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World Neglected Tropical Diseases (NTD) Day is ob-
served annually on 30 January. More than one billion
people worldwide live with NTDs. On the occasion of
World NTD Day, the World Health Organization invites
all communities to unite, act, and eliminate these diseas-
es. This year’s theme, “Unite, Act, Eliminate,” highlights
the importance of global cooperation among health insti-
tutions and international organizations in the fight
against N'TDs and their complete elimination.

Svetski dan  zanemarenih tropskih ~ bolesti
(ZTB) obelezava se svake godine 30. januara. Vise
od jedne milijarde ljudi sitom sveta zivi sa ZTB.
Povodom Svetskog dana ZTB, Svetska zdravstvena
organizacija poziva sve zajednice da se ujedine, deluju i
iskorene ove bolesti. Ovogodisnja tema ,,Ujedinimo se,
delujmo, eliminisimo* istice vaznost globalne saradnje
zdravstvenih institucija i medunarodnih organizacija u
borbi protiv ZTB i njihovoj potpunoj eliminaciji.
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Vojnosanitetski pregled in 2026 — new challenges, same dreams
Vojnosanitetski pregled u 2026 — novi izazovi, isti snovi

Dragana Vudevié

University of Defence, Faculty of Medicine of the Military Medical Academy,
Center for Medical Scientific Information, Belgrade, Serbia

In line with long-established practice, the editorial
published in the first issue of each volume of Vojnosanitetski
pregled (VSP) provides a comprehensive overview of the
activities of the Editorial Board (EB) and Editorial Office
(EO) over the past year and outlines plans for the year ahead.
The analysis includes both manuscripts submitted in 2025
and articles published during the same period.

Consistent with previous years, the manuscripts
submitted in 2025 covered a broad range of research topics
in clinical and experimental medicine, dentistry, and
pharmacy. In 2025, a total of 277 manuscripts were received,
slightly fewer than in 2024 (15 manuscripts fewer).
Analyzing the period from 2020 to 2025, excluding 2023
when 226 manuscripts were submitted, it can be seen that the
number of manuscripts received in 2025 remains comparable
to the levels observed in 2020, 2021, and 2022, with 280,
278, and 265 manuscripts, respectively. As expected,
Original Articles represented the largest category of

Table 1

submissions (205 or 74.0%), followed by Case Reports (32
or 11.6%) (Table 1).

The analysis of authors’ institutional affiliations
showed that 88.8% of submissions came from civilian health
and academic institutions, whereas 11.2% were affiliated
with the University of Defence in Belgrade, Serbia. Among
the manuscripts submitted by civilian institutions, the
proportion involving international authors increased from
46.5% in 2024 to 62.9% in 2025. We are particularly
encouraged by the participation of international authors, with
submissions coming from 10 countries across both our
region and more distant parts of the world: Bosnhia and
Herzegovina, Bulgaria, China, India, Iran, Montenegro,
Pakistan, Saudi Arabia, Slovenia, and Turkey (listed in
alphabetical order). We sincerely appreciate the trust these
authors have placed in our journal, with particular
acknowledgment of submissions from China and Turkey,
which accounted for the largest proportions of international

Categories and the number of manuscripts submitted
to the Vojnosanitetski Pregled in 2025

Category

n (%)

Original Article

Case Report

Current Topic

General Review

History of Medicine
Short Communication
Meta-analysis

Editorial

Letter to the Editor
Scientific Meeting Report

205 (74.0)

32 (11.6)
17 (6.1)
5 (1.8)
5 (1.8)
5 (1.8)
4(1.4)
2(0.7)
1(0.4)
1(0.4)

Total

277 (100)

Correspondence to: Dragana Vucevié, University of Defence, Faculty of Medicine of the Military Medical Academy, Center for Medical
Scientific Information, Crnotravska 17, 11 000 Belgrade, Serbia. E-mail: draganavucevic@yahoo.com
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contributions (China 30.6%, Turkey 12.9%). What is
particularly encouraging is that the proportion of papers
submitted by authors from abroad has shown a steady
increase over the past few years, reflecting the growing
interest of the international scientific community in our
journal. We hope this trend will continue in the future,
contributing further to the international visibility and
recognition of VSP.

During the pre-review stage, 55.5% of manuscripts
were declined, while 44.5% progressed to the peer-review
process. The proportion of manuscripts rejected at the pre-
review stage increased slightly compared with 49.1% in
2024, reflecting the application of more rigorous editorial
criteria. Among those that underwent the peer-review
process, up to December 31, 2025, 44.8% were accepted for
publication after the required revisions, and 21.0% were
rejected. The remaining 34.2% are still under review. These
percentages are consistent with those reported in the previous
year.

The total number of articles undergoing the DOI
assignment process in 2025 (including those submitted prior
to 2025) was 84, slightly lower than in 2024 (92 articles).
Extended review periods, longer than desired, directly
affected the time to decision on manuscript status (accepted
or rejected) and contributed to the lower number of articles
published in 2025. The average time from submission to
acceptance (after two positive reviews) or rejection (after
two negative reviews) for manuscripts submitted during
2025 was 86 and 113 days, respectively. The average time to
receive a DOI for manuscripts submitted and accepted for
publication during 2025 was 137 days.

One factor contributing to the lower number of
manuscripts entering the DOI assignment process and the
reduced number of publications in 2025 was the withdrawal
of manuscripts by authors after receiving conditionally
positive or positive peer reviews. This behavior likely
reflects attempts to submit manuscripts, whose quality was
substantially improved by the suggestions of the VSP
reviewers, to journals with a higher impact factor (IF).
Addressing this issue will be a priority for the EB to ensure
that VSP’s peer-review resources are used to the fullest

In 2025, a total of 92 articles were published, including
one Scientific Meeting Report (Table 2), slightly fewer than
the 102 articles published in 2024. One of the factors
contributing to this decrease may be a higher rejection rate at
the pre-review stage, as well as the previously mentioned
phenomenon of manuscript withdrawal after authors received
conditionally positive or positive peer reviews. During 2025,
a total of eight manuscripts were withdrawn at this stage.

As in previous years, the majority of published articles
fell into the categories of Original Articles (66 or 71.7%) and
Case Reports (15 or 16.3%), with numbers almost identical
to those in 2024.

Considering the authors’ affiliations, an analysis of the
published articles showed that the majority of authors were
from civilian institutions, both domestic and international
(81.6%), of which approximately 36.2% were from abroad,
followed by authors from the University of Defence in
Belgrade (18.0%). These proportions were roughly the same
as in 2024. However, the number of published papers by
foreign authors increased by 13.7% compared to 2024. This
increase was expected, reflecting both the higher influx of
submissions from international authors and the greater
number of their manuscripts entering the peer-review
process.

We sincerely thank all authors who have chosen VSP to
present their research findings, with special acknowledgment
to our international contributors. Your work is essential in
promoting the journal’s visibility and impact. We look
forward to your continued contributions in further
strengthening VSP’s role within the scientific community.

According to the Center for Evaluation in Education
and Science database, which provides full-text access to
articles published in VSP, a total of 38,147 full-text
downloads were recorded in 2025, of which 2,036
corresponded to articles published in 2025. The article with
the highest number of downloads (86) was Association
between C-reactive protein-aloumin-lymphocyte (CALLY)
index and cerebral edema in acute ischemic stroke
patients (DOI: https://doi.org/10.2298/VSP2406250860).

According to the EBSCO database, VSP articles
were accessed over 54,370 times in 2025 by 2,003

benefit of VSP. different universities, colleges, libraries, and other
Table 2
Categories and the number of articles published
in the Vojnosanitetski Pregled in 2025
Category n (%)
Original Article 66 (71.7)
Case Report 15 (16.3)
History of Medicine 3(3.3)
Meta-analysis 2(2.2)
Editorial 2(2.2)
General Review 1(11)
Current Topic 1(11)
Short Communication 1(11)
Scientific Meeting Report 1(1.1)
Total 92 (100)

Vucevi¢ D. Vojnosanit Pregl 2026; 83(1): 5-9.
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institutions worldwide. Pukyong National University
(South Korea) and Ajman University (United Arab
Emirates) ranked first and second, with 7,406 and 5,833
downloads, respectively. Notably, the Max Planck
Institute in Heidelberg (Germany), one of Europe’s
leading scientific institutions, increased its number of
downloads from our journal from 1,475 in the previous
year to 5,141 in 2025. VSP articles published in 2025
were downloaded 1,937 times, representing a twofold
decrease compared with the previous year. The observed
reduction may be explained, at least partially, by the
smaller number of articles published in 2025. The article
with the highest number of downloads (92) was Deficits
in naming and auditory comprehension of terms in
individuals with vascular dementia (DOl:
https://doi.org/10.2298/VVSP240406081V). As  noted
above, article downloads in 2025 were lower than in
2024, which is a cause for concern. Nevertheless, it is
encouraging that VSP articles were read a total of 4,372
times, representing an increase of more than 440
compared with the previous year, when 3,930 reads were
recorded, and provides strong motivation for further
improvements in the journal’s accessibility and visibility.

The IF of VSP for 2024 remained unchanged from the
previous year (2023) at 0.2. As increasing the IF is one of the
journal’s key goals, the EB has continued to apply a rigorous
selection process for manuscripts entering the review phase.
The focus is on papers that, due to their quality and
significance, can attract the attention of the scientific
community and therefore have a high potential for citations.
Achieving this goal requires the continuous and active
engagement of all members of the EB. Equally important is
the careful selection of reviewers who are experts in their
respective fields and willing to dedicate the necessary time
and expertise. As an encouraging sign that the EB is moving
in the right direction, we note the increase in the 5-year IF
from 0.2 to 0.3, reported in July 2025.

In 2025, the contributions of 222 reviewers (Table 3)
were invaluable to our work, and we are deeply grateful to
all of them. We would like to give special recognition to
Professors Cvorovié Ljiljana, Dedi¢ Gordana, Pukanovi¢
Ljubica, Kezi¢ Aleksandra, Lepi¢ Milan, Miki¢ Dragan,
Nozi¢ Darko, Rasuli¢ Lukas, Resan Mirko, Stanojevi¢ Ivan,
Suljagi¢ Vesna, Tomi¢ Aleksandar, and Vidakovié
Aleksandra (listed in alphabetical order), each of whom
reviewed at least three manuscripts in 2025.

Table 3

Reviewers of the Vojnosanitetski pregled in 2025

Abbasoglu Osman
Aleksandri¢ Srdjan
Aleksi¢ Aleksandra
Asmis Lars
Atanasijevi¢ Igor

Babi¢ Srdjan

Babi¢ Uro§

Bajceti¢ Milica
Bajkin Branislav
Baljosevi¢ Ivan
Bancevi¢ Vladimir
Basta Nikoli¢ Marijana
Bascéarevi¢ Vladimir
Biocanin Vladimir
Bizi¢ Marta
Bodrozi¢ Jelena
Bojovi¢ Marko
Boskovi¢ Aneta
Brajuskovi¢ Goran
Brkovi¢ Voin
Bubalo Marija
Budi¢ Ivana

Cancrini Fabiana
Cvetkovi¢ Gordana

Canadanovi¢ Vladimir

Cvorovi¢ Ljiljana

Cupurdija Vojislav

Damjanov Ivan
Davidovi¢ Lazar

de Carvalho Dornelas
Bruno

Dedi¢ Gordana
Demetriades Andreas
Dimi¢ Andreja
Dimitrijevi¢ Zorica
Dinci¢ Evica

Dini¢ Miroslav
Dragi¢ Milorad
Dragovi¢ Tamara
Drobac Milan

Djoki¢ Jelena
Djordjevi¢ Dragan
Djordjevi¢ Olivera
Djukanovi¢ Ljubica
Djukanovi¢ Marija
Djuki¢ Slobodanka
Djuri¢ Ivica

Djuri¢ Predrag

Eri Zivka

Filipovi¢ Nenad
Filipovi¢ Tamara

Gaji¢ Selena

Gasic¢ Jugoslav

Golubovi¢ Jagos

Grubovi¢ Rastvor¢eva Rada
Guzina Golac Natasa

Horvat Olga
Hossein Rezvani
Mohammad
Hoveyan Julieta

Ignjatovi¢ Mile
Ili¢ Jugoslav
[li¢ Tanja

[li¢ Tihomir
Ivanov Milan

Jahi¢ Azra

Jaks$i¢ Vesna
Jankovi¢ Slobodan
Jankovi¢ Srdja
Jankovi¢ Veli¢kovi¢ Ljubinka
Jaukovi¢ Ljiljana
Jianu Dragos Catalin
Joci¢ Miodrag

Joti¢ Ana
Jovancevi¢ Ljiljana
Jovaniki¢ Olivera
Jovanovi¢ Ankica

Jovanovi¢ Bogdan
Jovanovi¢ Milan
Jovanovi¢ Simi¢ Jelena
Jovanovi¢ Predrag
Jovanovi¢ Vanja
Jovigi¢ Zikica

Jovi¢ Zoran

Kacar Aleksandra
Kareem Mohammed Ahmed
Karli¢i¢ Vukoica
Kezi¢ Aleksandra
Knezevi¢-USaj Slavica
Kopitovi¢ Ivan

Kosti¢ Milena

Kosti¢ Smiljana
Kovacevi¢ Bozidar
Kozomara Ruzica
Krasi¢ Dragan
Krejovi¢ Sanja
Kuzmanovi¢ Milo§

Lance Marcus D.

Lazarevi¢ Simovi¢ SneZana
Lepi¢ Milan

Liu Qiquan

Luci¢ Milos

Luki¢ Milica
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Table 3 (continued)

Mandi¢ Rajéevi¢ Stefan
Manojlovi¢ Nebojsa
Mari¢ Nebojsa
Marinkovi¢ Dejan
Marjanovi¢ Ivan
Markovi¢ Aleksa
Mati¢ Milan
Matijasevic¢ Jovan
Matijevi¢ Stevo
Mavija Milka
Mijajlovi¢ Milija
Mijatovi¢ Jovin Vesna
Miki¢ Dragan
Milanovi¢ Borko
Milenkovi¢ Branislava
MilijaSevi¢ Boris
Milivojevi¢ Vladimir
Milojevi¢ Andjela
Milosavljevi¢ Marko
Milosavljevi¢ Milo§
Milosevi¢ Nikola
Milovanovi¢ Dragan
Milovanovi¢ Zagorka
Milji¢ Predrag

Minié¢ Predrag
Mirkovi¢ Ljiljana
Mirkovi¢ Nikola
Mirosevi¢ Nikica
Misovi¢ Miroslav
Mladenovi¢ Zorica
Momcdilovi¢ Anti¢ Ana

Nale Djordje

Nastasovi¢ Tijana
Neskovi¢ Mihailo
Neskovi¢ Vojislava
Nikoli¢ Aleksandra
Nikoli¢ Jakoba Natasa
Nikoli¢ Ratko Jelena
Nikoli¢ Ljubisa
Ninkovi¢ Milica
Novakovi¢ Nenad
Novkovi¢ Mirjana
Nozi¢ Darko

Obradovi¢ Radmila
Obradovi¢ Slobodan

Paripovi¢ Dusan
Pasternak Janko

Pavi¢ Ognjen

Pavli¢evi¢ Goran
Pavlovi¢ Sonja

Pejci¢ Ana

Petkovi¢ Djuri¢ Danijela
Petkovi¢ Stojan
Petronijevi¢ Natasa
Petrovi¢ Vladimir

Pham Khanh Trinh Quoc
Polovina SneZana

Poulia Kalliopi Anna

Radevi¢ Svetlana

Radi¢ Milica

Radoici¢ Dragan
Radosavljevi¢ Aleksandra

Radulovi¢ Natasa
Rajevi¢ Milica

Raki¢ Mia
Ramdaniati Sri
Rankovi¢ Aleksandar
Rasuli¢ Lukas

Rasi¢ Dejan
Raskovi¢ Aleksandar
Ratinac Milos

Resan Mirko

Risti¢ Andjelka
Ristivojevi¢ Bojan
Roganovi¢ Branka
Rondovié¢ Goran

Samardzi¢ Janko

Savi¢ Slobodan

Slovié Zivana
Sotirovi¢ Jelena
Sovti¢ Aleksandar
Spasojevi¢ Brankica
Spiroski Dejan
Srzenti¢ SneZana
Stamenkovi¢ Dragoslav
Stani¢ TiSma Dragana
Stankov Karmen
Stankovi¢ Ivan
Stankovi¢ Nebojsa
Stankovi¢ Nikola
Stanojevi¢ Ivan
Stepanovi¢ Aleksandar
Stepi¢ Nenad
Stevanovi¢ Dejan

Stojimirovi¢ Biljana
Stojkovi¢ Goran
Stojsi¢ Mirjana

Sarac Sanja
Suljagié¢ Vesna
Surbatovié Maja

Tamamyan Gevorg
Tanaskovi¢ Slobodan
Tepsi¢ Ostoji¢ Vesna
Tiodorovi¢ Danica
Todorovi¢ Ljubomir
Todorovié¢ Zoran

Tomié¢ Aleksandar
Trbojevi¢ Stankovi¢ Jasna
Trifunovi¢ Miroljub

Vasovi¢ Dolika

Velic¢kovi¢ Radovanovi¢ Radmila
Vezmar Kovacevi¢ Sandra
Vidakovi¢ Aleksandra
Vlahovi¢ Dmitar

Vujaskovi¢ Mirjana

Vukovi¢ Jelena

Zdravkovi¢ Nebojsa
Zeba Snjezana
Zlatanovi¢ Dragan
Zlatanovi¢ Petar

Zivkovi¢ Slavoljub

Considering VSP’s current IF and the fact that authors
naturally tend to submit their most significant research to
higher-impact journals, it is understandable that VSP may
not always be their first choice. Therefore, it is the
responsibility of the EB to encourage and motivate domestic
authors to submit their most important research to VSP,
helping to sustain and strengthen the journal’s position on
the SCI list. Members of the EB can, by recommending
experts in relevant fields who respect the deadlines for
manuscript evaluation, contribute to shortening the time to a
final decision on manuscripts and also increase authors’
interest in VSP. We would like to warmly thank all editors
who, during 2025, made extra efforts to bring such experts
onto VSP’s reviewer team.

During 2025, the EO faced organizational challenges,
as a result of which the preparation of manuscripts that,
following two positive reviews, were accepted for
publication and entered the DOI assignment process was
slower than planned. Nevertheless, the planned publication
schedule was fully maintained, and all 12 issues of the
journal were published on a monthly basis. 1 would like to
express my sincere appreciation to the members of the EO,

whose dedication and professional commitment ensured the
timely publication of each issue.

We also gratefully acknowledge the continued support
of the Publisher’s Advisory Board of VSP, whose
willingness to assist the editorial team and the EO has been
of great importance.

Entering the new year provides an opportunity to
express our sincere and heartfelt gratitude to all our
collaborators who, although not members of the EB or the
EO, consistently support the journal through their
professionalism, dedication, and long-standing commitment.
We extend our special thanks to Ms. Aleksandra KuZet
(National Library of Serbia, Department of Scientific
Information) and Mr. Nebojsa Krsti¢ (Neolibris DOO) for
their invaluable and ongoing contributions to the journal.
Their support in 2025, as well as throughout previous years,
has been an important source of stability, reliability, and
reassurance for us.

Last year, we were not able to accomplish everything
we had planned. Therefore, we see 2026 as a new
opportunity to continue what we have started. Our
established plans continue to guide us, while our ultimate

Vucevi¢ D. Vojnosanit Pregl 2026; 83(1): 5-9.
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goal remains the improvement of the journal’s quality,

relevance, and reputation within the scientific community.
At the beginning of the new year, we wish all authors,

readers, reviewers, editors, and collaborators good health,

Vucevi¢ D. Vojnosanit Pregl 2026; 83(1): 5-9.

personal happiness, and professional success. We look
forward to continuing our collaboration and hope that 2026
will bring even greater achievements and satisfaction for all
of us.
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Abstract

Hematopoietic stem cell transplantation (HSCT) has been
the therapy of choice for treating some hematologic malig-
nancies and selected non-malignant disorders for decades.
With the introduction of novel immunotherapeutic and
cell-mediated approaches, the role of autologous HSCT
(auto-HSCT) and allogeneic HSCT (allo-HSCT) should be
redefined. Auto-HSCT remains the standard of treatment
for multiple myeloma, Hodgkin’s lymphoma, and non-
Hodgkin’s lymphoma. The use of novel agents, including
proteasome inhibitors, immunomodulatory drugs, mono-
clonal and bispecific antibodies, enhances the intensity and
efficacy of the therapeutic response and opens debate on
an optimized timing for HSCT. Allo-HSCT represents the
most effective type of adoptive immunotherapy, ensuring
complete and long-term hematopoietic reconstitution, of-
ten accompanied by the graft-versus-leukemia effect. It re-
mains the main curative treatment for acute leukemias,
high-risk myelodysplastic and myeloproliferative syn-
dromes, and severe aplastic anemia. Improvements in stem

Apstrakt

Transplantacija hematopoetskih maticnih Celija (bematopoietic
stem cell transplantion — HSCT) veé decenijama predstavlja
terapiju izbora u lec¢enju pojedinih hematoloskih maligniteta
i nekih nemalignih poremecaja. Uvodenjem novih
imunoterapijskih i ¢elijama-posredovanih pristupa trebalo bi
da bude redefinisana uloga autologne HSCT (auto-HSCT) i

cell (SC) donor selection, ex vivo manipulations of harvested
cells, and graft engineering with superior immune monitos-
ing have broadened and expanded their applicability, while
improving safety and clinical outcome. Despite rapid pro-
gress in cellular and other immunotherapies, HSCT contin-
ues to play an essential role in the treatment of numerous
hematologic disorders. A combination of HSCT with novel
drugs and other immunotherapies offers the potential for
personalized and safer treatment with long-term positive
clinical outcomes, ensuring that HSCT remains a highly
relevant method in modern medicine. The aim of this re-
view was to summarize current biological concepts of SCs,
as well as important advances in the rapidly developing
fields of SC research, and to determine the place and effi-
cacy of HSCT nowadays, in the era of new therapeutic ap-
proaches and agents.

Keywords:

allografts; cryopreservation; hematologic diseases;
immunotherapy; multiple myeloma; stem cells;
transplantation, autologous.

alogene HSCT (alo-HSCT). Auto-HSCT i dalje ostaje

standard u leCenju multiplog mijeloma, Hockinovog
limfoma i ne-Hockinovog limfoma. Primena novih
medikamenata,  ukljucujuéi  inhibitore  proteazoma,

imunomodulacijske lekove, monoklonska i bispecificna
antitela, povecava intenzitet 1 efikasnost terapijskog
odgovora na HSCT i otvara raspravu o optimalnom
vremenu za primenu HSCT. Alo-HSCT predstavlja
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najefikasniji oblik adoptivhe imunoterapije, obezbedujuéi
kompletnu i dugotrajnu hematopoetsku rekonstituciju,
neretko pracenu efektom “kalem protiv leukemije” (graft-
versus-lenkemia). Ona ostaje primarni kurativni vid lecenja
akutnih leukemija, visoko-rizicnih mijelodisplasti¢nih i
mijeloproliferativnih  sindroma, kao i teske aplasticne
anemije. Poboljsanja u izboru donora mati¢nih celija (stem
cell — SC), ex vivo manipulaciji prikupljenih celija, kao i
inZenjering grafta uz napredni imunski monitoring, prosirila
su i unapredila primenljivost ove terapije uz istovremeno
povecanje bezbednosti i poboljsanje klinickog ishoda.
Uprkos brzom napretku u oblasti éelijama posredovane i
drugim agensima posredovane imunoterapije, HSCT i dalje
ima klju¢nu ulogu u lecenju pojedinih hematoloskih

poremecaja. Kombinacija HSCT sa novim lekovima i
drugim vidovima imunoterapije pruza moguénost
personalizovanog i bezbednijeg lec¢enja sa dugotrajnim
povoljnim klinickim ishodima, i obezbeduje da HSCT
ostane visoko relevantan metod u savremenoj medicini. Cilj
ovog rada bio je da se sumiraju trenutni bioloski koncepti
SC, kao i bitna dostignuéa na istrazivackim poljima u oblasti
SC koja se brzo razvijaju, i da se odredi mesto i efikasnost
HSCT danas, u eri novih terapijskih pristupa i agenasa.

Kljuéne reci:

alograft; kriokonzervacija; hematoloske bolesti;
imunoterapija; multipli mijelom; Celije, mati¢ne;
transplantacija, autologna.

Introduction

Stem cells (SCs) are defined as cells with a unique abil-
ity for self-renewal, high proliferative capacity, and the po-
tential to differentiate into mature blood or somatic cells,
such as osteocytes, chondrocytes, hepatocytes, myocytes,
cardiomyocytes, and even endothelial cells. The increasing
clinical use of various cell-mediated therapeutic methods
over the past decades has resulted in a growing demand for
both hematopoietic SCs (HSCs) and the need to adapt and
improve operating procedures to minimize cellular injury
during collection, purification, and cryopreservation. A criti-
cal aspect of cell harvesting is obtaining improved SC vyield,
purity, and viability. The objective of fundamental and clini-
cal cryoinvestigations is to decrease cellular damage during
freeze/thaw procedures (cryoinjury). Although SC clinical
use has become routine, a large number of questions related
to optimal cell harvesting protocols, ex vivo processing, and
cryopreservation remain unresolved -3,

Since the initial treatments with HSC transplants
(HSCT), considerable changes and improvements have been
made in the kind of medications used for peritransplant
treatment of patients. In addition, new approaches and
agents/drugs have recently been introduced for the therapy of
various hematological diseases and disorders. For instance,
the use of autologous HSCT (auto-HSCT) has long been a
standard method for transplant-eligible patients. However, its
status in treatment should be redefined due to the introduc-
tion of agents such as proteasome inhibitors, immunomodu-
latory drugs, monoclonal or bispecific antibodies (Abs), and
chimeric antigen receptor T (CAR-T) cellular therapies ¢,

The purpose of this paper is to recapitulate data in the
field of conceptual aspects of SCs harvesting and extracorpo-
real “graft-engineering” systems adapted to specific cell cat-
egories. Moreover, some practical aspects of the place and
justification of HSCTs in the era of new drugs and other bio-
logically active agents will be briefly reviewed.

Stem cells — biology and ex vivo manipulations

The biology of various divisions of SCs is a fascinating
and constantly expanding field of biomedicine that examines
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and describes both the fundamental properties of these cells, as
well as the possibility and effectiveness of their therapeutic use
in cell transplant and regenerative medicine 5. There are dif-
ferent types and sources of SCs: embryonic SCs (ESCs — con-
cerning their therapeutic use, ongoing regulations/directions
are required), adult SCs (ASCs) or tissue-specific SCs (e.g.,
HSCs, and mesenchymal SCs — MSCs, etc.), as well as in-
duced pluripotent SCs (iPSCs) — produced through “HSCs re-
programming” of somatic cells back into a pluri(multi)potent
stage/phase. MSCs are important due to immunomodulation
competence and the ability to differentiate into numerous cell
types of mesodermal origin (tissue repair) 2 524,

Cytopoiesis is a continuous biological process of pro-
ducing a large number of “daughter cells” from the com-
partment of a single or solitary “parent” SC. The original ex-
planation and description of SCs — that they are exclusive,
high-class cells at an early developing stage, characterized
by an almost limitless self-renewal ability (long-term possi-
bility to create identical copies of themselves), high prolifer-
ative capacity, and extensive potential for differentiation into
specialized and ever more mature cells of different lineages
in the body — remains unsurpassed 27%°,

Thus, SCs are the “key” cells in the body functioning as
special “antecedent” cells or precursors that precede
(hemo)biological events or cellular evolution, producing a
large quantity (proliferation) of mature (differentiation) cells
within tissues, while simultaneously retaining the ability to
reproduce themselves (self-renewal). This event is precisely
regulated by intrinsic genetic/molecular pathways, which can
be influenced by external signals from the extracellular ma-
trix (ECM), as well as by the microenvironment provided by
stromal cells &4,

Owing to the phenomenon of self-renewal, SCs main-
tain the constancy of their own population under steady-state
conditions, but also in conditions when that physiological
balance is disturbed — up to a certain limit. Through differen-
tiation, primitive SCs create a “wide-ranging” series of less
primitive cells: firstly, different pluri(multi)potent SCs with a
somewhat decreased self-renewal ability, and then cells de-
termined for more or just one cell lineage, which have a very
moderate or no potential for self-renewal. To further clarify
SCs, an “up-to-date” characteristic has been added—cell plas-
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ticity (more precisely, intersystemic plasticity)-which is par-
ticularly important for their clinical application in regenera-
tive medicine ™€,

Concisely, the most primitive SCs give rise to repopula-
tion of the recipient’s bone marrow (BM)-engraftment with
the following complete and long-term reconstitution of hem-
atopoiesis. They are also capable of “colonizing” target-
ed/damaged tissues (“*homing”)-by following “trans-
differentiation” into the cell lineages of host organ, including
collateral vessel formation (“neovascularization™) 2 17-22,

The use of HSCT is a highly specialized and often life-
saving curative procedure in which a patient receives auto-
HSCs or allogeneic HSCs (allo-HSCs) following high-dose
chemotherapy (HDCT), and less frequently chemoradiother-
apy, in order to replace damaged BM with healthy cells. In
an autologous setting (auto-HSCT), a patient receives their
own HSCs following HDCT. Allo-HSCT is a therapeutic
method of replacing the patient’s hematopoietic tissue with
donor “blood-forming” cells/tissue, i.e., HSCs. It represents
the concept of applying chemotherapy/radiotherapy with
immunosuppressive treatment, after which donor HSCs are
applied to the patient with high-risk hemato-malignancies #®.

In practice, HSCT represents a curative method of treat-
ing malignant disorders, such as Hodgkin’s lymphoma (HL)
and non-HL (NHL), multiple myeloma (MM), acute lym-
phoblastic leukemia (ALL) and acute myeloid leukemia
(AML), myelodysplastic syndrome, and myeloproliferative
neoplasms (MPN) & 253 Transplants are also indicated for
the treatment of some non-malignant diseases and immune-
mediated disorders, such as severe aplastic anemia and mul-
tiple sclerosis (MS) 23541,

Stem cell collection

In practice, SCs can be collected by multiple aspirations
from BM, by harvesting mononuclear cells (MNCs) from pe-
ripheral blood (PB) after a mobilizing regimen, or by isola-
tion from umbilical cord blood. Typically, the use of BM- or
PB-derived grafts is a standard method in adult patients,
whereas umbilical cord blood transplants have shown prom-
ising results, particularly in the pediatric setting #*-.

