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LETTER FROM THE EDITOR
PISMO UREDNIKA

Medicine between the bedside and the algorithm: reflections on the March -

June issue of Medical Review

As I write this note for our July - August number,
the preceding March-June double issue has only just
reached our readers, and it rewards a second look.
Read as a whole rather than as a sequence of separate
papers, it offers a portrait of where clinical medicine
in our region is placing its attention, and of the ques-
tions our contributors judge most worth asking. Two
currents run through it with particular force, name-
ly the arrival of computational tools at the clinical
coalface and a renewed, careful attention to the indi-
vidual patient, and it is around these that I should like
to organise a few remarks.

The most conspicuous thread is the steady advance
of artificial intelligence and digital technology into
everyday practice. The issue carried an original study
applying deep-learning models to the classification of
colorectal adenomas, framed not merely as a technical
exercise but as a proposal for redesigning pathology
workflows and relieving a genuine workforce burden
[1]. It was joined by a review of artificial intelligence in
urodynamic studies, which weighed the promise of
machine learning against the sober reality that visual
interpretation by an experienced clinician remains, for
now, the cornerstone of diagnosis [2]. Read together,
the two pieces move from enthusiasm to appraisal, that
is, from what these systems can do to how, and how
cautiously, they might be brought into routine use.

Alongside this technological current runs a second,
older, and no less important one: the discipline of in-
dividualised judgement. The issue opened with a
thoughtful invited editorial on the estimation of renal
function before zoledronate injection, arguing that
when a binary safety decision turns on a narrow
threshold in a frail patient, an imprecise creatinine-
based estimate may simply not be good enough, which
amounts to a plea, in essence, for measuring rather
than assuming [3]. The same spirit animated a paedi-
atric case report describing anaesthetic management
of a child with confirmed allergy to midazolam, atro-
pine and rocuronium, where even routine agents be-
came a hazard and safe care depended on a bespoke

plan [4]. These are reminders that guidelines describe
populations, while patients present one at a time.

Several papers speak directly to the health of our
own community. Regional, single-centre experience
continues to anchor the journal, whether in a four-
year review of basal cell carcinoma at the University
Clinical Center of Vojvodina [5], or in a seminar on
the state of dental-arch supporting zones in children
in Vojvodina [6]. Such work rarely makes interna-
tional headlines, yet it is precisely the local reference
data on which sound regional practice depends.

The remaining contributions confirm the breadth
our readers have come to expect: original studies on
the timing of anterior cruciate ligament reconstruc-
tion [7], on predictors of recurrent sudden cardiac ar-
rest after defibrillator implantation [8], on the labora-
tory, radiological and clinical correlates of popliteal
artery aneurysm thrombosis [9], on uric acid concen-
trations in bipolar disorder [10], on collagen and elas-
tic fibre distribution in sarcoidosis and hypersensitiv-
ity pneumonitis [11], on hand morphometry in young
adults [12] and on tibial length and torsion [13]; to-
gether with a multidisciplinary review of traumatic
finger amputations [14]. The issue closed, fittingly,
with a paper from the history of medicine marking
825 years since the founding of the first Serbian hos-
pital and 850 years since the birth of its founder, Saint
Sava [15], a reminder that the impulse to organise care
for the sick is very old, even as its tools are very new.

Medical Review has appeared without interruption
since 1948, and its usefulness has always rested on
the willingness of clinicians and researchers to write
down what they have learned. I thank the authors,
reviewers and editorial staff whose work fills these
pages, and I commend the March-June issue to our
readers as a single, coherent conversation between the
enduring craft of the bedside and the new instru-
ments now placed in our hands.

Radmila Matijevi¢
Editor-in-Chief
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EDITORIAL
UVODNIK

INTERVENTION THRESHOLDS IN CHRONIC NCDS WITH A FOCUS ON CARDIOVAS-

CULAR DISEASE AND OSTEOPOROSIS

PRAGOVI INTERVENCIJE KOD HRONICNIH NNCD SA FOKUSOM NA KARDIOVASKULARNE

BOLESTII OSTEOPOROZU
Eugene McCLOSKEY

ORCID NUMBER
University of Sheffield, Sheffield, UK

Division of Clinical Medicine, School of Medicine and Population Health

Mellanby Center for Musculoskeletal Research

Introduction

It is well established that the majority of the global
burden of health-related morbidity and mortality
arises from chronic Non-Communicable Diseases
(NCDs) such as cardiovascular disease (CVD), cancer,
diabetes and respiratory diseases [1]. This identifica-
tion of 4 ‘main’ NCDs by the World Health Organisa-
tion (WHO) has led to many countries prioritising
these conditions, but musculoskeletal conditions, such
as osteoarthritis and osteoporosis, have often received
less policy attention despite their substantial burden
of disability. For example, in an analysis of the global
burden of disease in the United Kingdom (UK), the
greatest contribution to years lived with disability was
highest (30%) for those living with musculoskeletal
disorders, with mental and behavioural disorders as
the second most common cause [2]. However, in 2023,
as part of the UN Decade of Healthy Ageing, WHO
launched a new Bone Health and Ageing initiative,
the primary goals of which are to develop a strategic
roadmap for optimizing bone health to promote
healthy ageing and to advocate for a public health
strategy to prevent fractures among older people [3].

NCDs are usually multifactorial in causation, in-
cluding lifestyle factors (e.g. obesity, smoking, alcohol
intake, lack of exercise) and clinical or biological risk
factors; the latter range across different types of fac-
tors ranging from dichotomous (Yes/No) risk factors
(e.g. a family history of the disease, the presence of
other associated diseases) or other contributary clin-
ical/biological risk factors that frequently have a con-
tinuous relationship between the factor and the risk
of disease outcomes (e.g. higher blood pressure and
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stroke, higher cholesterol and myocardial infarction,
lower bone mineral density and fracture). These con-
tinuous clinical risk factors are often classified as
diseases, such as hypertension, hypercholesterolaemia
and osteoporosis, using thresholds which allow ex-
amination of the prevalence of the diseases globally
and regionally. Frequently, these same thresholds are
used as intervention thresholds (e.g. blood pressure
above 140/90mm Hg, bone mineral density (BMD)
T-score <-2.5) and, in many healthcare systems, the
diagnosis provides access to reimbursement of treat-
ment costs. Until now in many healthcare settings,
these thresholds have often played a central role in
how clinicians decide when to start, intensify or stop
treatments in patients with chronic NCDs, but the
main limitation is that intervention based on a single
risk factor ignores the input from other risk factors.
This article addresses concepts of outcome risk, ap-
proaches to defining and applying intervention
thresholds, and illustrates these issues in the setting
of CVD and osteoporosis.

Outcome risk in NCDs and its role in
disease management

Traditionally, as noted above, pharmacological
management has been based around thresholds with-
in individual risk factors which have been character-
ised as independent diseases. However, the fact that
this approach is focussed on intervention thresholds
based on a single risk factor in a multifactorial disease
is increasingly coming under scrutiny. It is increas-
ingly recognised that the management of NCDs
should be organised around quantified estimates of
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an individual’s future outcome risk rather than single
risk factors in isolation. In the setting of osteoporosis
and the role of BMD, this distinction between its use
for diagnostic and intervention thresholds was already
acknowledged in the original WHO report that estab-
lished the T-score threshold for osteoporosis in 1994.
“As a diagnostic tool, it (BMD) gives information con-
cerning the presence or absence of the disease with
the cut-off values chosen. Its potential as a prognostic
tool is to determine the future probability of oste-
oporosis or, better, the probability of fragility fractures
where different cut-off values may be used. In this
sense, bone density values are used as a risk factor.
Useful analogies may be drawn with other diseases
for which major risk factors have been identified” [4].

