H €HITIECKOM je3uKy (y ckiomy pykomuca). O CTpyKTypu U oOumy
ancTpaKTa BHACTH JeTaJbHUjE Y O/1eJbKY ATNCTPakT OBOT YIIyTCTBA.

3a mucame pykomuca kopuctutu nporpam Word, dout Times New Roman,
BeJIMUMHY ciioBa 12, mpopen 1,5. Bennunny crpanune noaecut Ha popMar A4, ca
JIEBOM MapruHoM of 4 1M a npeocrtane tpu 2 um. Teker Kkynatu 6e3 Iesbema pedn
(xudenanmje), a mMociIe CBAKOT 3HAKA MHTEPIYHKIHjE CTABUTH CaMO jedaH mpa3aH
KapakTep. AKO Ce Yy TEKCTy KOPHCTE CHELHjalHU 3Hauu (CMMOOIH), KOPHCTUTH
dout Symbol.

TMomarm o kopumheHoj JUTEpaTypH y TEKCTy O3HayaBajy Ce aparcKuM
OpojeBuMa y CYNEPCKPHUITY, PEIOCIEA0M KOjUM Ce I10jaBibyjy Y TEKCTY.

CTpaHuIe HyMepUCaTh PeJioM y JOEHEM JIECHOM YTIIy, II0YEB O]l PBE CTPaHE
(13y3umajyhu HacIOBHY CTpaHy).

Ilpy nucamy TEKCTa HA CHIVIECKOM je3WKy IPHAPXKABATH CE jE3MYKOT
cranzapaa American English. O6asesno je kopumheme mehyHapogHor cucrema
Mepa (SI). M3yserax unse kpsHu npurncak (mm Hg) i temperatura (°C).

IpuiikoM TmHcama KOPHCTE ce craHgapaHe ckpahennme. I3GeraBati
ckpalieHHIIe Y HACIIOBY M aICTPAKTy OCUM YKOJIMKO je HeomnxojHo. ITyH Ha3uB ca
ckpaheHHIIOM y 3arpaJn HABOIU CE y BCHOM HPBOM IIOMHIbABY, & 1a/bE Y TEKCTY
camo ckpaheHnIe, Kako y alCTPaKTy TaKO M y TIIABHOM TEKCTy. Y 3aKibyd4Ky paja
(He anicTpakra) Hema ckpaheHuIa.

He xopucTHTH KOMEpIHjalHa HMEHA JIEKOBa U APYTUX HPernapara, a yKOIuKO
je TO HEONXOJHO Y3 HHMXOBE Ha3WBe 00ABE3HO HABECTH M TI'CHEPUYKA HMMEHA.
VYpehaju (amapati) ce o3HauaBajy (aOpuukuM HasuBHMA, a MOJATKE O
npousBohady (Ha3HB M MECTO) HABECTU y OOJIMM 3arpajgama. YKOIHKO Ce Y TEKCTy
KOPHCTE O3HaKe Koje Cy CIOj clioBa M OpojeBa, MpeLM3HO Hamucaté Opoj Koju ce
jaBJba y CyHepPCKPUITY WU CyOCKPHIITY.

Ws6eraBatn ¢ontose bold u kypsus (italic) jep cy pesepsucanu 3a
nojHacyiose. M3yserm cy 06aBe3HO IHCame Kyp3HBOM OHMX Ha3WBa KOjH CE TaKo
Mopajy mucaty (HIIp. THU HIIH CTPaHe PeUH - JIATHHCKN).

I'pynie ucnuranuka Mopajy OMTH jacHO aedMHHCAaHe M JOCIEIHO HMEHOBAHE
KpO3 €0 paj. 3a HCTH M0jaM KOPHCTHTH jeaH, jeAHHCTBEH TEPMHUH KPO3 LIEO paj.
VY opespky Pesyntatn u3beraBati pedeHuIe Koje mounmy ca: ,, Tabena X mokasyje
“ mm ,,Cinka X mpukasyje”. PedeHnna Tpeba Jja omuIIe pe3ynTaT, a O3HaKa

Tabele WM CIMKe Ja CTOjU Y 3arpajn Ha Kpajy ommca. Pedenuie He 61 TpeGano
nounmaTH ckpaheHuioM, OpojeM MM JaTymoM. M3beraBatm mpeayrauke
peUCHHIC KOje yMamyjy jacHONy TekcTa M JaTH MpPEJHOCT KpahuMm jacHUM
peueHHIamMa. 3aksbydak (OpMyIIHCaTH HOBHM peucHHIaMa, 6e3 mpenucuBama Beh
nspeuenux. [IpeBon pamoBa Ha eHriiecku jesuk mocpexncrtBom Google Translate
MOJXe H3a3BaTH Hepa3yMeBambe TEKCTa H CTOra ce He Mperopydyje.

V usbopy weyunnx peun kopuctutu Medical Subject Headings — MeSH
(https://www.nlm.nih.gov/mesh/meshhome.html). Kibyane peun y npuxsahenom
PYKOIMCY HE TOMAJEXY ayTOPCKO] KOPEKTYpH, IOIITO Cy OHE ACCKPHITOPU U3
Tesaypyca Kkoje oapel)yjy cTpyuHH HHICKCEPH.

OBABE3HA IIPATERA JOKYMEHTA
HU3JABA AYTOPA U AYTOPCTBO

3a cBakM PyKOIHC KOjU Ce MOJHOCH Ha pa3Marpame 3a objaBibuBame y BCII
HEONXOo/HO je na ayrop(u) gocrasu(e) OOpasai 3a uzjaBy o ayropctsy (M3jaBy
ayTtopa) 1a paj NPETXOAHO HHUje MyOJIMKOBAaH M Ja HUje HCTOBPEMEHO MOIHET 3a
00jaBIbHMBaE y HEKOM JPYTrOM YacOMNCY, J1a Cy PYKOIIMC MPOYNTAIH U OX0OPHIH
CBH ayTOpH KOjU HCIIyHaBajy KPUTEPHjyMe ayTOpCTBA, M KOHTAKT MOJATKE CBHX
ayropa y paxy (umejn aapecy, 6poj mMobwiHor Tenedona). Y oBom obpaciyy ce
ayTopH u3jalimbaBajy o cBakoM Moryhem cyko0y MHTepeca WM HErOBOM
ozcyctBy. CBu ayTopy Mopajy M3jaBy ayTopa moTIICaTH CBOjepydHO.

3a nonatHe MHQOpManuUje 0 pa3IMYMTHM BpCTaMa CykoOa MHTepeca BHUIECTH
npenopyke CBETCKOr yapyXema ypelaHHKa MeauuuHckux uacomuca (World
Association of Medical Editors — WAME; http://www.wame.org).