Historically, BM was the primary source of SCs for
transplantation in both experimental and clinical settings, ob-
tained through multiple aspirations from the posterior and
anterior iliac crests and, rarely, from the sternum. Nowadays,
SCs are predominantly harvested from PB, accounting for
> 80% of HSCTs, after a mobilization regimen, using chem-
otherapy and/or granulocyte colony-stimulating factor (G-
CSF), seldom in combination with plerixafor (mozo-
bil) 2 6242642 The yse of G-CSF plus plerixafor increases
the ratio of patients who respond to the cell mobilization
(“good-mobilizers” — approximately 95% of cell harvestings)
and enables the collection of enough cells for auto-HSCT
(including patients with “mobilization-failure” or “poor-
responders”) 4,

Determining the best possible time for SC-harvesting
from PB is the most critical event. For allogeneic donors, the
first apheresis is regularly on the fifth day of G-CSF applica-

tion. However, deciding on the optimal timing for autolo-
gous collection from patients who are primed by chemother-
apy plus G-CSF is more complex and challenging. The circu-
lating CD34" cells count evidently correlates with optimized
harvesting time and SC quantity [target CD34" yield > 2—
5 x 108 cells/kg of patient’s body mass (bm) in the harvest].
Nowadays, it is accepted that optimal timing to begin cell
collection is when the number of CD34" cells is > 20-40/uL
of the patient’s PB 32441,

Our results confirmed the high-level efficacy of the
large volume leukapheresis (LVL). For the approximately
90% of patients using one LVL, the mean CD34" yield was
8.4 x 10° cells/kg bm (allo-HSCT) and 5.5 x 10° cells/kg bm
(auto-HSCT), respectively 2+ 44, Finally, in the group of pa-
tients requiring plerixafor, the use of the G-CSF plus
plerixafor protocol reduced the rate of “poor-responders” and
provided an adequate cell dose (mean CD34* cell yield was
7.6 x 10° cells/kg bm — to be able to perform a tandem auto-
HSCT as well) with a superior therapeutic potential and safe-
ty profile of treatment %,

Stem cell cryopreservation

The saving/banking of living cells, such as SCs, in a
frozen state (cryopreservation) is required when cells appear
to be biologically, chemically, or thermally unstable after
liquid-state storage. Its key aim is to obtain better-quality cell
count and viability recovery after thawing. Although SC-
cryopreservation is nowadays a standard technique, recent
cryoinvestigations recommend that freezing strategies be re-
vised to minimize cryoinjuries and maximize cell recovery.
Cryoinjuries result from the extensive cellular dehydration or
“solution effect” and/or massive intracellular ice crystalliza-
tion or “mechanical damage” 2 * 46-50,

The use of programmed or controlled-rate freezing,
which ensures a precisely defined cooling rate, is a time-
consuming process that requires high-level technical
knowledge. The choice of an optimal freezing rate — specific
for each cell type and cryobiosystem — should be determined.
In practice, the cooling rate should be sufficiently rapid to
prevent “solution effect”, yet slow enough to allow possible
water efflux from the cells and following “mechanical dam-
age” 2830, Uncontrolled-rate technique (“dump-freezing”) is
less costly because it does not require a complex pro-
grammed freezing device. However, it has been confirmed
that controlled-rate freezing systems are superior, as they
provide better quantitative, morphological, ultrastructural,
and functional cell recovery during cryopreservation and fol-
lowing thawing >0, In addition, satisfactory numerical and
functional recovery of cryopreserved SCs is achieved only
when an appropriate cryoprotectant — most commonly dime-
thyl sulfoxide (DMSO) for SC cryopreservation—is added to
the cryobiosystem at an optimal final concentration. Cryo-
protectants express protective effects and consequences by
decreasing cellular thermal damage, i.e., by reducing cell de-
hydration and intracellular ice crystallization % %,

As previously demonstrated in our cryoinvestigations
using a controlled-rate freezing system, the recovery of
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committed hematopoietic progenitors — colony-forming unit
(CFU)-spleen (CFU-Sd12) and CFU - granulocyte-
macrophage (CFU-GM) — was improved in the presence of
5% DMSO “¢. On the other hand, we confirmed that the re-
covery of very primitive pluripotent SCs with marrow re-
populating ability was better when 10% DMSO was used.
Thus, our cryoinvestigation suggested various cryobiological
characteristics and requirements of marrow repopulating
ability cells compared with committed progenitors “¢. Finally,
our early clinical studies showed that therapeutic use of con-
trolled-rate cryopreserved SCs (10% DMSO) in the therapy of
hemato-oncological patients resulted in high cell recovery and
rapid post-transplant hematopoietic reconstitution, with neutro-
phil recovery occurring on average by day 11 and platelet re-
covery by day 13 22444,

The most frequent indications for auto-HSCT in
hematology

As previously pointed out, auto-HSCT is a common
procedure in hematology, primarily used to treat certain
blood cancers. The main purpose of auto-HSCT is to “res-
cue” the patient’s BM after damage caused by HDCT. Alt-
hough HDCT is highly effective in eradicating malignant
cells, it also destroys the healthy, “blood-forming” SCs, i.e.,
HSCs, in the BM %%,

In hematology, the most common indications for auto-
HSCT are MM, HL, and NHL. In the treatment of patients
with MM, auto-HSCT is often a standard part of the initial
treatment for eligible patients, aiming to consolidate the ini-
tial therapeutic response. Conditioning regimen with stand-
ard high-dose melphalan (HD-Mel) is used to achieve a deep
and long-lasting remission . Based on the most recent data
from the European Society for Blood and Marrow Transplan-
tation (EBMT), MM is the most frequent indication for auto-
HSCT. According to the 2023 EBMT report on HSCT and
cellular therapies, plasma cell disorders, which primarily
consist of MM, accounted for 58.2% of all auto-HSCT per-
formed in Europe in 2023. The other main indications for au-
tologous transplants in 2023 were lymphomas (32.2%) and
solid tumors (6.6%). Among lymphomas are HL and NHL %2,
Additionally, auto-HSCc is a standard treatment for HL pa-
tients who have relapsed or whose disease is refractory to
initial chemotherapy (relapsed/refractory — r/r HL), which
accounts for approximately 40% of initial patients with this
diagnosis *. Finally, auto-HSCT is frequently used as sal-
vage therapy for patients with r/r NHL, or can also be used
as consolidative treatment for high-risk patients, such as
those with mantle cell lymphoma (MCL) or anaplastic large
cell (ALC) lymphoma 34,

The role of auto-HSCT in MM, HL, and NHL
in the era of new drugs and cellular therapies

Multiple myeloma

The field of MM treatment is constantly evolving, with
the introduction of new drugs significantly impacting the role
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of auto-HSCT. While auto-HSCT has long been a standard of
care for transplant-eligible patients (up to 65-70 years), its
place in the treatment paradigm is being redefined by novel
agents such as proteasome inhibitors, immunomodulatory
drugs, monoclonal Abs, bispecific Abs, and CAR-T cellular
therapies %,

Despite all novel approaches in MM, an auto-HSCT re-
mains a standard of care for many patients, since it is highly
effective, particularly for younger and fit patients with newly
diagnosed MM %6, It is well known that it can provide deep and
durable responses, which translate to longer progression-free
survival. Some studies have even shown an overall survival
(OS) benefit 5.

In the course of first-line treatment, auto-HSCT is often
performed after a period of induction therapy. Initial treat-
ment, which includes triple or, in high-risk patients, quadru-
plet combinations of new drugs, optimizes initial therapeutic
response before the transplant procedure and changes the
paradigm “when” and “how” to perform an auto-HSCT in
MM patients.

There are a few pillars in the patient journey from diag-
nosis to possible optimal treatment response, and they are
described in the passages that follow.

Improved induction with novel agents in combined reg-
imens, including proteasome inhibitors (e.g., bortezomib,
carfilzomib), immunomodulatory drugs (e.g., lenalidomide —
LEN), and monoclonal Ab (e.g., daratumumab), is used be-
fore auto-HSCT. These drugs achieve a deeper initial re-
sponse before the transplant.

The role of HD-Mel (200 mg/m?) with possible addition
of a new drug in the conditioning regimen before application
of autologous HSCs in a single or tandem setting in high-risk
patient %,

New drugs are also used after auto-HSCT for mainte-
nance therapy to prolong remission. This includes drugs like
the immunomodulatory drug LEN, and ongoing research is
exploring other options to maintain the depth of the post-
transplant response *°.

The debate on upfront vs. delayed auto-HSCT: the ex-
cellent results achieved with novel drug combinations have
led to a discussion regarding whether auto-HSCT should be
performed right after induction therapy (upfront) or delayed
until disease relapse. While some trials have shown a benefit
to upfront auto-HSCT in terms of progression-free survival,
the OS benefit is not always clear. This makes the decision
highly personalized as part of an evidence-based approach in
the patient’s specific case .

The use of new immunotherapies like CAR-T-cell ther-
apy and bispecific Abs is emerging as a highly effective op-
tion, particularly for patients with r/r MM ©%, These therapies
are currently being explored for earlier use in the treatment
pathway and may further impact the role of auto-HSCT in the
future 2,

Hodgkin’s lymphoma

In the r/r HL, new drugs such as brentuximab vedotin
(BV) and checkpoint inhibitors play a great role as novel
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treatment options ®3. Auto-HSCT exerts its principal benefit
as consolidation therapy, particularly in achieving a second
remission in chemosensitive r/r HL patients. The main pur-
pose of auto-HSCT in these cases is to allow the admin-
istration of HDCT. The consolidation with BV after auto-
HSCT in HL patients with high risk of relapse is the main
achievement of this combined approach 4. After treatment
failure with BV, other options in r/r HL are different
checkpoint inhibitors like nivolumab, pembrolizumab, and
ipilimumab %. After relapse with all previously explained
approaches in r/r HL, allo-HSCT could be the only reason-
able treatment option. This type of transplant provides the
additional benefit of creating a “new” immune system that
may be able to recognize and fight any remaining lympho-
ma cells. However, it also carries a higher risk of complica-
tions, such as graft-versus-host disease (GvHD). The deci-
sion to use a different type of HSCT depends on various
factors, including remission status, comorbidities, and the
patient’s preferences. While newer therapies are emerging,
SC transplantation continues to play a vital role in the man-
agement of r/r HL.

Non-Hodgkin’s lymphoma

Auto-HSCT plays a crucial role in the treatment of
many subtypes of NHL, but its use and effectiveness vary
substantially depending on the specific type of lymphoma.
The biological nature of NHL is extremely heterogeneous
and includes numerous pathohistological entities, 85% of
which are of B-cell origin. Unlike in HL, where the treatment
is more standardized, the diverse nature of NHL requires a
tailored approach.

The main purpose of auto-HSCT in NHL is to enable
the use of HDCT 3. The most common representatives of
aggressive B-cell lymphomas, which are candidates for auto-
HSCT, are diffuse large B-cell lymphoma (DLBCL), MCL,
indolent follicular lymphoma (FL), and, concerning T-cell
types, peripheral T-cell lymphoma. Here is a summary of the
role of auto-HSCT in these NHL subtypes.

Diffuse large B-cell lymphoma

First-line treatment: for most patients, DLBCL is suc-
cessfully treated with standard immunochemotherapy (e.g.,
rituximab, cyclophosphamide, doxorubicin, vincristine,
prednisolone — R-CHOP), achieving remission rates of ap-
proximately 60-70%. Auto-HSCT is not standard of care as
consolidation therapy in first remission °°.

r/r DLBCL is a platform where auto-HSCT is consid-
ered a standard and potentially curative treatment option.
However, before undergoing auto-HSCT, the disease status
of r/r DLBCL must be chemosensitive after receiving sal-
vage therapy. In chemotherapy-refractory patients, some oth-
er treatment options, such as monoclonal Abs-drug conju-
gates (e.g., polatuzumab vedotin), bispecific Abs (e.g.,
glofitamab), or CAR-T cells, provide an adequate therapeutic
response .

Mantle cell lymphoma

Since MCL is a highly aggressive disease, consolida-
tion of first remission with auto-HSCT has represented the
standard of care for almost two decades 8. The goal is to ex-
tend the duration of the first remission and improve long-
term survival. This approach is a standard of care and an im-
portant part of treatment for many younger patients with
MCL %, In chemo-refractory patients, the Bruton tyrosine
kinase inhibitor ibrutinib or the immunomodulatory drug
LEN can be treatment options, sometimes as a “bridge” to al-
lo-HSCT. For patients with r/r MCL, allo-HSCT may also be
considered. This approach is more intense and bears a higher
risk, but it can be effective due to the graft-versus-lymphoma
effect, where the donor’s immune cells attack the remaining
tumor cells.

Follicular lymphoma

Auto-HSCT is not typically part of the initial treatment
for FL, which is often managed with less intensive therapies.
For patients with r/r FL who no longer respond to other
treatments, auto-HSCT can be used to achieve a long-lasting
remission. Allo-HSCT may also be an option for a small, se-
lected group of patients, particularly those with a high-risk
FL or those who have failed auto-HSCT ™.

Key factors that historically predicted a good outcome
with auto-HSCT in r/r FL include chemosensitivity to sal-
vage therapy. Namely, patients who achieve a complete or
partial response after a salvage chemotherapy regimen before
transplant generally have better outcomes ™. Patients who re-
lapse more than 2 years after their initial therapy tend to have
better outcomes with auto-HSCT compared to those with
early relapse (within 24 months, also known as progression
of disease within 24 months — POD24). However, some stud-
ies have shown that auto-HSCT can still be a valuable option
even for patients with POD24, leading to improved surviv-
al 2. Studies have found that patients who were sensitive to
rituximab-based immune-chemotherapy prior to auto-HSCT
had significantly better outcomes. The introduction of new
drugs and cellular therapies has dramatically altered the
treatment landscape for r/r FL. These new options have pro-
vided effective alternatives to intensive chemotherapy and
auto-HSCT, particularly for patients who are not suitable
candidates for a transplant or those who have failed prior
therapies or were completely refractory. The use of targeted
therapies, such as Bruton tyrosine kinase inhibitors, phos-
phoinositide 3-kinase inhibitors, and enhancer of zeste
homolog 2 inhibitors, has become a cornerstone of treatment
for r/r FL. These agents offer durable responses with a more
favorable toxicity profile compared to traditional chemother-
apy. The novel cellular approach, like CAR-T-cell therapy,
has emerged as a powerful option for patients with multiply
relapsed FL. It has shown impressive response rates, even in
patients who have failed multiple prior lines of therapy, in-
cluding rituximab and other targeted drugs. Additionally, a
new class of immunotherapy called bispecific Abs is also
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showing promise in r/r FL, offering another alternative to
traditional treatments .

Peripheral T-cell lymphomas

Peripheral T-cell lymphomas are generally more aggres-
sive and have a poorer prognosis than B-cell lymphomas. In
many cases, auto-HSCT may be used as consolidation of first
remission to prevent relapse. For patients with relapsed pe-
ripheral T-cell lymphoma, an allo-HSCT is often considered
due to the role of donor T cells for the potential curative graft-
versus-lymphoma effect ™,

The most frequent indications for allo-HSCT in
hematology

Allo-HSCT works by replacing a patient’s unhealthy or
damaged BM with healthy donor HSCs, which then produce a
new, well-functioning immune system. This new immune sys-
tem can recognize and destroy remaining cancer cells, a pro-
cess known as the graft-versus-tumor or graft-versus-leukemia
(GvL) effect. The most frequent indications for allo-HSCT
among hematologic disorders are malignant disorders, such as
leukemias, followed by other hematologic malignancies and
non-malignant disorders like BM failure syndromes. As per
EBMT’s last activity survey, AML is the most common indi-
cation for allo-HSCT and accounts for more than one-third of
allo-HSCT .

Malignant disorders as indications for allo-HSCT

As mentioned, common indications for clinical applica-
tion of allo-HSCT among hematological disorders include
various malignant diseases, as presented below: in patients
with AML who have intermediate- or high-risk disease in
their first remission, or in those with relapsed disease in sec-
ond or subsequent complete remission, allo-HSCT is consid-
ered the only curative option 6.

ALL with high-risk characteristics defined by well-
established criteria is an indication for allo-HSCT, both in
children and adults. For patients with relapsed disease in
second or subsequent complete remission, allo-HSCT is also
a reasonable treatment option ”’. In patients with BCR-ABL+
ALL, treatment with second- or third-generation tyrosine Ki-
nase inhibitors may be preferred in certain circumstances.

Myelodysplastic syndrome with intermediate-2 to high-
risk characteristics has a significant chance of transforming into
AML and is a typical indication for allo-HSCT as a primary
treatment option ",

Myelofibrosis and other Philadelphia-negative MPN
with high-risk scores and a high risk of disease progression
are also standard indications for allo-HSCT as the only po-
tentially curative treatment ™.

Chronic myeloid leukemia became potentially curable
in the era of tyrosine kinase inhibitors, first to third genera-
tion. These drugs have largely replaced allo-HSCT for
chronic myeloid leukemia, but when patients are intolerant
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or resistant to these drugs, it is still a reasonable treatment
option &,

The r/r lymphomas, especially when a prior auto-HSCT
has failed, can be reasonable candidates for allo-HSCT, tak-
ing into consideration all risk factors connected to patients
and disease status 8.

Non-malignant disorders as indications for allo-HSCT

Severe aplastic anemia as a BM failure syndrome is a
significant indication for allo-HSCT, particularly for younger
patients with a fully matched sibling donor. Congenital BM
failure syndromes like Fanconi anemia and severe congenital
neutropenia are also treated with allo-HSCT. Primary immu-
nodeficiency syndromes, as severe inherited immune system
disorders, can also be cured with allo-HSCT &,

Congenital anemias like thalassemia major and sickle cell
anemia can be treated with allo-HSCT as a curative treatment,
especially in countries where these diseases are common genetic
disorders .

Taking into account all the above, we must point out
that allo-HSCT represents the most powerful form of adop-
tive immunotherapy for cancer, particularly for hematologic
malignancies. Its curative potential is not solely linked to the
HDCT +/- radiotherapy as part of the conditioning regimen,
which is used to eliminate malignant cells, but is also present
due to the GvL effect. Namely, allo-HSCT functions as an
adoptive immunotherapy, and its mechanisms are based on
the mentioned GvL effect.

The settings and application of adoptive
immunotherapy

Adoptive immunotherapy is a form of treatment that
uses the cells of our immune system (collected by apheresis,
ex vivo modified, and then reinfused) to eliminate some tu-
mor/cancer cells. In a broader sense, the term adoptive im-
munotherapy also includes the application of donor immuno-
competent cells in order to achieve an anti-tumor effect (e.g.,
GvL effect).

The main aspects of adoptive immunotherapy

Adoptive immunotherapy is a form of treatment that
uses donor immune cells, such as T cells, to fight against the
patient’s malignant cells ®. In allo-HSCT, the “graft” of do-
nor SCs is not just a source of new blood cells; it is a source
of an entirely new immune system for the patient. This new
immune system, derived from the donor, has a potent anti-
tumor effect. The main principle is that the donor’s immune
cells recognize the patient’s malignant cells as “foreign”.
This occurs because malignant cells, although originating
from the patient, may express unique antigens or exhibit al-
tered patterns of antigen presentation. Donor T cells and oth-
er immune cells, such as natural killer (NK) cells, can mount
an immune response against the patient’s malignant cells,
leading to their destruction.
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A few crucial points of the model of adoptive
immunotherapy

The transfer of immunocompetent cells since the donor
graft contains T cells, NK cells, and other immune cells that
are already “programmed” to fight infections and recognize
foreign threats, presents the mainstay of adoptive immuno-
therapy. These immune cells, infused into the patient, are
able to attack the malignant clone directly 84,

The creation of a new, healthy immune system, as donor
HSCs engraft in the patient’s BM niche and begin to produce all
types of blood cells, including a new, healthy population of cells
and other immune cells, is the goal of adoptive immunotherapy.
This new immune system can provide long-term surveillance
against the disease relapse. Reconstitution of some donor im-
mune cells is crucial for protecting a patient from disease re-
lapse .

Controlling alloreactivity is crucial after allo-HSCT with
strong monitoring and management of immunosuppressive ther-
apy. Despite auto-HSCT, which provides autologous support
with HSCs after a high-dose conditioning regimen, allo-HSC
can produce a graft-versus-tumor effect. This effect represents
the immune response of the donor’s cells against the patient’s al-
lo-antigens, which can be a double-edged sword, leading to both
a beneficial GvL effect and a dangerous side effect known as
GVHD. Therefore, the GvL effect is the primary mechanism by
which allo-HSCT provides its long-term curative benefit %, In
the context of alloreactivity, GvHD is also one of the earliest
and most powerful effects that can be present in a mild-to-
moderate form that protects patients from leukemia relapse. Un-
fortunately, severe GVHD is a life-threatening complication that
targets the patient’s skin, lung, liver, upper and lower gastroin-
testinal tract, and all other healthy tissues .

In the setting of early leukemia relapse after allo-HSCT
or a decrease in full donor chimerism, the additional applica-
tion of donor lymphocytes, so-called donor lymphocyte infu-
sion, can provide additional GvL effect. Namely, the infu-
sion of more donor lymphocytes can induce a remission,
even without additional chemotherapy. This shows that the
donor immune cells, not just the conditioning regimen, are
capable of eradicating the leukemia ¥ . In order to deplete al-
pha-beta T-cell receptor (TCR) T lymphocytes while pre-
serving gamma-delta TCR T lymphocytes, ex vivo graft ma-
nipulation or T-cell depletion has shown that removal of T
cells from the donor graft before transplantation decreases
the incidence of GVHD. However, this also leads to a signifi-
cant increase in the risk of leukemia relapse, further proving
that the donor T cells are crucial for the GvL effect -%°,

Moreover, the type of conditioning regimen can either
potentiate myeloablation in the myeloablative setting, so-
called myeloablative conditioning, or enhance immunogenici-
ty in a reduced-intensity setting [reduced-intensity condition-
ing (RIC) regimens]. The development of RIC regimens — al-
so known as “mini-transplants” — provides a powerful GvL
effect. These regimens use lower doses of chemotherapy that
are sufficient to allow donor cell engraftment, but not to fully

eradicate the malignant cells. The primary anti-tumor effect is
then left to the donor’s immune cells. This approach has made
allo-HSCT an option for older and less fit patients .

As previously mentioned, the GvL effect can be potentiat-
ed by cellular mediators such as T cells (cytotoxic T-
lymphocytes), NK cells, which can kill leukemia cells without
prior sensitization, and are particularly important in haploidenti-
cal transplants, and by B cells, dendritic cells, and other immune
cells that also contribute to the GvL effect by supporting and
modulating the T-cell response &,

Our data also show that immune reconstitution after al-
lo-HSCT is pivotal in achieving favorable long-term out-
comes by influencing the rates of infection, GvHD, and re-
lapse. Namely, we evaluated the clinical impact of immune
reconstitution on NK cells on day +90 after allo-HSCT, as
well as CD4* T cells, CD8" T cells, B cells, and NKT cells
by performing a landmark analysis in event-free patients.
Our results showed that high NK cell counts on day +90
(>178 cells/uL) were associated with improved OS
(p =0.039) and lower rates of non-relapse mortality [1-year
cumulative incidence of 5.7% vs. 31.4%, hazard ratio 0.16,
95% confidence interval: 0.04-0.69, p = 0.014] after T-cell-
depleted allo-HSCT %,

Conclusion

Auto-HSCT continues to be a standard treatment to
consolidate first-line response for many patients with MM.
However, its role is increasingly being integrated with and
influenced by a growing number of novel drugs. These new
agents are not only making auto-HSCT more effective but are
also providing additional treatment options, leading to more
personalized and long-lasting outcomes for multiple myelo-
ma patients. Like in Hodgkin’s lymphoma, the role of auto-
HSCT in non-Hodgkin’s lymphoma is being influenced by
the emergence of new, highly effective therapies. Targeted
drugs, CAR T-cell therapy, and bispecific antibodies are
changing the treatment sequence and raising questions about
whether transplantation can be delayed or even avoided for
some patients. Auto-HSCT is generally reserved for lym-
phoma patients with relapsed or refractory disease who are
chemosensitive following salvage therapy, and for consolida-
tion of first remission in high-risk patients to improve the
chances of long-term survival.

Allo-HSCT is a highly effective form of adoptive im-
munotherapy because it provides a new, healthy immune
system capable of recognizing and destroying a patient’s ma-
lignant cells. The most frequent indications among malignant
disorders are acute leukemias, and in non-malignant settings,
severe aplastic anemia and severe immunodeficiency. The
transfer of immunocompetent cells from the donor graft pre-
sents the backbone of adoptive immunotherapy. A strong
graft-versus-leukemia effect, mediated by donor immune
cells, is a fundamental mechanism of this curative treatment,
demonstrating the power of the immune system to combat
aggressive hematologic malignant disorders.
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Abstract

Background/Aim. Recognizing eatly irradiation-induced
changes in the white matter is of great importance. The
aim of this study was to investigate the potential use of
diffusion tensor imaging (DTI) and diffusion kurtosis
imaging (DKI) parameters as biomarkers of early brain
tissue microstructural changes during chemoradiotherapy
(CRT) treatment of newly diagnosed glioblastoma.
Methods. A total of 42 glioblastoma patients who
underwent CRT after surgical resection/biopsy were
scanned three times using magnetic resonance imaging
(MRI): before treatment, after 16 fractions, and after 33
fractions. Regions of interest (ROI) with total irradiation
doses of 59.4 Gy (ROI 1), 39.6 Gy (ROI 2), and 19.8 Gy
(ROI 3) were identified using co-registered axial dose
distribution plans/dose-volume histograms and MRI
scans. For each ROI, the following DTI parameters were
calculated, measured, and analyzed: fractional anisotropy
(FA), radial diffusivity (RD), axial diffusivity (AD), and
mean diffusivity (MD). The corresponding DKI
parameters included: radial kurtosis (RK), axial kurtosis
(AK), and mean kurtosis (MK). Results. A significant
decrease in FA value was observed in ROI 1 (total

Apstrakt

Uvod/Cilj. Prepoznavanje ranih promena izazvanih
zracenjem u beloj masi je od velike vaznosti. Cilj rada bio je
da se ispita mogucnost primene parametara difuzionog
tenzorskog snimanja (diffusion tensor imaging - D'TT) 1 difuzionog
snimanja kurtoze (diffusion  kurtosis  imaging - DKI) kao

delivered dose 59.4 Gy) after both 16 and 33 delivered
fractions, while the other DTI parameters and MK
showed a significant increase. In ROI 1, a decreasing trend
in RK and AK was identified, which was statistically
confirmed after both 16 and 33 delivered fractions. In
ROI 2 (total delivered dose of 39.6 Gy), FA values were
significantly reduced after both 16 and 33 fractions,
whereas RD, AD, MD, and MK were increased after 16
fractions, followed by a decrease after 33 fractions. The
RK value in ROI 2 showed a significant decrease after
both 16 and 33 fractions, and no changes were observed
in AK wvalues. In ROI 3 (total delivered dose of 19.8 Gy),
no significant changes in any of the measured DTT or DKI
parameters were noticed. Conclusion. DTI and DKI
metric parameters may serve as biomarkers of early
changes during and after CRT, providing information that
may offer a better understanding of the complex dynamics
of early white matter microstructural changes in response
to glioblastoma CRT.

Keywords:

biomarkers; brain injuries; chemoradiotherapy;
diffusion magnetic resonance imaging; diffusion
tensor imaging; glioblastoma.

biomarkera ranih promena mikrostrukture mozdanog tkiva,
tokom  lecenja  novodijagnostikovanog  glioblastoma
hemioradioterapijom (HRT). Metode. Ukupno 42 bolesnika
obolela od glioblastoma, koji su posle hirurske
resekcije/biopsije podvrgnut HRT, snimljena su tfi puta
magnetnom rezonancom (MR): pre terapije, posle 16 frakcija
i posle 33 frakcije. Regioni od interesa (ROI), sa ukupnim
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dozama zracenja od 59,4 Gy (ROI 1), 39,6 Gy (ROI 2) i 19,8
Gy (ROI 3), identifikovani su koris¢enjem koregistrovanih
aksijalnih planova raspodele doze/histograma zapremine
doze i snimaka MR. Za svaki ROI izracunati su, izmereni i
analizirani slede¢i DTT parametri: frakciona anizotropija (FA),
radijalna difuzivnost (RD), aksijalna difuzivnost (AD) i
srednja  difuzivnost (SD). Odgovaraju¢i DKI parametri
ukljucivali su: radijalnu kurtozu (RK), aksijalnu kurtozu (AK)
i srednju kurtozu (SK). Rezultati. Znacajno smanjenje
vrednosti FA utvrdeno je u ROI 1 (ukupna isporucena doza
59,4 Gy) posle isporucenih 16 i 33 frakcija, dok su ostali
parametri DTT i SK pokazali znacajno povecanje. U ROI 1
utvrden je opadajuéi trend RK i AK, koji je potvrden
statisticki 1 posle 16 1 posle 33 isporucene frakcije. U ROI 2
(ukupna isporuc¢ena doza 39,6 Gy), vrednost FA bila je
znacajno smanjena i posle 16 i posle 33 frakcije, dok su RD,

AD, SD i SK bili povecani posle 16 frakcija, a potom
smanjeni posle 33 frakcije. Vrednost RK u ROI 2 pokazala je
znacajno smanjenje nakon 16 i 33 frakcije, a u vrednostima
AK nisu ustanovljene promene. U ROI 3 (ukupna isporucena
doza 19,8 Gy) nisu primecene znacajne promene ni u jednom
od izmerenih DTT ili DKI parametara. Zakljuc¢ak. Metricki
parametri DTT i DKI mogu posluziti kao biomarkeri ranih
promena tokom i posle HRT, obezbedujudi informacije koje
pruzaju bolje razumevanje sloZzene dinamike ranih promena
mikrostrukture  bele mase, kao odgovor na HRT
glioblastoma.

Kljune redi:

biomarkeri; mozak, povrede; radiohemioterapija;
magnetna rezonanca, difuziona; snimanje, difuziono,
tenzorsko; glioblastom.