The outcome risk is usually expressed as the risk or
probability that a clinically relevant event (for example
myocardial infarction, stroke, osteoporotic fracture or
death) will occur over a specified time horizon, most
often the next 10 years. In CVD, examples of risk pre-
diction models estimate the likelihood of events such
as non-fatal myocardial infarction, stroke, or cardio-
vascular death using combinations of age, sex, blood
pressure, lipids, smoking and diabetes, and sometimes
additional biomarkers (Figure 1) [5-7]. In contrast to
being above or below the ‘diagnostic’ thresholds, these
models use the actual values of the continuous varia-
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Figure 1. Variables included in examples of CVD risk as-
sessment tools and the FRAX tool for osteoporosis
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bles (e.g. blood pressure, cholesterol) as the input to the
calculations. Similarly, in osteoporosis, fracture risk
calculators such as Fracture Risk Assessment Tool
(FRAX) (Figure 1) [8-10], QFracture [11,12] and the
Garvan fracture risk calculator, [13] combine a number
of clinical risk factors (e.g. age, body massindex (BMI),
prior fracture, parental hip fracture, smoking, alcohol
intake, glucocorticoid use, and causes of secondary
causes, etc.). Unlike the FRAX and Garvan tools,
QFracture does not accommodate the optional use of
BMD; within the FRAX and Garvan tools, BMD is
used as a continuous variable (e.g the actual BMD or
T-score) rather than simply being above or below the
thresholds for BMD-defined osteoporosis.

The rationale for using outcome risk as the driver for
intervention in chronic NCDs arises from several con-
siderations. Firstly, treatment benefit is usually propor-
tional to baseline risk: individuals at higher baseline risk
gain greater absolute risk reductions for the same rela-
tive treatment effect. For example, the use of alendronate
in osteoporosis is associated with a relatively consistent
relative risk reduction across the spectrum of fracture
risk, but with a greater absolute benefit amongst women
with highest FRAX scores [14]. In addition, some oste-
oporosis therapies show evidence of an increased relative
efficacy in patients at higher risk [15,16]. Secondly, in-
terventions have costs, inconvenience and potential
harms, which makes it desirable to target those most
likely to benefit sufficiently to justify the intervention.
Finally, the majority of health systems operate under
limited resources so that prioritising high-risk groups
can improve cost-effectiveness and population impact.
For example, in the Medical Research Council (MRC)-
funded population-based Screening of Older women for
Prevention (SCOOP) study in the UK, FRAX was used
to target treatment to women age 70-85 years at high
risk of hip fracture. In this study, treatment was given
to only 14% of women in the intervention group but led
to an overall 28% reduction in hip fractures compared
to standard care, an approach that was highly cost-ef-
fective/cost-saving [17-20].

Diagnostic and intervention thresholds:
confusion if accepted to be identical

It is important to distinguish between diagnostic
and intervention thresholds. An individual can be for-
mally labelled as having a disease (diagnosis), but this
does not automatically mean that medications or oth-
er treatments are legally or clinically required (inter-
vention). The diagnosis usually means that manage-
ment, but not necessarily treatment, is required. For
diseases arising from risk factors that have a continu-
ous relationship to a clinical outcome, diagnostic
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thresholds provide an operational definition of the
disease, such as hypertension or osteoporosis, to aid
classification and epidemiological surveillance of the
disease, but do not necessarily specify when treatment
should start. The conflation of diagnostic thresholds
and intervention thresholds, frequently complicated
by healthcare payers deciding to only reimburse med-
ication costs when the diagnosis is present, can cause
confusion in clinical practice in a number of ways.
Firstly, the belief that diagnosis and intervention are
inextricably linked implies that if the intervention
threshold needs to be altered, then the disease needs
to be redefined with new diagnostic thresholds. An
example was provided in the 2017 ACC/AHA Guide-
line for High Blood Pressure in which the guidance
moved away from the long-established diagnostic
threshold of systolic blood pressure (SBP)/diastolic
blood pressure (DBP) of >140/90 mmHg and redefined
hypertension as stage 1 hypertension (SBP 130-139/
DBP 80-89 mmHg) and stage 2 hypertension (SBP/
DBP >140/90 mmHg) [21]. Despite zero change in the
absolute risk of stroke, this suggested change in thresh-
olds had a potentially dramatic impact on the global
prevalence of hypertension. For example, in a study of
over 4 million adults participating in the global May
Measurement Month initiative, the new thresholds
increased the prevalence of hypertension by 72%
among the participating countries, an impact that was
most pronounced in low-income countries and raised
questions about the need for further epidemiological
studies in dedicated population studies [22].

A similar approach to ‘better’ target interventions
in osteoporosis has been suggested, but the latter pro-
motes the setting of different country-specific or pop-
ulation-specific T-score thresholds so that osteoporo-
sis BMD-based definitions would be numerous and
confusing [23]. The desire to alter or adapt the T-score
was so that the T-score threshold would be set at the
value that represented the same absolute risk of frac-
ture across populations. However, the objective of the
T-score definition was to allow comparison of the
prevalence of BMD below a certain threshold, rather
than define a threshold of fracture risk. Of course,
BMD is an important risk factor for fracture but the
incidence of the latter is influenced by many other fac-
tors, some of which are known and others not yet well-
defined, with variability between and across popula-
tions. The variability in fracture risk between different
populations and ethnicities is much greater than the
variability in BMD [24,25]. This is recognised by the
need for numerous FRAX models which calibrate the
risk assessment to the actual age and sex-specific inci-
dence of fracture and mortality within different popu-
lations and ethnicities.

Limitations of single risk factor thresholds
in multifactorial diseases

An important conceptual distinction is the differ-
ence between the risk arising from a single risk factor
defined disease (e.g. hypertension as defined by set
systolic and diastolic blood pressures or osteoporosis
as defined by BMD T-scores) and the risk of the actual
clinical outcomes attributable to a combination of that
disease and other risk factors. Until recently, interven-
tion thresholds have been established and used for re-
imbursement in these single risk factor diseases (e.g.
hypertension, hyperlipidaemia, osteoporosis), a deci-
sion that impacts on the actual risk profile of the pop-
ulation treated in terms of their risk of the disease out-
come as it disregards the presence or absence of other
risk factors. Increasingly, contemporary guidelines are
recommending that treatment thresholds should em-
brace the actual outcome risk, expressed in terms of
predicted absolute CVD or fracture risk, rather than
isolated blood pressure or BMD cut-offs. An example
of the data analysis that supports this approach was a
published meta-analysis of treatments for hypertension
using individual-level data from 48 randomised trials
of pharmacological blood pressure lowering medica-
tions versus placebo or other classes of blood pressure-
lowering medications [26]. Data were pooled to inves-
tigate the effects of blood pressure-lowering treatment
in participants, with and without prevalent cardiovas-
cular disease, overall and across seven systolic blood
pressure categories (ranging from <120 to 2170 mm
Hg). In a total of 344 716 participants from 48 ran-
domised clinical trials, 31 239 (19-8%) of participants
with previous cardiovascular disease and 14 928 (8-0%)
of individuals without previous cardiovascular disease
had a baseline SBP of less than 130 mm Hg. In partici-
pants with and without previous cardiovascular dis-
ease, the incidence rate for developing a major cardio-
vascular event was lower in the intervention groups
than in the comparator group with similar reductions
of cardiovascular events per 5 mm Hg reduction in SBP
across the two groups. Importantly, in the SBP stratified
analyses, there was no reliable evidence of heterogene-
ity of treatment effects on major cardiovascular events
by baseline cardiovascular disease status or systolic
blood pressure categories (data from those without
baseline cardiovascular events shown in Figure 2). The
authors concluded that a fixed degree of pharmaco-
logical blood pressure lowering is similarly effective for
primary and secondary prevention of major cardiovas-
cular disease, even at blood pressure levels currently
not considered for treatment. They concluded that the
findings should dismiss “the suggestions that blood
pressure-lowering treatment is only effective when
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Figure 2. Effect of anti-hypertensive treatment on the risk
of cardiovascular events across categories of baseline SBP in
patients without previous CVD at baseline. There was no
significant interaction of efficacy with baseline SBP (unad-
justed interaction p-value 0.66, adjusted 1.0) with similar
reductions in events at low and high baseline SBP. Adapted
from [26].

blood pressure is above a certain threshold”, an errone-
ous belief that has been mirrored in the claims that
treatments of osteoporosis are ineffective in patients
with BMD values above the T-score threshold of -2.5
[27]. In osteoporosis there is now overwhelming evi-
dence that treatments are similarly effective in many
patients and clinical scenarios where the BMD is not
osteoporotic [27]. This is in keeping with the recogni-
tion in the WHO 1994 report that different thresholds
could be used to target interventions when BMD is used
as a predictor of fracture risk rather than simply defin-
ing the presence of BMD-defined osteoporosis [4]. A
further paper from key authors in the hypertension
study reported above, subsequently published a paper
calling for an increasing role of CVD risk prediction in
clinical practice for BP treatment allocation and a cul-
tural shift in how blood pressure is treated; “It is time
for us to recognize that the objective is to treat cardio-
vascular disease risk not just hypertension” [28].