BCII nowtyje mpemnopyke KpuTepujyma 3a ayropctBo koje maje ICMJE
(https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-
the-role-of-authors-and-contributors.html). AyropcTBo ce 3acHMBa Ha HCIYIbEIY
CBa YETHPH KPHTEPHjyMa: 3HAYajHOM JONPHHOCY KOHICTIIHjH paja, IoOujamy
pesyiTaTa WM aHaJIM3W/TyMadery pe3yiTaTa; KPUTHYKO] PEeBU3UJU PYKOIHCA OJ
3HATHOT MHTEJIEKTYAIIHOT 3Ha4aja; ofno0pemy (pMHAIHE Bep3Hje pyKomuca Koja he
OutH o0jaBJbeHA W IIpey3HMakry OATOBOPHOCTH 33 CBE AacIeKTe 00jaBJbEHOT
canpxaja. CBM ApYrH YYECHHIM KOjH Cy IONpPHHENM HM3paad paja, alld HHCY
HCIIyHWIU TIPONUCAHE KpUuTepHrjyme Tpedano 61 na Oyry HaBeIeHH Y 3aXBalHHLH
y3 TIpenmsupame gonpruHoca pany. Iorpe6Ho je 1a ocobe HaBeneHe y 3aXBaTHUII
J1ajy TIHCMEHY CarjiacHOCT.

ETHYKA CAI'VIACHOCT

CBa wHCTpaKMBamba KOja YKJbYYyjy JbYA€ H/WIM XyMaHH MaTepujai
Mopajy Outm cmpoBeaeHa |y ckiagy ca  npenopykama ICMIJE
(https://www.icmje.org/recommendations/browse/roles-and-responsibilities/protection-
of-research-participants.html) n Xencunmkom pexmaparmjom, pesusuja 2024
(https://www.wma.net/policies-post/wma-declaration-of-helsinki/). CkeHupany
cTpany no3one Etnuke komucuje (EK) HamnexxHe HHCTHTYIHjE Koje je oqo0puna
UCTpaXKMBake, Ha KOjoj ce BUAM NaTyM WU3[aBamba U IPEIMET HCTPakHBaiba,
aytopu cy y obaBe3u Jia J0CTaBe MCTOBpeMeHO ca pykonucoM. [lo3sona EK ce
JIOCTaBJba Ha je3UKy HA KOME je M3/aTa M CHIVIECKOM je3HKy (MOKe M OBEpeHa
KOIHja).

VY oxemky Metoae Mopa OUTH HaBEJCHO Ja je CTyAHja 0100peHa OJ cTpaHe
nauiexnor EK, y3 naBoheme HasMBa MHCTUTYLMje M Opoja OmIyKe, Kao H Ja je
CIPOBEICHA y CKIaJy Ca eTUYKUM NPUHIHUIHMA 32 MCTPAXKHBAKA KOja YKIbYUY]y
JbyJie W/WIM XyMaH! MaTepHjall.

AHOHUMHOCT mauMjeHata Mopa Outu 3amrtuhena y ckimagy ca ICMIJE
nperopykaMa. 3a cBa UCTpaKMBamba Koja YKJbY4yjy MOJaTKe O MalUjeHTUMa KOji
omoryhaBajy AMpPEeKTHY WM MHAMPEKTHY MACHTH(HKALH]jy, ayTOpU Cy 00aBE3HH
Jna npubaBe NUCAHU MPUCTAHAK HHAOPMMCAHOr MALMjeHTa, Na y PYKOIHCY
Ha3Haue Ja je NMPHCTaHAK MalMjeHTa NMpHOaBIbeH, M Ja ra Mo Motpedu nocTaBe
YpeaHumrBy.

V ciydajy ucTpakuBama Ha JKHBOTHE-AMa, ayTOpU Cy MyXHH Ja JOCTaBe
ofobpeme HamiexHor EK koju Boam Opury o mnomroBamy MelhyHapoIHHX
cTaHaap/a o ynorpebu 1a60paTopujCKUX KMBOTHIHA Y HCTPAKUBAYKE CBPXE.

VpeoHHUIITBO MOXE OZOUTH pajoBe 3a KOje MPOLEHH [a HUCY H3BEJCHH Y
cKJIay ca Mel)yHapOJHUM eTHYKUM CTaHJapAnMa.

PENPOAYKOBAIE NPETXOJHO OBJAB/BEHOTI 3AIITUREHOT
MATEPHJAJIA W/IAJIA HEOBJAB/JbEHOI' TYBEI' MATEPUJAJIA

VKONIMKO ce KOpHCTE MpeTXoqHO objaBibeHe wmiycrtpaumje (pororpaduje,
cxeme) y3 00aBE3HO LUTHPABE HM3BOpa MPEy3HMama IOTPEOHO je MOCTABUTH
J103BOITy (THCAHO 0JJ0OpEIbe Yacomuca y KoMe cy o0jaB/beHe) 3a BHXOBY 00jaBy y
BCII. Ykomnuko ce kopucte Tyhe Heobjapisene niyctpanuje (pororpaduje, cxeme)
MOTPeGHO je JOCTABUTH JI03BOJTY ayTopa HIIyCTpalyja, 3a iuxoBy o0jaBy y BCIL.

NJIATHJAPU3AM

Op 2012. roauHe CBHM PYKOIHCH [JOCTaBbeHHM Ha pasmarpame y BCII
MOABpraBajy ce IpoBEepU Ha MHOTCHLHMjAIHM (ayTo)ILUIarHjapu3aM I[OCPEICTBOM
SClIndeks Assistant — Cross Check (iThenticate). Pykomucu kox Kojux ce aokaxe
(ayto)mnarujapusam 6uhe ondujeHn. Y 3aBHCHOCTH OJf CTEHIEHa U BPCTE yTBpheHOr
(ayTo)miarujapusama ayropuma ce Moxke u3pehu 3abpana objasbuBama y BCII-y
(pa3nuuuTe AyXKUHE Tpajara), y3 00aBelITehe HAUISKHUX Telld Y HHCTUTYHjama
y KOjUMa ayTOpH pajie U PeIeBAHTHUX NPO(ECHOHAHNX yAPYKeHba.

KOPHUIIREILE Al

IenepaTuBHa BemTauka uHTenurenumja (artificial intelligence-Al) wmm
TexHonoruje koje kopucre momoh Al (Al-moTmomorHyTe) MOry ce KOPHCTHUTH
caMo y3 IOIITOBake Hadela TpaHcmapeHTHocTH (ymotpeba Al mopa Outn jacHO
HaBeJICHA Y PYKOIIHCY), OATOBOPHOCTH (ayTOPH OCTajy Y IOTIYHOCTH OJTOBOPHH
32 TAYHOCT M OPHTHHAIHOCT Cajpikaja), HPOBEPIBHBOCTH (CBH YYSCHHLH Yy
yOIMIMCTHYKOM HpOIecy MOpajy NpoBepuTH 1a Al HHuje yHena H3MHIIJbEHE
[OJaTKe, LHTATe WIN TBPAIbE) U MOBEPIHUBOCTH (AyTOPHUMA U PELCH3CHTHMA je
3abpameHO yuuTaBame pykormca noguernx y BCII y jaBue Al cepsuce).
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VYnorpeba Al anara je JomylmTeHa caMo 3a OrPaHHYCHE je3HYKE U TeXHHUYKE
MHTEPBEHIMje Y TEKCTY PYKOIHMCA: HCIPABKY I'PAMaTHKE M HPaBOIKCA, CTHICKO
JIOTepHBaEbE ayTOPCKOT TeKcTa, moMoh mpu (popMatuparmy, TeXHUUKY aCUCTCHIH]Y
(mormyT MCIpaBibama Koja). AyTopu MOry KOpUCTHTH Al ajate HCKJbY4HBO 3a
kpeupame Al-morTomortyTor, amu He u Al -reHepucaHor caapxaja.