Introduction

Treatment of newly diagnosed glioblastoma (GB), as
one of the biologically most aggressive brain tumors in adult
patients without chemoradiotherapy (CRT), is nowadays
impossible to imagine . It is believed that transient
demyelination, axon impairment, and neuroinflammation are
important markers of white matter injury during CRT in GB
patients > 8 Since these processes are vital for normal
neurological functioning, treatment-induced alterations
eventually lead to perivascular, diffuse demyelination and
axon degeneration in later stages 5%,

Recognizing early irradiation-induced changes in
normal-appearing white matter is therefore of great
importance. Although several other imaging modalities have
recently been proposed, structural imaging based on diffusion-
weighted magnetic resonance imaging (MRI) remains an
important tool for assessing brain microstructural alterations
during and after CRT treatment * °, Imaging of the brain’s
functional architecture became possible with the introduction
of diffusion tensor imaging (DTI), a technique derived from
diffusion-weighted imaging (DWI) that basically provides
information on the Brownian motion of water molecules within
brain tissue. The DTI technique provides insight into white
matter tracts and brain tissue microstructural changes * 2 that
could be detected even before the appearance of
morphological changes, usually evaluated by conventional
MRI techniques. Measurable DTl parameters such as
fractional anisotropy (FA), radial diffusivity (RD), axial
diffusivity (AD), and mean diffusivity (MD) are widely
accepted for white matter microstructure assessment 2,

Differences in FA values, which provide information on
white matter density and integrity, are observed not only
between normal-appearing white matter and tumorous tissue
but also between normal-appearing white matter and
impaired white matter tissue during and after radiotherapy
(RTh) treatment * 15, RD represents diffusion magnitude
perpendicular to the white matter fibers, and is associated
with myelination changes, while AD represents diffusion
magnitude parallel to the white matter fibers, and, as

suggested by histologically correlated data, could be linked
to the axonal injury 3 1% 7 MD is usually considered an
inverse measure of membrane density, and is related to
cellularity, edema, and necrosis 1> 1-1¢,

Besides DTI metrics, quantified with a diffusion tensor
using a Gaussian distribution function, a whole new set of
parameters that takes into account the non-Gaussian behavior
of water molecular diffusion by mathematical calculation of
the kurtosis of the diffusion displacement probability
distribution, diffusion kurtosis imaging (DKI) has been
translated from experimental to clinical settings 2> 2. The
degree of non-Gaussian water diffusion in kurtosis imaging
is quantified using radial kurtosis (RK), axial kurtosis (AK),
and mean Kkurtosis (MK). Some authors suggested that
kurtosis metrics may complement standard diffusion metrics,
and that DKI may be more sensitive to some aspects of brain
tissue microstructure alterations 2 22-24,

Several studies have shown that DKI values contribute to
better discrimination between high-grade and low-grade
gliomas than the conventional diffusion parameters 227, DKI
also appears to be a promising method for the early detection
of healthy brain tissue damage during and/or after RTh
treatment, potentially providing more information about
mechanisms of white matter injury subsequent to brain
irradiation °. Since both concomitant and adjuvant CRT with
temozolomide have become an unavoidable part of the
treatment of GB patients »* ¢ 2° and improve survival after
resection or biopsy, the impact of irradiation on the healthy
brain tissue, including the surrounding normal-appearing white
matter, is inevitable ¥ %, In recent years, numerous studies
have been investigating chronic brain tissue and white matter
injuries after the RTh treatment 334, among them several have
used the advanced DWI MRI techniques in an attempt to
identify early CRT-induced brain tissue injury 3-8,

The exact underlying pathophysiological mechanisms
that result in the white matter irradiation changes are still not
fully understood % %40, Moreover, the impact of RTh doses
and daily fractions on the changes that may be detectable by
DTI or DKI parameters is still not discerned nor precisely
determined 4+ 42,
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The aim of this prospective observational study was to
examine the changes of DTI and DKI parameters within the
white matter at three time points—before, during, and after
the application of different daily and total radiation doses, as
well as to evaluate whether the DTI and DKI parameters can
be used as biomarkers of early white matter radiation
damage during and immediately after CRT treatment in
patients with GB.

Methods

Patients and treatment

The study included 42 patients with newly diagnosed
GB who underwent concurrent CRT after neurosurgical
resection/biopsy (25 males, 17 females; age range 31-72
years; mean age 57.28 + 9.87). All patients were treated with
fractionated focal irradiation, delivered in 33 fractions at 1.8
Gy per fraction, resulting in a total dose of 59.4 Gy to the
gross tumor volume (GTV) with a 2-3 cm margin around the
clinical target volume (CTV). Conformal RTh was delivered
with linear accelerators with a nominal energy of 6
megavolts, and quality assurance was performed by means of
individual case reviews. Concomitant chemotherapy,
consisting of temozolomide at a dose of 75 mg/m?day, was
applied from the beginning until the last day of RTh
treatment (optimally for 42 days, but in real-life clinical
settings, never longer than 49 days) - %3,

This study was approved by the Ethics Committee of
the Oncology Institute of Vojvodina, Serbia (No. 4/18/1-
972/2-8, from April 12, 2018). Written informed consent was
obtained from all participants.

Delineation of target volumes

For delineation of the target volume, co-registration of
axial dose distribution plans and dose volume histograms to

the contrast enhanced T1-weighted (T1-w) and/or fluid-
attenuated inversion recovery (FLAIR) MRI sequences were
used in addition to the dedicated computerized tomography
scans, that were used in the process of three-dimensional
RTh planning (XiO 4.62 and Monaco 5.11, Elekta,
Stockholm, Sweden).

The current European Society for Radiotherapy and
Oncology (ESTRO)-Advisory Committee on Radiation
Oncology Practice/European Organization for Research and
Treatment of Cancer standards were used to delineate GTV,
with CTV and planning target volume “* %, Recently
published ESTRO-European Society of Neuro-Oncology
guidelines suggested a reduction of GTV to CTV margins of
0.5-1.5 cm, recommending the exclusion of subventricular
zones, and margins reduced at anatomical barriers ¢, while
delineation of critical organs at risk remained unchanged *.

Three regions of interest (ROI) with total irradiation
doses of 59.4 Gy (ROI 1), 39.6 Gy (ROI 2), and 19.8 Gy
(ROI 3) were identified using axial dose distribution plans
co-registered with contrast-enhanced three-dimensional T1-
w and/or FLAIR images (Figure 1A-C). Calculated daily
doses were approximately 1.8 Gy for the areas with a total
delivered dose of 59.4 Gy, 1.2 Gy for the areas with a
delivered dose of 39.6 Gy, and 0.6 Gy for areas with a
delivered dose of 19.8 Gy.

Magnetic resonance imaging data acquisition

Patients were scanned using a 3T MR scanner
(Magnetom TIM Trio, Siemens, Erlangen, Germany) using a
48-channel head-phased array coil, at three different time
points: immediately before the beginning of CRT treatment,
after delivering 16 fractions (approximately half of the
treatment), and after 33 fractions (immediately at the end of
CRT treatment).

Imaging protocol included sagittal high-resolution
magnetization-prepared rapid acquisition with gradient-echo

Fig. 1 — Axial dose distribution plan with dose volume histogram of a conformal radiation therapy plan for glioblastoma
patient (A), superimposed to fluid-attenuated inversion recovery images, where postoperative glioblastoma is
presented (white arrow) (B), and the irradiation dose distribution plan (C), with different isodose lines dividing the
areas presented in different colors [red area 1.8 Gy daily/total delivered dose 59.4 Gy (red arrow); green area 1.2 Gy
daily/total delivered dose 39.6 Gy (green arrow); blue area 0.6 Gy daily/total delivered dose 19.8 Gy (blue arrow)].
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T1-weighted isotropic sequence before and after paramagnetic
gadolinium-based contrast administration, and axial two-
dimensional T2-weighted and FLAIR sequences (both 30
slices, 0.9 x 0.9 in-plane resolution, slice thickness 4 mm). For
DWI acquisition, three b-values (0, 1,000, and 2,000 s/mmg?)
were applied along 30 diffusion-encoding directions, with 40
axial slices and an isotropic resolution of 3 mm, to calculate
diffusion and kurtosis tensors. Based on these data, we
measured and analyzed the following DTl parameters: FA,
RD, AD, and MD. In addition, the corresponding DKI
parameters—RK, AK, and MK—uwere also evaluated.

Only recently presented, kurtosis FA (KFA), as a
potentially more accurate imaging biomarker than FA, has
not been calculated or analyzed “.

Image processing and region of data analysis

To generate FA, RD, AD, MD, RK, AK, and MK maps,
the diffusional kurtosis estimator freely available software
(version 2.5.1; Medical University of South Carolina,
Charleston, South Carolina; https://www.nitrc.org/projects/
dke/ ) 2 has been used.

ROI were manually selected by two radiologists with
more than 10 years of experience, who assessed the maps
simultaneously in a joint session, reaching a consensus on
where to place the ROI 1 (total irradiation dose of 59.4 Gy),
ROI 2 (total irradiation dose of 39.6 Gy), and ROI 3 (total

irradiation dose of 19.8 Gy). Each ROI was of the same size,
and in each of them all observed DTI parameters (FA, RD,
AD, MD) and all DKI parameters (RK, AK, MK) were
separately measured on the same spots in all three observed
areas in three different time points: immediately before CRT
treatment, after 16 delivered fractions, and after 33 delivered
fractions (immediately after the end of CRT treatment)
(Figure 2).

Statistical analysis

Changes in DTI and DKI parameters at different time
points were analyzed using a statistical data analysis
software system (StatSoft, Inc., wversion 12.0.1133.15;
www.statsoft.com). Student’s t-test was executed to estimate
pairwise differences between average values obtained from
three different imaging time-points. Average cross-subject
values of measured DTI and DKI parameters were used to
identify the increasing or decreasing trend of the parameters
in observing time points for each ROI.

Results

Statistical differences in observed DTI and DKI
parameters over time, during and after CRT treatment,
compared with the initial values measured before and during
treatment, are presented in Table 1.

DTI FA map

® ROI 1-1.8 Gy daily fraction; overall delivered dose 59.4 Gy
- 1.2 Gy daily fraction; overall delivered dose 39.6 Gy
® ROI 3-0.6 Gy daily fraction; overall delivered dose 19.8 Gy

Fig. 2 — Region of interest (ROI) identification according to co-registered radiotherapy dose
distribution plan (DDP) in axial plane on different diffusion maps for measurement of diffusion
tensor imaging (DTI1) parameters: fractional anisotropy (FA), radial diffusivity (RD), axial diffusivity
(AD), and mean diffusivity (MD), and diffusion kurtosis imaging (DKI) parameters: radial kurtosis
(RK), axial kurtosis (AK), and mean kurtosis (MK) in areas with different delivered doses.
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Within ROI 1, FA values were significantly lower in
normal-appearing white matter, both after delivering 16 (1.8
Gyl/fraction, total dose 28.8 Gy) and 33 fractions (1.8
Gyl/fraction, total dose 59.4 Gy), compared with non-irradiated
white matter before the irradiation. Average RD, AD, and MD
values, as well as diffusion MK, showed a significant increase
when comparing the same measurement time points within
ROI 1. Regarding the DKI parameters RK and AK, a decrease
in the values in the function of time was observed, and
significant changes compared with pre-therapy values were
noted both after 16 and 33 fractions. In ROI 1, only FA, RD,
MD, and RK demonstrated a significant decrease between 16
and 33 fractions, whereas AD, AK, and MK did not show any
significant changes between these time points.

In ROI 2, FA values were significantly lower after
delivering 16 fractions (1.2 Gy/fraction, total dose 19.2 Gy)
and 33 fractions (1.8 Gy/fraction, total dose 39.6 Gy)
compared with pre-treatment values, with no significant
differences between 16 and 33 fractions. Average RD, AD,
and MD values increased significantly after delivering 16
fractions, but significantly decreased between 16 and 33
delivered fractions. Average RK values significantly decreased
after 16 and 33 fractions within ROI 2, compared with the
measured values before the CRT, while AK values remained
without any significant changes. Average MK increased
significantly after 16 fractions compared with pre-treatment
values in ROI 2, then decreased significantly after 33 fractions.
No significant changes in FA, AK, and MK values were
ohserved between delivered 16 and 33 fractions in ROI 2.

Similar to the DTI parameters (FA, RD, AD, and MD),
the DKI parameters (RK, AK, and MK) in ROI 3 did not
exhibit any significant changes of the average values at the
observed time points, neither after 16 delivered fractions (0.6
Gyl/fraction, total dose 9.6 Gy) nor after 33 fractions (0.6
Gyl/fraction, total dose 19.8 Gy), nor between the delivered
16 and 33 fractions.

Discussion

Since the initial introduction of molecular neuro-
oncology into clinical practice *°, the impact of DTI metrics
on the detection of brain tissue alteration of different origins,
including irradiation-induced white matter injury, became
the subject of research 7 16 17 23 35 Fewer studies included
non-Gaussian DKI metrics to detect early changes in brain
parenchyma during CRT treatment 8 14 23 50 As the most
prominent early indicators, the results of our study have
demonstrated decrease of FA, and increase of MD and MK
values in the normal appearing white matter, both during and
immediately after CRT treatment in the brain areas with
delivered dose of 28.8 Gy after 16 fractions, and total dose of
59.4 Gy after 33 fractions, and these results are coherent with
the results of several other published studies * 1°. Both
decreased FA and increased MD and MK values are
considered as the consequences of demyelination, axonal
loss, and/or transient cerebral edema. On the contrary, edema
resolution, oligodendrocyte regeneration, and remyelination
should result in increased FA and MD values *!. As reported

in the literature °, in response to RTh, RD values typically
increase, while AD values have been shown to either
increase 103542 or decrease %452, In the brain areas with the
delivered daily dose (DDD) of 1.8 Gy and a total dose of
59.4 Gy during and after CRT, both after delivering 16 and
33 fractions, an increase in RD values, correlating with
demyelination, and AD values, which indicate axonal loss
and reactive astrogliosis, was noticed 53,

Unexpectedly, a decrease in RK and AK values was
recorded at the same measurement time points in the same
areas, even though they were expected to follow trends
similar to those of RD and AD. Although the observed
decreases in RK and AK values were unanticipated, they
may potentially reflect transient/temporary microstructural
alterations in white matter following irradiation, possibly
related to processes such as edema resolution, axonal
swelling, or reactive gliosis. Yet, the possibility of an
unintentional computational error or another form of
oversight cannot be entirely excluded. Nonetheless, the
assumed explanation for the observed discrepancy between
DTI- and DKI-derived parameters remains speculative and
warrants validation through further investigation.

In a few published studies, we noticed a certain analogy in
the discrepancy of the results perceived in the form of
decreased RK and AK values in our study. Namely, opposite to
the expected results of the majority of other studies, they have
measured decreased MD, RD, and AD and slightly increased
FA in patients after the end of CRT, though not as an early
result, but in a follow-up period after 3 to 24 months 4, This,
in turn, underscores the need for longer-term follow-up to
clarify the sustained significance and interpretative value of
both DTI and DKI metrics in GB CRT over time.

Although  most conducted studies point out
demyelination as the probable dominant consequence induced
by RTh *, Raschke et al. * concluded that neither edema nor
demyelination could be a plausible reason for the decrease in
diffusion. They speculated that the decreased diffusion could
be the result of axonal swelling, possibly due to tissue
oxygenation and vascular changes that occur after irradiation.
Revealing reductions in RD and AD values after irradiation,
Zhu et al. “ proposed that RD decreases could be a sign of
remyelination. In contrast, the AD decrease could be linked to
astrogliosis, which may explain our results, but still does not
provide a proper background for the opposite trends between
RD and AD and between RK and AK in the area with a
delivered total dose of 59.4 Gy, both after 16 and 33 fractions.

Still, recent investigations have revealed microstructural
tissue changes not only in the hemisphere where GB is
located, but also in the contralateral hemisphere, which differ
even between right-sided and left-sided GB location 3. Since
this recently published feature was not considered in our study
design, we strongly believe that further investigations to gain
deeper insight into microstructural white matter alterations in
the presence of high-grade glioma, or during and after
irradiation, would be beneficial.

We found that AD, AK, and MK did not show a
significant difference between 16 and 33 fractions in the area
of DDD of 1.8 Gy and a total dose of 59.4 Gy. That does not

Luci¢ M, et al. Vojnosanit Pregl 2026; 83(1): 21-30.



Vol. 83, No. 1

VOJNOSANITETSKI PREGLED

Page 27

necessarily reflect a better sensitivity of MD compared to
MK. The lack of statistical significance between these two
time points may be explained by the higher susceptibility of
MK to early irradiation-induced changes, leading to faster
and more stable increases in MK values compared with MD.

In the treated brain areas with a DDD of 1.2 Gy, and a
total dose of 39.6 Gy, where decrease of FA and an initial
increase of RD, AD, and MD, but also MK, have been noted
after 16 delivered fractions, with a later decrease of values
after 33 delivered fractions. That leaves us in a belief that the
initial increase and later decrease of RD, AD, MD, and MK
suggest transient edema as a dominant mechanism of early
white matter tissue injury, while the decrease of RK and AK
both after delivering 16 and 33 fractions suggest that
demyelination is included in the white matter alterations
profile, rather than axonal impairment. Some authors suggest
that the biological alterations are most likely occurring
within the extracellular environment due to increased
vascular permeability and/or reactive neuroinflammatory
processes after irradiation 1% 42,

These findings are consistent with the statement that
kurtosis measure is less sensitive to free fluid contamination,
since the interpretability of DKI parameters depends on the
accuracy of tensor estimation. Motion, noise, and/or imaging
artifacts can cause significant errors, up to the level of
physical/biological implausibility * 20-22, That actually
corresponds to our results, suggesting that DKI metrics were
slightly less susceptible to radiation-induced edema detection
than measured DTI parameters. Dose and time-dependent
changes in irradiated white matter that have been found to
correlate with several other studies’ results * 1% 42 where
measured MD, AD, RD, and MK increase and FA decrease
appear earlier in areas receiving higher radiation doses. Hope
et al. * found that MD, RD, and AD significantly increased
in brain regions receiving more than 41 Gy in total dose,
compared to those receiving less than 12 Gy in total, which
corresponds with our results.

We found that daily doses of 0.6 Gy and total delivered
dose of 19.8 Gy did not cause any significant changes in DTI
or DKI metrics. This means that white matter alterations
during and after CRT treatment could not be identified,
neither after 16 delivered fractions, nor after 33 delivered
fractions. Therefore, we may speculate that the threshold for
detecting early white matter injury during or immediately
after CRT treatment could actually lie somewhere above 20
Gy. Still, it should be emphasized that in several studies,
changes in white matter structure for smaller delivered doses
have been reported * 55, though not immediately, but later, in
the period of 9 to 11 months after CRT %42,

Although our study design includes imaging before,
during, and immediately after CRT, it does not extend to
post-treatment follow-up. This represents a clear limitation,
as it prevents us from definitively characterizing the
observed changes in DTI and DKI metrics as either transient
and/or reversible effects, or as predictors of late or delayed
radiation injury.

As late radiation injury was beyond the scope of the
present investigation, we believe the current findings should

Luci¢ M, et al. Vojnosanit Pregl 2026; 83(1): 21-30.

be interpreted solely as indicative of early, and potentially
transient effects of irradiation.

We would also like to emphasize that the present study
did not employ repeated-measures analysis of variance or
multivariate analyses, which might have provided a more
robust statistical framework for assessing longitudinal
changes and addressing multiple comparisons. As re-analysis
is not feasible at this stage, this limitation is duly
acknowledged and should be taken into consideration when
interpreting the findings.

Accordingly, further comprehensive studies are
warranted to fully elucidate the potential of DTI and DKI
metrics as reliable biomarkers of white matter
microstructural alterations during and after CRT in GB
patients, in relation to time and radiation dose.

While several studies have investigated the association
between neurocognitive impairment and/or clinical outcomes
and both early and late radiation-induced brain injury 5%,
our study did not address this interconnection, which
represents a limitation with respect to its translational
relevance. Future investigations that integrate neurocognitive
assessment with clinical outcomes during and after GB CRT
would significantly enhance the clinical utility and
applicability of DTI and DKI biomarkers in real-world
neuro-oncological settings.

Recently published studies incorporating radiomics into
the assessment of white matter alterations during CRT may
contribute to a more profound comprehension of the
sophisticated and interrelated pattern of radiation-induced
brain injury 5. Furthermore, emerging and ongoing
investigations focusing on cellular and molecular responses
of brain tissue to specific RTh, including proton therapy, as
well as the integration of artificial intelligence in the
evaluation of irradiated white matter, are expected to offer
novel insights into the pathophysiology of radiation-induced
changes in the brain tissue 25,

Conclusion

Diffusion tensor imaging and diffusion kurtosis imaging
metrics are susceptible to white matter alterations during and
after chemoradiotherapy treatment. These metrics provide
valuable insight into early irradiation-induced changes, even
within normal-appearing white matter, and may prove useful
as structural imaging biomarkers for identifying early, and
potentially transient and/or reversible microstructural
alterations related to irradiation. The application of diffusion
tensor imaging and diffusion Kkurtosis imaging holds
considerable potential to broaden our understanding of the
complex dynamics underlying early microstructural alterations
in  white matter in response to glioblastoma
chemoradiotherapy, potentially influencing future diagnostic
and clinical strategies. Given that late radiation effects were
not addressed within the scope of our present investigation,
further longitudinal studies with extended follow-up periods
would be essential to validate the potential of diffusion tensor
imaging and diffusion kurtosis imaging metrics as predictors
of late or delayed radiation-induced brain injury.



Page 28

VOJNOSANITETSKI PREGLED

Vol. 83, No. 1

Provincial

Acknowledgement

The authors acknowledge the financial support of the
Secretariat for Science and Technology

Development within the project “Multiparametric structural

10.

11.

12.

13.

an

d metabolic imaging of the intratumorous

bioarchitectonics in the function of the diagnosis and
therapy improvement in patients with malignant lung and

ce

ntral nervous system tumours”; Grant No. 142-451-

2433/2018.

REFERENCES

Stupp R, Hegi ME, Gilbert MR, Chakravarti A. Chemoradiother-
apy in malignant glioma: standard of care and future direc-
tions. ] Clin Oncol 2007; 25(26): 4127-36. DOI:
10.1200/JC0O.2007.11.8554.

Hanna C, Lawrie TA, Rogoziriska E, Kernoban A, Jefferies S, Bul-
beck H, et al. Treatment of newly diagnosed glioblastoma in
the elderly: a network meta-analysis. Cochrane Database Syst
Rev 2020, 3(3): CD013261. DOLI:
10.1002/14651858.CD013261.pub2.

Qi D, 1i ], Quarles CC, Fonkem E, Wu E. Assessment and pre-
diction of glioblastoma therapy response: challenges and op-
portunities.  Brain = 2023;  146(4):  1281-98. DOL
10.1093/brain/awac450.

Obrador E, Moreno-Murciano P, Oriol-Caballo M, Loépez-
Blanch R, Pineda B, Gutiérrez-Arroyo JL, et al. Glioblastoma
Therapy: Past, Present and Future. Int ] Mol Sci 2024; 25(5):
2529. DOI: 10.3390/1jms25052529.

De Groot JD, van Dijken BR], van der Weide HL, Enting RH, van
der Hoorn A. Voxel based morphometry-detected white matter
volume loss after multi-modality treatment in high grade glio-
ma patients. PLoS One 2023; 18(5): e0275077. DOI:
10.1371/journal.pone.0275077.

Rafanan |, Ghani N, Kazemeini S, Nadeem-Tarig A, Shib R, Vida
TA. Modernizing Neuro-Oncology: The Impact of Imaging,
Liquid Biopsies, and Al on Diagnosis and Treatment. Int |
Mol Sci 2025; 26(3): 917. DOI: 10.3390/1jms26030917.

Nagesh V', Tsien CI, Chenevert TL, Ross BD, Lawrence TS, Junick
L, et al. Radiation-induced changes in normal-appearing white
matter in patients with cerebral tumors: a diffusion tensor im-
aging study. Int J Radiat Oncol Biol Phys 2008; 70(4): 1002—
10. DOL: 10.1016/j.ijtobp.2007.08.020.

Zakbarova NE, Batalov Al Pogosbekian EL, Chekhonin 117,
Goryaynov SA, Bykanov AE, et al. Petifocal Zone of Brain Gli-
omas: Application of Diffusion Kurtosis and Perfusion MRI
Values for Tumor Invasion Border Determination. Cancers
(Basel) 2023; 15(10): 2760. DOI: 10.3390/ cancers15102760.
Friedrich M, Farrber E, Caspers S, Lobmann P, Lerche C, Stoffels G,
et al. Alterations in white matter fiber density associated with
structural MRI and metabolic PET lesions following multi-
modal therapy in glioma patients. Front Oncol 2022; 12:
998069. DOTI: 10.3389/fonc.2022.998069.

Lobmeier |, Radbruch H, Brenner W, Hamm B, Hansen B, Tietze A,
et al. Detection of recurrent high-grade glioma using micro-
structure characteristics of distinct metabolic compartments in
a multimodal and integrative 18F-FET PET/fast-DKI ap-
proach. FEur Radiol 2024; 34(4): 2487-99. DOI:
10.1007/s00330-023-10141-0.

Le Bihan D. Looking into the functional architecture of the
brain with diffusion MRI. Nat Rev Neurosci 2003; 4(6): 469—
80. DOI: 10.1038/nrn1119.

Le Bihan D, Mangin |F, Poupon C, Clark CA, Pappata S, Molko
N, et al. Diffusion tensor imaging: concepts and applications. |
Magn Reson Imaging 2001; 13(4): 534-46. DOL
10.1002/jmri. 1076

Le Biban D, Iima M. Diffusion Magnetic Resonance Imaging:
What Water Tells Us about Biological Tissues. PLoS Biol
2015; 13(7): €1002203. Erratum in: PLoS Biol 2015; 13(9):
¢1002246. DOI: 10.1371/journal pbio.1002246.

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Lin L, Bhawana R, Xue Y, Duan Q, Jiang R, Chen H, et al. Com-
patative Analysis of Diffusional Kurtosis Imaging, Diffusion
Tensor Imaging, and Diffusion-Weighted Imaging in Grading
and Assessing Cellular Proliferation of Meningiomas. AJNR

Am ]  Neuroradiol 2018; 39(6): 1032-8. DOI:
10.3174/ajnr.A5662.
Henssen D, Meijer F, 1Verburg FA, Smits M. Challenges and op-

portunities for advanced neuroimaging of glioblastoma. Br |
Radiol 2023; 96(1141): 20211232. DOI: 10.1259/bjr.20211232.
Brancato V', Nugzo S, Tramontano 1., Condorelli G, Salvatore M,
Cavaliere C. Predicting Survival in Glioblastoma Patients Using
Diffusion MR Imaging Metrics-A Systematic Review. Cancers
(Basel) 2020; 12(10): 2858. DOI: 10.3390/ cancers12102858.
Manan AA, Yahya NA, Taib NHM, ldris Z, Manan HA. The
Assessment of White Matter Integrity Alteration Pattern in Pa-
tients with Brain Tumor Utilizing Diffusion Tensor Imaging:
A Systematic Review. Cancers (Basel) 2023; 15(13): 3326.
DOI: 10.3390/ cancers15133326.

Scola E, Del Vecchio G, Busto G, Bianchi A, Desideri 1, Gadda D, et
al. Conventional and Advanced Magnetic Resonance Imaging
Assessment of Non-Enhancing Peritumoral Area in Brain
Tumor. Cancers (Basel) 2023; 15(11): 2992. DOI:
10.3390/ cancers15112992.

Witzmann K, Raschke I, Troost EGC. MR Image Changes of
Normal-Appearing Brain Tissue after Radiotherapy. Cancers
(Basel) 2021; 13(7): 1573. DOI: 10.3390/ cancers13071573.
Jensen JH, Helpern JA, Ramani A, Lu H, Kaczynski K. Diffusional
kurtosis imaging: the quantification of non-gaussian water dif-
fusion by means of magnetic resonance imaging. Magn Reson
Med 2005; 53(6): 1432—-40. DOI: 10.1002/mrm.20508.

Jensen JH, Helpern JA. MRI quantification of non-Gaussian wa-
ter diffusion by kurtosis analysis. NMR Biomed 2010; 23(7):
698-710. DOI: 10.1002/nbm.1518.

Tabesh A, Jensen JH, Ardekani BA, Helpern |A. Estimation of
tensors and tensor-derived measures in diffusional kurtosis
imaging. Magn Reson Med 2011; 65(3): 823—36. Erratum in:

Magn  Reson Med  2011;  65(5): 1507. DOLI
10.1002/mrm.22655
Wu EX, Chenng MM. MR diffusion kurtosis imaging for neural

tissue characterization. NMR Biomed 2010; 23(7): 836-48.
DOI: 10.1002/nbm.1506.

Goryawala M, Mellon EA, Shim H, Mandsley AA. Mapping early
tumor response to radiotherapy using diffusion kurtosis imag-
ing.  Neuroradiol ] 2023; 36(2): 198-205. DOI:
10.1177/19714009221122204.

Van Canter S, Veraart |, Sijbers |, Peeters RR, Himmelreich U, De
Keyzer F, et al. Gliomas: diffusion kurtosis MR imaging in grad-
ing. Radiology 2012; 263(2): 492-501. DOL:
10.1148/radiol.12110927.

Van Canter S, De Keyzer F, Sima DM, Sava AC, D'Arco F, 1Ver-
aart J, et al. Integrating diffusion kurtosis imaging, dynamic
susceptibility-weighted contrast-enhanced MRI, and short
echo time chemical shift imaging for grading gliomas. Neuro
Oncol 2014; 16(7): 1010-21. DOI: 10.1093/neuonc/not304.
Abdalla G, Dixon L, Sanverdi E, Machado PM, Kwong JSW,
Panovska-Griffiths |, et al. The diagnostic role of diffusional kut-
tosis imaging in glioma grading and differentiation of gliomas
from other intra-axial brain tumours: a systematic review with

Luci¢ M, et al. Vojnosanit Pregl 2026; 83(1): 21-30.



Vol. 83, No. 1

VOJNOSANITETSKI PREGLED

Page 29

28.

29.

30.

31

32.

34.

35.

30.

37.

38.

39.

40.

critical appraisal and meta-analysis. Neuroradiology 2020;
62(7): 791-802. DOI: 10.1007/500234-020-02425-9.

Tan AC, Ashley DM, Lipez GY, Malinzak M, Friedman HS,
Khasraw M. Management of glioblastoma: State of the art and
future directions. CA Cancer | Clin 2020; 70(4): 299-312.
DOI: 10.3322/ caac.21613.

Wen PY, Weller M, 1.ee EQ, Alexander BM, Barnholtz-Sloan ]S,
Barthel FP, et al. Glioblastoma in adults: a Society for Neuro-
Oncology (SNO) and European Society of Neuro-Oncology
(EANO) consensus review on current management and future
directions. Neuro Oncol 2020; 22(8): 1073-113. DOL:
10.1093/neuonc/noaal06.

Wang YX, King AD, Zhon H, Lenng SF, Abrigo |, Chan YL, et al.
Evolution of radiation-induced brain injury: MR imaging-
based study. Radiology 2010; 254(1): 210-8. DOI:
10.1148/1radiol.09090428.