Intervention thresholds using outcome risks

In contrast to a diagnostic threshold, an interven-
tion threshold can generally be characterised as the
level of predicted outcome risk at which the expected
benefits of a preventive or therapeutic intervention are
judged to outweigh the harms and costs. As outcome
risk is typically modelled as a continuous variable,
clinical decision-making therefore requires choosing
cut-offs or “thresholds” that translate a continuum of
risk into discrete categories such as low, intermediate,
high or very high risk. Different methods of deciding
such thresholds are used in practice, including purely
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clinical thresholds (based on expert consensus about
benefit-harm trade-offs), cost-effectiveness thresholds
(incorporating formal economic modelling), and prag-
matic or policy thresholds that reflect local resources
and priorities.

Intervention thresholds may be expressed as fixed
or age-dependent risk thresholds. In the management
of CVD, most international guidelines endorse fixed
risk thresholds across the age range [29]. However, the
2021 European Society of Cardiology (ESC) CVD pre-
vention guidelines introduced new age-specific risk
thresholds for primary prevention, to address the con-
cern that uniform age-independent cut-offs could re-
sult in over-treatment of older adults and under-treat-
ment of younger adults [30]. This approach was subse-
quently reversed in the the 2024 ESC guidelines for the
management of elevated BP and hypertension which
returned to a single age-independent CVD risk thresh-
old because of concerns that the age-dependent ap-
proach could withhold CVD preventive treatment for
older adults based solely on age [29,31].

A systematic review of FRAX-based thresholds
identified that most guidelines used fixed or age-inde-
pendent thresholds for major osteoporotic fracture and
hip fracture [32]. Many guidelines use thresholds de-
rived from a US threshold cost-effectiveness analysis
which generated thresholds of 20% for MOF and 3%
for hip [33], despite the fact that this cost-effectiveness
analysis is now out-of-date and the thresholds may not
be appropriate for lower risk countries or ethnicities.
The impact of basing intervention thresholds on cost-
effectiveness analysis can lead to controversial out-
comes as illustrated by a NICE analysis of bisphospho-
nate treatments in osteoporosis in the United Kingdom
(UK) in 2017. [34]. This recommended that, amongst
individuals who qualify for osteoporosis assessment
on the basis of the previously published National In-
stitute for Health and Care Excellence (NICE) Fracture
Risk Assessment Clinical Guideline (CG146, [35] treat-
ment with oral bisphosphonates could be instituted at
a 10-year probability of major osteoporotic fracture
above 1%, or above 10% for intravenous bisphospho-
nates, thresholds which could have caused confusion
as potential intervention thresholds [36].

As noted above in the CVD field, age-independent
thresholds can impact on the equity of access to treat-
ment across age ranges. In practice, they generally de-
crease access at younger ages and may lead to overtreat-
ment at older ages [37]. To counter this, age-dependent
intervention thresholds are utilised in many guidelines,
initially led by the National Osteoporosis Guideline
Group (NOGGQG) in the UK. These thresholds are clini-
cal thresholds based on the consensus that if a woman
with a prior fracture can be considered for intervention,
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then a patient of the same age without a fracture but
the same level of fracture risk should also be considered
for treatment. This permits identification of those at
highest risk at all ages so that treatment can be intro-
duced not only to decrease that risk in the short-term
but to also limit the increase in risk over time [38].
The UK National Osteoporosis Guideline Group
has operationalised this approach by defining age-spe-
cific lower assessment thresholds (LAT), intervention
thresholds (IT) and upper assessment thresholds (UAT)
based on FRAX-estimated 10-year fracture probabili-
ties [39-41]. In the latest NOGG guidelines, a “very
high risk” category, using a FRAX-based fracture prob-
ability exceeding the intervention threshold by 60%,
has also been defined to identify patients who should
be referred to specialist services for more intensive as-
sessment and treatment planning, particularly with
attention to bone-forming agents as first line therapy.

Summary and Conclusion

The decoupling of diagnostic and intervention
thresholds has several important clinical implica-
tions. First, it legitimises offering treatment to indi-
viduals who do not meet the bone mineral density
definition of osteoporosis but have fracture probabil-
ity above the intervention threshold, such as younger
adults without prior fragility fracture and “osteo-
penic” bone mineral density but with one or more
other clinical risk factors. Second, it avoids automat-
ic treatment of all individuals with bone mineral den-

sity T-score < 2.5, particularly older patients whose
absolute fracture risk may be modest compared to the
wider age-matched population. Nonetheless, the co-
existence of diagnostic and intervention thresholds
can create confusion among clinicians and patients.
Some may incorrectly equate a diagnosis of oste-
oporosis with an obligation to treat pharmacologi-
cally, while others may falsely reassure high-risk in-
dividuals with “normal” or “osteopenic” bone min-
eral density, overlooking elevated fracture risk due to
age and other clinical risk factors. Under-treatment
remains a significant problem, with large proportions
of high-risk individuals not receiving osteoporosis
medications despite clear guideline indications.

However, it is increasingly clear that outcome risk
and intervention thresholds offer a coherent framework
for prioritising prevention and treatment in chronic
non-communicable diseases, including cardiovascular
disease and osteoporosis. Despite methodological and
implementation challenges, risk-based thresholds en-
able more rational, transparent and cost-effective use
of limited healthcare resources, provided they are reg-
ularly updated (without having to redefine the disease),
locally calibrated and applied with sound clinical judge-
ment. As populations age and the burden of chronic
NCDs continues to rise, coherent and well-implement-
ed strategies for defining and applying outcome-based
intervention thresholds will be essential for maximising
health gains and minimising the harms and costs of
both under- and over-treatment.
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THE BURDEN OF FLUID CREEP IN THE EARLY POSTOPERATIVE PERIOD AFTER ELEC-
TIVE SURGERY IN PATIENTS REQUIRING ADMISSION TO THE INTENSIVE CARE UNIT

ZNACAJ TECNOSTI KOJE SE KORISTE ZA RASTVARAN.JE LEKOVA U RANOM POSTOP-
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Abstract

Introduction. Fluid creep refers to intravenous fluids used in
every critically ill patient as part of routine care, including flu-
ids administered as vehicles for medication or electrolytes, or
small volumes used to keep venous lines open. It represents an
additional and often unrecognised source of fluid and electrolyte
load. We aimed to quantify and characterise fluid creep in our
surgical Intensive Care Unit and determine its contribution to
water, sodium, and chloride burden. Material and Methods.
This prospective observational study was conducted at the Uni-
versity Clinical Center of Vojvodina over 60 days. A total of 53
patients undergoing elective surgery and requiring at least 48
hours of postoperative intensive care were included. Daily fluid
creep volume and composition were recorded, and the electrolyte
load was calculated using manufacturer-reported sodium and
chloride concentrations. Results. The only fluid used for fluid
creep was 0.9% sodium chloride. Fluid creep accounted for 19%
of total daily fluid volume on postoperative day 0 and 24% on
postoperative day 1. Its contribution to total sodium and chloride
load increased from 17% to 30%. After 48 hours, B-lines on lung
ultrasound and peripheral oedema were observed in 51% of pa-
tients. Conclusion. Fluids used as drug vehicles represent a sub-
stantial proportion of total intravenous fluid administration and
significantly contribute to sodium and chloride load. Recogni-
tion of fluid creep may improve fluid management in postop-
erative intensive care patients.