Ayropu Koju cy kopuctuiau Al-IOTIOMOTHYT cajpxkaj y obaBesu cy jaa
MOTIYHO M TauyHO HaBeny ynoTpeOy Al anara (Tauan HasuB Al amara, gatym
npuctyna, KopuinheHe ymuTe M CBpXY ymnoTpebe), rapaHTyjy OpPHTHHAIHOCT
HAy4YHOT JONpHHOCca, u3beraBajy 6mino kakBy (abpuKalujy Win MaHUMYTALU]y U
HOIITYjy TpaBmiia HaydyHe eTuke. MHopmammje o kopumhemy Al ce HaBoxe y
ozxesbKy Metone nin 3axBaHHLA.

3abpameHo je xopuctuTH Al anate 3a reHepucame Beher jgena caapxaja
pyKoIMCa, KpEHpame HaydHHX HAeja, MMOJATaKa M pe3ylrara, aHaiuzy u
HHTEpIpeTanujy pesyinTara, (popMupame 3aKbydaka, H3MEHy CIHKa, Tabera
nnu rpadukona (ykibydyjyhn rpaduuke caxerke), M3MEHy II0JaTaKa HIH
pedepeni.

HenxBocmucieno yrBpheHa HenomymTeHa ymorpeba Al 3a mocieanny uma
onbujame paja.

Al H1 y KOM ciTy4ajy He MO)e OMTH ayTop HIIM KOayTop pajia, HATH MOXe Kao
ayTop O6uTH LMTHPaH y ofesbKy JInTepaTypa.

Pany 3amITHTEe TOBEPJHUBOCTH, HHjEJAH /IO HEOOjaBILEHOT HCTPAXKHBAEA
noctaBsberor BCII He cMe OUTH YHET y BEIMKH je3MYKH MOZEN O] CTpaHe ayTopa
WM PETICH3EHTa.

AyTopu Koju cy KOpucTHIM Heku o Al amara cy y obaBesu [a NPHIMKOM
HOJTHOIICHA PyKomHca nojaecy u M3jaBy o xopumrhermy Al

THUIIOBH PYKOIIUCA

V BCII ce 06jaBibyjy cienehe KaTeropuje 1 THIIOBH PYKOIINCA M CAONIITEHA:
YBOAHHUK, OPUTUHATHU Pajl, MPETXOAHO CAOMIITEeHE, KPaTKO CAONIITeHhe, IPUKa3
cllydaja M CepHja cilydajeBa, OMIUTH (HAPATHUBHM) IMpEriiei JIMTepaType, MHUHH
nperien, CHUCTEMATCKH IIperie] JMUTepaType, MeTa-aHalau3a, CHCTEMAaTCKU
Hperniejs JIMTepaType ca MeTa-aHalu30M, akTyelHa Tema, y (GoKycy, pax u3
ucropuje mMeauuuHe/cromaronoruje/bapmanuje, IICMO YPEAHUKY, HCTPAKUBAYKO
TIMCMO, KIIMHUYKO UCTPAXKHUBAE, I/I3BCIHTaj Ca KOHIpeca M Hay4YHOI' CKyIla, IIpuKa3
Kmure, In memoriam u apyru npuinosu.

OPUT'MHAJIHU YJIAHAK

[Ipukasyje HOBa M 3HauajHa otkpuha y onpeheHoj obmactu y3 neTasbaH onmc
KOpI/I].UhCHI/IX METOoAa HCTpaXhBamka, IlO6I/IjCHI/IX pesynrata W H3BEJICHUX
3abyyaka. Jlucta pedepenim Tpeba ga yKJbyud HajHOBHje M HAjBaXKHHje
pedepenne u3 obnactu paja.

NPETXOJHO CAONIIITEKLE

TpeacTaB/ba TpPHKa3 HCTPAKMBAKa KOja HHUCY 3aBpIICHA, ca HalasnMa
KOjU 3axTeBajy JOJaTHA HCTPAXKMBalka M BaIMIALHKjy Mpe KOHAYHUX
3aKkJbydaKa, ajiu ¢y nobujeHe nHpopManuje o1 HHTEpeca 3a Hay4dHy U CTPYyUHY
jaBHocT. Cazipkd CBa NOIJaB/ba Kao OPUTMHAIHM HAy4yHM WIAHAK, Ak y
3HaTHO cKpaheHoM o6uMy. AyTopH ce HOJACTHYYy Ja KacHHje objaBe IyHY
OpUTMHAJIHY HAy4HY CTYAHJy Ca KOMIUIETHHM, BJIMAMPAHUM IOAALUMA H
CBEOOYXBATHOM aHAIH30M.

KPATKO CAONIIUTEIE

IpeacraBiba 3aBpLICHO MCTPAKUBABE KOjE je Majo HO 00MMY, YCKO
(dokycupaHo ca jacCHMM 3aKJbyullMMa Ha OCHOBY NpPEJICTaB/bEHHX pe3yJTaTa.
Canp)!m CBa Iorj1aBJba Ka0 OPUTrMHAIHA HAYYHHU YIaHaK, ajli y 3HAaTHO CKpaheHOM
obumy. Cwmarpa ce KOHAa4HOM myOJMKaUMjoM TOr creuuduyHor, Major
UCTpaXHBamba. He moxe ce moHOBO OﬁjaBI/lTI/l Kao 4JlaHaK ITyHOT obuma (I/IaKO ce
MOJICTHYE HAKHAZHO UCTPAXKHBAILE KOje Ce HAaZl0BE3yje Ha Ibera).

NPETJIEAHHA YIAHIA
OIIIITHA (HAPATUBHMN) ITPETJIE]] IUTEPATYPE

Ilperien, KpUTHYKA aHaIM3a W CHHTe3a MoCTojehnx HaydHHX casHama O
n3abpanoj TemMu. Aytopu oGyxBaTajy CBY AOCTYNHY Hpumnaiajyhy jamrepatypy 3a
ozapeleHn BPEMCHCKH MEPHOJ, MPHKA3yjy pe3ylTaTe PEeleBaHTHHX HCTPAKUBAIbA,
naeHTUGUKYjy HEIOCTaTKe, OrpaHHYCHba WM KOHTPOBEP3e M yKasyjy Ha IpaBle
Oynyhnx ncrpaxusama, najyhu cBoje Buherme mpobiiema y BHIy 3aKJbY4HOT CTaBa.
AyYTOpH 4IaHKa OBE KaTeropuje Mory GHTH OHH KOjU Cy 00jaBHIM MHHUMAJIHO IeT
pagoBa myOIMKOBAaHMX Yy wdacomucuma c pereHsujom (M20) wu3  obmactu
HPerJIeHOT paja.