Sub CH, Kim HS, Jung SC, Choi CG, Kim §]. Multiparametric
MRI as a potential surrogate endpoint for decision-making in
carly treatment response following concurrent chemoradio-
therapy in patients with newly diagnosed glioblastoma: a sys-
tematic review and meta-analysis. Eur Radiol 2018; 28(6):
2628-38. DOLI: 10.1007/500330-017-5262-5.

Sabin S, Ertekin E, Sabin T, Ozsunar Y. Evaluation of normal-
appearing white matter with perfusion and diffusion MRI in
patients with treated glioblastoma. Magn Reson Mater Phy
2022; 35(1): 153-62. DOI: 10.1007/510334-021-00990-5.
Apndrews RN, Dugan GO, Peiffer AM, Hawfkins GA, Hanbury DB,
Bourland JD, et al. White Matter is the Predilection Site of Late-
Delayed Radiation-Induced Brain Injury in Non-Human Pri-
mates. Radiat Res 2019; 191(3): 217-31. DOI:
10.1667/RR15263.1.

Pan |, Qin Z, Fu G, Liang |, 1i Y, Feng Y, et al. Non-complete
recovery of temporal lobe white matter diffusion mettics at
one year Post-Radiotherapy: Implications for Radiation-
Induced necrosis risk. Radiother Oncol 2024; 199: 110420.
DOI: 10.1016/j.radonc.2024.110420.

Hope TR, Vardal ], Bjornernd A, Larsson C, Arnesen MR, Salo
RA, et al. Serial diffusion tensor imaging for early detection of
radiation-induced injuries to normal-appearing white matter in
high-grade glioma patients. ] Magn Reson Imaging 2015; 41(2):
414-23. DOI: 10.1002/jmti.24533.

Tringale KR, Nguyen T, Babrami N, Marshall DC, Leyden KM,
Karunamuni R, et al. Identifying early diffusion imaging bi-
omarkers of regional white matter injury as indicators of exec-
utive function decline following brain radiotherapy: A pro-
spective clinical trial in primary brain tumor patients. Radi-
other Oncol 2019; 132: 27-33. DOLI:
10.1016/j.radonc.2018.11.018.

Rydelins A, Bengzon |, Engelholm S, Kinbult S, Englund E, Nilsson
M, et al. Predictive value of diffusion MRI-based parametric
response mapping for prognosis and treatment response in
glioblastoma. Magn Reson Imaging 2023; 104: 88-96. DOI:
10.1016/§.m1i.2023.09.005.

Raschke F, Wesemann T, Wahl H, Appold S, Kraunse M, Linn ], et
al. Reduced diffusion in normal appearing white matter of gli-
oma patients following radio(chemo)therapy. Radiother Oncol
2019; 140: 110-5. DOI: 10.1016/j.radonc.2019.06.022
Witzmann K, Raschke F, Wesemann T, Lick S, Funer I, Linn ], et
al. Diffusion decrease in normal-appearing white matter struc-
tures following photon or proton irradiation indicates differ-
ences in regional radiosensitivity. Radiother Oncol 2024; 199:
110459. DOI: 10.1016/j.radonc.2024.110459.

Ljusberg A, Blystad 1, Lundberg P, Adolfsson E, Tisell A. Radiation-
dependent demyelination in normal appearing white matter in
glioma patients, determined using quantitative magnetic reso-
nance imaging. Phys Imaging Radiat Oncol 2023; 27: 100451.
DOI: 10.1016/j.phto.2023.100451.

Luci¢ M, et al. Vojnosanit Pregl 2026; 83(1): 21-30.

41.

42.

43

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Zbn T, Chapman CH, Tsien C, Kim M, Spratt DE, Lawrence TS, et
al. Effect of the Maximum Dose on White Matter Fiber Bun-
dles Using Longitudinal Diffusion Tensor Imaging. Int ] Radi-
at  Oncol Biol Phys 2016; 96(3): 696-705. DOI:
10.1016/j.ijtobp.2016.07.010.

Connor M, Karunamuni R, McDonald C, White IN, Pettersson N,
Moiseenko 17, et al. Dose-dependent white matter damage after
brain radiotherapy. Radiother Oncol 2016; 121(2): 209-16.
DOI: 10.1016/j.radonc.2016.10.003.

Djan 1, Petrovi¢ B, Erak M, Nikoli¢ 1, Lucié S. Radiotherapy
treatment planning: benefits of CT-MR image registration and
fusion in tumor volume delineation. Vojnosanit Pregl 2013;
70(8): 735-9. DOI: 10.2298/vsp110404001d.

Cabrera AR, Kirkpatrick JP, Fiveash |B, Shibh HA, Koay EJ, Lutg
S, et al. Radiation therapy for glioblastoma: Executive sum-
mary of an American Society for Radiation Oncology Evi-
dence-Based Clinical Practice Guideline. Pract Radiat Oncol
2016; 6(4): 217-25. DOI: 10.1016/j.prr0.2016.03.007.

Kruser T, Bosch WR, Badiyan SN, Bovi |A, Ghia AJ, Kim MM, et
al. NRG brain tumor specialists consensus guidelines for glio-
blastoma contouring. ] Neurooncol 2019; 143(1): 157-66.
DOI: 10.1007/511060-019-03152-9.

Niyazi M, Andratschke N, Bendszus M, Chalmers AJ, Erridge SC,
Galldiks N, et al. ESTRO-EANO guideline on target delinea-
tion and radiotherapy details for glioblastoma. Radiother On-
col 2023; 184: 109663. DOI: 10.1016/j.radonc.2023.109663.
Mir R, Kelly SM, Xiao Y, Moore A, Clark CH, Clementel E, et al.
Ozgan at risk delineation for radiation therapy clinical trials:
Global Harmonization Group consensus guidelines. Radiother
Oncol 2020; 150: 30-9. DOI: 10.1016/j.radonc.2020.05.038.
Hansen B. An Introduction to Kurtosis Fractional Anisotropy.
Am ] Neuroradiol 2019; 40(10): 1638-41. DOI:
10.3174/2ajnr.A6235.

Weller M, Pfister SM, Wick W, Hegi ME, Reifenberger G, Stupp R.
Molecular neuro-oncology in clinical practice: a new horizon.
Lancet Oncol 2013; 14(9): €370-9. Erratum in: Lancet Oncol
2015; 16(5): €199. DOI: 10.1016/S1470-2045(15)70216-0.
Chakboyan A, Woodworth DC, Harris R], Lai A, Nghiemphn PL,
Liau LM, et al. Mono-exponential, diffusion kurtosis and
stretched exponential diffusion MR imaging response to
chemoradiation in newly diagnosed glioblastoma. ] Neuroon-
col 2018; 139(3): 651-9. DOTI: 10.1007/s11060-018-2910-9.
Zheng Z, Wang B, Zhao Q, Zhang Y, Wei |, Meng L, et al. Re-
search progress on mechanism and imaging of temporal lobe
injury induced by radiotherapy for head and neck cancer. Eur
Radiol 2022; 32(1): 319-30. DOI: 10.1007/s00330-021-08164-
6.

Voon NS, Lan FIN, Zakaria R, Md Rani SA, Ismail F, Manan
HA, et al. MRI-based brain structural changes following radio-
therapy of Nasopharyngeal Carcinoma: A systematic review.
Cancer  Radiother — 2021; 25(1): 62-71. DOI:
10.1016/j.canrad.2020.07.008.

Xie X, Feng M, Rong Y, Hu ], Zhon W, Li Y, et al. Whole brain
atlas-based diffusion kurtosis imaging parameters for the eval-
uation of multiple cognitive-related brain microstructure inju-
ries after radiotherapy in lung cancer patients with brain me-
tastasis. Quant Imaging Med Surg 2023; 13(8): 5321-32. DOI:
10.21037/qims-22-1376.

Gene B, Aslan K, Ozgaglayan A, Incesu 1. Microstructural ab-
normalities in the contralateral normal-appearing white matter
of glioblastoma patients evaluated with advanced diffusion im-
aging. Magn Reson Med Sci 2024; 23(4): 479-86. DOL:
10.2463 /mrms.mp.2023-0054.

He I, Chen M, 1i H, Shi X, Qin Z, Xu X. Differentiation be-
tween high-grade gliomas and solitary brain metastases based
on multidiffusion MRI model quantitative analysis. Front On-
col 2024; 14: 1401748. DOI: 10.3389/fonc.2024.1401748.



Page 30

VOJNOSANITETSKI PREGLED

Vol. 83, No. 1

56.

57.

58.

59.

60.

61.

Riibe CE, Raid S, Palm ], Riibe C. Radiation-Induced Brain Inju-
ry: Age Dependency of Neurocognitive Dysfunction Follow-
ing Radiotherapy. Cancers (Basel) 2023; 15(11): 2999. DOI:
10.3390/ cancers15112999.

Zegers CML, Offermann C, Dijkstra |, Compter I, Hoebers FJP, de
Ruysscher D, et al. Clinical implementation of standardized neu-
rocognitive assessment before and after radiation to the brain.
Clin Transl Radiat Oncol 2023; 42: 100664. DOI:
10.1016/j.ctro.2023.100664.

Mesny E, Jacob ], Noél G, Bernier MO, Ricard D. Specific radio-
sensitivity of brain structures (areas or regions) and cognitive
impairment after focal or whole brain radiotherapy: A review.
Cancer  Radiother ~ 2025;  29(3):  104625. DO
10.1016/j.canrad.2025.104625.

Zhn L, Ma Y, Kong A, Wu X, Ren Y, Zbhon W, et al. Non-
invasive and sensitive MRI assessment of radiation-induced
cognitive dysfunction via voxel-based morphological and func-
tional connectivity. Acta Neuropathol Commun 2025; 13(1):
180. DOI: 10.1186/540478-025-02092-y.

Chen M, Wang L, Gong G, Yin Y, Wang P. Quantitative study of
the changes in brain white matter before and after radiothera-
py by applying multi-sequence MR radiomics. BMC Med Im-
aging 2022; 22(1): 86. DOI: 10.1186/12880-022-00816-3.
Alshubri MS, Al-Mubarak HF, Qaisi A, Alhulail AA, AlMansour
AGM, Madkbali Y, et al. MRI Delta Radiomics to Track Early
Changes in Tumor Following Radiation: Application in Glio-

62.

63.

64.

65.

blastoma Mouse Model. Biomedicines 2025; 13(4): 815.
DOI:10.3390/biomedicines13040815

Wang Y, Tian ], Lin D, 1i T, Mao Y, Zhu C. Microglia in radia-
tion-induced brain injury: Cellular and molecular mechanisms
and therapeutic potential. CNS Neurosci Ther 2024; 30(6):
¢14794. DOL: 10.1111/cns.14794.

Winter SF, Gardner MM, Karschnia P, 1 aios EJ, Grassberger C,
Bussiere MR, et al. Unique brain injury patterns after proton vs
photon radiotherapy for WHO grade 2-3 gliomas. Oncologist
2024; 29(12): €1748-61. DOL: 10.1093/oncolo/oyae195.
Franco D, Granata V', Fusco R, Grassi R, Nardone V', Lombardi 1,
et al. Artificial intelligence and radiation effects on brain tissue
in glioblastoma patient: preliminary data using a quantitative
tool. Radiol Med 2023; 128(7): 813-27. DOI: 10.1007/s11547-
023-01655-0.

Zhao ], Vaios E, Yang Z, Lu K, Floyd S, Yang D, et al. Radioge-
nomic explainable Al with neural ordinary differential equa-
tion for identifying post-SRS brain metastasis radionecrosis.
Med Phys 2025; 52(4): 2661-74. DOI: 10.1002/mp.17635.

Received on May 25, 2025
Revised on September 19, 2025
Revised on October 29, 2025
Accepted on November 5, 2025
Online First December 2025

Luci¢ M, et al. Vojnosanit Pregl 2026; 83(1): 21-30.



Vojnosanit Pregl 2026; 83(1): 31-38.

VOJNOSANITETSKI PREGLED

Page 31

ORIGINAL ARTICLE
(CCBY-SA) 284

TET
! 5 &

UDC: 616.61-008.6-08-06
DOI: https://doi.org/10.2298/VVSP250819082A

Comparison of antimicrobial and thrombolytic central venous
catheter lock solutions in preventing catheter-related complications in
hemodialysis: a randomized controlled trial

Poredenje antimikrobnih i trombolitickih rastvora za zatvaranje centralnih
venskih katetera u prevenciji komplikacija povezanih sa kateterima kod
bolesnika na hemodijalizi: randomizovano kontrolisano ispitivanje

Tijana Azasevac*', Gordana Strazmester Majstorovié¢', Bojana Ljubi¢ié**,
Vladimir Djurovié¢*', Milica KneZevi¢®, Mira Markovi¢'

*University of Novi Sad, Faculty of Medicine, Novi Sad, Serbia; University Clinical

Center of Vojvodina, 'Clinic for Nephrology and Clinical Immunology, *Emergency

Center, Department of Emergency Internal Medicine, $Clinic for Gastroenterology
and Hepatology, Novi Sad, Serbia

Abstract

Background/Aim. Central venous catheters (CVC) in he-
modialysis (HD) patients are associated with serious com-
plications, particularly catheter-related bloodstream infec-
tion (CRBSI) and thrombosis, leading to increased morbidi-
ty and mortality. The aim of this study was to evaluate the
effectiveness of three different catheter lock solutions in
preventing major catheter-related complications. Methods.
This prospective, randomized, controlled, single-center
study, conducted between June 2018 and June 2023, includ-
ed 96 adult HD patients. Depending on the solutions they
received, the patients were equally divided into three
groups: gentamicin-citrate twice weekly plus tauroli-
dine/urokinase after the third weekly session (TAURO);
gentamicin-citrate three times weekly (GENTAM); unfrac-
tionated hepatin 5,000 international units/ml. three times
weekly (HEPARIN). Lock solutions were administered for
a minimum of three months post-CVC insertion and con-
tinued until catheter removal. Measured outcomes included
CRBSI incidence, catheter thrombosis, and adverse events.

Apstrakt

Uvod/Cilj. Centralni venski kateteri (CVK) kod bolesnika
na hemodijalizi (HD) povezani su sa ozbiljnim
komplikacijama, posebno bakterijemijom povezanom sa
kateterom (BPSK) i trombozom, $to dovodi do poveéanog
morbiditeta 1 mortaliteta. Cilj rada bio je da se proceni
efikasnost tri razlicita rastvora za zatvaranje katetera u
sprecavanju vec¢ih komplikacija povezanih sa kateterom.
Metode. Ova prospektivna, randomizovana, kontrolisana
studija sprovedena u jednom centru, od juna 2018. do juna

Results. Over the course of 10,770 catheter-days, eight
CRBSI episodes were recorded, with Staphylococcus anreus as
the most common pathogen (50%). The incidence of
CRBSI (per 1,000 catheter-days) was 0.27 in the TAURO
group, 0.83 in the GENTAM group, and 1.15 in the HEP-
ARIN group, without statistical significance (p = 0.520).
Thrombosis incidence was similar across groups (1.09-1.15;
P = 0.990). Cox proportional hazards analysis revealed no
significant differences, although the TAURO group demon-
strated a trend toward lower CRBSI risk compared to the
HEPARIN group (hazard ratio = 0.236; 95% confidence in-
terval 0.026-2.116). Conclusion. None of the evaluated
lock regimens significantly reduced the risk of CRBSI or
thrombosis. Nonetheless, the lowest CRBSI incidence was
observed in the TAURO group, suggesting a potential bene-
fit that warrants confirmation in larger, multicenter studies.

Keywords:

anticoagulants; bacteremia; catheter-related infections;
catheterization, central venous; fibrinolytic agents;
renal dialysis; thrombosis.

2023. godine, obuhvatila je 96 odraslih bolesnika na HD.
U zavisnosti od rastvora koji su primali, bolesnici su bili
ravnomerno podeljeni u tri razlic¢ite grupe: gentamicin—
citrat dva puta nedeljno uz taurolidin/urokinazu nakon
tree nedeljne dijalize (TAURO); gentamicin—citrat tri
puta nedeljno (GENTAM); nefrakcionisani heparin 5 000
internacionalnih  jedinica/mL.  tti  puta  nedeljno
(HEPARIN). Rastvori za zatvaranje katetera su
primenjivani najmanje tri meseca nakon plasiranja CVK i
njihova primena je nastavljena do uklanjanja katetera.
Praceni ishodi obuhvatali su incidenciju BPSK, trombozu
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katetera i nezeljene dogadaje. Rezultati. Tokom 10 770
»kateter-dana® registrovano je osam epizoda BPSK, a
najceséi uzro¢nik bio je  Staphylococcus  aurens  (50%).
Incidencija BPSK (na 1 000 ,kateter-dana®) bila je 0,27 u
TAURO grupi, 0,83 u GENTAM grupi i 1,15 u
HEPARIN grupi, bez statisticke znacajnosti (p = 0,520).
Incidencija tromboze katetera bila je slicna u svim
grupama (1,09-1,15; p = 0,990). Koksova analiza
proporcionalnih rizika nije pokazala znacajne razlike, iako
je TAURO grupa pokazala trend ka manjem riziku od
BPSK u poredenju sa HEPARIN grupom (bagard

ratio = 0,236;  95% interval poverenja 0,026-2,116).
Zakljucak. Nijedan ispitivani rezim rastvora za zatvaranje
katetera nije znacajno smanjio rizik od BPSK ili tromboze.
Ipak, najniza incidencija BPSK zabeleZena je u TAURO
grupi, Sto ukazuje na potencijalnu korist koju treba
potvrditi u veéim, multicentri¢nim studijama.

Kljucne reci:

antikoagulansi; bakterijemija; kateter, povezane
infekcije; kateterizacija, centralna, venska; fibrinolitici;
bubreg, dijaliza; tromboza.

Introduction

Vascular access is essential for effective hemodialysis
(HD), yet it also represents its most fragile component. While
arteriovenous fistulas (AVF) remain the gold standard due to
their superior long-term outcomes, temporary central venous
catheters (CVCs) for dialysis are still widely used in incident
HD patients in Serbia, with a prevalence of 63.5% according
to data from the Serbian National Vascular Surgery Registry,
due to their ability to provide immediate vascular access *.
However, frequent failures in primary AVF creation and the
rise in marginal fistulas have resulted in many patients de-
pending on prolonged CVC use. Long-term use of CVC leads
to complications, the most common of which are CVC dys-
function and thrombosis, and a high rate of catheter-related
bloodstream infections (CRBSI) 2 °. The risk of sepsis in pa-
tients dialyzed via a CVC is two to five times higher than in
patients with AVF and arteriovenous grafts (AVG), and initial
septic episodes can double the incidence of adverse cardiovas-
cular events such as myocardial infarction and congestive
heart failure 3 4. These complications often necessitate catheter
replacement, further limiting available vascular access options.

Preventive strategies for catheter-related complications
have traditionally focused on using unfractionated heparin as a
lock solution. However, high concentrations [5,000-
10,000 international units (IU)/mL] raise concerns about sys-
temic anticoagulation and promote Staphylococcus (S.) aureus
biofilm formation in a dose-dependent manner >°. As an alter-
native, trisodium citrate (TSC) offers both anticoagulant and
antimicrobial properties without systemic effects. In vitro stud-
ies have shown that the use of TSC reduces the formation of
biofilms inside dialysis catheters . Different concentrations of
TSC have been tested, with 4% TSC being safe and effective
in preventing catheter thrombosis, but it did not lead to the ex-
pected reduction in the incidence of CRBSI *7. Several studies
have explored the addition of antibiotics to anticoagulant lock
solutions to reduce the incidence of CRBSI & °. Moran et al.
reported a significant decrease in CRBSI rates (0.28 episodes
per 1,000 catheter-days) using a gentamicin and 4% TSC
combination, compared to heparin (1,000 1U/mL). While this
combination reduced CRBSI, it showed no benefit in prevent-
ing thrombotic complications. A meta-analysis by Lai et al. °,
including 17 randomized controlled trials, confirmed a signifi-
cant reduction in CRBSI with citrate-based locks compared to
heparin [relative risk: 0.48; 95% confidence interval (ClI):

0.31-0.73; p = 0.001]. Subsequent studies have highlighted
citrate-based lock solutions combined with antimicrobial
agents as the most effective strategy for preventing catheter-
related infections 5. Other research has focused on reducing
catheter thrombosis. Weekly use of thrombolytics, such as re-
combinant tissue plasminogen activator (1 mg) or urokinase
(25,000 IU) dissolved in 4% TSC with taurolidine (taurolock-
urokinase), combined with standard anticoagulants twice
weekly, was associated with reduced thrombosis and less fre-
quent catheter replacement 5 1°,

There were no data regarding the preventive use of uro-
kinase (25,000 1U) dissolved in 4% TSC with taurolidine (tau-
rolock-urokinase) combined with gentamicin-citrate antibiotic
catheter locks.

The aim of this study was to compare the effects of a
combination of prophylactic catheter lock solutions to gen-
tamicin-citrate three times a week or heparin on the incidence
of catheter-related complications (CRBSI and catheter-related
thrombosis — CRT).

Methods

This was a randomized controlled trial with an open-label
approach that included 96 adult patients with end-stage chron-
ic kidney disease undergoing HD at the Clinic for Nephrology
and Clinical Immunology, University Clinical Center of Voj-
vodina, Novi Sad, Serbia, from June 2018 to June 2023.

The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Ethics Committee of the
University Clinical Center of Vojvodina (No. 00-20/243, from
February 22, 2018). Written informed consent was obtained
from all participants prior to enrollment.

Participants were excluded if they had confirmed malig-
nancy, significant bleeding within the previous four weeks,
clinical or laboratory signs of active infection, psychiatric ill-
ness, pregnancy, or were receiving concomitant therapy affect-
ing thrombogenicity.

Temporary double-lumen, polyurethane, non-tunneled
catheters (REFCV 12122 F, 16cm; Arrow International,
Pennsylvania, USA) were inserted by anesthesiologists or
nephrologists using a modified Seldinger technique under
strict aseptic conditions.

Patients were randomly assigned in a 1:1:1 ratio to re-
ceive interdialytic catheter locking with either gentamicin-
citrate twice weekly plus taurolidine/urokinase after the third

Azasevac T, et al. Vojnosanit Pregl 2026; 83(1): 31-38.
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weekly session (TAURO group), gentamicin-citrate three
times weekly (GENTAM group), or unfractionated heparin
5,000 IU/mL three times weekly (HEPARIN group). Patients
in all three groups were predominantly male, with no signifi-
cant differences in age or the underlying cause of end-stage
kidney disease.

Patients underwent thrice-weekly 4-hr bicarbonate HD
using high-flux polysulfone capillary membranes (1.1-1.3 m3),
with a blood flow rate of 250-300 mL/min, a dialysate flow of
500 mL/min, and standard bicarbonate dialysate.

Following each dialysis session, both lumens were
locked with the assigned solutions appropriate to the random-
ized group. Lock solutions were prepared by dialysis nurses at
the end of each session and instilled into the catheter lumen
according to protocol. Gentamicin-citrate lock was prepared
by mixing 0.2 mL of gentamicin (40 mg/mL; 2 mL) with 3 mL
of 4% TSC solution (IntraLock®, Fresenius Medical Care, Bad
Homburg, Germany) in a sterile syringe. This solution con-
tains gentamicin 2.5 mg/mL and 4% TSC. TauroLock™-
U25,000 (TauroPharm GmbH, Waldbittelbrunn, Germany) is
a commercially available product that contains taurolidine, 4%
TSC, and 25,000 1U urokinase per vial. When used as a cathe-
ter lock solution, unfractionated heparin (5,000 1U/mL; Hepa-
rin Galenika 25,000 IU/5 mL, Galenika A.D., Belgrade, Ser-
bia) was prepared from the original ampoule and instilled in a
volume recommended by the catheter manufacturer using a 2
mL syringe. Lock volumes adhered to manufacturer recom-
mendations, and catheter lock solutions were administered for
at least 3 months after CVC insertion or until one of the prede-
fined outcomes occurred.

During follow-up, catheter care was performed at each
dialysis session following infection control protocols. Cathe-
ters were disinfected with chlorhexidine and 70% alcohol. Exit
sites were treated aseptically with hydrogen peroxide, iodine,
or Codan (colorless alcohol-based solution), and covered with
3M™ Tegaderm™ Transparent Film Dressing (Saint Paul,
Minneapolis, USA) or sterile gauze *. If signs of local infec-

tion were observed, venous blood samples for hemocultures
and catheter exit site swabs were collected. Swabs were sent
for microbiological analysis using standard culture and bio-
chemical identification techniques 2. In the case of systemic
infection signs, blood was sampled from both catheter lumens
and a peripheral vein (10-20 mL per sample), and inoculated
into commercial blood culture bottles (Himedia HiCombi
HiSafe, 40 mL, HiMedia Laboratories, Thane, India). Cultures
were processed using the BacT/Alert® 3D system (bioMérieux,
Marcy-I'Etoile, France) for continuous monitoring. At the end
of the study, after aseptic catheter removal, the distal 5 cm tip
was placed in a sterile container and processed using standard
microbiological techniques 2. Catheter tip colonization was
determined using a semi-quantitative technique 2

The primary outcomes were the occurrence of CRBSI,
exit-site infections, and CRT, within 90 days post-CVC inser-
tion (or until AVF maturation if longer). Patients were cen-
sored at catheter removal or death. CRT and CRBSI were de-
fined according to the 2019 Kidney Disease Outcomes Quality
Initiative (KDOQI) vascular access guidelines 2. Since non-
tunneled CVCs were used, thrombosis was further defined as
the inability to initiate dialysis after previous successful use or
to maintain a blood flow rate > 150 mL/min during three con-
secutive dialysis sessions. Patients with CRBSI continued fol-
low-up unless the catheter was removed. No patient experi-
enced more than one episode of CRBSI. The number of cathe-
ter-days was calculated from CVC insertion to removal. The
incidence of CVC thrombosis and CRBSI was expressed as
events per 1,000 catheter-days, using the formula: (number of
events/total catheter-days) x 1,000.

Detailed patient laboratory data are presented in Table 1
of Azasevac et al. =,

Statistical analysis

The data were evaluated using descriptive statistics
(mean values and standard deviations). Group differences

Table 1
Demographic and clinical characteristics at baseline by study group
Parameters Group p-value
TAURO GENTAM HEPARIN
Gender
male 14 14 14 1.0
female 18 18 18 '
Age, years 58.6 +15.3 60.4 +12.2 62.1+14.6 0.1
Cause of ESKD
diabetes 10 (31.3) 11 (34.4) 11 (34.4) 0.9
hypertension 11 (34.4) 12 (37.5) 9 (28.1) 0.8
polycystic kidney disease 3(9.4) 3(9.4) 3(9.4) 1.0
glomerulonephritis 5 (15.6) 2 (6.3) 2 (6.3) 0.4
chronic pyelonephritis 0(0) 1(3.1) 3(9.4) 0.1
other 3(9.4) 3(9.4) 4 (12.5) 0.9
Clinical characteristics
overweight and obesity 17 (53.1) 21 (65.6) 17 (53.1) 0.5
CKD vintage, year 50+t44 4.9+47 45+48 0.9
antiplatelet drugs 18 (46.0) 18 (46.0) 16 (50.0) 0.9

ESKD - end-stage kidney disease; CDK - chronic kidney disease.

All values are given as numbers (percentages) or mean + standard deviation.

Note. TAURO group — gentamicin-citrate twice weekly plus taurolidine/urokinase after the
third weekly session; GENTAM group — gentamicin-citrate three times weekly; HEPARIN
group — unfractionated heparin 5,000 international units/mL three times weekly.
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were tested with the t-test or Mann-Whitney U test for two
groups, and analysis of variance or Kruskal-Wallis test for
three or more groups. Categorical data were compared using
the Chi-square test. Survival was analyzed using the Kaplan-
Meier method and the log-rank test. Cox proportional hazards
regression was used to examine the association between pre-
dictor variables and the occurrence of key catheter-related
complications, with hazard ratios (HR) and 95% CI reported.
A p-value <0.05 was considered statistically significant.

Results

Baseline demographic, clinical, and laboratory data

A total of 96 patients (32 per group) were enrolled, and
no patient was lost to follow-up or discontinued the catheter-
lock solution. The mean patient age was 60.35 + 14.25 years;
56.3% were male, without significant differences between
groups. Approximately one-third of the study population had
diabetes mellitus, with comparable rates of diabetic kidney
disease across the three treatment groups. Together with arte-
rial hypertension, diabetic kidney disease was the leading un-
derlying cause of chronic kidney disease. Analysis of anthro-
pometric parameters revealed that more than half of the study
participants were overweight or obese (BMI > 25 kg/m?).
Baseline demographic and clinical characteristics of the
study population, presented by study group, are summarized
in Table 1.

Among the patients included in this study, the majority
(86 patients) received a CVC for the initiation of renal re-
placement therapy with HD, making it their first vascular ac-
cess. A smaller proportion began HD via a functional AVF or
AVG, with CVC placement required only after thrombosis of
the existing access. One patient was initially treated with peri-
toneal dialysis and underwent CVC insertion upon transition
to HD. Regarding CVC positioning, the majority of catheters
were inserted via the right internal jugular vein (90.6% vs.

Table 2

84.4% vs. 84.4%), followed by the left internal jugular vein
(6.3% vs. 9.4% vs. 12.5%). There was no statistically signifi-
cant difference in the distribution of jugular vein catheter
placements among the three groups (p = 0.693).

Regarding laboratory findings, parameters were mostly
similar across the three groups (TAURO, GENTAM, HEPA-
RIN), with no statistically significant differences observed in
white blood cells, hemoglobin, platelets, creatinine, albumin,
calcium, phosphorus, ferritin, transferrin, CRP, or fibrinogen
levels (p > 0.05). However, parathyroid hormone (PTH) levels
differed significantly between the groups, with mean values of
428 + 304, 412 + 334, and 263 + 231 pg/mL, respectively
(p =0.03).

Across 10,770 catheter-days, median catheter dwell time
was similar; 125.94 + 87.48, 113.44 + 35.68, and 108.59 +
37.84 days, respectively (p = 0.831).

Catheter-related bloodstream infection

The CRBSI rate was lowest in the TAURO group (0.27
episodes/1,000 catheter-days), compared to the GENTAM
group (0.83 episodes/1,000 catheter-days) and the control
HEPARIN group (1.15 episodes/1,000 catheter-days), alt-
hough the difference was not statistically significant
(p=0.526). All isolated pathogens causing CRBSI were gram-
positive. In 87.5% of cases, a single organism was isolated,
while polymicrobial growth was identified in 12.5%. The most
common pathogen was S. aureus (50.0%). Table 2 presents the
distribution of isolated CRBSI pathogens across study groups.