Key words: Postoperative period; Intensive Care Units; Infu-
sions, Intravenous; Fluid Therapy; Water-Electrolyte Balance;
Sodium Chloride; Drug Carriers; Drug Administration Routes;
Pulmonary Edema

Introduction

Postoperative fluid and electrolyte management
is a key component of perioperative care. Individual-
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Sazetak

Uvod. Tecnosti za rastvaranje lekova predstavlju intravenske te¢nosti
koje se rutinski primenjuju kod svih kriti¢no obolelih bolesnika i
obuhvataju te¢nosti koje se koriste kao rastvaraci za lekove i elektro-
lite, kao i manje zapremine namenjene odrzavanju prohodnosti
venskih linija. Predstavljaju dodatni i ¢esto neprepoznat izvor unosa
te¢nosti i elektrolita. Cilj studije bio je kvantifikovati i kvalifikovati
koli¢inu i vrstu prepisanih te¢nosti za rastvaranje lekova u nasoj
hirurskoj jedinici intenzivne nege, kao i odrediti njihov doprinos
ukupnom opterecenju vodom, natrijumom i hloridima. Materijal i
metode. Ova prospektivna opservaciona studija sprovedena je u
Univerzitetskom klinickom centru Vojvodine tokom 60 dana.
Ukljucena su 53 bolesnika podvrgnuta elektivnim operacijama $to
je zahtevalo najmanje 48 sati postoperativnog lecenja u Jedinici in-
tenzivnog lecenja. Dnevni volumen i sastav te¢nosti za rastvaranje
lekova su belezeni, a unos elektrolita putem ovih te¢nosti izracunat
je na osnovu koncentracija natrijuma i hlorida koje je naveo
proizvodac. Rezultati. Jedina intravenska te¢nost koja je koris¢ena
u ovu svrhu bio je 0,9% natrijum-hlorid. Te¢nosti za rastvaranje le-
kova ¢inile su 19% ukupnog dnevnog unosa intravenskih te¢nosti
nultog postoperativnog dana i 24% prvog dana. Njihov udeo u uk-
upnom unosu natrijuma i hlorida povecao se sa 17% na 30%. Nakon
48 ¢asova, B-linije na ultrazvuku pluca i periferni edemi registro-
vani su kod 51% bolesnika. Zaklju¢ak. Te¢nosti koje se koriste kao
rastvaraci za lekove ¢ine znacajan deo ukupne intravenske terapije
i znacajno doprinose unosu natrijuma i hlorida. Prepoznavanje
znacaja ovih te¢nosti moze unaprediti njihovu preskripciju kod
postoperativnih bolesnika u Jedinici intenzivnog lecenja.

Kljucne reci: postoperativni period; jedinice intenzivne nege;
intravenske infuzije; terapija te¢nostima; balans vode i elektrolita;
natrijum hlorid; nosaci lekova; putevi primene leka; pluéni edem

ised administration of intravenous fluids is essential
to maintain adequate circulating volume and organ
perfusion [1].
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Abbreviations

IV fluids - intravenous fluids

IFA - International Fluid Academy

NICE - National Institute for Health and Care Excellence
ERAS - enhanced recovery after surgery

GIFTASUP - Guidelines for Intravenous Fluid Therapy
in Adult Surgical Patients

ICU - Intensive Care Unit
SAPSII - Simplified Acute Physiology Score
CCI - Charlson Comorbidity Index

Concepts of rational fluid administration and
fluid stewardship emphasise appropriate prescription
and avoidance of fluid overload [2]. Perioperative and
critical care fluid strategies are further guided by in-
ternational recommendations such as the Interna-
tional Fluid Academy (IFA) consensus [3], as well as
structured principles of fluid management including
the “four D’s” and phases of fluid therapy [4], and
classification into resuscitation, replacement, mainte-
nance, and nutrition fluids [5].

Current perioperative fluid strategies are also de-
fined by established guidelines such as ERAS, NICE,
and GIFTASUP, which primarily emphasise resusci-
tation and maintenance fluids [6-8]. However, these
frameworks do not sufficiently address less apparent
sources of fluid administration, such as drug diluents
and other ancillary fluids.

These additional inputs, collectively referred to as
fluid creep, are intravenous (IV) fluids not prescribed
for resuscitation or maintenance and include fluids used
as medication vehicles, for line flushing, and for intra-
venous catheter maintenance. Although often consid-
ered negligible, they may significantly contribute to
cumulative fluid and electrolyte load, particularly so-
dium and chloride, with potential clinical consequenc-
es such as fluid overload and tissue oedema [9-11].

Data on the contribution of fluid creep to postop-
erative electrolyte load in surgical Intensive Care Unit
(ICU) patients remain limited. The primary aim of this
study was to quantify fluid creep as a proportion of
total intravenous fluid administration and to charac-
terise the types of fluids contributing to it. The second-
ary aim was to assess its contribution to sodium and
chloride load as well as its association with clinical signs
of fluid overload.

Material and Methods

Study design and population

This prospective observational study was con-
ducted at the University Clinical Center of Vojvodina,
ICU, from February to April 2024. A total of 62 adult
patients undergoing elective surgical procedures who
required immediate postoperative ICU admission
were assessed for eligibility. Patients were eligible for
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inclusion if they required postoperative ICU stay for
at least 48 hours. Nine patients were excluded from
the study: two due to the need for renal replacement
therapy, one due to death, four due to parenteral nu-
trition, and two because of an ICU stay shorter than
48 hours. Therefore, 53 patients were included in the
final analysis.

The study was approved by the institutional Eth-
ics Committee (No. 00-2012).

Data collection
Patient data were retrieved from medical records and
the institutional electronic clinical information system.

Baseline data
Demographic data, surgical type, SAPS II score,
and Charlson Comorbidity Index (CCI) were recorded.

Type and amount of intravenous fluids

The type and volume of IV fluids prescribed to each
patient were retrieved from medical records. Data were
collected on day 0 and postoperative day 1. Day 0 was
defined as the day of the patient’s ICU admission (im-
mediately following admission), and postoperative day
1 as the following day. All data were collected according
to the research protocol. Each administered fluid was
categorised as either a maintenance fluids or a fluid
creep. Fluid creep was defined in this study as all non-
resuscitation, non-maintenance intravenous fluids ad-
ministered as drug diluents, carrier solutions, or for line
flushing, including fluids co-administered with medi-
cations.

Sodium and chloride load calculation

Sodium and chloride loads were calculated by mul-
tiplying the administered volume for each IV fluid by
the corresponding electrolyte concentrations reported
by the manufacturer or previously published data [12].

Assessment of fluid overload

Peripheral oedema was assessed clinically by phys-
ical examination and recorded as present or absent.
Lung ultrasound (LUS) was performed using a linear
probe (6-12 MHz) to assess eight lung zones according
to standardised protocols. B-lines were recorded in
each zone, and the presence of more than three B-lines
per zone was classified as pathological. Examinations
were performed 24 hours and 48 hours after ICU ad-
mission [13].

Statistical analysis

Statistical analysis was performed using SPSS ver-
sion 27, STATISTICA version 12, and Microsoft Excel.
Descriptive statistics were used to summarise the data.
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Continuous variables were expressed as mean + stand-
ard deviation or median (interquartile range), depend-
ing on data distribution, while categorical variables
were presented as frequencies and percentages. The
primary outcome was the proportion of fluid creep in
the total fluid intake. Secondary outcomes included
sodium and chloride load, as well as clinical signs of
fluid overload. Results were presented in tables and fig-
ures. A p-value < 0.05 was considered statistically sig-
nificant.

Results

A total of 53 patients were included. Patient char-
acteristics are presented in Table 1.