MMHWHMU NIPETJIEJHHA YJIAHAK

Caxer npersien rnocrojelie JmTeparype W HajHOBUjuX jocturayha yHyrap
Z[Cd)I/IHI/lCaHI/lX acrekara OHpChCHC HCTpaXKUBaA4YKe 0051aCTH U H-€HU HOBU /WK
AKTYeJIHH MPaBLH pa3Boja.

CHUCTEMATCKH IPETJIE] JIUTEPATYPE

CHHTe3a MpeTX0JHO 00jaB/beHHX HCTpaKMBama o oapeheHoj Temu kopuihemem
jacHO JedUHHCAHMX W yHampea oOJpeleHMX MEeTOMOJOMKUX IMOCTyNaKa 3a
CeNeKLHjy U eBamyanujy. AyTop Mopa Ja KOPHCTH peneBaHTHe 0asze mojaTaxa,
[OCTaBH KPUTCPHjyMe yK/bydWBama M HCK/bYYHBAWKa CTYAHja M IPHMCHH
TPAHCIIAPEHTHY METOJOTIOTH]y.

META-AHAJIM3A

KopucTi  cTaTHCTHYKe MeToge 33 KOMOMHOBAaHkE KBAaHTHUTATHBHHX
10JlaTaka M3 BHUIIC NPUMApPHHUX CTyAUja Kako OM ce MICHTH(UKOBAIH OIIITH
TPeHZOBH M IpPOLCHWIA CHAara gokasza o oxpeheHoj Temu. Aytop Mopa na
KOPHCTHU pelieBaHTHe 6a3e mojaraka, Je(pUHHUIIC KPUTEPUjyMe 33 YKIbYUHBAHE
U HCKJbYYHBAE U IPUMEHHU TPAHCIIAPCHTHY H PEMPOLYLUOUIHY METOLOIOTH]Y.
Heonxoano je jacHo pedunncame ucrpaxusaukor nurama (PICOS oksup),
HaBoheme CMepHHIa 3a 0jabup M aujarpaMa TOKa 3a CeIeKUHjy CTyIuja
(PRISMA).

CUCTEMATCKHU NPETJIEJ IMTEPATYPE CA META-AHAJIN30M

Kom0Ounyje KBamUTaTMUBHY W  KBAaHTHUTaTHBHY CHHTe3y, Kopuctehu
CTATHCTHYKE TEXHHKE 32 CYMHUParme KBAaHTUTATHBHHUX PE3yJTaTa a KBaJUTaTHBHY
CHHTE3y 3a ONMCHE/HapaTHBHE Haiase. AyTop MOpa KOPHCTHTH peleBaHTHE 0ase
1oJIaTaka, jacHo JAeMHUCATH KPHUTEPUjyMe 3a YKJ/bYUMBAHE U HCKIbYUHBARC
CTyaMja, ¥ MPUMEHHTH TPAHCIAPCHTHY M PENPOLYLHUOHMIHY METOONOTH]Y.
HcTpakuBadko muTame Mopa 6uTH jacHo aedunucano npema PICOS okBupy, y3
HaBohewme KopumheHHMX cMepHHmIA 3a u3BewtaBame (Hmp. PRISMA) u
ykspyunBame PRISMA nnjarpama Toka 3a IpHKa3 CeleKIuje CTyauja.

AKTYEJIHA TEMA

Pa3maTpa CaBpEMEHO, HEPCIICHO MM KOHTPAIUKTOPHO IHTAEHE OJ
TEOPUjCKOT M MPAKTUYHOT 3HAyaja, y3 H3HOLICHEC CONCTBEHHX pe3ysrara
HCTpaXKMBamba WM HAjHOBUjUX Ba)KHUX IOjaTaka M3 yureparype. KoHcrpykiuja
4jIaHKa je cI000JHA a TMOXKEeJbHE Cy KpaTKe 3aKk/byyHe HAlOMEHE Ca jaCHOM
TOPYKOM.

Y ®OKYCY

Tematcka, oKycupaHa aHaun3a W/WINM KPAaTaK OCBPT Ha HAy4HH HpobiemM
KOju je y Temarckoj obiactu wacomuca, a Koju obpalyje nutame on 3Hauaja 3a
Hay4HY 3ajeJIHALly ¥ IIUPY CTPYYHY jABHOCT.

KA3YUCTHKA
MPUKA3 CJIYYAJA u CEPHJA CJIYYAJEBA (24, <9)

Tlpukas ciy4ajeBa ca PETKOM M HEOOMYHOM JIHjarHO30M, JHjarHOCTHYKHM
POLECOM, CTpaTerrjama Jeuenha, KIMHAIKIM TOKOM, HIH HCXOJ0M JIeuerha, KOju
MOry OHMTH OJ KOPHCTM 3a KIMHMYKY [PakCy M MEIULMHCKO o0pa3oBarbe.
Ipunukom nucama norpedHo je kopuctutd CARE cmepuuue (https://www.care-
statement.org/writing-a-case-report). Heomnxoman je mnpucraHak HH(pOPMHCAHOT
HaIMjeHTa.

YBOJHUK

VBOOHHLY Cy HEPELECH3UPAHH TEKCTOBH INIABHOI U OATOBOPHOT YpEIHHKA
W/WIM 4iaHOBa YPEJIHMINTBA HAMEH-CHH HAjaBH HOBOI' BOJIyMEHA, TEMAaTCKOT
Opoja, cazpikaja Koju Cy O 3Hauyaja 3a CTPYKY H/WIM HHCTUTYLHjE YHjUM
YJIAaHOBMMA je YacOlMC HAMEIEH Kao M YPEJHHYKH TEKCTOBU IIO IO3MBY.
VBoauuIM He Tpeba Ja cajpie HeobjaB/beHe Ml OpPHIMHAIIHE IT0/IaTKe, a MOpajy
YKIJbYYHTH H3jaBy O CyKOOy HHTEpeca.

MMAUCMO YPEJHUKY

HepeneHsnpanyu KOMeHTap/KpuTHKa Tekcta objasbenor y BCIL Inmry ce y
cnoboHoj hopMH, y3 eBEHTyalHO HaBoheme mopaTtaka u3 auteparype. He cmejy
canpxaTtiH HeoOjaBibeHe pesynrate. OGjaBibyjy ce npemMa OJUIyL[H TJaBHOT M
OZATOBOPHOT YPEHHKA.

HUCTPAXKUBAYKO ITUCMO

KpaTkn npuka3 OpUrMHAIHOT HMCTPAXKHBAHKa, KOJU CaJpKH YBOJA, METOAE,
pesynTaTe M AUCKYCHjy y caxxeToM o0iuky (6e3 moxene y moceOHe LEIMHE ca
MOJHACIOBMMA) M MakCHUManHO a0 2 npuiora (tabene/cnuke). He caapxu
ancTpakT U KIbY4YHEe PEdH ajli MOpa Ja UCIIYHH CBE OIIIITE YCIOBE 3a Pa3MaTparbe
pykonuca (ykibydyjyhu npouec penensuje).