The average interval from catheter insertion to CRBSI
onset was 45.47 +38.93 days. While the TAURO group exhib-
ited the longest duration prior to infection (115.99 + 58.61
days), compared to the HEPARIN (37.75+35.37 days) and
GENTAM (33 +24.27 days) groups, this difference did not
reach statistical significance (p=0.212) (Table 3). The total
number of catheter-days until CRBSI onset was 935. There
was no statistically significant difference in cumulative CVC

Distribution of pathogens isolated from catheter-related bloodstream infections by study group

Group
Pathogen TAURO GENTAM HEPARIN Total
Staphylococcus species, coagulase-negative 1(12.5) 1(12.5) 1(12.5) 3(37.5)
Staphylococcus aureus 0 (0) 2 (25.0) 2 (25.0) 4 (50.0)
Polimicrobic flora 0 (0) 0 (0) 1(12.5) 1(12.5)
Total 1(12.5) 3(37.5) 4 (50.0) 8 (100)

All values are given as numbers (percentages).

Table 3
Number and time to onset of catheter-related complication following catheter insertion by study group
N Group
Catheter-related complication TAURO GENTAM HEPARIN p-value
CRBSI 1(3.12) 3(9.37) 4 (12.5) 0.385
Time to CRBSI onset, days 115.99 +58.61 33+24.27 37.75 + 35.37 0.212
Exit-site infections 24 (75.0) 26 (81.2) 19 (59.4) 0.968
Time to exit-site infections onset, days 141.47 £ 111.747 122.19 + 36.694 107.05 + 32.667 0.344
Catheter-related thrombosis 4 (12.5) 4 (12.5) 4 (12.5) 1.000
Time to catheter-related thrombosis onset, days 67.75 + 14.886 99.50 + 49.568 132.00 £ 57.486 0.182

CRBSI - catheter-related bloodstream infection; n — number. For other abbreviations, see Table 1.
All values are given as numbers (percentages) or mean + standard deviation.
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survival free from CRBSI between the antibiotic lock groups
(TAURO and GENTAM) and the control HEPARIN group
(log-rank test, p=0.38) (Figure 1). Cox proportional analysis
regarding the occurrence of CRBSI showed the following re-
sults: HR (HEPARIN vs. TAURO) = 0.236 (95% CI: 0.026—
2.116), p = 0.197; HR (HEPARIN vs. GENTA) = 0.737 (95%
Cl: 0.165-3.292), p = 0.689; HR (TAURO vs. GENTA) =
3.115 (95% Cl: 0.324-29.95), p = 0.325.

Exit-site infections

A total of 89 exit-site infections were documented
during the follow-up period, corresponding to an overall
incidence of 8.26 episodes per 1,000 catheter-days. The
cumulative number of catheter-days until the first recorded
exit-site infection was 7,219. The number of exit-site infec-
tions and the time to their onset by group are presented in
Table 3. The incidence of exit-site infections was 8.45 epi-
sodes/1,000 catheter-days in the TAURO group, 10.46 in
the GENTAM group, and 5.75 in the HEPARIN group

(p = 0.078). Regarding the frequency of exit-site infections
per patient, 23 (23.9%) patients experienced one episode,
27 (28.1%) experienced two episodes, and 4 (4.2%) experi-
enced three or more episodes. The remaining 42 (43.7%)
patients did not develop any exit-site infections during the
study period. There was no statistically significant differ-
ence in cumulative CVC survival free from exit-site infec-
tions between the antibiotic lock groups (TAURO and
GENTAM) and the control HEPARIN group (p=0.21)
(Figure 2). Cox proportional analysis for exit-site infections
occurrence showed no significant associations with lock
type: HRtAURO vs. HEPARIN = 1.384 (95% CI: 0.687—2.787)
(p:0.362), and HRGenTAM vs. HEPARIN = 1.836 (95% CI:
0.925-3.641) (p =0.082).

Catheter thrombosis

The overall incidence of CRT was 1.11 events per
1,000 catheter-days, with a total of 1,197 catheter-days until
thrombosis occurred. The incidence of CVC thrombosis in
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Fig. 1 — Kaplan-Meier analysis of cumulative catheter-related bloodstream
infection-free catheter survival among the three catheter lock groups.

For abbreviations, see Table 1.
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Fig. 2 — Kaplan-Meier analysis of cumulative exit-site infection-free central
venous catheter survival among the three catheter lock solution groups.

For abbreviations, see Table 1.
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Fig. 3 — Kaplan-Meier analysis of cumulative thrombosis-free catheter
survival among the three catheter lock solution groups.

For abbreviations, see Table 1.

the TAURO group was 1.09/1,000 catheter-days, 1.10/1,000
catheter-days in the GENTAM group, and 1.15/1,000 cathe-
ter-days in the control HEPARIN group (p=0.990). The
mean time to CRT onset was 99.75+48.81 days, with the
number of thrombosis and time to onset by groups presented
in Table 3. Cumulative catheter survival without thrombosis
was not significantly different between groups receiving an-
ticoagulant and fibrinolytic locks (TAURO and GENTAM
groups) compared with the HEPARIN group (p=10.990)
(Figure 3). The Cox proportional model regarding the devel-
opment of CVC thrombosis in relation to the lock type
showed the following result: HRtauro vs. Herarin = 0.958 (95%
Cl: 0239—3838) (p = 0952), HRGENTA vs. HEPARIN = 1.002 (95%
Cl: 0249—4032) (p = 0997), HRTAURO vs. GENTA = 1.082 (95%
Cl: 0.267-4.379) (p = 0.912).

Adverse effects

No differences were observed in the distribution of gen-
tamicin-resistant strains after completion of the tested lock
regimens and removal of the CVC (p = 0.799). No symptoms
were recorded that would indicate toxicity from the adminis-
tered drugs or solutions.

Discussion

Despite frequent complications, the use of temporary
CVCs for dialysis remains remarkably high among incident
HD patients in Serbia . Depending on the dialysis center, the
incidence of CRBSIs associated with CVCs ranges from 1.0
to 6.2 episodes per 1,000 catheter-days 7, while the incidence
of CRT is reported to be 0.5 to 3.0 episodes per 1,000 cathe-
ter-days when heparin is used as the locking solution 2. To
prevent CRBSIs and CRT, the KDOQI guidelines for vascu-
lar access recommend the use of anticoagulant agents such as
heparin or citrate. In centers with a high incidence of these
complications, or in high-risk patients with a history of re-

current infections and/or thrombosis, the guidelines suggest
combining these agents with thrombolytics and antibiotic
locks to further reduce the risk of recurrence 2. These combi-
nations have yielded varying degrees of success in reducing
the incidence of both CRBSIs & ® and CRT >, To the best
of our knowledge, this is the first study to use a combination
of gentamicin-citrate and taurolock-urokinase to prevent
catheter-related complications, aiming to reduce both infec-
tions and thrombosis in HD patients. Although the use of
these catheter locks showed a non-significant trend toward
reducing CRBSIs compared to other solutions, it did not
prove superior in preventing catheter thrombosis.

As noted in previous studies, diabetes may contribute to
CRBSI risk 3. In our study, about one-third of patients had
diabetes, with similar rates of diabetic kidney disease across
groups. Mohazzab et al. * identified obesity as a potential
risk factor for catheter dysfunction and thrombosis in tun-
neled dialysis catheters. Notably, in the present study, over
half of the patients in each group were overweight, with a
balanced distribution among the groups. Analysis of bio-
chemical parameters revealed that the only significant differ-
ence between the groups was a higher PTH level in the
TAURO group compared to the HEPARIN group. However,
according to the literature, PTH is not considered a recog-
nized risk factor for the development of CRBSI or CVC
thrombosis > 1417,

In our study, over 90% of CVCs were inserted via the
right internal jugular vein, followed by the left internal jug-
ular vein. Previous studies have shown that right internal
jugular access is associated with longer catheter survival,
but potentially higher risk of bacteremia due to prolonged
use '8 In contrast, femoral vein catheterization has been
linked to an increased risk of CRBSIs 5 1% 20 likely due to
its anatomical proximity to the perineum, a moist area con-
ducive to bacterial growth. Prolonged catheter duration fur-
ther increases the risk of infection, regardless of the inser-
tion site &%,
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Catheters in the TAURO group had the longest medi-
an duration (125.9 days), compared with the GENTAM
(113.4 days) and HEPARIN (108.6 days) groups, although
the difference was not statistically significant. Compared to
published data, the duration of catheter use in our study
was notably longer. Prior studies have reported much
shorter average lifespans for temporary CVCs, ranging
from 6 to 58 days, depending on catheter type and insertion
site 2022 For instance, Stoli¢ et al. 22 reported a much
shorter average duration of 17.4+13.2 days, with most
catheters placed in the femoral vein. Weldetensae et al. 2
found a mean duration of 57.9+95.5 days for the first
catheter, irrespective of insertion site. In contrast, Van
Oevelen et al. # demonstrated significantly longer dura-
tions for tunneled and precurved non-tunneled jugular cath-
eters, while Slovenian data showed that precurved non-
tunneled catheters used as long-term access remained func-
tional for over 9 months on average 2. As expected, tun-
neled permanent catheters have the longest duration, typi-
cally ranging from 504 (366-3,802) days %. Our findings
suggest that the catheter locks used in the TAURO group
may contribute to enhanced catheter longevity.

The overall incidence of CRBSIs in our study was
0.74/1,000 catheter-days, with the lowest rate (per 1,000
catheter-days) observed in the TAURO group (0.27), fol-
lowed by the GENTAM group (0.83), and the HEPARIN
group (1.15), though without statistical significance. Nota-
bly, this represents a marked reduction compared to a pre-
vious study conducted at our center between 2012 and
2015, in which the CRBSI incidence associated with hepa-
rin locks (5,000 IU/mL) was 3.72/1,000 catheter-days 2.
This improvement likely reflects better adherence to vascu-
lar access guidelines and catheter care protocols, which
may have contributed to the lower infection rates even in
the control (HEPARIN) group. Additionally, another study
from our region have reported CRBSI rates affecting 3.7%
to 4.8% of patients during the 20032006 period 2. Inter-
national data show a wide range of CRBSI incidence with
temporary catheters locked with heparin (3.55-7.74/1,000
catheter-days), and reduced infection rates when precurved
catheters or gentamicin-heparin locks were used 1% 2% 23 24,
Antibiotic-based catheter locks, particularly those contain-
ing gentamicin-citrate, have been shown to reduce CRBSI
incidence, with reported effectiveness ranging from 31% to
100% #'. Although randomized trials investigating tauroli-
dine-urokinase combinations have not reached statistical
significance, a meta-analysis including this agent reported a
favorable trend in reducing infection rates 1 28, All CRBSI
isolates in our study were gram-positive organisms, with S.
aureus responsible for 50% of cases, consistent with find-

ings reported in the literature 2°. Although gentamicin pri-
marily targets gram-negative bacteria, none of these organ-
isms were identified in our patients. Similarly, no gram-
negative pathogens were isolated in the HEPARIN control
group, consistent with previous data from our center, where
gram-negative bacteria represented only 6.4% of all CRBSI
isolates %,

In contrast to a meta-analysis by Sheng et al. ¥, which
demonstrated that citrate-based lock solutions significantly
reduced the incidence of catheter exit-site infections com-
pared to heparin at 5,000 IU/mL, our study found the highest
incidence in the GENTAM group and the lowest in the
HEPARIN group (p = 0.078).

The incidence of CRT did not differ across groups,
with an overall incidence of 1.11 events per 1,000 catheter-
days. These rates are lower than previously reported
thrombosis incidences associated with heparin locks, which
reach up to 3.0 events/1,000 catheter days 2. Previous study
using 4% TSC as an anticoagulant reported catheter throm-
bosis rates of around 3.2 events per 1,000 catheter-days 2.
However, one meta-analysis concluded that citrate locks,
regardless of concentration or combination with antimicro-
bials such as gentamicin, did not significantly reduce cathe-
ter malfunction *. In contrast, a separate meta-analysis
found that urokinase combined with 4% TSC and tauroli-
dine significantly reduced the incidence of catheter throm-
bosis compared to heparin locks %,

This study has several limitations, including a rela-
tively small sample size and a single-center design, which
limit the generalizability of the findings. A notable
strength of our study is the novel application of antimi-
crobial and thrombolytic lock combinations for the pre-
vention of CRBSI and catheter thrombosis. Although the
observed reductions in complication rates were not statis-
tically significant, the results suggest potential benefit in
high-risk populations and settings with high CRBSI inci-
dence.

Conclusion

The findings of this study indicate that the use of gen-
tamicin-citrate in combination with taurolock-urokinase is
safe and feasible in routine clinical practice. While no statis-
tically significant reductions in catheter-related complica-
tions were observed, the consistent trend toward lower cathe-
ter-related bloodstream infection rates and enhanced catheter
longevity supports further investigation. Future multicenter
studies with larger sample sizes are needed to validate these
results and guide individualized catheter care strategies in
hemodialysis patients.
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Possible relationship between blood groups and impacted lower third
molars categorized according to the Pell and Gregory and the Winter

classifications

Moguca povezanost krvnih grupa i impaktiranih donjih tre¢ih molara
kategorisanih prema Pell i Gregory i Winter Klasifikacijama

Ibrahim Tevfik Gulsen, Tansu Cimen

Alanya Alaaddin Keykubat University, Faculty of Dentistry, Department of Oral
and Maxillofacial Radiology, Antalya, Turkiye

Abstract

Background/Aim. Teeth that fail to reach their normal
position within the jaws are considered to be impacted, and
the etiology of impacted teeth is multifactorial. The aim of
this study was to examine the possible relationship between
blood groups and classifications of impacted lower third
molars (LTMs) according to the Pell and Gregory and the
Winter classifications. Methods. This retrospective, cross-
sectional study included 534 patients (274 males and 260
females) with at least one impacted LTM. A total of 890
LTMs were assessed using panoramic radiographs. Teeth
were classified based on the Pell and Gregory and the
Winter classifications, and blood groups were documented
for each patient. Statistical analysis was performed using
Fisher-Freeman-Halton test and Fisher’s exact test, with the
Bonferroni correction Z test for multiple comparisons.
Results. Significant relationships were identified between
blood groups and the Pell and Gregory classification
(» = 0.008), but not with the Winter classification. Notably,
women with A Rh-negative (Rh-), AB Rh-, and B Rh- blood
groups exhibited higher prevalence rates for the 1/B, I/C,
and II1/C positions, tespectively. Additionally, women with
A Rh-positive (Rh+) and O Rh+ blood groups
demonstrated higher prevalence rates for the II/A position,
while men with A Rh+ showed higher rates for the 1I/C
position. Gender-specific differences in impaction patterns
were observed for A Rh+ and O Rh+ blood groups
(» =0.006, p = 0.038, respectively). Conclusion. Blood
group antigens might influence LTM impaction patterns,
particularly in relation to the Pell and Gregory classification.

Keywords:
blood group antigens; molar, third; radiography,
panoramic; tooth, impacted.

Apstrakt

Uvod/Cilj. Zubi koji ne dostignu svoj normalan polozaj u
vilicama smatraju se impaktiranim, a etiologija impaktiranih
zuba ima viSe uzroka. Cilj rada bio je da se ispita moguca
povezanost izmedu krvnih grupa i impaktiranih donjih
tre¢ih molara (fower third molars — .TM) kategorisanih prema
Pell i Gregory i Winter klasifikacijama. Metode. Ova
retrospektivna, studija preseka obuhvatila je 534 pacijenta
(274 muskarca 1 260 Zena) sa najmanje jednim
impaktiranim  LTM. Ukupno je analizirano 890
impaktiranih LTM pomocu panoramske radiografije. Zubi
su Kklasifikovani prema Pell i Gregory 1 Winter
klasifikacijama, a krvne grupe su zabeleZzene za svakog
pacijenta. Statisticka analiza sprovedena je koris¢enjem
Fisher-Freeman-Halton-ovog testa i Fisher-ovog egzaktnog
testa, uz Bonferroni-jevu korekciju Z testa za viSestruka
poredenja. Rezultati. Utvrdena je znacajna povezanost
izmedu krvnih grupa i Pell i Gregory Kklasifikacije
(» =0,008), ali ne i povezanost sa Winter klasifikacijom.
Posebno je uoceno da su Zene sa krvnim grupama A Rh-
negativnom (Rh-), AB Rh- i B Rh- pokazale visu
prevalenciju za pozicije 1/B, I/C i III/C, redom. Takode,
zene sa krvnim grupama A Rh-pozitivnom (Rh+) i O Rh+
imale su viSe stope ulestalosti za poziciju II/A, dok su
muskarci sa A Rh+ krvnom grupom imali visu stopu
ucestalosti za poziciju II/C. Polno specificne razlike u
obrascima impakcije primecene su kod krvnih grupa A
Rh+ 1 O Rh+ (p = 0,006, p = 0,038, redom). Zakljucak.
Antigeni krvnih grupa mogu uticati na obrasce impakcije
LTM, posebno u odnosu na Pell i Gregory klasifikaciju.

Kljucne reci:
krvne grupe, antigeni; molar, treci; ortopantomografija;
zub, impakcija.
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Introduction

Tooth impaction is defined as the failure of a tooth to
erupt into its normal functional position in the dental arch,
and this condition occurs most frequently in the region of the
lower third molars (LTMs) * 2. The impaction of LTMs can
be diagnosed during both routine dental examinations and
the treatment of another tooth or teeth coincidentally > 4. The
impaction of LTMs can be associated with insufficient space,
limited skeletal growth, reduced vertical condylar growth,
increased crown dimension, delayed maturation of third
molars, local factors, and certain systemic conditions (e.g.,
cleidocranial dysplasia, Down syndrome) > ©. Furthermore,
genetic factors may be linked with tooth impaction according
to many previous studies ’.

Numerous classification systems have been proposed
for impacted LTMs (ILTMs) to evaluate their angulation and
extraction difficulty. Among these, the Winter and the Pell
and Gregory classifications are the most preferred 8,
According to the Winter classification, the LTMs are
categorized based on the angle formed between their
longitudinal axis and that of the adjacent second molar as
mesioangular, distoangular, horizontal, vertical, or inverted °.
Concerning the relationship to the anterior margin of the
mandibular ramus, the Pell and Gregory classification is
performed to understand the level (depth) of the occlusal
plane and the difficulty of impaction of the LTM 1°,

A number of studies have demonstrated a correlation
between blood groups (BGs) and the occurrence of various
diseases ' 2. The ABO classification and Rhesus (Rh)
system are the most commonly used around the world. The
ABO classification comprises four blood groups (A, B, O,
and AB) and is based on the presence or absence of A and B
antigens on the surface of red blood cells. Specifically, blood
group A is characterized by the presence of the A antigen,
blood group B by the presence of the B antigen, blood group
AB by the presence of both A and B antigens, and blood
group O by the absence of both antigens 2. In contrast, the
Rh system is a classification system that categorizes groups
according to the presence or absence of the RhD antigen on
the red blood cell membrane. If a red blood cell presents the
RhD antigen, it is designated as Rh-positive (Rh+), while if
it does not, it is designated as Rh-negative (Rh-) 4,

Previous studies have reported associations between
BGs and various medical and dental conditions, including
cancer, cardiovascular disease, and dental caries .
However, a limited number of studies have examined the
possible association between BGs and oral diseases. With
respect to this matter, the evidence indicated that considering
BGs separately, AB individuals have a greater risk of
developing early childhood dental caries compared with
individuals of other BGs > 8,

A great deal of controversy and inconsistency remains
concerning the possible significance of BGs, specifically
those of ABO system, as either diagnostic or prognostic
factors in the context of oral and dental diseases, especially
due to the diversity of methodological approaches employed
in the various studies. Additionally, the varying geographical

distributions and genetic profiles of BGs in different
populations may contribute to the observed discrepancies *°.
The association between impacted teeth and ABO and Rh
types within BGs is of great importance in predicting which
populations are more susceptible to developing impacted
third molars.

The aim of this study was to examine the possible
relationship between ILTM classifications and BGs.

Methods

Study design

This retrospective cross-sectional study was conducted
on all patients referred to the Department of Oral Radiology,
Faculty of Dentistry, Alanya Alaaddin Keykubat University,
Turkiye, between May 1 and December 31, 2023. The study
was approved by the Ethics Committee of the Faculty of
Dentistry, Alanya Alaaddin Keykubat University (No.
10354421-2023/14-15, from October 18, 2023). All
individuals participating in the study were informed verbally
about the study and provided written informed consent.

The study population consisted of all patients who
underwent panoramic radiographs for dental examination or
treatment. Out of 8,880 patients, those older than 20 years
with at least one ILTM with complete root development,
with no systemic disease, and no radiological lesions such as
cysts or tumors in the posterior mandibular area were
included in our study.

Among these individuals, patients lacking a lower
second molar in the relevant region, those with crown
destruction of the mandibular second molar due to caries or
other reasons, those with a history of orthodontic treatment,
and those with any trauma or pathology that would affect the
dentition were excluded from the study. Ultimately, 534
patients (274 males and 260 females) who met the inclusion
criteria were enrolled in the study, contributing a total of 890
ILTMs, of which 454 were in males and 436 in females.

Measures and procedures

All panoramic radiographs were obtained by a single
operator using standardized parameters (66 kV, 8 mA,
exposure time 15.8 s) on a panoramic X-ray unit (ProMax®
2D S3, Planmeca, Helsinki, Finland), with a magnification
factor set to 1. A patient informed consent form, designed
specifically for use within the context of our study, was
utilized to conduct interviews with the participants. The
participants were examined by a single dental practitioner
(G.L.T.) to ensure standardization and reliability in the
evaluation process. This approach minimized inter-observer
variability, particularly given that subjective interpretations
were required for the classifications of third molars.
Additionally, the dental practitioner was calibrated through a
test-retest process, achieving a substantial agreement
(x=0.879), which ensured consistency in applying the
classification criteria across all participants. The radiographs
were analyzed at the same time of day and on the same
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computer. During data collection, a 5-min rest period was
taken after every 30 min of evaluating radiographs. This was
done to prevent visual fatigue and to ensure the integrity of
the process.

The collected data included the patient’s gender, BG,
classification of impacted third molars based on both the Pell
and Gregory and the Winter classification systems, and the
side (left or right) of the impacted tooth. BG (categorized as
A, B, AB, or O) and Rh factor (positive or negative) were
retrieved from medical documentation, the e-Nabiz system (a
digital health portal provided by the Turkish Ministry of
Health), and driver’s licenses. A tooth was defined as
impacted if the occlusal surface of the LTM was positioned
below the occlusal plane and partially embedded within the
jawbone.

The ILTMs were evaluated using the Pell and Gregory
classification system, which assesses the tooth’s position
based on two parameters: its vertical alignment relative to
the adjacent second molar’s occlusal plane, and the extent to
which it is obstructed by the mandibular ramus.

Regarding the ramus relationship, Class | is identified
when the space between the anterior border of the
mandibular ramus and the distal surface of the second molar
is wide enough to accommodate the full mesiodistal width of
the third molar. Class Il applies when the available space is
smaller than the third molar’s width, resulting in partial
coverage of the tooth by the ramus. Class Il indicates that
the mandibular ramus entirely overlaps the area where the
third molar would erupt, with no discernible gap between the
ramus and the distal side of the second molar.

Regarding the vertical positioning relative to the second
molar, position A denotes that the top surface (occlusal
surface) of the third molar is at or above the level of the
second molar’s biting surface. Position B describes a scenario
where the third molar lies between the occlusal surface and the
cervical (neck) area of the second molar. Position C is used
when the occlusal surface of the third molar is situated beneath
the cervical margin of the second molar.

Additionally, the ILTMs were categorized according to
the Winter classification, which is based on the angulation of
the third molar in relation to the long axis of the second

Table 1

molar. This included vertical, mesioangular, horizontal,
distoangular, and inverse positions. The buccoangular and
linguoangular orientations were excluded from the analysis
due to limitations in their accurate visualization on
panoramic radiographs.

Statistical analysis

A sample size calculation was conducted using the
G*Power software (latest version 3.1.9.7, Heinrich Heine
University of Diisseldorf, Disseldorf, Germany). The sample
size was determined by utilizing the prevalence of impacted
third molars by the Winter and the Pell and Gregory
classification on radiographic assessment in relation to ABO
BGs, which was published in a previous study 2. All
statistical analyses were performed using IBM SPSS
Statistics version 23 (Chicago, USA) in a Windows
environment. The Fisher-Freeman-Halton test and Fisher’s
exact test were employed to compare categorical data, with
multiple comparisons analyzed by a Bonferroni-corrected Z
test. The results of the analyses were presented in the form of
a frequency table, with the corresponding percentage values.
The significance level was set at p < 0.05.

Based on the results of the reference study 2, the
minimum number of ILTMs required for sampling was 835,
as determined by the power analysis, with a 95% confidence
level (1-0), a 95% power test (1-B), and an effect size of
w: 0.198.

Results

Demographic characteristics

A total of 534 patients (274 males and 260 females)
with a mean age of 30.8 + 8.7 years (range: 20-73 years)
were included in the study. Among the 890 ILTMs, 454
belonged to males and 436 to females. The teeth were nearly
evenly distributed between the right (444 teeth) and left (446
teeth) sides. The distribution of BGs was as follows: A Rh+
39.1%, O Rh+ 28.3%, B Rh+ 13.3%, AB Rh+ 5.8%, O Rh-
5.4%, A Rh- 5.1%, B Rh- 1.7%, and AB Rh- 1.3% (Table 1).

Demographic characteristics of the study population (n = 534)

Characteristics Value
Gender

male 274 (51.3)

female 260 (48.7)
Age, years 30.8 £8.7 (20-73)
Blood group

A Rh+ 39.1

O Rh+ 28.3

B Rh+ 13.3

AB Rh+ 5.8

O Rh- 5.4

A Rh- 5.1

B Rh- 1.7

AB Rh- 1.3

All values are given as numbers (percentages), except for age,
which is shown as mean + standard deviation (range).
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Classification of impacted teeth

In accordance with the Pell and Gregory classification,
the most prevalent position was 11/B (36.85%), followed by
II/A (33.14%), and the least prevalent was III/A (1.01%).
Concerning the Winter classification, the most common
angulation was mesioangular (28.36%), followed by vertical
(27.57%), and the least common was inverted (1.56%)

Relationships between classifications and blood groups

No statistically significant relationship was observed
between BGs and classes in the Winter classification,

regardless of gender or side (p = 0.476) (Table 3).

In contrast, a statistically significant relationship was
found between BGs and ILTMs in the Pell and Gregory
classification, regardless of gender or side (p = 0.008)

(Table 2). (Table 4).
Table 2
Distribution of impacted lower third molars
by the Pell and Gregory and the Winter classifications
Classification/Position Prevalence (%)
Pell and Gregory
11/B 36.85
/A 33.14
/A 8.31
1n/C 6.85
/B 5.39
/B 3.25
lni/c 2.92
I/IC 2.24
/A 1.01
Winter
mesioangular 28.36
vertical 27.57
distoangular 23.87
horizontal 18.60
inverted 1.56
Table 3
Comparison of the Winter classification classes by blood groups
for right and left sides, and overall distribution without gender distinction
. Blood group e
Side/Class ARht  ARh-  BRh+ BRh- ORht  ORh-  ABRh+ ABRh- |costatistic *p-value
Right
mesioangular 49 (28.3) 8(34.8) 16(26.7) 2(286) 30(22.7) 8(32.0) 7(30.4) 0(0)
distoangular 40 (23.1) 4(17.4) 18(30.0) 1(14.3) 34(26.2) 5(20.0) 3(13.0) 2(66.7)
vertical 41(23.7) 5(21.7) 17(283) 2(286) 36(27.3) 9(36.0) 6(26.1) 0(0) 18.315 0.940
horizontal 40(23.1) 6(26.1) 9(15.00 2(28.6) 27(20.5) 3(12.0) 7(30.4) 1(33.3) ' :
inverted 3(1.7) 0(0) 0(0) 0(0) 3(233) 0(0) 0(0) 0(0)
total 173(100) 23 (100) 60 (100) 7 (100) 130 (100) 25(100) 23(100) 3 (100)
Left
mesioangular 58 (35.4) 4(18.2) 16(27.1) 1(125) 40(30.1) 6(24.0) 7(241) 1(16.7)
distoangular 32 (19.5) 3(136) 13(22.0) 0(0) 34(256) 6(24.0) 13(44.8) 3(50.0)
vertical 45(27.4) 10 (455) 21(356) 3(37.5) 37(27.8) 9(36.0) 4(138) 1(167) 4o e 0.268
horizontal 26 (159) 5(22.7) 8(13.6) 4(50.0) 20(15.0) 3(12.0) 4(13.8) 1(16.7) ' :
inverted 3(1.8) 0(0) 1(1.7) 0(0) 2(1.5) 1 (4.0) 1(3.4) 0(0)
total 164 (100) 22 (100) 59(100) 8(100) 133(100) 25(100) 29 (100) 6 (100)
Total
mesioangular 107 (31.8) 12 (26.7) 32(26.9) 3(20.0) 70(26.4) 14(28.0) 14(26.9) 1(11.1)
distoangular 72 (21.4) 7(156) 31(26.1) 1(6.7) 68(26.4) 11(22.0) 16(30.8) 5 (55.6)
vertical 86(255) 15(333) 38(3L9) 5(333) 73(275) 18(36.0) 10(192) 1(1LL) ,oon) (47
horizontal 66 (19.6) 11(24.4) 17(143) 6(40.0) 47(17.7) 6(12.0) 11(21.2) 2(22.2) ' '
inverted 6 (1.8) 0(0) 1(0.8) 0(0) 5(1.9) 1(2.0) 1(1.9) 0(0)
total 337 (100) 45(100) 119 (100) 15(100) 263(100) 50 (100) 52 (100) 9 (100)

All values are given as numbers (percentages).
Note: * Fisher-Freeman-Halton test was used.
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Table 4
Sample distribution by the Pell and Gregory classification across blood groups, regardless of gender or side
Scale/Class Blood group Test statistic ~ *p-value
A Rh+ A Rh- B Rh+ B Rh- O Rh+ ORh- ABRh+ ABRh- P
Right
I/A 1587) 2(87) 6(100) 0() 10(77) 7(280) 1(43) 0(0)
I/B 3(1.7) 287 3(5.0) 0(0) 2(15) 1(40) 287 0(0)
I/C 2(1.2) 0(0) 2 (3.3) 0(0) 1(0.8)  0(0) 0(0) 0(0)
/A 63(36.4) 4(17.4) 20(33.3) 4(57.1) 51(39.2) 9(36.0) 7(30.4) 2(66.7)
/B 54 (31.2) 10(435) 25(41.7) 2(28.6) 46(35.4) 7(28.0) 9(39.1) 1(33.3) 62,671 0.134
1n/c 17 (9.8) 0 (0) 0 (0) 0 (0) 9(6.9) 0 (0) 1(4.3) 0 (0) : :
/A 2(1.2) 0 (0) 0 (0) 0 (0) 2 (1.5) 0 (0) 0 (0) 0 (0)
/B 12(6.9) 3(13.0) 3(5.0) 0 (0) 8(6.2) 1(4.0 0 (0) 0 (0)
1n/c 5(9) 287 1(L7) 1(143) 1(08) 0(0) 3(13.0) 0(0)
total 173 (100) 23 (100) 60 (100) 7 (100) 130 (100) 25 (100) 23 (100) 3 (100)
Left
I/A 15(9.1)  0(0) 2 (3.4) 0(0) 10(75) 3(12) 3(10.3) 0(0)
1/B 3(1.8) 2(9.1) 3(6.1) 1(125) 5(3.8) 2(8.0) 0 (0) 0 (0)
1/IC 3(1.8) 0 (0) 3(5.1) 0 (0) 8 (6) 0 (0) 0 (0) 1(16.7)
/A 56 (34.1) 9(40.9) 13(22.0) 4(50.0) 35(26.3) 7(28.0) 10(34.5) 1(16.7)
/8 57 (34.8) 6(27.3) 28(47.5) 2(25.0) 56 (42.1) 11 (44.0) 12 (41.4) 2 (33.3) 50.421 0.137
1n/c 1485 2(9.1) 6(102) 0(0) 9(6.8) 2(80) 1(84) 0(0) : '
HI/A 2(1.2)  2(9.1) 0(0) 0(0) 1(0.8)  0(0) 0 (0) 0(0)
/B 8 (4.9) 0(0) 3(5.1) 0(0) 8(6.0)  0(0) 0(0) 2(333)
1n/c 6(37 1(45) 1(1L7) 1(125) 1(08) 0(0) 3(103) 0(0)
total 164 (100) 22 (100) 59 (100) 8(100) 133(100) 25(100) 29 (100) 6 (100)
Total
I1A 30 (8.9) 2 (4.4) 8 (6.7) 0 (0) 20 (7.6) 10(20.0) 4(7.7) 0 (0)
1/B 6 (1.8) 4 (8.9) 6 (5.0) 1(6.7) 727 3(6.0) 2(3.8) 0 (0)
I/C 5 (1.5) 0(0) 5 (4.2) 0(0) 9(34) 0(0) 0(0) 1(11.1)
/A 119 (35.3) 13(28.9) 33(27.7) 8(53.3) 86(32.7) 16(32.0) 17 (32.7) 3(33.3)
/B 111 (32.9) 16 (35.6) 53 (44.5) 4(26.7) 102 (38.8) 18 (36.0) 21 (40.4) 3(33.3) 25791 0.008
1n/c 31(92) 2(44) 6(5.0) 0(0) 18(6.8) 2(40) 2(3.8  0(0) : :
/A 4(1.2) 2 (4.4) 0 (0) 0 (0) 3(1.1) 0 (0) 0 (0) 0 (0)
/B 20(5.9® 3(6.7)® 6.0 0()* 16(6.1)® 1(2.0® 00" 2(22.2)»?
1n/c 11 (3.3)®c 3 (6.7)® 2(1.7)% 2(13.3)° 2(0.8)> 0(0)® 6 (11.5)* 0 (0)*°
total 337 (100) 45 (100) 119 (100) 15 (100) 263 (100) 50 (100) 52 (100) 9 (100)

All values are given as numbers (percentages). Bold values indicate statistical significance, p < 0.05.
Note: * Fisher-Freeman-Halton test was used; #°there was no difference between groups with the same letter.