Most patients were male (66%), whereas females ac-
counted for 34% (n = 18). Most patients (70%) were
older than 65 years, with a mean age of 67.2 years
(range, 44-77). The mean body mass index (BMI) was
25.63 kg/m>.

Vascular surgery was performed in 68% of pa-
tients, while 32% underwent abdominal surgery. The
mean SAPS II score was 30, and the median Charlson
Comorbidity Index was 4.

Total daily fluid intake was 3971 + 857 mL on day
0 and 3890 + 731 mL on postoperative day 1 (p > 0.05)
(Table 2).

The proportion of fluid creep was 19% on day 0
and 24% on postoperative day 1 (p > 0.05) (Figure 1A).

Table 1. Demographic and clinical characteristics of patients

A Type af imrevenaus fuids

ay @ sl peradive day |
Maineenance flulds = Fluld creep
B. Clmical mumibsiativa of Suid awrioad
¥
] &l
i
i
'
E i
! 1 Lt 17
Il .
¥
day & pustoperative day |

u Perigherul oolema (S} BEies {Teh

Figure 1. (A) Relative contribution of maintenance fluids
and fluid creep on day 0 and postoperative day 1. (B)
Changes in clinical parameters, including peripheral
oedema and B-lines on lung ultrasound. Increased fluid
creep was associated with worsening clinical findings.

Over the first 48 hours, fluid creep accounted for

21.6% of cumulative intravenous fluid intake.
Intravenous fluids administered as vehicles for

medications accounted for the majority of fluid creep

Demographic and clinical data (n=53)

Male (n) 35 (66%)

Age (years) Mean 67.2 (range 44-77)
BMI (kg/m?) 25.63

Age > 65 years (n, %) 37 (70%)

Type of surgery (n,%) A\I;S&Tf;a; 61 7( 6(335))
SAPS II (points) 30

CCI (points) 5

Data are presented as mean values, numbers or percentages. body mass index; Simplified Acute Physiology Score; Charlson Comorbidity

Index.

Table 2. Detailed fluid composition with fluid creep separately analysed as a distinct component of total intravenous

fluid administration

Fluid composition

DAY 0 (mL, %) POD 1 (mL, %)

Maintenance fluids IV
Fluid creep (total) IV

1. vehicles for IV medications

2. IV fluids co-administered with analgesics
Total IV fluids

3216 (81%)
755 (19%)
551 (73%)
204 (27%)
3971 + 857

2956 (76%)
934 (24%)
645 (69%)
289 (31%)
3890 + 731

Data are presented as mean values in millilitres and percentages. Total values are expressed as mean + standard deviation in millilitres;
DAY 0 - day of admission to the Intensive Care Unit, postoperative day 1.
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Figure 2. Relative contribution of fluid creep to total so-
dium and chloride load on day 0 and postoperative day 1

(73% and 69%, respectively), with 0.9% NaCl as the
predominant diluent. The remaining proportion con-
sisted of fluids co-administered with analgesics, in-
cluding those that did not require dilution (Table 2).
On day 0, maintenance fluids were the primary
source of sodium and chloride (83.1%), whereas fluid
creep accounted for 16.9%. On postoperative day 1,
the contribution of maintenance fluids decreased to
70%, while that of fluid creep increased to 30% of
total electrolyte intake (p < 0.05) (Figure 2).
Peripheral oedema was present in 19% of patients
on postoperative day 0 and in 51% on postoperative
day 1 (p < 0.05). B-lines on lung ultrasound were ob-
served in 17% of patients on postoperative day 0 and
in 51% on postoperative day 1 (p < 0.05) (Figure 1B).

Discussion

This study suggests that fluid creep may represent
a relevant and increasing component of postoperative
fluid and electrolyte administration. Although total
daily fluid intake did not change significantly be-
tween day 0 and postoperative day 1, the composition
of administered fluids shifted, indicating that sourc-
es of fluid and electrolyte intake may be more impor-
tant than total volume alone. Similar observations
have been reported in other studies, where fluid creep
has been shown to contribute significantly to overall
intravenous fluid intake, highlighting its often under-
recognised role in fluid management [14,15].

The observed increase in the contribution of fluid
creep to electrolyte intake in our cohort (from 16.9%
to 30%) further supports the concept that fluid creep
is a dynamic and progressively important determi-
nant of postoperative electrolyte load. These findings
are in line with previous reports indicating that both
maintenance fluids and fluid creep contribute sub-
stantially to sodium and chloride burden in hospital-
ised and critically ill patients [14-16].

The predominant use of 0.9% sodium chloride as
a drug diluent likely contributed to the increased ex-
posure to sodium and chloride observed in our pa-
tients. In our cohort, the majority of fluid creep
originated from drug vehicle administration using
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saline-based solutions. Although only a limited
number of medications require saline dilution, its
widespread use appears to be driven more by routine
clinical practice than by strict necessity [17-19]. A
practical approach to reducing unintended fluid and
electrolyte loading from fluid creep involves more
thoughtful selection and use of drug diluents. Instead
of routinely used 0.9% sodium chloride, compatible
alternatives such as 5% dextrose can be used to excess
chloride and sodium intake significantly [20,21].

Additionally, the use of more concentrated drug
preparations, when clinically appropriate, may reduce
the volume of diluents required. Minimising the vol-
umes used for drug infusions and catheter flushing,
together with regular review of maintenance fluid
prescriptions, may further help limit unnecessary
fluid administration. Considering all sources of in-
travenous fluids in routine clinical practice could
reduce fluid and electrolyte burden [15,16].

Importantly, the increase in fluid and electrolyte
burden was accompanied by clinical signs of fluid ac-
cumulation. Excessive administration of sodium- and
chloride-rich fluids may contribute to positive fluid
balance, tissue oedema, pulmonary congestion, im-
paired organ function, and delayed recovery [10,11].
Raising awareness of hidden fluid sources and refining
intravenous medication administration could be
straightforward, cost-effective ways to manage fluids
better and potentially improve patient outcomes. In our
patients, peripheral oedema increased from 19% to 51%
over 48 hours, while the prevalence of pathological B-
lines on lung ultrasound increased from 17% to 51%.

B-lines on lung ultrasound are a sensitive marker of
increased extravascular lung water. They may suggest
pulmonary congestion in the appropriate clinical con-
text, although they are not specitfic for fluid overload
[21-23].

However, owing to the observational design of the
study, causality between fluid creep and the observed
clinical findings cannot be established, and the re-
sults should be interpreted as an association.

This study has several limitations, including a
relatively small sample size and its observational de-
sign, which preclude establishing causal relationships
between fluid creep and clinical outcomes at the in-
dividual patient level.

Conclusion

In this study, intravenous fluids used for drug di-
lution accounted for nearly one quarter of total intra-
venous fluid administration, representing a substan-
tial and often under-recognised source of fluid and
electrolyte load.
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Fluid creep was identified as a clinically relevant
and potentially modifiable contributor to periopera-
tive fluid burden. Rational selection of diluent fluids
may reduce sodium and chloride exposure and help

mitigate fluid-related complications in postoperative
patients, and should be considered in perioperative
fluid management protocols.
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Abstract

Introduction. Vitamin D regulates approximately 3% of the hu-
man genome, which helps explain its roles in the musculoskel-
etal, cardiovascular, and immune systems, as well as in the de-
velopment of malignant diseases and diabetes. Its deficiency may
cause rickets in children and osteomalacia and osteoporosis in
adults. Every 3 seconds, an osteoporotic fracture occurs, affecting
1in 3 women and 1 in 5 men over the age of 50 years. The study
aimed to evaluate serum vitamin D concentrations in postmen-
opausal women with osteopenia and osteoporosis and to assess
the association between vitamin D status and bone mineral den-
sity. Material and Methods. This retrospective study included
medical records of 100 postmenopausal women diagnosed with
osteopenia or osteoporosis by dual-energy X-ray absorptiometry.
Participants were divided into three groups by serum 25-hy-
droxyvitamin D concentrations (< 50 nmol/L; 50-75 nmol/L; > 75
nmol/L) and four age groups (< 49; 50-59; 60-69; > 70 years).
Results. The mean age of the participants was 67.14 years. The
mean 25-hydroxyvitamin D concentration was 50.28 nmol/L in
women with osteoporosis and 54.98 nmol/L in women with os-
teopenia. A statistically significant positive correlation was ob-
served between 25-hydroxyvitamin D concentration and hip
bone mineral density. Conclusion. Serum vitamin D concentra-
tions in postmenopausal women with osteopenia and osteoporo-
sis were below the desirable range. A positive and statistically
significant correlation was found between serum vitamin D con-
centration and hip bone mineral density. Older age was associ-
ated with a higher prevalence of fractures among women with
osteopenia and osteoporosis.