HUCTOPHJA MEJUIMHE/CTOMATOJIOTHJE/®PAPMAIIMJE

Marepujan 3Ha4ajaH 3a pacBeT/baBambe NOjeAMHMX porahaja W/wmiu mpukas
3HAYajHUX JIMYHOCTH M3 HCTOpHje MeJMUUHe/cToMaronoruje/hapmanuje, a
noceGHO BOjHE MeauIMHe/cToMaTonoruje/hpapmaruje.

KJIWHUYKO UCTPAYXKUBAE

OPMT‘HHaHHa panaOMH30BaHa KOHTpOJIMCaHa UCIIUTHBakma u
OTCcepBallMOHE CTyJHje yTHILAja jeJHOT HJIHM BHIIE CpeJcTaBa MIM Mepa Ha
UCXOX 37paBJba JbYAHW, KIWHHYKY TMpPaKCy H 3IpaBCTBCHY TIOJHTHUKY.
Pykonucu Mopajy OMTM HpUIPEMJbEHM Yy CKiIagy ca MehyHapoaHum
cmepuunama (Hnp. CONSORT - https://www.consort-spirit.org/ nm STROBE
— https://www.strobe-statement.org/) u perncrpoBana y HekoM 01 MehyHapoIHO
NMpU3HATHX jaBHUX peructapa (unp. ClinicalTrials.gov).

IPUKA3 KIbUTE

Canprxu 6ubimorpadcke nmonaTke o myOIHKanuju (ayTOpH, H3BOPHHU HACIIOB,
M3/1aBa4, MECTO M TOJAMHA M3/Iamba), HeH KPaTaK Caipikaj U KPUTHYKE KOMEHTape
cazipKaja, CTUJIA U 3HaYaja KBUTe y JIaToj 001acTH. Pykomuc He cMe OUTH TyKH O
2 cTpaHule.

MU3BEHITAJ CA HAYYHOI' IJIM CTPYYHOI' CKYIIA

[lpyka3 akTHBHOCTM HAyYHOI WM CTPYYHOI CKyHa, Y3 HCTHIAbE
HajBOXHUjUX pedepaTa MM 3aKJbydaKa, OJHOCHO MPENopyKa OJ] 3Hauyaja 3a IIHPU
kpyr unranana BCIL

OBHUM PYKOITUCA

]_ICJ'[OKyHHPI PYKOITUC paja YMHE: HAaCJIOBHA CTpaHa, aliCTPakKTH Ha CPIICKOM U
CHIJIECKOM je3MKy Ca KJbYYHHUM peulMMa, IJIABHH TEKCT pajia, 3aXBaIHOCT (110
notpebu), CrHCaK JUTepaType, NpUio3u (Tabeie, ciuke, rpadUKOHH, CXeMe,
LPTEXKH).

OO0uM pykomuca 3a KaTeropuje OpPUrHHAIHH paj, OMIITH (HapaTHBHU)
nperiaea JIUTEpaType, CHUCTEMATCKH IIPEriea JHUTEpaType, METa-aHalu3a,
CHCTEMAaTCKU Mperie] JUTepaType ca MeTa-aHaiau3oMm usHocu g0 5 000
peun.

O6uM pyKomuca 3a KaTeropuje MUHH MpPEriell, MPETXOIHO CAaoIIITeHE,
KpPaTKO CaoIIITeHhe, MPHKa3 Clydaja, CepHja CllydajeBa, akTyellHa TeMa, KINHHYKO
HCTPaXHBabe, UCTOPHja MeauLuHe/cTomMaTosoruje/gapmaruje u3nocu g0 3 000
peun.

Pykomnucu 3a ocrane kareropuje/pyopuke Mory umarty Hajsumie 1 500 peun.


https://www.vsp.mod.gov.rs/multimedia/dodaci/asf_i_ai_srp_cir_1770634791.doc
https://www.care-statement.org/writing-a-case-report
https://www.care-statement.org/writing-a-case-report
https://www.consort-spirit.org/
https://www.strobe-statement.org/
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MPUIIPEMA PAJIA Cuuke (niycrpauuje)
Ilog cnmkama moapasymeBaMo cBe 00dMKe TpadUyuKHX —OpUiora

HACJIOBHA CTPAHA

Ha npBoj cTpannuu pykomnuca tpeda HaBecTH ciejehe:

. HacnoB pana 6e3 ckpahenuua;

2. Ilyna umeHa u npe3nmeHa ayropa (6e3 Tutyna, y3 HaBoheme ORCID Gpoja
3a cBe ayTope Koju ra uMajy) ca o3Hakama cieaehum pexom *, 1, 1, §, ||, 1,
** 1t ... uTg.

3. IlyH 3BaHMYaH HA3MB YCTAHOBA y KOjHMA ayTOPH pajie, MECTO U JPXKaBy y
K0joj ce ycranoBe Hamase (3Haum *, T, I, §, [, Y, **, Tt ... nra.mokasyjy
PE/IOM yCTaHOBE y KOjHMA ayTOPH Pajie);

4. Ha mHy CTpaHHIC HAaBECTH MME M HPE3UME, aApecy 3a KOHTAKT, e-Mamil
agpecy u Opoj Tenedpona (mobuianor/Viber wmim WhatsApp) ayropa
3aIy’KCHOT 33 KOPECIIOHICHIIN]Y.

ATICTPAKT

Ha npyroj crpanu paja Huiry ce amncTPakT M KJbYdHE Pedd. AICTPAKT ce
IHIIEe KPATKAM M jJaCHUM pedeHHIamMa. 3a KaTeropyje OpUriHHaIHKU Paji, MPETXOLHO
CAOIIITEe, KPATKO CAOMIITEeHbE, CHCTEMATCKH MPEIIIE] IMTEPATyPe, CHCTEMATCKH
Hperie/l JIMTepaType ca METaaHaJIM30M, METa-aHajln3a, KIMHHYKO HCTPaKHBAHE,
aTCTPaKT je CTPYKTypHcaH u Tpeba na uma cnenehe nenose: Yeox/Llum, Metoze,
Pesynratn, 3akibydak. CBakM OJl HaBEJICHMX CErMEHATa IHMCATH Kao IocebaH
macyc KOjH TMouMme OoigoBaHOM peun. HaBectu HajBakHHje pesynrare
(HyMepHYKe BPEJHOCTH) H HHBO CTATHCTUYKE 3HAYajHOCTH. 3aKJby4ak Mopa OUTH
JIUPEKTHO IOBE3aH ca pesyntarnMa paga. Obum amctpakra He cMe aa npehe 300
pedn.

3a kareropuje mpHKa3s Clydaja M cepuja cilydajeBa ancTpakT uma cienehy
CTPYKTYpy: YBOA (y MOCIEAHmOj PeYeHHUN HaBecTH LWwb), [Ipuka3 GomecHuka,
3akspyuak. CBakM OJ HABEJCHUX CErMEHATa MUCATH Kao II0cebaH Mmacyc KOjH
nounme 6onoBaHoM peun. O6uM ancTpakTa He cMme aa npehe 250 peun.