Gender-specific analyses

Separate analyses were conducted to investigate the
relationships between BGs and classifications of ILTMs in
males and females, across both the Pell and Gregory and the
Winter classification systems.

For females, a statistically significant relationship
was found between BGs and classifications in the Pell

and Gregory system, regardless of the side (p = 0.041)
(Table 5).

No statistically significant relationships were found in
the Winter classification for females (p > 0.05).

For males, no statistically significant relationships were
identified between BGs and classifications in either the Pell
and Gregory or the Winter classification systems, regardless
of the side (p > 0.05).

Table 5
Female sample distribution by the Pell and Gregory classification across blood groups, regardless of side
Scale/Class Blood group Test statistic *p-value
A Rh+ A Rh- B Rh+ B Rh- O Rh+ O Rh- AB Rh+ AB Rh-
Right
I/A 10 (105) 1(125) 2(6.3) 0 (0) 3(47)  3(25) 0 (0) 0 (0)
I/B 1(11) 1(125) 2(6.3) 0 (0) 1(16) 1(83) 1(9.1) 0 (0)
IIC 1(1.1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
/A 38(40.0) 2(250) 9(28.1) 1(333) 33(51.6) 4(333) 4(36.4) 2(100)
/B 33(34.7) 3(375) 17(53.1) 1(33.3) 19(29.7) 4(333) 5(455)  0(0) 63331 0.390
In/c 4(4.2) 0(0) 0 (0) 0(0) 4(6.3) 0(0) 0(0) 0(0) : :
/A 1(1.1) 0(0) 0 (0) 0(0) 2(3.1) 0(0) 0(0) 0(0)
/B 4(4.2) 1(125) 131 0(0) 2(3.1) 0(0) 0(0) 0(0)
1n/c 3(3.2) 0 (0) 1(31) 1(333) 0(0) 0 (0) 1(9.1) 0 (0)
total 95(100) 8(100) 32(100) 3(100) 64 (100) 12(100) 11(100) 2 (100)
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Table 5 (continued)

Blood group .

Scale/Class— A pr ™ ARN-  BRh+  BRh-  ORh+  ORh-  ABRh+ ABRh. | eststatistic™p-value
Left

UA  8(100) 0(0) 2(65 0(0) 3(G1) 1(100) 2(133) 0(0)

/B 1(13) 1(143) 2(65 0(0) 1(L7) 1(100) 0(0) 0(0)

I/C 0(0) 00)  0(0) 00) 234 00 0(0) 1(250)

/A 35(438) 4(57.1) 5(161) 2(66.7) 17(28.8) 4(400) 5(333) 1(25.0)

B 27(338) 2(286) 18(81) 0(0) 31(525) 4(400) 6(40.0) 1(350) eae (130

wc  4(G0) 0@ 265 0(0) 3(1) 00 167  0(0) : :

WA  1(13) 0(0)  0(0) 0(0) 0(0) 0(0)  0(0) 0(0)

B 338 0(0) 265 0(0) 234 00  0(0) 1(250)

n/c  1(13) 0(0)  0(0) 1(333) 0(0) 00) 167  0(0)

total  80(100) 7(100) 31(100) 3(100) 59(100) 10 (100) 15(100) 4 (100)
Total

UA  18(103) 1(67) 4(63) 0(0) 6(49) 4(182) 2(7.7)  0(0)

B 2(L1F 2(133)P° 4(63)® 00 2(L6® 2Q@1® 138 0(0)®

IIC  1(06)F 0(Q® 0(0F 0@Q® 2(16* 00> 0@ 1(167)P

WA 73(4L7) 6(400) 14(22.2) 3(50.0) 50(40.7) 8(36.4) 9(346) 3 (50.0)

/B 60(343) 5(333) 35(556) 1(167) 50(40.7) 8(364) 11(423) 1(167) oo 0ou

wc  8(46) 0(0) 2332 0(0) 7(7) 0@ 1338  0(0) : :

WA 211 0(0)  0(0) 0(0) 2(16) 0(0)  0(0) 0(0)

/B 7(40) 1(67) 348 0(0) 4(33) 0(0) 0(0) 1(16.7)

H/C 4237 0@ 1(L6)F 2(333)P° O0(0)F 0@Q® 2(7.7)® 0(0)®

total  175(100) 15(100) 63(100) 6(100) 123(100) 22 (100) 26(100) 6 (100)

All values are given as numbers (percentages). Bold values indicate statistical significance, p < 0.05.
Note: * Fisher-Freeman-Halton test was used; & ° there was no difference between groups with the same letter.

Investigation of blood groups and impaction
relationships

Each BG was investigated to compare impacted tooth
subgroups according to gender, both with and without side
discrimination. Among all BGs, A Rh+ and O Rh+ were the
only ones that showed a statistically significant relationship
between gender and impacted tooth subgroups. Importantly,
this relationship was observed exclusively in the Pell and
Gregory classification.

For the A Rh+ BG, a statistically significant relation-
ship between gender and impacted tooth subgroups was iden-

Table 6

tified without side discrimination (p = 0.006). These results
are detailed in Table 6, where differences between males and
females in specific subgroups are highlighted. For instance,
significant differences were noted for Class II/A (males:
28.4%, females: 41.7%) and Class 11/C (males: 14.2%, fe-
males: 4.6%), indicating notable gender-based variations
within these subgroups.

For the O Rh+ BG, a similar statistically significant re-
lationship was found (p = 0.038) (Table 7). These findings
underscore the unique relevance of these two BGs in relation
to ILTMs, as no other BG demonstrated significant associa-
tions.

Comparison of impacted tooth subgroups by gender in the A Rh+ blood group based
on the Pell and Gregory classification, considering sides and overall distribution

Scale/Class Gender Test statistic *p-value
male female
Right
I1A 5 (6.4) 10 (10.5)
1/B 2 (2.6) 1(1.1)
1/C 1(1.3) 1(1.1)
/A 25 (32.1) 38 (40.0)
11/B 21 (26.9) 33 (34.7)
1/C 13 (16.7) 4 (4.2) 12.529 0.086
/A 1(1.3) 1(1.1)
/B 8 (10.3) 4 (4.2)
1n/c 2 (2.6) 3(3.2)
total 78 (100) 95 (100)
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Table 6 (continued)

Scale/Class Gender Test statistic *p-value
male female
Left
/A 7(8.3) 8 (10.0)
I/B 2(2.4) 1(1.3)
I/C 3 (3.6) 0(0)
/A 21 (25.0) 35 (43.8)
/8 30 (35.7) 27 (33.8)
In/c 10 (11.9) 4 (5.0) 12.408 0.097
/A 1(1.2) 1(1.3)
/B 5(6.0) 3(3.8)
n/c 5(6.0) 1(1.3)
total 84 (100) 80 (100)
Total
/A 12 (7.4) 18 (10.3)
I/B 4(2.5) 2(11)
I/C 4(2.5) 1(0.6)
/A 46 (28.4) 73 (41.7)°
/8 51 (31.5) 60 (34.3)
In/c 23 (14.2) 8 (4.6) 19.880 0.006
/A 2(12) 2(11)
/B 13 (8.0) 7(4.0)
n/c 7(4.3) 4(2.3)
total 162 (100) 175 (100)

All values are given as numbers (percentages).
Bold values indicate statistical significance, p < 0.05.
Note: * Fisher-Freeman-Halton test was used; & P there was no difference between groups

with the same letter.

Table 7

Comparison of impacted tooth subgroups by gender in the O Rh+ blood group based
on the Pell and Gregory classification, considering sides and overall distribution

Scale/Class Gender Test statistic *p-value
male female
Right
/A 7 (10.6) 3(4.7)
/B 1(1.5) 1(1.6)
I/C 1(1.5) 0 (0)
/A 18 (27.3) 33 (51.6)
11/B 27 (40.9) 19 (29.7)
1/C 5 (7.6) 4 (6.3) 13.068 0.051
/A 0 (0) 2(3.1)
/B 6(9.1) 2(3.1)
ni/c 1(1.5) 0 (0)
total 66 (100) 64 (100)
Left
I/A 7(9.5) 3(5.1)
/B 4 (5.4) 1(1.7)
I/C 6 (8.1) 2 (3.4)
/A 18 (24.3) 17 (28.8)
11/B 25 (33.8) 31 (52.5)
1/C 6(8.1) 3(5.1) 8.911 0.306
/A 1(1.4) 0 (0)
/B 6(8.1) 2 (3.4)
ni/c 1(1.4) 0 (0)
total 74 (100) 59 (100)
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Table 7 (continued)
Scale/Class Gender Test statistic *p-value
male female

Total
I/A 14 (10) 6 (4.9)
/B 5(3.6) 2(1.6)
I/C 7 (5.0) 2(1.6)
/A 36 (25.7)2 50 (40.7)°
11/B 52 (37.1) 50 (40.7)
e 11(7.9) 7(5.7) 15.133 0.038
HI/A 1(0.7) 2(1.6)
/B 12 (8.6) 4(3.3)
1n/c 2(1.4) 0(0)
total 140 (100) 123 (100)

All values are given as numbers (percentages).

Bold values indicate statistical significance, p < 0.05.

Note: *Fisher-Freeman-Halton test was used; ® ° there was no difference between groups

with the same letter.

Discussion of the mandible, although some authors have found that

Teeth that fail to reach their normal position within the
jaws at the expected time of eruption, for a variety of
reasons, are considered to be impacted 2'. The etiology of
impacted teeth is multifactorial, with numerous contributing
factors. These include physical disintegration of the lamina
of the teeth, insufficient space for the eruption of the teeth, a
natural defect of the tooth lamina, and failure of the
induction of the mesenchyme 2.

There is a paucity of data regarding potential
differences in impaction incidence between genders,
populations, age groups, and over time 2. Although some
researchers have reported a higher occurrence in females
compared to males 2>%5 a substantial body of literature
indicates no statistically significant association between
gender and the presence of impacted third molars 26-2°. These
findings are consistent with the results of the present study.
Similarly, the current results revealed no significant
difference in the frequency of impaction between the right
and left sides of the mandible, which aligns with
observations reported in several other studies 2% 3% 31,

The LTMs have the highest incidence of impaction. In
order to evaluate these teeth radiographically, it is necessary
to determine the angulation of the molars according to the
Winter classification, the level of depth in the bone, and the
relationship of the teeth to the ramus of the mandible.
Furthermore, the relationship of the second molars to the
aforementioned structures should be determined according to
the Pell and Gregory classification. Similar to the present
study, mesioangular and inverted positions were observed to
be the most and least prevalent, respectively, according to
the Winter classification, as reported by Santos et al. *2. In
accordance with the Pell and Gregory classification, some
authors have indicated that the C level is the most prevalent
at the depth level *, while others have suggested that the A
level is the most common 34, Previous research * reported
that the most commonly observed level was B, consistent
with the findings of this study. When considering the ramus

Position I is the most common position, followed by Position
11 %, many studies have reported that Position 1l is the most
common position 2 % 37 This is similar to the present study.
In contrast to prior study %, which identified 11/A as the most
prevalent category followed by II/B within the Pell and
Gregory classification, the present study yielded different
results. In our study, the I1/B position (36.85%) was the most
prevalent, followed by II/A (33.14%).

The most common cause of impacted third molars is
insufficient space for eruption, which has a genetic
component. This raises the possibility of a potential link
between BG and the occurrence of impacted third molars *°.
The association has been investigated previously. However,
unlike the findings presented in the current research, Ahmadi
et al. “ did not demonstrate a statistically significant
correlation between BGs and the presence of impacted teeth.
The sample size and geographical distribution may have
been responsible. In previous research 3, the prevalence of
impacted teeth in both jaws was analyzed, and the existing
impacted teeth were classified according to the Winter
classification. In this study, given that the prevalence of
impacted teeth was the highest, only impacted teeth in the
lower jaw were evaluated, and all impacted teeth were
grouped according to both the Pell and Gregory and the
Winter classifications.

The significant association observed between BGs and
impacted teeth according to the Pell and Gregory
classification suggests a potential genetic or biological link.
Among the different BGs, individuals with AB Rh- showed a
higher prevalence of the I1I/B position, while those with B
Rh- and AB Rh+ were more likely to present with the I11/C
position. These findings provide new insights into the
possible role of genetic factors.

Gender-specific analyses revealed further
distinctions. Women with A Rh- BG were more likely to
present with the 1/B position, while those with AB Rh- and
B Rh- BGs were more likely to present with 1/C and I11/C
positions, respectively. Additionally, women with A Rh+
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and O Rh+ BGs exhibited higher prevalence rates for the
II/A position, whereas men with A Rh+ showed higher
rates for the II/C position. These findings could have
significant clinical implications for identifying individuals
at greater risk of specific impaction patterns based on their
gender and BG.

This study’s limitations warrant careful consideration.
First, all evaluations were conducted by a single operator,
which, while ensuring consistency, limits the inter-rater
reliability of the findings. Future studies should involve
multiple independent observers to enhance objectivity.
Second, the exclusion of certain classification angles, such as
bucoangular and distoangular, due to the limitations of
panoramic radiography, may have excluded relevant data.
Third, the study design did not include a post hoc power
analysis, which could have further strengthened the statistical
robustness of the findings. Moreover, clinical implications
could be influenced by these limitations. For instance, the
lack of inter-observer variability may impact the
reproducibility of these results in broader clinical settings.
Fourth, the sample size and geographic focus may limit the
generalizability of the results. Future research should aim to

include larger, more diverse populations to validate these
findings and explore advanced imaging techniques to capture
a more comprehensive classification of impacted teeth.
Lastly, employing multi-center trials and advanced statistical
techniques may help better elucidate the relationship
between genetic factors, such as BG, and impact patterns.

Conclusion

This study provides novel insights into the relationship
between blood groups and impacted third molars,
particularly with respect to the Pell and Gregory
classification. The findings highlight the possible clinical
significance of incorporating genetic and demographic
factors into dental practice. Future research should
investigate the underlying biological mechanisms that drive
these associations and assess their implications in larger,
more diverse cohorts.
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Abstract

Background/Aim. Endodontically treated teeth (ETT) are
more prone to fractures than vital teeth, and insertion of an
intra-orifice bartier (IOB) can increase their fracture
resistance (FR). The aim of this study was to compate and
evaluate the FR of ETT using smart dentin replacement
(SDR), everX Flow (EXT), resin-modified glass-ionomer
cements (RMGIC), calcium-enriched mixture (CEM), and
universal flowable composite (UFC) as I0Bs. Methods.
After performing root canal treatment on 70 human
mandibular premolars with a single root canal, the coronal 3
mm of root fillings were removed with heated instruments,
except for the control specimens. Based on the IOB above
the root canal obturation, the filled specimens were divided
into six groups: RMGIC (n=13), UFC (n = 13), SDR
(n =13), CEM (n = 13), EXF (n = 13), and a control group
(CG; n=5). A spherical steel insert with a diameter of 2
mm was used in the strength test with a universal testing
machine. Data were analyzed using the Shapiro-Wilk test,
analysis of variance, and least significant difference tests.
The value of p < 0.05 is considered statistically significant.
Results. The EXF group showed the highest mean FR of
759.9 £ 177.9 Newtons. The groups RMGIC, UFC, and
EXF demonstrated a statistically significant difference
compared to CG. CEM had a lower FR value than all
groups except the SDR and CG. However, the FR of SDR
was lower than that of the UFC and EXF groups. There
were no significant differences between EXF, UFC, and
RMGIC groups. Conclusion. Except for SDR and CEM,
all other groups showed an increase in FR compared to CG.
The results indicate that using EXF, UFC, or RMGIC as
IOB can significantly enhance the FR of ETT compared to
untreated controls. Clinically, selecting these IOBs may help
prevent root fractures and improve the long-term prognosis
of ETT.

Keywords:
bicuspid; dental cements; endodontics; in vitro;
materials testing; root canal preparation.

Apstrakt

Uvod/Cilj. Endodontski le¢eni zubi (endodontically treated teeth —
ETT) skloniji su prelomima od vitalnih zuba, a umetanje
barijera koje se postavljaju na ulazu u kanal (intra-orifice barriers —
IOB) moze povecati njihovu otpornost na prelom (fracture
resistance — FR). Cilj rada bio je da se uporedi i proceni FR ETT
korid¢enjem ,,pametne® zamene dentina (swart dentin replacement
— SDR), everX Flow (EXT), smolom modifikovanog stakleno-
jonomernog cementa  (resin-modified  glass-ionomer  cements —
RMGIC), kalcijum silikatnog cementa (cakium-enriched mixcture —
CEM) i univerzalnog tecnog kompozita (universal flowable
composite — UFC) kao IOB. Metode. Nakon lecenja korena
kanala 70 humanih jednokanalnih mandibularnih premolara,
zagrejanim instrumentima su uklonjena koronarna 3 mm
kotenskih punjenja, osim kod kontrolnih uzoraka. Na osnovu
IOB iznad opturacije korenskog kanala, uzorci pripremljeni za
punjenje podeljeni su u Sest grupa : RMGIC (n =13), UFC
n=13), SDR (n=13), CEM (n=13), EXF (n=13) i
kontrolna grupa (KG; n=15). U testu ¢vrstoce univerzalnom
masinom za ispitivanje koriséen je sfericni celicni umetak
precnika 2 mm. Za analizu podataka koriséeni su Shapiro-Wilk
test, analiza varijanse i test najmanje znacajne razlike. Vrednost
p < 0,05 smatrana je statisticki znacajnom. Rezultati. Grupa
EXT pokazala je najvisu srednju FR od 759,9 + 177,9 Njutna.
Grupe RMGIC, UFC i EXF pokazale su statisticki znacajnu
razliku u odnosu na KG. CEM je imao nizu vrednost FR od
svih grupa osim SDR i KG. Medutim, FR SDR bio je nizi nego
kod UFC i EXF grupa. Nije bilo znacajnih razlika izmedu
grupa EXF, UFC i RMGIC. Zaklju¢ak. Osim SDR i CEM,
sve ostale grupe pokazale su povecanje FR u poredenju sa KG.
Rezultati ukazuju da koris¢enje EXF, UFC ili RMGIC kao IOB
moze znacajno poboljsati FR ETT u poredenju sa netretiranim
kontrolama. Klinicki, izbor ovih IOB moze pomodi u
sprecavanju preloma korena zuba i poboljsanju dugoroc¢ne

prognoze ETT.

Kljucne redi:

premolari; zub, cement; endodoncija; in vitro;
materijali, testiranje; zub, korenski kanal, priprema.
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Introduction

Preservation of the remaining tooth structure is one of
the main objectives of endodontic treatment ®. Canal
preparation with rotary instruments, which have a greater
taper, heightens the risk of fracture in the coronal third of
teeth. Consequently, it is essential to emphasize the
reinforcement of these vulnerable regions 2. After dental
caries and periodontal disease, vertical root fractures (VRFs),
described as fractures in teeth that run along the longitudinal
axis of the root, are one of the common causes of tooth
extraction 3. Endodontically treated teeth (ETT) are more
prone to fractures than vital teeth, which may vary from a
typical cusp fracture to a catastrophic root fracture that
requires extraction 4. This can be prevented by strengthening
the remaining radicular tooth structure, particularly in teeth
exposed to high occlusal stresses. For this reinforcement, it is
recommended to use restorative materials with compressive
strength and modulus of elasticity similar to dentin, which
helps reduce stress concentration at the dentin-restoration
interface °.

It is recommended to remove the 3 mm gutta-percha at
the orifice of the root canal and replace it with a restorative
material 8. Insertion of an intra-orifice barrier (IOB)
increases the strength of the ETT 7. To replicate the stress-
absorbing qualities of dentin, short fiber-reinforced
composites have been developed to be utilized as a bulk
basis for the restoration of high-stress teeth. The composite
everX Flow (EXF) is recommended as an ideal 10B,
especially in large cavities, as it allows better stress
distribution 8 One of the most popular materials for ETT
restoration is smart dentin replacement (SDR) Plus Bulk
Fill Flowable, a low-viscosity flowable composite that
minimizes air bubble formation and enables it to reach deep
places °. Another common option is resin-modified glass-
ionomer cements (RMGICs), which chemically bond with
dentin ¥, The RMGICs perform a similar acid-base
reaction, but with the inclusion of resins. They allow for an
effective setting and greater initial strength than glass-
ionomer cements . Calcium-enriched mixture (CEM), a
water-based cement, is made up of calcium compounds.
CEM is less toxic and more biocompatible, and is used for
vital pulp treatment 2,

Despite the variety of materials available, limited data
exist comparing their effects on fracture resistance (FR)
when used as I0Bs.

The aim of this study was to compare and evaluate the
FR of ETT using SDR, EXF, RMGIC, CEM, and universal
flowable composite (UFC) as 10Bs. The null hypothesis was
that the 10Bs do not affect the FR of ETT and that there are
no differences in FR offered by the five IOBs.

Methods

This in vitro study was conducted within four weeks,
from January to February 2024, at the Department of
Endodontics, Faculty of Dentistry, Gaziantep University,
Gaziantep, Turkiye. This study was approved by the Ethics

Committee of Gaziantep University (No. 2023/354, from
November 01, 2023).

Sample size calculation

This sample size was computed using the mean and
standard deviation (SD) values reported in two previous
studies * 4. Therefore, using G*Power 3.1 software
(Universitat Dusseldorf, Germany) and Cohen’s d method
with a = 0.05, power of 95%, and computed effect size
f=2.05, a sample size of 13 was determined for each group.
Five samples were chosen for the control group (CG). Thus,
a total sample of 70 was determined.

Inclusion and exclusion criteria

Seventy human mandibular premolars with single root
canals extracted for orthodontic procedures were chosen
because they were of comparable size and had straight roots.
The samples were first inspected under a stereomicroscope to
ensure there were no cracks, and teeth with short and curved
roots were eliminated. To rule out teeth with resorptive
abnormalities and verify the existence of a single canal,
intraoral periapical radiographs were also obtained. An
ultrasonic scaler handpiece (Woodpecker HW-5L, Guangxi,
China) with an ultrasonic scaler tip (G1) was subsequently
utilized to clean all samples in order to remove calculus and
debris. To avoid dehydration, the samples were then kept in
distilled water for two weeks before use.

Specimen preparation

After measuring 14 mm from the root apex with a
digital vernier caliper and marking it with a fine-point
marker, the samples were decoronated along the marking
using a low-speed handpiece with a diamond disc under
water cooling. A size 10 K-type file (Dentsply Maillefer,
Tulsa, USA) was inserted into the canal until it was
observable through the apical foramen. The working length
was determined 1 mm below this length.

Root canal preparation

Crown-down endodontic treatment of the specimens
was carried out utilizing a nickel-titanium rotary instrument
set (ProTaper Next, Dentsply Tulsa Dental, Tulsa, USA). A
number 15 K-type file (Dentsply Maillefer, Tulsa, USA) was
used to establish a glide path in the canals. In each sample,
files X1 (#17.04), X2 (#25.06), and X3 (#30.04) were used
in that order. During the preparation process, 2 mL of 5.25%
sodium hypochlorite (NaOCI) (Wizard, Rehber Kimya San.
ve Tic., Istanbul, Tlrkiye) was used for irrigation. After each
file was replaced, 2 mL of 17% ethylenediaminetetraacetic
acid (EDTA) was added. NaviTip sideport 31-gauge side
perforated flushing needles (Ultradent, South Jordan, Utah,
USA) were used for canal irrigation. After the root canals
were prepared, the smear layer was removed by irrigating
them with 3 mL of 5% NaOCI solution, followed by 3 mL of
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15% EDTA for 1 min, and finally with 3 mL of 5% NaOClI
solution. To ensure the effectiveness of the treatments, the
root canals were lastly cleaned with 10 mL of distilled water
and dried with sterile paper points (Aceonedent, Geonggi-
Do, Korea).

The canals were subsequently filled with AH Plus Jet
(Dentsply DeTrey, Konstanz, Germany) canal sealer and
gutta-percha with 0.2% taper, according to the instructions of
the manufacturer, using the lateral condensation technique.
Then, the coronal 3 mm of root fillings was carefully
removed using heated tools, with the exception of control
specimens. By using a William’s periodontal probe, this
depth was verified. Microbrushes soaked with 70% ethanol
were used to remove any remaining gutta-percha or sealer.
Lastly, based on the IOB located above the root canal
obturation, the filled specimens were split into the groups by
manual allocation.

Placement of intra-orifice barriers

In the RMGIC group (n = 13), Equia Forte HT Fil (GC,
Tokyo, Japan) was used. This is a high-viscosity glass
ionomer restorative material consisting of
fluoroaluminosilicate glass and an aqueous polyacrylic acid
solution. The glass component contains SiO, Al,Os, CaF,
AlF;, and AIPO., which undergo an acid-base reaction to
form a strong ionic bond with the tooth structure. The
RMGIC capsule was mixed in the amalgamator for the
duration specified by the manufacturer. Then, RMGIC was
inserted into the prepared canal openings and polymerized
for 20 s using a light-curing device (Elipar DeepCure, 3M
ESPE).

In the UFC group (n=13), G-znial Universal
Injectable (GC, Tokyo, Japan) was used. This is a highly
filled, light-cured injectable composite containing urethane
dimethacrylate, bisphenol A-ethoxylate dimethacrylate, and
strontium glass fillers [69 weight percent (wt%)]. The root
canal orifices were etched with 37% phosphoric acid for 20
S. The surface was then cleaned with water, and extra water
was removed using an air syringe. The sample was then
rinsed with water and dried with air. The bonding agent
(Adper Single Bond 2, 3M ESPE, St. Paul, MN, USA) was
applied to the area with a microbrush and polymerized with a
light-curing device for 10 s. The pre-prepared canal orifices
were filled with flowable composite in 1.5 mm increments,
using a 470 nm visible light curing device placed 2 mm away
for 20 s, in two passes.

In the SDR Plus group (n =13), SDR Plus (Dentsply,
Sirona, Germany) material was used, which contains
modified urethane dimethacrylate resin matrix and filler (68
wt%). Root canal orifices were etched for 20 s using 37%
phosphoric acid prior to restoration. After that, water was
used to rinse the surface, and an air syringe was employed to
remove any extra water. The enamel and dentin were then
coated with Adper Single Bond 2, which was light
polymerized for 10 s. Then, the SDR was installed and
exposed to light polymerization for 20 s.
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In the CEM group (n = 13), the material used was CEM
(Bioniquedent Co., Tehran, Iran), and it contains calcium
oxide, calcium phosphate, calcium carbonate, and calcium
sulfate. The powder and liquid portions were added
according to the manufacturer’s instructions. The powder
was progressively combined with the liquid for 15-30 s to
wet all powder particles and achieve a dense consistency
with a plastic spatula. Then, a ball-shaped mass of CEM
cement was taken from the mixture and gently pushed into
the canal orifices with a hand instrument. A wet cotton pellet
was put on the 10B and allowed to set for 1 hr.