Key words: Bone Diseases, Metabolic; Osteoporosis; Osteoporosis,
Postmenopausal; Vitamin D; Vitamin D Deficiency; Bone Density

Introduction

Vitamin D, often referred to as the “hormone of
the future” with basic structure consists of four cho-
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Sazetak

Uvod. Vitamin D je potentni regulator funkcije oko 3% ljudskog
genoma, ¢ime se obja$njava njegova uloga u funkciji kostano-
misi¢nog sistema, imunoprocesima, kardiovaskularnom sistemu,
ali i razvoju malignih bolesti i dijabetesa. Deficijencija ovog vita-
mina moze usloviti rahitis kod dece, osteomalaciju i osteoporozu
kod odraslih. Svake tri sekunde nastaje jedna osteoporoti¢na frak-
tura koju pretrpi svaka tre¢a Zena i svaki peti muskarac stariji od 50
godina. Cilj rada bio je da se odrede serumske koncentracije vita-
mina D kod Zena sa osteoporozom i osteopenijom, te utvrdi posto-
janje korelacije izmedu serumskih koncentracija vitamina D i min-
eralne gustine kosti. Materijal i metode. Sprovedena je retrospektiv-
na analiza istorija bolesti 100 Zena u postmenopauzi kod kojih je
metodom dvostruke rendgenske apsorpciometrije postavljena di-
jagnoza osteopenije ili osteoporoze. Ispitanice su na osnovu vred-
nosti 25-hidroksi vitamina D podeljene u tri grupe (< 50 nmol/L;
50—75 nmol/L; > 75 nmol/L), a prema starosti u Cetiri grupe (< 49;
50-59; 60—69; = 70). Rezultati. Prose¢na starost ispitanica iznosila
je 67,14 godina. Prosecna vrednost 25-hidroksi vitamina D kod is-
pitanica sa osteoporozom iznosila je 50,28 nmol/L, a kod ispitanica
sa osteopenijom 54,98 nmol/L. Uocena je statisticki znacajna pozi-
tivna korelacija izmedu 25-hidroksi vitamina D i mineralne gustine
kosti kuka. Zaklju¢ak. Serumske koncentracije vitamina D kod
Zena u postmenopauzi sa osteopenijom i osteoporozom su ispod
opsega pozeljnih vrednosti. Postoji pozitivna i statisticki znacajna
korelacija izmedu serumske koncentracije vitamina D i mineralne
gustine kosti kuka. Starija zivotna dob bila je povezana sa ve¢om
ucestalo$¢u preloma kod Zena sa osteopenijom i osteoporozom.
Klju¢ne re¢i: metaboli¢ke bolesti kostiju; osteoporoza; postmeno-
pauzalna osteoporoza; vitamin D; nedostatak vitamina d; gustina
kostiju

lesterol rings, has been recognised as a potent regula-
tor of approximately 3% of the human genome. This
supports its role in the musculoskeletal system, im-
mune processes, cardiovascular function, and the
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Abbreviations

D2 - ergocalciferol

D3 - cholecalciferol

25(OH)D - 25-hydroxyvitamin D

1,25(0OH),D - 1,25-dihydroxyvitamin D (calcitriol)
DBP - vitamin D-binding protein

VDR - vitamin D receptor

IL - interleukin

TNF-a - tumour necrosis factor alpha

M-CSF - macrophage colony-stimulating factor

PTH - parathyroid hormone

GH - growth hormone

IGF-1 - insulin-like growth factor 1

DEXA - dual-energy X-ray absorptiometry

BMD - bone mineral density

SD - standard deviation

CMIA - chemiluminescent microparticle immunoassay
ANOVA — analysis of variance

development of malignant diseases and diabetes [1].
Several forms of vitamin D are known today, but only
ergocalciferol (D2) and cholecalciferol (D3) exert sig-
nificant physiological effects in humans. Dietary
sources include foods of animal origin (D3) and plant
origin (D2), while most is majority is synthesised by
exposure of 7-dehydrocholesterol to ultraviolet ra-
diation (290-315 nm), forming previtamin D3, which
is subsequently converted by thermal isomerisation
into cholecalciferol (D3).

Following the synthesis of vitamin D3 in the skin,
it undergoes its first transformation in the liver to
25-hydroxycholecalciferol (25(OH)D) by the action of
the enzyme 25-hydroxylase [2]. The resulting 25(OH)
D, or calcidiol, represents the circulating metabolite
whose laboratory measurement reflects vitamin D
stores in the body. The second hydroxylation occurs
predominantly in the kidneys under the influence of
la-hydroxylase, resulting in the formation of 1,25-di-
hydroxycholecalciferol (1,25(0OH),D), or calcitriol. In
addition to renal cells, endothelial cells, pancreatic
cells, pulmonary cells, parathyroid gland cells, and
many others also express la-hydroxylase and can lo-
cally synthesise vitamin D for their own needs. After
synthesis, calcitriol binds to vitamin D-binding pro-
tein (DBP) in the plasma and is transported to all cells
that express the vitamin D receptor (VDR).

Vitamin D exerts its primary role through par-
ticipation in osteogenesis and maintenance of bone
structural integrity by regulating calcium and phos-
phorus homeostasis and stimulating their intestinal
absorption and reabsorption in the proximal renal
tubules. In addition, vitamin D represents an impor-
tant component of the immune system, as recent
studies have also attributed antiproliferative proper-
ties to it [3]. It is estimated that 47% of the global
population has vitamin D deficiency [4]. The two
most common causes of vitamin D deficiency are

inadequate dietary intake and insufficient sun expo-
sure, which largely depend on geographical latitude.
Countries of the Balkan Peninsula are located above
the 35th parallel, where reduced endogenous vitamin
D synthesis has been documented during the autumn
and winter months [5,6]. Deficiency of this vitamin
may result in numerous disorders, including rickets
in children, osteomalacia and osteoporosis in adults,
hyperparathyroidism, and various disturbances of
the nervous, muscular, immune, and glucose-regu-
lating systems [3]. Osteoporosis is a chronic, progres-
sive metabolic skeletal disorder characterised by re-
duced bone mass and deterioration of bone microar-
chitecture [7,8]. The principal pathophysiological
mechanism of osteoporosis is accelerated overall bone
turnover with an imbalance between bone formation
and bone resorption in favour of the latter. Trabecu-
lar bone is metabolically the most active, and there-
fore, bone loss is initially observed in the lumbar
vertebrae, proximal femur, and wrist region [3].

Osteoporosis may be classified in several ways, al-
though the most widely accepted classification is the
aetiological division into primary and secondary os-
teoporosis. Primary osteoporosis includes idiopathic
and involutional osteoporosis, the latter is further di-
vided into postmenopausal and senile osteoporosis.
Postmenopausal osteoporosis (Type I) is the most
common form of the disease and occurs in women
during the postmenopausal period up to the age of 70
years [9]. Oestrogen deficiency resulting from natural
or artificial menopause leads to increased production
of inflammatory cytokines (IL-6, IL-1, IL-11, TNF-a,
M-CSF) and enhanced sensitivity of osteoblast and
osteoclast precursor cells to their effects, thereby in-
creasing osteoclast activity in the absence of the mod-
ulatory effects of hormones and growth factors (cal-
citonin, PTH, GH, IGF-1). During the early postmen-
opausal period, accelerated bone remodelling, with a
predominance of bone resorption, disrupts trabecular
microarchitecture. Simultaneously, reduced periosteal
apposition and increased endocortical resorption im-
pair cortical microarchitecture, leading to vertebral
and distal forearm fractures. An osteoporotic fracture
is defined as a fracture occurring spontaneously or
after minimal trauma [10,11].