3a ocrajie KaTeropyje paaosa, OMIITH (HApaTHBHM) Iperie]l JNTepaType, MUHH
Mperiie]l, akTyenHa TeMa, y Gokycy, HCTopHja MeauiHe/cToMaToaoruje/hapmariije
anCcTPaKT HeMa MoceOHy CTPYKTYpy M He cMe ja npelje 200 peun.

Boautu padyHa na CpICKa M CHIVIECKA Bep3Hja amctpakra Oyay mehycoOHo
TaYHU M TPELHU3HHM NpeBoad. HujenHa pedeHuiia He CMe MOCTOjaTH Y jEJHO]
BEP3MjHU a 1a HHje IPEeBe/ieHa y APYroj.

K/bYUYHE PEYH

I/ICHOI[ ancTpakTa HaBECTU MET J0 CeaaM PEIICBAHTHUX KJbYYHUX DEYU WU
n3pasa KojH ykasyjy Ha cajipxaj pajga. IIperopyka je ja ce He NOHaBJbajy Peur U3
Hacnosa pajga. Y usbopy xpyunnx peun kopuctutu Medical Subject Headings —
MeSH (https://www.nlm.nih.gov/mesh/meshhome.html).

CTPYKTYPA I''TABHOI' TEKCTA PAJIA

HeonxonHo je na OpurHHamHU paj, HPETXOJHO CAONLITEHE, KPaTKO
CaoNITEeHE, METa-aHalu3a, CUCTEMATCKU MPETrJe[] JUTEpPaType, CUCTEMATCKHU
nperien JIHTEpaType ca MeTa-aHalu30M, KIMHHYKO HCTPaKHMBAamE CaJpiKe
norJiaBiba: YBOJ (KpaTak MpHKa3 MmpeaMera HCTPaXkKuBamba y3 HaBOJ LHJba paaa
y TocieameM nacycy), Merone (mpeumsaH onuc ogabupa HMCIUTaHHKA H
NPUMEHEHHX MeTOoAa,  yK/bydyjyhnm cratuctuuke mertoae, Opoj mo3Boie
carnacHocTH HajnexHor EK), Pesynratu (mpHKa3aHH JIOTHYKHM PEIOCIEIOM
0e3 aynaMpama HpHKasa UCTHX pe3ysiTaTta Ha Buiue HauuHa), Jluckycuja (6e3
NOHAaBJbakha IIOJAaTaka Koju cy Beh HaBeneHm y oxespKy Pesynraru;
JIMCKYTOBAaTH camo JjoOujeHe Hamase JoBohewmeM y Be3y ca JIpyrum
pejeBaHTHUM CTy/MjaMa, OBE3aTH AUCKYCHjy U 3aKJbydKe ca [IMJbEeBUMA paja,
mo mnotpedM HarJacUTH JIMMHUTALMje HCTPAKUBamWa), 3akibydak (KOjH
MPOUCTHYE W3 pe3yiTaTa JaTOr HCTpakMBamba), 3axBadHUNIA (IO MOTpedH),
Jluteparypa.

Pykomucu M3 kaTteropuja OmIUTH (HAPATHBHM) IpETJe] JIUTEpaType, MHHH
npernes, akTyenHa Tema, y okycy caapxke cienehe mnemmme: YBox (ca
oxrosapajyhum nogHacinosuma), 3akibydak, Jlnteparypa.

Pykomnucu M3 KaTeropuje mpHKa3 ciydaja, cepuja ciydajeBa caapke cienehe
nenuHe: YBona (WMJb pajia HAaBECTH Kao MOCHe[mH macyc YBoxa), Ilpukas
GonecHHKa (MJICHTHTET OOJICCHMKAa Mopa OCTaTH aHOHMMaH), Jluckycuja,
Jlurepatypa.

Tpuka3 GoJieCHUKA HE CME UMATH BHUIIE OJ TIET ayTopa.

YIIUTHHULM (Questionnaires)

CBu KopuIIheHH yMUTHHUIM KOjH CY YHOTPEOJbEHH Ka0 MEPHHM MHCTPYMEHTH
3a OWJIO KOjH OJ] MCIUTHBAHUX IapaMeTapa, MOpajy OMTH HpEeBEICHH Ha je3HK
TOBOpHOT no;{pyqja UCIIMTaHUKA Y3 HaBOhCH)C J0Kasa o ]/I3Bp].LICHOj BaJ'II/IIlaHI/IjPI u
KYJTYPOJIOIIKOj aAanTaluju NoaAHeOIby UCIINTAaHUKA.

nPUJIO3U

Tpunore unju 6poj Tpeba na Oyzae yckiaheH ca Jy)KMHOM TEKCTa MOCTABHTH
Ha Kpaj IVIaBHOI' TeKcTa pykomuca u3za Jlutepatype, a y caMOM TEKCTy jacHO
Ha3HAUYUTH MECTO KOje ce OAHOCH Ha aaTh npuior. Kpajiwa mosumuja npuiora
6uhe oxpelena y Toxy npunpeme paaa 3a myOIHKOBambe.

-

Tabese

HacnoB Tpe6a Hamucat u3Haja Tabene, a o0jallmbera (JIEreHIy) HCIoa He.
Tabene ce 03HaUaBajy aparickuM OpojeBUMa IMpeMa peociey HaBohema y TeKCTy.
Tabene uspaauti UCKby4unBo y nporpamy Word, kpo3 menn Table-Insert-Table,
y3 meduHHcame TauHOr Opoja KoloOHa M penoBa koju he je umuuTh. Kymatn
dourom Times New Roman, BeianunHOM ciioBa 12, ¢ jeHOCTPYKHM MPOPEIOM.
TabGene Mopajy OMTH jacHe M HMATH CBE €IEMEHTE HEOINXOJHE 3a IPABHIHO
pasyMeBare INTa je y BHUMa IPUKA3aHO. YKOIMKO MPHUKA3aHE BPEAHOCTH HMajy
,,OIICer** WK ,,pehepeHTHE BPEJHOCTU , TO C& MOpPa JIOAATH.

V nerenam ucnox Tabene Tpeba objacHHTH cBe CKkpaheHMIle HaBeleHEe y
Tabes U CBE O3HAKe (HIp. CIOBA y CYHNEPCKPHUITY WIM OOJJI0BaHE BPEIHOCTH).
Taxkolje, HEOIXOAHO je MPeLH3UPATU IPUMEHEHE CTATUCTUYIKE METOJE.