The material EXF (GC Dental, Tokyo, Japan), used in
the EXF group (n=13), contains E-glass fibers (1-2 mm),
bisphenol  A-glycidyl methacrylate, triethylene glycol
dimethacrylate, and barium glass filler. Before restoration,
the surfaces were etched with 37% phosphoric acid, rinsed
with water, and dried using an air syringe. The bonding agent
(Single Bond 2) was coated and lightly polymerized for 10 s.
Finally, EXF was applied and lightly polymerized for 20 s.

In the CG (n =5), there was no gutta-percha removal or
10B application.

For full setting, the specimens were then kept for 48 hrs
at 37 °C and 100% humidity. The roots’ apical 5 mm were
submerged in molten wax. This resulted in a periodontal
ligament gap of around 0.2-0.3 mm. Then, all specimens
were placed in plastic cylinder molds that were 20 mm in
diameter and 20 mm in height and embedded in acrylic resin
(Imicryl, Konya, Turkiye).

Fracture testing

To prevent bias, all of the aforementioned steps were
completed by a single operator (1Y). The operator was not
blinded to the group allocation. This represents a potential
source of operator bias and is acknowledged as a
limitation of the study. A spherical steel insert with a
diameter of 2 mm (perpendicular to the tooth’s long axis)
and a constant crosshead speed of 1 mm/min was used in
the strength test, which was carried out using a universal
testing machine (AGS-X, Shimadzu Corporation, Tokyo,
Japan). Until the root broke, the loading segment with the
tip was positioned in the middle of each specimen’s
groove opening. The moment at which a sharp decline of
more than 25% of the force utilized became evident was
considered a fracture 5. Newtons (N) were used to record
the force at fracture.

Statistical analysis

The numerical variables’ conformance to the normal
distribution was verified using the Shapiro-Wilk test. The
analysis of variance (ANOVA) and least significant
difference tests were used for analyzing normally distributed
data across six groups. For the recorded forces, we derived
the mean and SD. The analyses were carried out using SPSS
22.0 Windows package application (SPSS Inc., Chicago, IL,
USA). The value of p < 0.05 was accepted as significant.
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Results

There was a significant relationship between groups
(Table 1 and Figure 1).

The highest mean fracture strength value (759.9 +
177.9) among the tested groups was observed in the teeth
with EXF, followed by UFC (741.2 + 163.4). The lowest
average FR value (519.6 + 60.2) was observed in CG, and
the closest value to CG (539.2 + 107.6) was in the CEM
group.

In comparing normally distributed variables across six

revealed a significant difference between the FR values
obtained from the groups (p = 0.001). When the FR of the
groups was evaluated using the pairwise comparison test, all
groups except SDR and CEM showed a statistically
significant difference compared to CG. The UFC group
showed significantly higher FR than all groups except EXF
and RMGIC, while the CEM group showed a lower FR value
than all groups except SDR and CG. The EXF group showed
significantly higher FR against all groups except the UFC
and RMGIC groups. However, SDR showed lower FR
against UFC and EXF groups. There was no significant

groups, ANOVA and least significant difference tests difference  between EXF, UFC, and RMGIC.
Table 1
Fracture resistance of experimental groups and statistical comparisons
Group Mean = SD Median (Min—Max) Homogeneous subset®
EXF (n =13) 759.9 +177.9 709 (527-1,098) c
UFC (n = 13) 741.2 +163.4 772 (516-1,036) c
RMGIC (n = 13) 659.8 + 107.5 699 (461-856) bc
SDR (n =13) 617.5+87.8 596 (501-839) ab
CEM (n =13) 539.2 +107.6 558 (399-695) a
CG (n=5) 519.6 + 60.2 520 (435-605) a

SD - standard deviation; EXF — everX Flow; UFC - universal flowable composite; RMGIC - resin-
modified glass-ionomer cements; SDR — smart dentin replacement; CEM - calcium-enriched mixture;
CG - control group; n — number; Min — minimum; Max — maximum.

Note. *Lowercase letters indicate statistical groups; groups sharing the same letter are not significantly
different, while statistically significant differences (p < 0.05, analysis of variance and least significant
difference test) occur between all groups with different letters, including comparisons involving

multiple groups simultaneously.

800

600

400

Fracture resistance (N)

200

UFC

RMGIC

SDR

Fig. 1 — Fracture resistance results.

For other abbreviations, see Table 1.
Note. The bar graph illustrates the mean fracture resistance for each experimental
group, with standard deviations indicated as error bars.
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Discussion

Due to extensive dentin removal, particularly in the
cervical area, the larger preparation that results from the use
of rotary instruments can lead to VRF 2. Furthermore,
dehydration and irrigant exposure weaken dentin and make it
more susceptible to VRF 6, Additionally, while evaluating
the VRF risk of ETT, additional characteristics, including the
size and curvature of the external root, as well as the form
and morphology of the root canal, should be taken into
account 7. Strengthening the radicular part and the coronal
structure should be the main priority. OB has been
suggested to lower the risk of fracture and support ETT %,

Using five distinct 10Bs, our study estimated the FR of
mandibular premolars that had undergone endodontic
treatment. Fracture strength data of the test groups showed
that the type of OB used had a substantial impact on the
roots’ FR. According to the results, CG had the lowest FR,
whereas EXF and UFC had the greatest FR. The lowest FR
levels were observed in CG, which was consistent with
previous research % ' 18 Qur findings also showed
significant differences in FR between these groups. 10B
placement of EXF, UFC, and RMGIC significantly increased
the FR of ETT. Therefore, the null hypothesis of the present
study, that there would be no significant difference between
the tested groups, was rejected. The higher FR values
observed in our research may be mostly attributable to the
tested 10Bs’ strong adhesive qualities to dentin. This
explains why RMGIC had a strong FR relative to CG and
CEM, but less than the UFC, and no discernible difference in
FR compared to the UFC and EXF groups in the current
study. Additionally, the EXF group showed greater FR, in
line with other studies > 2°. The EXF group has been shown
to be useful in strengthening ETT as 10B 2. The presence of
short fibers integrated into the matrix, which greatly
enhanced the material’s resistance to crack propagation and
reduced the stress intensity at the crack tip and its unstable
propagation, may have contributed to the increased FR of
EXF %°. However, this contrasts with the findings of Gupta et
al. '8 which indicated that the FR of RMGIC was greater
than that of fiber-reinforced composite. This discrepancy
might be attributed to the fact that in the study mentioned
earlier, the fiber was employed as a separate layer (Ribbond,
Seattle, Washington, USA) on the cavity floor alongside the
composite filling.

Previous research has demonstrated that UFCs are more
successful than RMGIC at improving FR as an I0B, as was
the case in our study > ** 1 RMGIC has an elastic modulus
similar to that of dentin and a strong flexural strength. As a
result, the material may bear the stress before the load is
transferred to the root. Additionally, the dentin-RMGIC
contact is more resistant due to its chemical connection to the
dentin surface 8. Compared to traditional composites, UFCs
have been reported to provide increased flowability, better
adaptability to the interior cavity wall, and more elasticity 2.
However, UFC’s lower stiffness and greater polymerization
shrinkage are significant disadvantages compared to
composite resins 2. This may help explain why the FR of
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RMGIC in the current study was not significantly different
from that of UFC, showing a good FR relative to CG but still
lower than UFC.

UFC showed more FR than CEM in the present
research. This could be because the resin’s low viscosity
made it easier for UFC to adhere to the intra-orifice dentin.
Compared to mineral trioxide aggregate (MTA), CEM has a
smaller film thickness, a higher flow rate, and a faster setting
time 2. Although CEM increased the FR of immature
anterior teeth at 6 months 2%, there were no significant
differences between the tested groups in our study, except
the CEM group. The elastic modulus of CEM is comparable
to that of dentin. However, the impact of FR as I0B is
minimal. MTA, which has mechanical properties consistent
with CEM, provided the lowest FR in multiple studies
comparing the FR of RMGIC, fiber-reinforced composite,
and MTA as I0B * %, Regardless of the type of adhesive
employed, the study by Savadi Oskoee et al. %’ revealed that
RMGIC’s shear bond strength was much higher than CEM’s.
Since the adhesive system allows them to penetrate and
interlock into surface pores and imperfections, the bonding
process of CEM is most likely micromechanical.
Additionally, the combination of powder and liquid alters the
mechanical characteristics of the CEM, which in turn
influences the FR values 2. Furthermore, as shown below,
rather than having a favorable modulus of elasticity, CEM’s
inability to strengthen roots is most likely due to its
weakening under stresses and its absence of bonding to
dentin.

Although tooth strength is determined by the amount of
tooth structure remaining, the FR could be increased by
inserting a further 3 mm barrier into the root canal. Stress
transmission along the length of the tooth depends on the
pericervical dentin, which is situated close to the alveolar
crest and extends around 4 mm coronally and apically from
the crestal bone. The tooth may be prone to fracture if this
pericervical dentin is lost ®. Gao et al. 2° highlighted this
point by stating that the cervical portion of the root
experiences the greatest stress due to occlusal pressures in
ETT, and that this stress increases as the instrument’s taper
becomes larger. To restore the missing pericervical dentin in
the experimental groups, 3 mm of barrier material was used
in place of gutta-percha. This enhanced FR when the
restorative materials flexed under occlusal loading,
dispersing the stresses equally over the dentin-restoration
contact > . Up to 4 mm of SDR can be polymerized at once,
which is 1 mm deeper than the depth required by the 10B.
Additionally, it has a modified methacrylate resin that lowers
the pressures generated by shrinkage via slowing down the
rate of polymerization ¥,

According to Atalay et al. 3, ETT restored with fiber-
reinforced composite (everX posterior) or bulk-fill/fluid
bulk-fill, like SDR in our study, does not have a different FR
than those restored with conventional nanohybrid resin
composite similar to UFC. Similarly, no significant
difference was found between UFC and EXF in our study.
The results of our research were corroborated by Ozsevik et
al. 2%, who found that teeth with root canal therapy and those
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reconstructed with fiber-reinforced composite material
(everX posterior, GC, Tokyo, Japan) had fracture strength
values that were quite similar to those of the intact tooth
group. Even though their findings were comparable to those
of our study, the aforementioned study differs in certain
ways from the current investigation. First, rather than
evaluating 10Bs, their goal was to assess the FR of
composite fillings. Additionally, they tested fillings in
molars rather than uncrowned, single-rooted premolars, and
they used everX posterior instead of EXF as the short fiber-
reinforced flowable resin.

Within the limitations of this in vitro study, EXF and
UFC demonstrated the highest FR and may therefore be
recommended as IOB materials for ETT under high occlusal
stress. EXF, containing short fibers that mimic dentin’s
elasticity, provides effective stress distribution and is
particularly suitable for posterior teeth with wide canal
openings. On the other hand, UFC offers easier handling,
excellent adaptation, and lower cost, making it a practical
choice for routine cases. Although RMGIC showed slightly
lower resistance, its chemical adhesion and fluoride release
can be advantageous in cases requiring enhanced sealing.
CEM and SDR, with lower reinforcement potential, may not
be ideal in teeth subject to high masticatory forces. Further
long-term clinical studies are needed to evaluate the
performance of these materials under cyclic loading and
thermomechanical stress.

This in vitro study inherently has several limitations.
Firstly, there was a possibility of sampling and
representation bias because the study included only healthy
mandibular premolars. Secondly, despite extensive efforts to
standardize the form and size of the premolars, undetectable
canal defects may still have been present and could have
influenced the force readings. Thirdly, in the current
investigation, the force was applied in a single direction and
at a single spot to evaluate FR, which does not accurately

replicate intraoral environments. A fourth limitation is that
the operator was not blinded to group allocation, creating the
potential for operator bias. As a fifth limitation, this study
applied a single, static vertical load to the fracture, which
does not fully reflect the complex occlusal stresses occurring
within the mouth. Cyclic loading and thermomechanical
aging could have provided a more accurate simulation of
clinical conditions. Therefore, the results should be
interpreted with caution, and further in vitro studies that
include dynamic and thermal fatigue are recommended.
Lastly, the inability to apply the study’s findings in clinical
settings is another shortcoming. In addition, it is necessary to
explore the possibilities of using a potential IOB candidate
for further studies. Future research should include cyclic
loading and other demanding simulations to replicate clinical
conditions better.

Conclusion

Among the tested intra-orifice barrier materials, everX
Flow exhibited the highest fracture resistance, while
universal flowable composite and resin-modified glass-
ionomer cements showed comparable performance. Except
for smart dentin replacement and calcium-enriched mixture,
all materials significantly increased fracture resistance
compared with the control group. These results indicate that
everX Flow, universal flowable composite, and resin-
modified glass-ionomer cements may provide superior
reinforcement in endodontically treated teeth, making them
preferable choices in clinical practice. Further in vitro and
clinical studies are needed to confirm their long-term
performance under functional conditions.
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The book Pharmacokinetics and Pharmacogenetics —
Principles, Applications, and Challenges, edited by Prof.
Janko Samardzi¢, brings together contributions from distin-
guished scientists whose expertise encompasses the molecu-
lar, preclinical, and clinical aspects of drug research. It is in-
tended for academic researchers, pharmacologists, geneti-
cists, clinicians, and professionals engaged in drug develop-
ment and precision medicine. The volume will be particular-
ly valuable to readers seeking an integrated understanding of
pharmacokinetics and pharmacogenetics, as well as to those
interested in translational applications, including central
nervous system drug delivery, ocular pharmacokinetics, ana-
lytical method development, and population-level phar-
macogenomics.

The central aim of the book is to illustrate how phar-
macokinetics and pharmacogenetics intersect to advance pre-
cision pharmacotherapy. The six chapters, each reviewed by
experts in the field, present up-to-date research and review
data in pharmacokinetics and pharmacogenetics — two of the
most dynamic and rapidly evolving disciplines within con-
temporary pharmaceutical and biomedical sciences. Each
contributing author provides insights grounded in rigorous
scientific investigation, ensuring that the content is both
methodologically sound and directly relevant to current chal-
lenges in therapeutic development. The scientific content

Vojnosanit Pregl 2026; 83(1): 56-57.

demonstrates a strong methodological foundation, drawing
on molecular, preclinical, and clinical research, as well as
advanced analytical and computational approaches. Several
chapters address ongoing scientific and clinical challenges,
including optimization of central nervous system drug deliv-
ery, overcoming ocular barriers, and managing interindividu-
al variability in antipsychotic response driven by genetic
polymorphisms. The integration of artificial intelligence,
machine learning, and multi-omics approaches further under-
scores the book’s alignment with emerging technological and
clinical trends shaping modern precision therapeutics.

The opening chapter, “Integrating Pharmacokinetics
and Pharmacogenetics in the Era of Personalized Medicine,”
outlines the fundamental principles of pharmacokinetics and
pharmacogenetics, emphasizing how their integration sup-
ports more precise dosing strategies, optimization of clinical
trial design, and the development of safer and more effective
therapeutics. The chapter also underscores the expanding
role of artificial intelligence, machine learning, and phar-
macogenetic databases in predicting individual drug respons-
es. Building on this conceptual foundation, Chapter
2, “Pharmacokinetic Considerations for Drugs Targeting the
Central Nervous System (CNS),” addresses one of the most
complex and clinically relevant domains of pharmacokinet-
ics. It examines the intricate interplay between drug physico-
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chemical properties, the blood-brain barrier, and CNS phar-
macodynamics. The chapter provides a structured overview
of how factors such as lipid solubility, protein binding, active
transport mechanisms, and pathological alterations in the
blood-brain barrier permeability influence CNS drug dispo-
sition. The chapter also discusses emerging strategies to
overcome these barriers, including nanocarrier-based deliv-
ery systems. Chapter 3, “Ocular Pharmacokinetic Studies:
Challenges and Best Practices,” focuses on another organ
system in which distinct anatomical and physiological char-
acteristics significantly affect drug disposition. The chapter
highlights the limitations of extrapolating systemic pharma-
cokinetic data to ocular exposure and offers a comprehensive
discussion of experimental and computational methodolo-
gies. It outlines best practices in study design, sample collec-
tion, and pharmacokinetic modeling, emphasizing the trans-
lational importance of understanding intraocular drug kinet-
ics. Chapter 4, “Development and Validation of an HPLC-
PDA Method for Quantitative Bioanalysis of Curcuminoids
and Its Application to Preclinical Pharmacokinet-
ics,” addresses the analytical dimension of pharmacokinetic
research. It describes the development and validation of a ro-
bust high-performance liquid chromatography—photodiode
array (HPLC-PDA) method for the simultaneous quantifica-
tion of curcuminoids, bioactive compounds with considera-
ble therapeutic potential but limited bioavailability. Chapter
5, “Comprehensive Pharmacogenetic Allele Landscape from
Whole Exome Sequencing: Single-Center Cohort Analysis in
the Population of North Macedonia,” extends the focus from
molecular analysis to population-level pharmacogenetics.
Utilizing whole exome sequencing data, this chapter presents
a comprehensive pharmacogenetic landscape of the popula-
tion, identifying both common and novel variants with po-

tential clinical relevance. The final chapter, “The State of the
Art:  Pharmacogenomics, Multi-Omics, and Translational
Barriers in Antipsychotic Therapy,” rounds the discussion off
by applying pharmacogenetics concepts to one of the most
challenging areas of clinical pharmacology — neuropsycho-
pharmacology. It synthesizes current knowledge on key met-
abolic enzymes, receptor polymorphisms, and emerging mul-
ti-omics data that collectively influence therapeutic response
and clinical outcomes.

Together, the chapters in this volume demonstrate that
the integration of pharmacokinetics and pharmacogenetics is
not merely a theoretical concept but a necessary progression
toward precision pharmacotherapy. The multidisciplinary
perspective further promotes collaboration across pharma-
cology, genetics, and clinical sciences. Certain limitations
should also be noted, such as the specialized nature of some
chapters focusing on ocular pharmacokinetic methods or
HPLC-PDA analytical techniques, which may reduce acces-
sibility to readers without a strong technical background.
However, given the book’s target audience, primarily re-
searchers and specialists, this limitation is understandable
and does not diminish the overall value. In summary, Phar-
macokinetics and Pharmacogenetics — Principles, Applica-
tions, and Challenges offers a cohesive, informative, and
methodologically rigorous examination of two foundational
disciplines driving the advancement of personalized medi-
cine.

The book is available both in print and as a freely ac-
cessible online edition on the following link:
https://www.intechopen.com/books/1004701

Prof. Silva Dobri¢, PhD

Vojnosanit Pregl 2026; 83(1): 56-57.
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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 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, Systematic Literature 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 Atrticles, Preliminary Reports, Short Reports, Meta-Analyses,
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, Systematic Literature 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.g., 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¢ 4, Biocanin 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.

Other  examples of citing publications can be seen at
https://www.nlm.nih.gov/bsd/uniform_requirements.html

ARTICLE PUBLICATION FEES

The publication fee is to be paid after the manuscript has been accepted for
publication. Decision on accepting the manuscript must be confirmed at a VSP
Editorial Board meeting. Manuscripts for which the fee has not been paid will not
be published.

Payment of the fee does not guarantee that the manuscript will be published in VVSP.

All authors are required to pay the Article Processing Charge to cover the
costs of language editing, as well as professional and technical processing of the
manuscript, and its publication. Domestic authors pay 5,000 RSD, and
international authors pay 150 EUR.

Institutional subscription (10,000 RSD) applies only to institutions that wish to
receive physical copies of the journal’s monthly issues. In the year the subscription is
paid, authors can submit an unlimited number of manuscripts to VSP.

Copies of the payment receipt must be sent to strliteratura@gmail.com for
record-keeping.

The following are exempt from the subscription fee: VSP reviewers (a
manuscript 1D or title of the reviewed paper must be provided), doctoral students
(with proof of enrollment in the current academic year), and editors. The Editorial
Board reserves the right to reduce or waive the subscription fee upon a justified
request from the author.

For any additional information, you can contact the addresses and phone
numbers listed below.

Vojnosanitetski pregled Editorial Office

17 Crnotravska St

11 000 Belgrade

Serbia

Phone number: (+381 11) 3608-997

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

E-mail for subscription information: strliteratura@gmail.com
Website: www.vsp.mod.gov.rs
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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 mMoGwiHOr TenedoHna). Y oBom obpaciyy ce
ayTopH u3jalimbaBajy o cBakoM Moryhem cyko0y MHTepeca WM HETrOBOM
ozcyctBy. CBu ayTopy Mopajy M3jaBy ayTopa mOTIICATH CBOjepydHO.

3a nonatHe MHQOpManuje 0 pasIMYMTHM BpCTaMa CykoOa MHTepeca BHUIETH
npenopyke CBeTCKOr yapyxXema ypelaHuka MeauuuHckux uacomuca (World
Association of Medical Editors — WAME; http://www.wame.org).

BCII nomrtyje npenopyke KpuTepHjyma 3a ayropcTBo koje paje ICMIE
(https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-
the-role-of-authors-and-contributors.html). AyropcTBo ce 3acHMBa Ha HCIYIbEHY
CBa YETHPH KPHTEPHjyMa: 3HAYajHOM JONPHHOCY KOHICTIIMjH paja, IoOujamy
pesyiTaTa WM aHaJIM3W/TyMadery pesyiTaTa; KPUTHYKO] PEeBU3UJU PYKOIHCA OJ
3HATHOT MHTEJIEKTYAIIHOT 3Ha4aja; ofo0pemy (pMHAIHE Bep3Hje pyKomuca Koja he
OutH o0jaBJbeHA W IIpey3MMaly OATOBOPHOCTH 3a CBE AacIeKTe 00jaBJbEHOT
canpxaja. CBM ApYrH YYCCHHIM KOjH Cy IONPHHENN HM3paad paja, alld HHCY
HCITyHWIH TIPONUCaHe KpuTepujyme Tpedano 61 na Oyny HaBeIeHH Y 3aXBalHHLH
y3 TIpenusnpame gonpruaoca pany. Iotpe6Ho je 1a ocobe HaBeneHe y 3aXBaTHHUII
J1ajy TIHCMEHY CarjiacHOCT.

ETHYKA CAI'VIACHOCT

CBa wHCTpaKMBamba KOja YKJbYYyjy JbYA€ H/WIM XyMaHW 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 HHCTHTYIMjE Koje je oqo0puna
UCTpaXKHBake, Ha KOjoj ce BUAM NaTyM WU3[aBamba U IPEIMET HCTPakuBaiba,
aytopu cy y obaBe3u Jla J0CTaBe MCTOBpeMeHO ca pykomucoM. [lo3soma EK ce
JIOCTaBJba HA je3UKy HA KOME je M3/1aTa M CHIVIECKOM je3HKy (MOXKe M OBepeHa
KOIHja).

VY oxemky Metoae Mopa OUTH HaBEJCHO Ja je CTyAHja 0100peHa OJ cTpaHe
Hauiexsor EK, y3 naBoheme HasuBa MHCTUTYLHMje M Gpoja OmIyKe, Kao H Ja je
CIPOBEICHA y CKIaJy Ca €TUYKUM NPUHIHUIEMA 32 MCTPAXKHBAKbA KOja YKIbYUY]y
JbyJie W/WIH XyMaH! MaTepHjall.

AHOHUMHOCT NauMjeHata Mopa Outu 3amrtuhena y ckiaagy ca ICMIJE
nperopykaMa. 3a cBa HCTpa)KMBamba Koja YKJbY4yjy MOJIaTKe O MalKjeHTUMA KOji
oMmoryhaBajy AMpPEKTHY WM MHAMPEKTHY MACHTH(HKALH]jy, ayTOpU Cy 00aBE3HH
Ja mpubaBe NHCAHU HPUCTAHAK HHGOPMMCAHOr MALMjeHTa, Na y PYKOIHCY
Ha3Haue Ja je NMPHCTaHAK MAalMjeHTa NMpHOaBIbeH, M Ja ra Mo MoTpedu H0CTaBe
YpeaHumrsy.

V' ciydajy ucTpakuBama Ha KHBOTHE-AMa, ayTOpU Cy MyXHH Ja JOCTaBe
ofobpeme HamexHor EK koju Boam Opury o mnomroBamby MelhyHapoaHHX
cTaHJap/a o ynorpebu 1a60paTopujCKUX KMBOTHIHA Y HCTPAKUBAYKE CBPXE.

VpeaHUIITBO MOXe OZOUTH pajoBe 3a KOje MPOLEHH [a HUCY H3BEJCHH Y
cKJIay ca Mel)yHapOJHUM eTHYKUM CTaHAapANMA.

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

VKOIMKO ce KOpHCTE MpeTXoJHO ofjaBibeHe wmiycrtpaumje (pororpaduje,
cxeme) y3 00aBE3HO LUTHPABE HM3BOpA MPEy3UMama IOTPeOHO je MOCTABUTH
J103BoITy (MHCAHO 0JI0OpEIbE Yaconuca y KoMe cy o0jaB/beHe) 3a BHXOBY 00jaBy y
BCII. Ykomnuko ce kopucte Tyhe Heobjaisene niyctpanuje (pororpaduje, cxeme)
MOTPeGHO je JOCTAaBUTH JIO3BOJTY ayTopa HIIyCTpalyja, 3a iuxoBy o0jaBy y BCIL.

NJIATHJAPU3AM

Op 2012. roguHe CBH PYKOIHCH [JOCTaBJbeHHM Ha pasmarpame y BCII
MOABpraBajy ce IpOBEepU Ha MHOTEHILHMjAIHM (ayTo)ILUIarujapu3aM I[OCPEICTBOM
SClIndeks Assistant — Cross Check (iThenticate). Pykomucu kox Kojux ce aokaxe
(ayto)mnarujapusam 6uhe ondujeHn. Y 3aBHCHOCTH O[] CTEHICHA U BPCTE yTBpheHOT
(ayTo)marujapusama ayropuma ce Moxke u3pehu 3abpana objasibuBama y BCII-y
(pa3nuuuTe AyXKUHE Tpajarsa), y3 00aBeIITeHhe HAUISKHUX Telld Y HHCTUTYLHjaMa
y KOjHMa ayTOpH Pajie U PeIeBAHTHUX NPO(YECHOHAHNX 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 TAUYHOCT M OPHTHHAIHOCT Cajpikaja), HPOBEPIBHBOCTH (CBH YYCCHHLH Yy
yOIMIMCTHYKOM HpOIlecy MOpajy NpoBepuTH 1a Al Huje yHena H3MHIIJbEHE
[OJaTKe, LHTATe WIN TBPAIbE) U MOBEPIHUBOCTH (AyTOPHUMA U PELCH3CHTHMA je
3abpameHO yuuTaBame pykormca noguernx y BCII y jaBue Al cepsuce).


https://www.icmje.org/recommendations/?utm_source=chatgpt.com
https://creativecommons.org/licenses/by-sa/4.0/deed.en
http://aseestant.ceon.rs/index.php/vsp/user
https://aseestant.ceon.rs/index.php/vsp/about/submissions
mailto:vsp@vma.mod.gov.rs
https://www.nlm.nih.gov/mesh/meshhome.html
https://www.vsp.mod.gov.rs/multimedia/dodaci/asf_i_ai_srp_1769762358.doc
https://www.vsp.mod.gov.rs/multimedia/dodaci/asf_i_ai_srp_1769762358.doc
http://www.wame.org/
https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
https://www.icmje.org/recommendations/browse/roles-and-responsibilities/protection-of-research-participants.html
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VYnorpeba Al anara je JomylmTeHa caMo 3a OrPaHHYCHE je3HYKE U TeXHHUYKE
MHTEPBEHIIMjE Y TEKCTY PYKOIHMCA: HCIPABKY I'PAMaTHKE M HPAaBOIKCA, CTHICKO
JIOTepHBaEbE ayTOPCKOT TeKeTa, moMoh Ipu (popMaTuparmy, TeXHUUKY aCUCTCHIH]Y
(mormyT MCIpaBibama Koja). AyTopu MOry KOpUCTHTH Al ajate HCKJbY4HBO 3a
kpeupame Al-morTomortyror, 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 ynoTpe6e), rapaHTyjy OpPHTHHAIHOCT
HAy4YHOT JONpUHOCcA, u3beraBajy 6mino kakBy (abpuKalujy WiIn MaHUMYTALUjy 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 caapxkaja
pyKoIMCa, KpEHpame HaydHHX HAeja, MOJATaKa M pesylrara, aHaiuzy u
HHTEpIpeTanujy pesyinTara, (popMupame 3aKbydaka, H3MEHy CIHKa, Tabera
nnu rpadukona (ykibydyjyhn rpaduuke caxerke), M3MEHy II0JaTaKa HIH
pedepeni.

HensocmucnieHo yrepheHa HezmomymiteHa ymorpe6a Al 3a mocienuiy uMa
onbujame paja.

Al H1 y KOM ciTydajy 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 je3UYKH MOZEN O] CTpaHe ayTopa
WM PETICH3EHTA.

AyTopu Koju cy KOpucTHINM Heku o Al amara cy y obaBesu 1a NPHINKOM
TOJTHOIICHA pyKoIHca nojHecy u M3jaBy o xopunihemy Al

THUIIOBHU PYKOIIUCA

'V BCII ce o6jaBibyjy cieznehe KaTeropuje u THIIOBH PYKOIHCA U CAOIIITEHba:
YBOOHUK, OpUI'HHAJIHU paj, MPETXOAHO CAONIITCIHE, KPATKO CAOIIITCHE, IIPUKA3
cllydaja M CepHja CllydajeBa, OMINTH (HApPAaTHBHH) NPEINEA JUTEpaType, MHUHH
Tnperuen, CHCTEMATCKH Mperyex JHUTEpaTrype, MeETa-aHalln3a, CHCTEMATCKHU
Hperiejl JUTepaType ca MeTa-aHalH30M, aKTyelHa Tema, y (GOKycy, pax u3
ucropuje MeauuuHe/cromMaronoruje/hapmanuje, TUCMO YPEAHUKY, HCTPAKUBAYKO
HHCMO, KIMHIYKO MCTPaKUBAkhe, H3BEIITAj Ca KOHIPeca U HayYHOI CKyIla, IIPHKa3
kmure, In memoriam u apyru npuinosu.

OPUT'MHAJIHA YJIAHAK

[puka3syje HOBa u 3HauajHa otkprha y onpeheHoj obmactu y3 AeTasbaH Onmc
KOpHINEHHX METOJA MCTPaXKHBama, JOOMjEHHX pe3yiTaTa W  M3BEACHHX
3aksbyuyaka. Jlucta pedepenum Tpeba ma yKJbyddm HajHOBHjEe W HajBaKHHUjE
pedepente u3 obnactu paja.