Involutional osteoporosis (Type II) occurs in old-
er women and men after age of 70. Its pathogenesis is
associated with physiological ageing processes, in-
cluding reduced calcium absorption, decreased cal-
citriol synthesis, and increased PTH secretion. It is
characterised by the loss of both trabecular and cor-
tical bone [11,12]. Secondary osteoporosis develops as
a consequence of underlying diseases (e.g., Cushing’s
syndrome, diabetes mellitus, cystic fibrosis) or chron-
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ic use of medications (corticosteroids, antiepileptic
drugs) that affect bone metabolism [9].

The gold standard for assessing bone mineral den-
sity and diagnosing of osteoporosis is dual-energy
X-ray absorptiometry (DEXA) of the lumbar spine
(L1-L4) and hip. Bone mineral density (BMD) is ex-
pressed in g/cm? and reported using T-scores and
Z-scores. The T-score represents the deviation of
measured bone mass from the average peak bone
mass of young adults, whereas the Z-score represents
the deviation from the expected average for individu-
als of the same age. Osteoporosis is diagnosed when
the T-score is < —2.5 SD, whereas osteopenia is defined
as a T-score between —2.5 and —1.0 SD. Severe oste-
oporosis is defined as a T-score < —2.5 accompanied
by one or more fragility fractures. The T-score is used
to assess bone density in postmenopausal women and
men older than 50 years, whereas the Z-score is applied
in younger individuals and premenopausal women.
Osteoporosis treatment includes both non-pharmaco-
logical measures (lifestyle modification, reduction of
risk factors, calcium and vitamin D supplementation)
and pharmacological therapy consisting of two main
groups of medications: antiresorptive agents (bisphos-
phonates, selective oestrogen receptor modulators,
hormone replacement therapy, calcitonin, and deno-
sumab) and anabolic agents (teriparatide, abaloparati-
de, and romosozumab) [8,13].

Reduced endogenous vitamin D synthesis, spe-
cifically a decrease in the concentration of its active
metabolite, also plays an important role in the patho-
physiology of osteoporosis, making bone more sus-
ceptible to fractures [12,14].

This study aimed to determine serum 25-hydrox-
yvitamin D [25(OH)D] concentrations in women
with osteopenia and osteoporosis, and to assess the
association between serum 25(OH)D concentrations
and bone mineral density (BMD).

Material and Methods

This study was a retrospective analysis of medical
records from 100 female patients treated on an outpa-
tient basis at the Clinic for Endocrinology, Diabetes,
and Metabolic Disorders. Medical records were se-
lected from the clinic archive according to predefined
inclusion and exclusion criteria, without restriction to
a predefined calendar period. Approval for the study
was obtained from the Clinic and the Ethics Commit-
tee of the University Clinical Center of Vojvodina.

The study included postmenopausal women diag-
nosed with osteopenia or osteoporosis based on DXA
examination and with available serum vitamin D
measurements obtained before the initiation of any
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treatment. Women with secondary osteoporosis were
excluded from the study. The following data were col-
lected from medical records: demographic character-
istics (age), serum 25-hydroxyvitamin D [25(OH)D]
concentrations, history of fractures, and bone min-
eral density measurements (T-score).

Bone mineral density of the lumbar spine (L1-L4)
and hip was assessed using a Lunar densitometer. T-
scores and Z-scores were calculated using the device
software. Osteopenia was defined as a T-score be-
tween —1.0 and —2.5, whereas osteoporosis was de-
fined as a T-score < —2.5. Serum vitamin D concen-
trations, specifically its circulating metabolite 25(OH)
D, were measured using the chemiluminescent mi-
croparticle immunoassay (CMIA) method on an au-
tomated Abbott Alinity immunoassay analyser. Val-
ues equal to or above 75 nmol/L were considered
sufficient, values between 50 and 75 nmol/L were
classified as insufficient, and values below 50 nmol/L
as vitamin D deficiency. Participants were stratified
into four age groups (<49 years, 50-59 years, 60-69
years, and >70 years) and into three groups according
to serum 25(OH)D concentration (=75 nmol/L, 50-75
nmol/L, and <50 nmol/L).

Continuous variables were described using mini-
mum and maximum values, means, and standard
deviations. Categorical variables were expressed as
percentages. The normality of continuous variables
was assessed using the Shapiro-Wilk test. Differences
in mean values between groups were evaluated using
analysis of variance (ANOVA). Associations between
continuous variables were assessed using Pearson’s
correlation coefficient. Statistical analyses were per-
formed using the R statistical software package (ver-
sion 4.4.0), with statistical significance set at p < 0.05.

Results

The study included 100 women diagnosed with os-
teopenia or osteoporosis based on DXA examination.
Demographic and clinical characteristics of the study
population are presented in Table 1. The mean age of
the participants was 67.14 years, while the mean serum
vitamin D concentration was 51.69 nmol/L. The mean
lumbar spine (L1-L4) T-score was —2.51. The mean hip
T-score was —1.95, which was 0.56 higher than the lum-
bar spine T-score. The lowest recorded T-score was —4.5
at the hip and —4.8 at the lumbar spine.

Participants were stratified into four age groups:
<49 years, 50-59 years, 60-69 years, and >70 years
(Table 2). The largest group consisted of women aged
70 years and older (n = 45), followed by those aged
60-69 years (n = 40). Eight participants were between
50 and 59 years of age, while only seven were young-
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Table 1. Demographic and Clinical Data

Variable Mean SD MIN
Age (years) 67.14 9.04 41 83
25(0OH)D (nmol/L) 51.69 21.08 10 98
L1-L4 T-score (SD) -2.51 0.82 -4.8 -0.6
Hip T-score (SD) -1.95 0.94 -4.5 0.4
Table 2. Baseline Characteristics of the Study Sample
Variable Category
<49 7 7
50-59 8 8
Age (years) 60-69 40 40
=70 45 45
Yes 47 47
Fractures
No 53 53
<50 45 45
25(0OH)D (nmol/L) 50-75 40 40
=75 15 15
T-score (BMD classification) Osteopenla} 30 30
Osteoporosis 70 70

Table 3. Mean age, history of fractures, serum 25(OH)D concentrations, and bone mineral density in women with

osteopenia and osteoporosis

Age (vears) 25(OH)D Hip BMD L1-L4 BMD
(Nigearzl +SD) Fractures, n (nmol/L) (g/cm?®) (g/cm?®)
- (Mean+SD) (Mean+ SD) (Mean+SD)
Osteopenia 67.30 £ 8.61 10 54.98 +£20.79 0.848 = 0.07 0.967 £ 0.05
Osteoporosis 67.07 £9.28 37 50.28 £ 21.19 0.729 £ 0.10 0.834 £ 0.10

er than 50 years. Based on serum 25(0OH)D concen-
trations, participants were categorised into three
groups: <50 nmol/L, 50-75 nmol/L, and 275 nmol/L.
Only 15 participants had serum 25(OH)D concentra-
tions within the desirable range (=75 nmol/L). The
remaining participants had suboptimal vitamin D
status, with 40 exhibiting vitamin D insufficiency
(50-75 nmol/L) and 45 exhibiting vitamin D defi-
ciency (<50 nmol/L). According to T-scores measured
at the hip and lumbar spine, participants were clas-
sified into two groups: osteopenia (n = 30) and oste-
oporosis (n = 70). A history of fracture was reported
in 47% of the participants.