(pororpaduje, uprexu, cxeme u rpapukonu). Cimke Tpeba yrpagutH y
PYKOIIMC Ha Kpajy TeKCTa, MOCIe JIMTepaType M mocie Tabema (ako MX HMa).
Ciuke ce O3HauaBajy apanckuMm OpojeBHMa Ipema pejociely HaBohemwa y
TekcTy. Bemuka cnoBa A, B, Il uta. TpeGa KOPHUCTUTH 3a O3HAYaBame ACI0BA
BumeaenHux ciuka. CioBa, OpojeBH u cumOoau TpeGa jpa Cy jacHH M
yjeAHauCHH, a JOBOJbHE BEIMYHHE 1A NPIINKOM yMamHBamba Oyldy YHTIHUBH.
Jlojjanm TpUKa3aHW Ha CIMKaMa Mopajy OMTH cauyBaHM Kao (ororpaduje (He
Ka0 M3MCHHBH IpaUuKH €IEMEHTH), TaKO Ja CC HUXOB IOJO0XKaj HE MOXe
MembaTH, Kako Ou ce 00e30eAmIa Tad4HOCT IOJaTaKa HPHUKA3AHUX HA CIIHIM.
Ipumajy ce HCKIbYYHBO AHMruTanHe GpoTorpaduje ca MUHUMAIHOM PE30JIYLIHjOM
ox 300 dpi u ¢popmara JPEG, PNG wmu PDF. Ciuke koje He 3a10BOJbaaBajy
HaBeJieHe ycioe Hehe OGuth npuxsahene 3a o6jaBy. J{MMeH3Hje JOCTaBbEHHX
ciuka 6u Tpebano ga Oyxy npubiIMKHE JUMEH3MjaMa y Kojuma he ciuka OutH
o6jaBibeHa. YKOJIHKO ayTopu HHCYy y MOryhHOCTH Ja JOCTaBe JIHUIUTalHE
dororpaduje, onna opurnHanHe ciuke Tpeba ckenuparu y pesonyuuju 300 dpi
U y OpPHUTHHAIHO] BEIMYMHH M Kao TakBe MX JoctaBuTu. CBH mojamy Ha
cxemama u rpadukoHnMa Tpeba na Oyny ucnucanu 6escepuduuM GOHTOM pagu
nakie yntbusoct (Hup. Arial, Helvetica), Bennuuna ciosa He Mama ox 10 pt.
MepHe jenuHHIe U CKale MOpajy OuTH jacHO HasHaueHe. [leruManHu OpojeBu
Ha rpadMKOHMMAa MOpajy OMTH NPUKA3aHH Ca TAYKOM, a pa3/Bajame XWUibaJa
Mopa 6uTH 03Ha4YeHo 3ape3om (Hmp. 1,234.56).

Buneo-npunosu (winyctpaiuje paga) Mory Tpajatd 1-3 mMuHyTa M OuTH Y
dopmary avi, mp4(flv). V3 Bumeo mocraButH moceGHO CIMKY Koja 61 Guia
WIyCTpalyja BUACO-NPUKA3A Y e-H3amby U 00jaBJbeHA y MITAMIIAHOM H3amby, Kao
M JIMHK Ka 11aTdopMu r7e je Bujeo Beh nmocrasibeH.

VY nerenam ucnoj wiyctpanuja Tpeba objacHuTH cBe ckpahenwue, cumborne,
6pojeBe MIIH CIIOBa KOjH Ce KOPUCTE 3a 00jallliberbe MOjeANHHUX JeoBa CIIHKe. Y
city4ajy rpadMKoHa MPenU3UpaT IPUMEHhEHe CTATUCTHYKE MeTo/ie (M0 moTpebH),
a kox ¢Qoromukporpaduje HaBeCTH AeTabe O BPCTH KopuinheHor Gojema
yBehamby.

Vkomnko ce mnpukasyjy ¢ortorpapuje ocoba (GosecHuKa), JUK MOpa OUTH
,,3amyheH” uin je motpeGHo 06e30euTH nucany 03BOy Juna ca ¢portorpaduje 3a
meHo kopumiherse. Ha nprinosnma (CHUMITH PEeH/TeHa, CKeHepa, YITpas3ByKa, HTAL.)
MOTPeOHO je YKIOHUTH CBE IITO MOXE Jia ACHTH(HKYje GOJIeCHHKA. YKOIHKO je
cnuka Beh Herze o6jaBibeHa MOTPEOHO je LUTUPATH H3BOP Y3 MHCAHO 00OpEH-E
aKo ce pajy o 3amTHheHOM MaTepHjaiy.

CKPAREHHUIIE

CkpaheHune KOPUCTUTH CaMO KaJa jé HEONXOIHO, U TO 3a BeOMa Jyrauke
Ha3UBE XEMHjCKHMX je/[MIbeHba, OJHOCHO Ha3MBE KOjH Cy Kao ckpaheHuue Beh
npeno3Harsbuy (Hnp. JIHK). 3a cBaky ckpaheHuily, ocum CTaHIapiHE jeMHHULE
Mepe, HaBeCTH ITyH Ha3HB IPU IPBOM HaBohemy y TeKcTy (YKJbydyjyhn ancTpakr).
VY HacnoBy H ancTpakry usberaBatu kopuinheme ckpaheHHua, y HAclOBY HX
KOPHCTHUTH CaMoO aKO Cy HEONXOJHE. 3a MOjMOBE KOjU CE Y TEKCTY IOMHIbY BHUILE
01 TpH IyTa Npernopyudyje ce yBoheme oxropapajyhux ckpahenmiia.

JEIHUMAJIHU BPOJEBH

Y TeKCTy paja Ha CHIJICCKOM je3HKy JIeIMMAalHe OpojeBe IHCATH Ca TauyKoM
(amp. 22.7), a y TEeKCTy Ha CpPIICKOM je3uKy ca 3ape3oM (ump. 22,7). Kax rox je to
Moryhe, 6poj 3a0KpYKHTH Ha je[Hy ACHMMally M IHCATH JOCICIHO KPO3 Ie0 paj
(HIp. aKo je jemHa BpemHOCT 32.2, CBe OCTajle MOpajy MMAaTH je[HY ACHUMATy, HIIp.

32.0).
JEJVHHULE MEPA

JlyXHMHy, BHCHHY, TEXHHY WM 3aIPEeMHHY H3paKaBaTH y METPHUKUM
jennaunama (Metap — m, xuorpam (rpam) — Kg (), aurap — L) mwin muxoBuM
nenouma. Temmeparypy u3paxasatn y crenenuma llemsujyca (°C), mpurmcax
KpBU y MHIMMETpUMa >XKUBHHOr cTyba (mm Hg). Pesynrare kiMHUYKHX H
GHOXEMHjCKHX Mepera HaBOJIMUTH Y METPHYKOM CHCTeMy npema MeljyHapoaHom
cucremy jenuuuua (Sl).

3AXBAJTHUIA

Wsnetn pompuHoc ocobe Kojoj Tpeba oOmaTH mpH3HAKeE, ald Koja He
HCITyHaBa KPHTEpHjyMe 3a  ayTOpCTBO. Hapectn ¢unancujcky nomoh
(CTIOH30pCTBa, CTHICH/H]jE, OLIpeMa U JIPYro), Kao U Ha3MB MPOjeKTa y OKBUPY Kora
j€ MCTPaKMBamE CIIPOBEIICHO.