MNPETXOJHO CAONIITEWBE

TpeacTaBiba TPHKa3 HCTPAKMBamka KOja HHUCY 3aBpIICHA, ca HalasHMa
KOjU 3axTeBajy [OJaTHAa HCTpPaXKMBaka M BalMIalWjy Mpe KOHAYHUX
3aKJbydaKa, ajiu ¢y JobujeHe nHpopManuje o1 HHTEpeca 3a Hay4dHy H CTPYUHY
jaBHOCT. Cazipku CcBa MOrNaB/ba Ka0 OPHUTMHAIHM HAy4YHM YIaHAK, ald y
3HaTHO cKpaheHoM o6HMMy. AyTopH ce HOJACTHYY Jia KacHHje objaBe IyHY
OpUTMHANHY HAy4YHY CTYAHjy Ca KOMIUICTHHM, BaJIUAHPAHUM IOAALMMa H
CBEOOYXBATHOM aHAIIH30M.

KPATKO CAONIUTEILE

[lpeacraBiba 3aBpLICHO MCTPAKUBAKBE KOje je Malo MO OOHMY, YCKO
(boKycHpaHO ca jaCHMM 3aKJbyd4lHIMa Ha OCHOBY IIPCICTABJbCHUX peE3yITaTa.
Ca}lp)lﬂ/l CBa NorjlaBjba Ka0 OpUIrMHAJIHK Hay4YHH YIaHaK, aJli y 3HaTHO CKpaheHOM
obumy. Cmarpa ce KOHayHOM MyOJIMKALMjOM TOr cHEeU(HYHOT, MaJor
ucTpakuBama. He Mojke ce IOHOBO 00jaBUTH Kao WIaHAK IyHOT obuMa (Mako ce
MOZICTHYE HAKHATHO UCTPAXKUBALE KOje Ce HA/lOBE3Yje Ha Iera).

NPETJIEJHU YWIAHOU
OINIUTHA (HAPATUBHMN) ITPETJIE]] IUTEPATYPE

Tlpernen, KpUTHYKA aHaM3a M CHHTE3a NOCTOjehnMX HAayyHMX Ca3Hama o
n3abpaHoj TeMu. Aytopu 00yxBaTajy CBY AOCTYNHY mpumnajaajyhy murepatypy 3a
ozipel)eHn BPEMEHCKH MEpPHOJI, TIPHKA3yjy pe3yaTaTe PEeleBaHTHUX HCTPaKHBamba,
uaeHTU(GUKYjy He0CTaTKe, OrpaHHyYeHa WM KOHTPOBEP3e M yKasyjy Ha HpaBlie
Oynyhnx ncrpaxusama, 1ajyhu cBoje Buherme mpobiieMa y BHIy 3aKJbYIHOT CTaBa.
AyTOpH 4JIaHKa OBE KaTEropHje MOry OMTH OHM KOjH Cy 00jaBUII MUHHMAJIHO TET
pagoBa MyOIMKOBaHMX Yy wYacomucuma c¢ pereHsujom (M20) wu3  obmactu
HPErJIeHOT paja.

MMHWHMU NIPETJIEJHHA YJIAHAK

Caxer mnpersien mnocrojehe uTepaType M HajHOBHjUX Jocturiyha yHyTap
neduHHCcaHKMX acrekata oapeheHe MCTpakMBayke 0ONacTH W HEHH HOBH H/WIH
AKTYEJIHH IPaBLHU pa3Boja.

CHUCTEMATCKH IPETJIE] IUTEPATYPE

CuHTe3a NpeTXoHO 00jaB/beHUX HUCTpaXkuBama 0 oapeheHoj Temu kopuinhemem
jacHO JedHMHHCAHUX M YHanpea oJapeheHHX MEeTONONIOMIKUX IOCTyNaka 3a
CeJeKLHjy U eBamyalujy. AyTop Mopa Ja KOPHUCTH pelieBaHTHe 0a3e mojaTaxa,
MOCTaBH KPUTEPUjyME YKJbY4HBaka M HCKJbYYHBamba CTyAHja W HPHUMECHH
TPaHCHAPEHTHY METOIOJIOTH]Y.

META-AHAJIN3A

KopucTi  CTaTHCTHYKE MeEToJe 33 KOMOMHOBAaHkE KBaHTHUTATHBHHUX
HoJaraka M3 BHUIIC NPUMApPHUX CTyAUja Kako OM ce MICHTH(UKOBAIH OIIITH
TPEeHJOBH M TpPOLCHHIA CHAara Joka3a o oapeheHoj Temu. AyTop Mopa naa
KOPHCTHU pelieBaHTHe 6ase mojaraka, Ae(pUHHUIIE KPUTEPUjyMe 33 YKIbYUHBAIbe
U MCKJbY4NBAIbE U MIPUMEHN TPAHCHAPEHTHY U PEPOAYLHOUIHY METOONOTH]Y.
HeomxonHo je jacHo meduHHcame ucTpaxuBaukor nurtama (PICOS oksup),
HaBolele CMepHHIa 3a 0mabMp M AWjarpaMa TOKa 3a CEICKUHjy CTyIuja
(PRISMA).

CUCTEMATCKHU IIPEI'JIEL IMTEPATYPE CA META-AHAJIU30M

KombuHyje KBaIMTaTHBHY M  KBAaHTHTATHBHY CHHTe3y, Kopuctehu
CTATUCTHYKE TEXHUKE 33 CyMHpame KBAHTUTATHBHUX PE3y]TaTa a KBaJIUTATHBHY
CHHTE3y 3a ONHMCHE/HapaTHBHE Halasze. AyTOp MOpa KODHCTHTH pEleBaHTHE 0ase
nojaraka, jacHo AeGUHHCATH KPHUTEPHjyMe 3a YK/bYUHMBAe M HCKIbYyYHBAIHE
CTyaMja, ¥ MPUMEHHTH TPAHCIAPCHTHY M PENPOLYLHUOHMIHY METOONOTH]Y.
HcTpakuBadko mutame Mopa 6utn jacHo aedunucano npema PICOS oksupy, y3
HaBoheme kopumheHnx cMepHua 3a u3BemTaBame (Hnp. PRISMA) wu
ykJbyunBatbe PRISMA nujarpama toka 3a npHkas cesiekiuje cTyauja.

AKTYEJIHA TEMA

Pasmatpa caBpEMEHO, HEPENICHO WM KOHTPAJIUKTOPHO IHTAaEmEe Of
TEOPHjCKOT ¥ MPAaKTHYHOT 3HAdaja, y3 M3HOLICHE COICTBEHUX pe3yiTaTa
UCTpaXXHBatha WIN HAjHOBHUX BAKHHUX IOflaTaka M3 JmTeparype. KoHcTpykimja
4IaHKa je cI000JHA a MOXKE/BHE Cy KpaTKe 3aK/bydHC HAIMOMEHE €a jaCHOM
HOPYKOM.

Y ®OKYCY

Tematcka, QoKycupaHa aHauM3a W/WIM KPAaTaK OCBPT Ha HAy4HH HpobiemM
KOjU je y Temarckoj obiacTu yacommca, a Koju obpalyje muTame on 3Hauaja 3a
Hay4HY 3ajeJIHUILY ¥ LIUPY 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 JIeuersa, 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 HHPOPMHCAHOT
HalMjeHTa.

YBOJHUK

VBOOHHIY Cy HEPELECH3UPAHH TEKCTOBH INIABHOT U OATOBOPHOT YPEIHHKA
W/WIM 4iaHOBa YPEJIHMINTBA HAMEH-CHH HAjaBH HOBOI' BOJIyMEHA, TEMAaTCKOT
Opoja, cazpikaja Koju Cy OJ 3Hauyaja 3a CTPYKY H/WIM HHCTUTYLHjE YHjUM
YJIAaHOBMMa je YacOlMC HAMEHIEH Kao M YPEJHHYKH TEKCTOBU IIO0 IO3MBY.
VBoaHuIM He Tpeba Ja cajpie HeobjaB/beHe Ml OpPHIMHAIIHE ITO/IaTKe, a Mopajy
YKJbYYHTH H3jaBy O CyKOOy HHTEpeca.

MNMUCMO YPEJHUKY

HepeneHsnpanyu KOMeHTap/KpuTHKa Tekcta objasibenor y BCIL Inmy ce y
cnoboHoj hopMH, y3 eBEHTyalHO HaBoheme mopaTtaka u3 auteparype. He cmejy
canpxaTti HeoOjaBibeHe pesyinrate. OGjaBibyjy ce mpemMa OJUIyIM TJIaBHOT M
OZArOBOPHOT YPEHHKA.

HUCTPAXKHUBAYKO ITUCMO

KpaTkn npuka3 OpUrMHAIHOT HMCTPAXKHBAHKa, KOJU CaJpKH YBOJA, METOAE,
pesynTaTe M AUCKYCHjy y caxxeToM o0iuky (6e3 monene y moceOHe LENMHE 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 MEJUIIMHE/CTOMATOJIOTHJE/®PAPMAIIMJE

Marepujan 3Ha4ajaH 3a pacBeT/baBambe NOjeAMHMX porahaja W/wmiu mpukas
3HAYajHUX JIMYHOCTH M3 HCTOpHje MeJMUMHE/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 HW 3IPaBCTBCHY TIOJHUTHUKY.
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 6ubimorpadeke nmonaTke o myOIHKanuji (ayTOpH, H3BOPHHU HACIIOB,
M3/1aBay, MECTO M TOJAMHA M3/Iamkbha), HeH KPAaTaK Calpikaj U KPUTHYKE KOMEHTape
cazipKaja, CTUJIA U 3Ha4aja KEUTe y JIaToj 001acTH. Pykomuc He cMe OUTH TyKH O
2 cTpaHule.

U3BEIITAJ CA HAYYHOI' IJIM CTPYYHOI' CKYIIA

[lpyka3 aKkTHBHOCTM HAyYHOI WM CTPYYHOI CKymna, Y3 HCTHIAmbe
HajBOXHUjUX pedepaTa MM 3aKJbydaKa, OJHOCHO MPENopyKa OJ] 3Hauyaja 3a MIHpU
kpyr unranana BCIL

OBHUM PYKOITUCA

]_ICJ'[OKyHHPI PYKOITUC pajaa YMHE: HAaCJIOBHA CTpaHa, aliCTPaKTH Ha CPIICKOM U
CHIJIECKOM je3MKy Ca KJbYYHHUM peuyMMa, IJIABHH TEKCT pajia, 3aXBaIHOCT (110
notpebu), CrHUCaK JUTepaTrype, NpUno3u (tabeine, ciuke, rpadUKOHH, CcXeMme,
LPTEXKH).

O0uM pykomuca 3a KaTeropuje OPUrHHAIHH paj, OMIITH (HAapaTHBHH)
nperiaea JNUTEpaType, CHUCTEMATCKH IIPEriea JHUTEpaType, METa-aHalu3a,
CHCTEMAaTCKU Mperie] JUTepaType ca MeTa-aHaiau3oMm usHocu jgo 5 000
peun.

O6uM pyKomuca 3a KaTeropuje MHUHH MpPEriel, MPETXOIHO CAaolIITeHe,
KpPaTKO CaoIIITeHhe, MPHKa3 Clydaja, CepHja CllydajeBa, akTyellHa TeMa, KINHHYKO
HCTPaXHBabe, UCTOpHja MeauLuHe/cTomMaTosoruje/gapmaruje u3nocu no 3 000
peun.

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


https://www.vsp.mod.gov.rs/multimedia/dodaci/asf_i_ai_srp_1769762358.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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IIPUIIPEMA PAJIA

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 ... urn.

3. IlyH 3BaHMYaH HA3MB YCTAHOBA y KOjHMA ayTOPH pajie, MECTO H JPXKaBy y
K0joj ce ycranoBe Hamase (3Hauum *, T, I, §, [, 9, **, Tt ... nra.mokasyjy
PE/loM yCTaHOBE y KOjHMA ayTOPH Pajie);

4. Ha mHy CTpaHHIC HAaBECTH MME M IPE3UME, aApecy 3a KOHTAKT, e-Mamil
agpecy u Opoj Tenedona (mobuianor/Viber wim WhatsApp) ayropa
3ay’KCHOT 33 KOPECIIOHICHIIN]Y.

ATICTPAKT

Ha npyroj cTpanu paja numry ce amncTpakT M KJbydHe peud. AINCTpakT ce
IHIIE KPATKUM M jJaCHUM pedeHHIamMa. 3a KaTeropuje OpUrHHaIHKU Paji, MPETXOLHO
CaoMIITeHhe, KPAaTKO CAOMIUTeHE, CHCTEMATCKM Mperaef JMTepaType ca
METAaaHaJIN30M, METa-aHajlu3a, KIMHHYKO  HCTPAKMBAEbe,  alCTPAaKT  je
CTpyKTypucaH u tpeba na uma cienehe menose: Yeoxa/Llum, Metozne, Pesynraty,
3arspydak. CBakM O]l HAaBEJCHHX CerMEHATa INMHCATH Kao Ioce0aH macyc Koju
nounme OonmoBaHOM peud. HaBecTH HajBakHHje pesynTate (HyMepHUKe
BPCHOCTH) M HHBO CTAaTHCTHYKE 3HAYajHOCTH. 3aKJbydak Mopa OWTH JHPEKTHO
MOBe3aH ca pesynTatuma paaa. Obum ancrpakra He cMe 1a npehe 300 peun.

3a kareropuje MpUKa3 clydaja M CepHja cily4ajeBa ancTpakT uma cuenchy
CTPYKTYpY: YBOA (y HOCICII0] PEUCHHIN HABECTH IMJb), IIpuka3 GonecHuKa,
3akspyuak. CBaku O HAaBEJEHHX CErMEHATa IHCAaTH Kao mocebaH macyc Koju
noune 6ogoBaHoM pedr. O6uM anctpakTa He cMme Ja npehje 250 peun.

3a ocranme KaTeropuje pajgoBa, OMIUTH (HAPATUBHU) IpPErjei JUTepartype,
MHHH TIperJie]l, CUCTEMATCKU Mperie]l JIMTepaType, akTyelHa Tema, y (OKycy,
HCTOpHja  MeIULMHe/cToMaTojoruje/gapmaryje  ancTpakT Hema  I0ceOHY
CTPYKTYpy 1 He cMe 1a npehe 200 peun.

BoauTu padyHa na cpricka M eHriiecka Bep3uja ancrpakra Oyny mehycobno
TayHU M TPELHU3HHM NpeBoad. HujenHa pedeHuila He CMe MOCTOjaTH Y jEIHO]
BEP3MjH a J1a HUje IPEeBe/IeHa y APYyroj.

K/bYUYHE PEYHN

I/ICHO,E[ ancTpakTa HaBECTU MET A0 CeaaM PEJICBAHTHUX KJbYYHUX DEYU WU
n3pasa KojH ykasyjy Ha cajpxaj paja. IIperopyka je na ce He NOHaBJbajy Peun U3
Hacnosa pajga. Y usbopy kpyunux peun kopuctutu Medical Subject Headings —
MeSH (https://www.nIm.nih.gov/mesh/meshhome.html).

CTPYKTYPA I''TABHOI' TEKCTA PAJIA

HeonxonHo je [a OpUTHHAIHH paj, IPETXOAHO CAOMIITEHE, KPaTKo
CaolIITeHhe, MeTa-aHalM3a, CHUCTEMATCKH IIpernie] JHTepaType ca MeTa-
aHAIN30M, KIMHHYKO MCTPaXKHBaIbe CajJpike MOrNaBiba: YBOJ (KpaTak IpHKa3s
peaMeTa HCTpaXkMBama y3 HaBOJ LHJba paja y mocieqmeM macycy), Meronge
(npenu3aH onuc ojgabupa MCIUTAHWKA W NPHMECHCHUX METOHa, YKIbYdyjyhu
CTaTUCTUUKE MeToje, Opoj no3Boie carnacHoctd HaiexHor EK), Pesynratu
(IpHKa3aHu JOTHYKUM pelociesoM 6e3 IyImpama IpHKa3a UCTHX pe3yirara
Ha BHLIe HauyuHa), Jluckycuja (6e3 noHaB/pama nojataka Koju cy seh HaBeneHu
y ozesbKy PesynraTu; JUCKYTOBAaTH caMo J0OMjeHE Hallase JOBOhEHmEM y Be3y
ca JIPYrUM peIeBaHTHHUM CTyjujaMa, [OBe3aTH IMCKYCHjy H 3aK/bydke ca
LUJEBUMA paja, Mo MOTPeOM HATIACHTH JIMMHUTALUje NCTPaXKHBamba), 3aKJbydak
(Koju mHpOMCTHYE U3 pesylTara JaTOr MCTPaKHBamwa), 3axBanHuua (1o
notpedn), Jluteparypa.

Pykomnucu M3 kateropuja OHIUTH (HAPATUBHM) IpErJie] JIUTEPAType, MHHH
Hperies, CHCTeMATCKH Mperiies JIUTepaType, akTyelqHa Tema, y (oKycy caapxe
cnenehe wnemmne: YBox (ca  oxaroBapajylinM  mojHacioBuMa), 3akibydak,
Jlurepatypa.

Pykomnucu M3 kaTeropuje npuKas ciydaja, cepuja ciydajeBa caapike cienehe
uenuHe: YBoa (LMJb paja HAaBECTH Kao Mochelmwu mnacyc Ypona), Ilpukas
GonecHHKa (MACGHTHTET OOJNIECHMKAa Mopa OCTaTH aHOHMMaH), JIHcKycHja,
Jlutepatypa.

IMpuka3 GoJecHHKa HEe CMe UMATH BHUIIIE O] TIET ayTopa.

YIIUTHUILIM (Questionnaires)

CBu xopunrheHH yIUTHHUIN KOjH Cy YHOTPEOJbCHH Ka0 MEPHHM MHCTPYMEHTH
3a OMJIO KOjU O[] UCHUTHBAHHX MapameTapa, Mopajy OMTH NpEBEJCHH Ha je3uK
TOBOPHOT MOJPy4ja UCIUTAHUKA Y3 HaBOhCHE H0Ka3a O M3BPILICHO] BATHAALMH H
KYJITYPOJIOLIKOj aJanTalijH M0AHe0bY HCIIUTAHUKA.

nPUJIO03U

Ipunore unju 6poj Tpeba na Oyxe yckinalheH ca Jy)KMHOM TEKCTa MOCTABHTH
Ha Kpaj INIaBHOI' TEKCTa pykKomuca u3a JlutepaType, a y caMOM TEKCTY jacHO
HA3HAUYUTH MECTO KOje ce OMHOCH Ha aaTu mpuior. Kpajwa mosumuja mpuiora
6uhe onpelhena y Toxy npunpeme paaa 3a myOInKOBambe.

-

Tabese

HacnioB TpeGa Hamucatn u3Hajx Tabene, a o0jallmbera (JereH1y) HCroj mwe.
Taberne ce 03HauaBajy apanckum OpojeBHMa ImpeMa peaocieay HaBohema y TeKcTy.
Tabene u3paautu UckibyunBo y nporpamy Word, kpo3 mexn Table—Insert-Table,
y3 neduHHCame TadHOr Opoja KomoHa M penoBa koju he je umnutH. Kymatu
¢donrom Times New Roman, BennmunmHOM ciioBa 12, ¢ jeAHOCTPYKMM MPOPEIOM.
TaGene Mopajy OHTH jacHe W HMATH CBE CICMEHTC HEOMXOAHE 3a MPABHIIHO
pasyMeBame INTa je y BHMa HPUKA3aHO. YKOIMKO NMPHUKA3aHE BPEIHOCTH MMajy
,,OIICer* Wi ,,pehepeHTHE BPEIHOCTH , TO c€ MOpa I0/aTH.

V nerenau wucmon Ttabene Tpeba objacHHTH cBe CKpaheHHIle HaBeIeHE y
Tabenu M cBE O3HAKe (HIp. CJIOBA y CYNEPCKPHITY WM GOJIIOBAHE BPEIHOCTH).
Taxole, HEOIIXOAHO je HPeU3UPATH IPHMEECHE CTATUCTHIKE METOAE.

Cauxke (maycrpanuje)

Ilox cimkama mogpa3ymeBaMo cBe O00JMKe TrpadUyuKHX OpHIIOra
(pororpaduje, uprexu, cxeme u rpapukonu). Cimke Tpebda yrpagutH y
pyKOIIUC Ha Kpajy TEKCTa, IOCIe JuTepaType W mocie tabena (ako UX HMa).
Cnuke ce O3HauaBajy apalckuM OpojeBMMa IpeMa penociieqly HaBolhema y
TekcTy. Benuka cioBa A, B, 1] uta. Tpeba KOpHCTHUTH 3a O3HA4YaBame [EJI0Ba
BumeaenHux ciauka. CioBa, OpojeBn u cumbonu Tpeba npa Cy jacHH M
ijZlHa‘IeHI/I, a MOBOJbHE BCIMYMHE [a NPUIHUKOM yMambHUBamba GyZly YUTJbUBH.
Jlojanm TpUKa3aHW HAa CIMKaMa Mopajy OuTH cauyBaHM Kao (ororpaduje (He
Kao M3MEHUBH rpadUyKH €JEeMEHTH), TaKo Ja Ce IHXOB IOJIOXKAj HE MOXKE
ME€HWhAaTH, KakKo ou ce 066366[[14.]13 TAYHOCT IIOJaTaKa NPHUKAa3aHUX Ha CJIIHIH.
Ipumajy ce HCKJbYYHBO QuruTanHe GpoTorpaduje ca MUHUMAIHOM PE30JIYLIHjOM
ox 300 dpi u dpopmara JPEG, PNG unu PDF. Ciuke koje He 3a10B0JbaaBajy
HaBeJleHe ycioe Hehie Gutn npuxsahieHe 3a o6jaBy. J[MMeH3HMje JOCTaBIbEHHX
cnuka 6u Tpebano na 6yny nmpubnmkHe TUMeEH3Hjama y Kojuma he ciuka OutH
o0jaB/beHa. YKONMKO ayTOpH HHCY y MOTyHHOCTH faa JOCTaBe JMTHTAlHE
dororpaduje, onna opurnHanHe ciuke Tpeba ckenuparu y pesonyuuju 300 dpi
ny Op"FHHaHHOj BCIIMYUHHA U KaO TaKBC HMX JJOCTaBHUTH. Csu nojgamu Ha
cxemaMa u rpadukoHuMa Tpeba na Oyny ucnucanu 6escepudHuM GOHTOM pagu
nakie yntbuBocty (Hup. Arial, Helvetica), Bennunna cioBa He mama ox 10 pt.
MepHe jenuHHIe U CKalle MOpajy OUTH jacHO HasHaueHe. [lenumanHu OpojeBH
Ha TpaQUKOHMMa MOpajy OMTH NpPUKA3aHHM ca TAa4yKOM, a pa3/Bajame XMIbaJa
Mopa GuTH 03Ha4eHo 3ape3oM (Hmp. 1,234.56).

Buneo-npunosu (wiyctpaiuje paga) Mory Tpajatd 1-3 mMuHyTa M OuTH y
dopmary avi, mp4(flv). V3 Bumeo mocraButH moceGHO CIMKY Koja Ou Guia
WIYCTpalyuja BUACO-IIPHKA3a y e-H3amby U 00jaB/beHa y LITAaMIAHOM H3/aky, Kao
1 JIMHK Ka T1aThopmu rie je Buneo Beh nocrapibeH.

VY nerenau ucnon miyctpauuja Tpeda objacHuTH cBe ckpahenuue, cumborne,
GpojeBe MIIH CJIOBA KOjH CE KOPHUCTE 3a 00jallbebe MOjeANHHX JeioBa CIHKe. Y
city4ajy rpadMKOHa IPenU3UpaTh IPUMEHhEeHe CTATUCTHYKE MeToze (0 noTpebH),
a kox ¢oTomMukporpaduje HaBeCTH jaeTabeé O BPCTH KopuurheHor Gojema
yBehamy.

Vkomnko ce npukasyjy ¢ororpapuje ocoba (6osecHuka), JIUK Mopa OUTH
,,3amyheH™ uin je motpe6Ho 06e30euTH nucany q03BoIy Jinna ca ¢potorpaduje 3a
BeHO KopHinheme. Ha npuio3nMa (CHUMIM peHAreHa, CKeHepa, yITpa3Byka, HTIL.)
MOTPeOHO je YKIOHUTH CBE INTO MOKE Jia HACHTH(HKYje GOoJIeCHHKa. YKOIHKO je
cnuka Beh Herze o0jaBibeHa MOTPEOHO je LUTHPATH HU3BOP y3 MHCAHO 0A00pEHE
aKo ce paju o 3amTrheHoM MaTepHjaiy.

CKPAREHHUIE

CkpaheHulne KOPUCTUTH caMO Kaja je HEONMXOAHO, U TO 3a BeOMa Jyrauke
Ha3MBE XEMHjCKHX je/IMIbCHa, OJHOCHO Ha3MBE KOjH Cy Kao ckpahenuue Beh
npeno3HatsbuBu (Hnp. JIHK). 3a cBaky ckpaheHuily, ocum CTaHIapIHe jeIUMHHULE
Mepe, HaBECTH ITyH Ha3HB IPH IIPBOM HaBohemwy y TeKCTy (YKJbydyjyhn anmcTpakr).
VY HacnoBy M ancrtpakty u3beraBatu Kopumhemwe ckpaheHuia, y HacioBy HX
KOPHMCTUTH CaMO aKO Cy HEONXOJHE. 3a I0jMOBE KOjU C€ Y TEKCTY IIOMHIbY BHUILE
OJ] TPU IyTa Ipenopydyje ce yBoheme oaroapajyhux ckpahennua.

JEIIUMAJIHU BPOJEBH

VY TeKCTy pajia Ha EHIVIECKOM je3HKY JeLuMaiHe OpojeBe MUCAaTH ca TauKoM
(amp. 22.7), a y TEKCTy Ha CPIICKOM je3uKy ca 3ape3om (ump. 22,7). Kax rox je o
Mmoryhe, 6poj 3a0KpyKHUTH Ha jeHy ACLMUMAIy M MHUCATH JOCICIHO KPO3 Le0 paj
(HIIp. aKo je jeaHa BpeJHOCT 32.2, cBe OCTalle MOpajy UMATH je/IHy ACLUMaIty, HIp.

32.0).
JEAUHUIIE MEPA

JlyXMHy, BHCHHY, TCKHHY WM 3alPEMHHY H3paKaBaTH y METPHUKUM
jennaumama (Metap — M, xuorpam (rpam) — Kg (), aurap — L) min muxoBuM
nenouma. Temmeparypy u3paxasatn y crenenuma llemsujyca (°C), mpurmcax
KpBH y MHIJINMETpUMa >XUBHHOT cTyba (mm Hg). Pesynrare kiIMHMYKHX H
OGUOXEMH]CKHX Meperha HAaBOAMTH Y METPHYKOM CHcTeMy mpema MehynapomHom
cucremy jenuuuua (Sl).

3AXBAJTHUIIA

Wsnetn pompuHoc ocobe Kojoj Tpeba oOmaTH mHpH3HAKE, ald Koja He
HCIybaBa KPUTEPHjyME 3a ayTOPCTBO. Haectn ¢unancujcky momoh
(CIIOH30PCTBA, CTUIICHN]E, OLIPEeMa U APYro), Ka0 U Ha3UB IIPOjEeKTa y OKBHDPY KOTa
j€ MCTPaKMBamE CIIPOBEJICHO.

CTATUCTHUYKA AHAJIU3A

v OEJbKY MCTOI[C JAC€TaJbHO OIHUCATH NPUMEHECHE CTATUCTUYKE METOAE KaKo
6u Owna omorylieHa npoBepa HWCIPABHOCTH HbUXOBE IPUMEHE W PEHpOIyKIHja
anamse. Pesynratn Mopajy OMTH HyMEpHYKH jaCHO TPHKa3aHH y3 oArosapajyhe
MoKa3aTesbe BapUjaOMIIHOCTH M IOY3JAHOCTH (HIOp. CTaHAApAHA JACBHjaLuja,
CTaHIap/Ha TPEIIKa, HHTEpBaJT r[osepe]—ba). ]'[peumnpaTu THUIT CTlePIjC " ornucaTu
HAuMH Ha KOjU je W3BeleHa. HaBecTw KpuTepHjyMe YK/bydera M HCKIbYYeHa.
Hapectn copTBep M Bep3Hjy KOMIyTEpPCKOT Iporpama y KOME je H3BpIICHA
cTaTUCTHYKa 00pana moaartaka. Y onesbKy Pesyntatu xao u y nereHpama tabena
W/MITM TIPHJIOTa HABECTH CTATHCTHYKH METOJ| KOjU je KopumheH 3a aHalusy
MPUKA3aHUX pe3yaraTa. BpeqHocTr P ce yBek MUIly ca MOYETHOM HyJIOM (HOp. p >
0.05 a me p > .05).

JIMTEPATYPA

Pedepeniie HymepucaTH peJHHM apalcKuM OpojeBMMa IIpeMa peaocieny
HaBohema y TekcTy (ykipyuyjyhu tabGene u snerenzne npuiora). [Ipenopydyje ce na
BehuHa nuTHpanux pagosa Oyae miaha ox gecet roauna. Ipenopyudyje ce 1a 6poj
LUUTUPAHUX OPHIMHAIHHX pajgoBa Oyne HajmMame 80% ox ykynHor Opoja
pedepenun, oxHOCHO Opoj UMTHPAHMX KEbUTA, [OIJIAB/ba Yy KibMramMa H
nperieHux wianaka Mamu on 20%. CBu panoBu, 6e3 003upa Ha je3UK M3BODA,
LIUTHpajy Ce Ha CHITIECKOM je3HKy, a M3BOPHH jE3UK HAaBOJM CE€ Y 3arpaiy, u3a
uutupade 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 NMPHUCTYNAYHU YHTaoUMMa. Y3 cBaky pedepenuy Hasectu DOI 6poj.
Iperopyuyje ce uutHpame camMoO pagoBa 00jaB/bEHHX Yy YacONHCHMa 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, Bukumeanje, npenpuut o6jaBa 1 in Press wiaHaka, MOBYYEHHX
pamosa (retracted article), pagoBa o0jaBibeHHX y IPEIATOPCKHM
JaCOINCHMA.

IpuInKOM LUTHpasa CajToBa, HE MOXE Ce LIUTHPATH HACIOBHA cTpaHa Beh
ce MOpa LIUTHPATH OHa CTpaHa ca Koje je mHpopmanuja npeysera. CBaka HaBejeHa
pedeperna Mopa GuTH gocTymHa 3a mposepy online. Ykommko pedepenna He
[IOCTOjU HA MHTEPHETY (HIIP. apXHBCKHM MATEPHjal U CIL.), ayTOp MOpa Ja JOCTaBH
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