CTATUCTHYKA AHAJIU3A

VY onemky Metone netasbHO OMHMCaTH MPUMEH-EHE CTATUCTHYKE METOJE KaKO
6u Owna omorylieHa NpoBepa HCIPABHOCTH FbHXOBE IPUMEHE M PEHPOIYKIHja
aHamse. Pesynratn Mopajy OMTH HyMEpHYKH jaCHO NPHKA3aHH y3 oArosapajyhe
MoKa3are/be BapUjaOMIHOCTH M IIOY3JAaHOCTH (HIp. CTaHAApAHA JACBHjaLuja,
CTaHIap/Ha TpEeIIKa, HHTEpBa nosepeH,a). HpeumnpaTn THUIT CTyll]/IjC " ornucaTtu
HayMH Ha KOjU je W3BeleHa. HaBecTH KputepHjymMe YK/bydera M HCKIbydeHa.
Hapectu coptBep M Bep3Hjy KOMIjyTEpPCKOT IIporpama y KOMe je H3BpIICHA
cTaTucTUYKa 00pana moxaraka. Y onesbky Pesyntatu xao u y nerenpama tabena
W/MIIM TIPUJIOTa HABECTH CTATHCTHYKH METOJ KOju je KopumheH 3a aHaluzy
MPUKa3aHUX pe3yaraTa. BpenqHocTu p ce yBek Muily ca HOYETHOM HyJIOM (HOp. p >
0.05 a me p > .05).

JIMTEPATYPA

Pedepeniie HymepucaTH peHMM aparlcKuM OpojeBMMa IIpemMa peaocieny
HaBohema y TekcTy (ykibyuyjyhu tabGene u snerense npuiora). [lpenopyuyje ce na
BehuHa muTnpanux pagosa oyae miaha ox gecet roauna. Ipenopydyje ce 1a 6poj
LUTUPAHUX OPMIMHAIHHX pajgoBa Oyne HajmMame 80% ox ykynHor Opoja
pedepennyn, oxHOCHO Opoj UMTHPAaHWX KIbUTA, TOTNIaBjba Yy KibHramMa M
nperieHux wiaHaka Mawu of 20%. CBu pajoBu, 6e3 003upa Ha je3UK M3BODA,
IIUTHPAjy Ce Ha CHITIECKOM je3WKy, a M3BOPHH je3UMK HABOJM CE€ Y 3arpaay, u3a
nutupane pedepenie.


https://www.nlm.nih.gov/mesh/meshhome.html
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CBU TIOZIAIM O IUTHPAHOj JIUTEPATypH MOpajy OMTH TauyHH, a IUTHPAHK
PazoBH JIAKO MPHUCTYNAYHU YUTaoUMMa. Y3 cBaky pedepenuy Hasectu DOI 6poj.
Iperopyuyje ce uutHpame camMoO pagoBa 00jaB/bEHHX Yy YacCONHCHMa Koje
unjekcupajy Current Contents, Index Medicus (Medline), Excerpta Medica,
Scopus, Web of Science.

Huje 103BOJbEHO LUTHpamE alCTpakaTa, CEKyHIApHUX IyOiukaiuja,
YCMEHHX CaOMIITeHa, HEO00jaB/beHHX pPafoBa, CIyKOCHHX M HOBEPJPHBHX
JloKyMeHaTa, Bukumennje, npenpuut o6jaBa u in Press wiaHaka, MOBYYEHHX
pamosa (retracted article), pagoBa o0jaBibeHHX y IPEIATOPCKHM
4aCOIMCHMA.

IpuInKOM LUTHpamsa CajToBa, HE MOXE Ce LIUTHPATH HACIOBHA cTpaHa Beh
ce MOpa LIUTHPAaTH OHA CTpaHa ca Koje je nHpopmanuja npeysera. CBaka HaBejeHa
pedepenna mopa GuTH gocTymHa 3a mposepy online. Ykommko pedeperma He
[IOCTOjU HA MHTEPHETY (HIIP. apXMBCKHM MATEPHjal U CIL.), ayTOp MOpa Ja JOCTaBH
M3BOp OJIaKJIe je MpEey3eo LHUTHPAHY JUTEPaTypy OJHOCHO MOXE CIMKATH HIIH
CKEHHpATH JOKyMEHT U nocnatu Ha e-meji: strliteratura@gmail.com.

Pedepennie ce muTHpajy nmpemMa BaHKyBepcKOM CTHIy KOjH je YCIIOCTaBHO
ICMJE (https://connect.ebsco.com/s/article/Citing-Articles-in-Vancouver-ICMJE-
Style?language=en_US).
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New York: Springer; 2012 [cited 2012 Nov 2]. 85 p. Available from:
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Ocrane mnpuMepe HaBohewa  myOuuKkaruja
https://www.nIm.nih.gov/bsd/uniform_requirements.html

HAKHAJIE 3A OBJAB/bUBAILE YJIAHKA

Haknana 3a o6jaB/buBame paga ce rmaha HAKOH NMPUXBaTamba PYKOIHCA 3a
objaBspuBame. Olyka O TpUXBaTalkby Mopa OMTH TOTBpheHa Ha CEIXHULH
VYpeauunrrsa BCIL. Panosu 3a koje Hucy miahene HakHazne Hehe 6utn o6jaBibeHH.

Vmnara uuje rapannuja aa he pag 6uru o6jassen y BCII.

Csu ayropu nyxuu cy na mare Article Processing Charge 3a moxpuhe
TPOLIKOBA je3WyKe, CTPYyYHE M TEXHHYKE oOpaje pyKONHCa, Kao ¥ HEroBOr
objasibuBama. Jlomahn ayropu miahajy msuoc ox 5 000 nmHapa, a nHOCTpanu 150
eypa.

WHctutyimonanna mpermiata (10 000 nunapa) BakHM MCKIJBYYHBO 32
HHCTUTYLHje (YCTAaHOBE) Koje eie aa no0ujajy Qusuuke Komuje MecedHHX
6pojeBa yacomnuca.

VY romuMHM y KO0jOj Cy YIUIATWIM MpPETIUIATYy ayTOpH MOTY TOJHETH
HeorpanudeH 6poj pagosa y BCIL

Komuje ynnmatHMIE HEONMXOAHO je JOCTaBUTH HA
strliteratura@gmail.com pajgu eBuneHumje yrare.

Opn npermate cy ocinobohenn peuenzenti BCII (motpebHo je pocraButu ID
6poj pajja WIM HAClOB paja KOjU Cy PELEH3UpAH), CTYACHTH Ha JTOKTOPCKHM
cryaujama (y3 HOTBpAY O ymucaHoj TeKyhoj roguHH), ypeAHHIH. YPeIHHUIITBO
3a7pKaBa MpaBO J1a MOXKE YMAamHUTH H3HOC INPETIIATE HIN OCHOGOL[I/ITI/I ayTope
ahama npetmiate Ha 00pasnoxkeHy Mooy ayTopa.

3a cBe pomarHe uH(popmauuje, Moxere ce OOpaTMTH Ha J0Je HaBeJCHE
azpece u 6pojese TenedoHa.

MOXKETE BUACTU Ha

e-Mejn  azpecy:

Penaknuja yaconuca ,,BojHocannrercku nperien”

Ya. lipuorpascka 17

11 000 Beorpan

Cpéuja

Tenedon: (+381 11) 3608-997

E-momrra: vsp@vma.mod.gov.rs

E-nomrra 3a undopmanuje y Be3u ca npermiaarom: striiteratura@gmail.com
HHTepHeT cTpanuma: WWw.vsp.mod.gov.rs
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