As shown in Table 3, women with osteoporosis had
lower mean serum vitamin D concentrations (50.28
nmol/L), lower hip BMD values (0.729 g/cm?), and
lower lumbar spine (L1-L4) BMD values (0.834 g/cm?)
compared with women with osteopenia, whose corre-
sponding mean values were 54.98 nmol/L, 0.848 g/cm?,
and 0.967 g/cm?, respectively. In addition, fractures
were more common among women with osteoporosis,
with 37 participants reporting a history of fracture.

By age group, the lowest mean serum vitamin D
concentration was observed in women aged 70 years

and older (48.23 nmol/L), whereas the highest was
found in women younger than 50 years (60.71 nmol/L).
Although there was a tendency of lower mean serum
vitamin D concentration with increasing age, the dif-
ferences between age groups were not statistically sig-
nificant (p = 0.146). Women with a history of fractures
had the lowest mean serum vitamin D concentration
(49.06 nmol/L), whereas those without fractures had
a mean concentration approximately 5 nmol/L higher.
However, this difference was not statistically signifi-
cance (p = 0.242). Participants with osteopenia had
slightly higher mean serum vitamin D concentrations
(54.98 nmol/L) than those with osteoporosis (50.28
nmol/L); however, the difference was not statistically
significant (p = 0.310) (Table 4).

The mean age of participants with a history of
fracture was 69.51 years, compared with 65.03 years
among those without a history of fracture. This dif-
ference was statistically significant (p = 0.013).

The mean age of participants with sufficient vita-
min D concentrations (=75 nmol/L) was 65.66 years,
whereas the mean age was higher among those with
suboptimal vitamin D status, reaching 67.47 years in
the vitamin D insufficiency group (50-75 nmol/L)
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Table 4. Mean serum 25(OH)D concentrations in subjects in relation to age, presence of fractures, and bone mineral

density
Category n Mean + SD
<49 7 60.71 + 26.08
50-59 8 4991 £ 17.99
A 14
ge (years) 60-69 40 54.36 + 19.58 0146
=70 45 48.23 + 21.99
Yes 47 49.06 + 22.66
Fractures No 53 54.02 + 19.49 0242
Osteopenia 30 54.98 +20.79
BMD %) (classificati 0.310
(g/em”) (classification) Osteoporosis 70 50.28 + 21.19

Table 5. Mean age in relation to serum 25(OH)D concentrations, presence of fractures, and bone mineral density

Category n Mean + SD
Yes 47 69.51 +7.34

Fractures No 53 65.03 1 9.93 0.013
<50 45 67.33 £ 9.66

25(0OH) (nmol/L) 50-75 40 67.47 + 7.30 0.793
275 15 65.66 + 11.58

Osteopenia 30 67.3 £ 8.61

BMD (g/cm?) (classificati 0.909

(g/em’) (classification) Osteoporosis 70 67.07 + 9.28

Table 6. Correlation between 25(0OH)D concentration and bone mineral density (BMD) (N = 100)

Correlation

r

25(0OH)D vs. L1-L4 BMD
25(0OH)D vs. Hip BMD

0.17 0.07
0.19 0.05

r - Pearson correlation coefficient; p - statistical significance of the correlation (p < 0.05)

and 67.33 years in the vitamin D deficiency group
(<50 nmol/L). Although lower vitamin D concentra-
tions were observed with increasing age, the differ-
ences were not statistically significant (p = 0.793).
Similarly, no significant difference in age was ob-
served between participants with osteopenia and
those with osteoporosis. The mean age was 67.30
years in the osteopenia group and 67.07 years in the
osteoporosis group (p = 0.909) (Table 5).

Pearson’s correlation analysis was performed to
evaluate the association between serum vitamin D con-
centrations and bone mineral density at the hip and
lumbar spine (L1-L4) (Table 6). A positive correlation
was observed between serum vitamin D concentration
and lumbar spine BMD; however, the association did
not reach statistical significance (r = 0.17, p = 0.07).
Similarly, a weak positive correlation was observed be-
tween serum vitamin D concentration and hip BMD,
which was statistically significant (r = 0.19, p = 0.05).

Discussion
Physical inactivity, a sedentary lifestyle, and nu-
merous metabolic disorders contribute to adverse

changes in the skeletal system. Today, the prevalence
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of non-communicable diseases continues to increase,
with osteoporosis representing not only a major
health concern but also a significant socioeconomic
burden [15]. Age is an important biological determi-
nant of bone loss. Peak bone mass is estimated to be
achieved by the age of 25 years, after which bone den-
sity gradually declines, with an average decrease of
approximately 0.5% every four years in adulthood.
Furthermore, bone mineral density loss is two to
three times greater in women after menopause [16].
In a study conducted by Labronici et al., the mean age
of women diagnosed with osteopenia was 69 years,
whereas women with osteoporosis were older, with a
mean age of 75 years. The authors reported a statisti-
cally significant difference in age between women
with osteoporosis and those with osteopenia [17].
Similar findings have been reported in more recent
population-based studies, which demonstrated that
the prevalence of osteopenia and osteoporosis in-
creases significantly with age, particularly among
individuals older than 70 years [18]. In our study, the
mean age of women with osteopenia was 67 years,
while women with osteoporosis were of a similar age.
Consequently, no statistically significant difference
was observed between these groups. One possible
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explanation is that our study did not include women
with normal bone mineral density and was conduct-
ed on a relatively small sample.

The role of vitamin D as a key factor in maintain-
ing skeletal health has received increasing attention
in recent years. A decline in serum vitamin D con-
centrations has been observed across all age groups
over recent decades. Previous studies have shown that
vitamin D deficiency is more prevalent in women
than in men, particularly among older women with
osteopenia and osteoporosis [19].

In our study, the mean serum vitamin D concen-
tration was 54.98 nmol/L in women with osteopenia
and 50.28 nmol/L in women with osteoporosis. Al-
though the difference was not statistically significant,
both groups exhibited vitamin D concentrations be-
low the recommended range. Similar findings were
reported in a Brazilian study by Labronici et al,,
where mean vitamin D concentrations were 54
nmol/L in women with osteopenia and 55 nmol/L in
women with osteoporosis. Likewise, no significant
difference was observed between the two groups [17].
In contrast, Laktasi¢ et al. reported somewhat lower
mean serum vitamin D concentrations in women
with osteopenia (48 nmol/L) and osteoporosis (45
nmol/L) [20]. These lower concentrations were ob-
served in women with a mean age of approximately
60 years, which differs from our findings, where com-
parable vitamin D concentrations were recorded pri-
marily among women older than 70 years.

Considering the geographical latitude and the
greater number of sunny days, higher vitamin D con-
centrations might be expected among women from
Brazil than among women from the Balkan region.
However, substantial differences were not observed.
This finding suggests that endogenous vitamin D syn-
thesis depends not only on sunlight exposure but also
on factors such as lifestyle, body mass index, dietary
intake, and chronic diseases. This observation is con-
sistent with contemporary epidemiological data dem-
onstrating a high global prevalence of vitamin D de-
ficiency, even in regions with abundant sunlight [4].

Numerous studies have investigated the relation-
ship between vitamin D and bone mineral density.
Malavolta et al. conducted a study among postmeno-
pausal women in Italy. They reported a strong positive
correlation between serum vitamin D concentrations
and bone mineral density at both the hip and lumbar
spine [21]. Laktasi¢ et al. demonstrated a positive cor-
relation only between vitamin D concentration and
hip bone mineral density [20]. Similarly, our study
identified a weak positive correlation between serum
25(0OH)D concentration and hip bone mineral den-
sity that was statistically significant, whereas the cor-

relation with lumbar spine bone mineral density was
also weak and positive but did not reach statistical
significance. In contrast, Garnero et al. found no as-
sociation between vitamin D concentrations and bone
mineral density at either the hip or the spine [22].
These heterogeneous findings are likely explained by
differences in ethnicity, age distribution, study design,
and the fact that vitamin D deficiency represents only
one of several factors contributing to reduced bone
mineral density. In addition to age and female sex,
decreased bone mineral density is influenced by oes-
trogen deficiency, physical inactivity, inadequate sun
exposure, smoking, low body mass index, and numer-
ous other factors. Previous studies have shown that
women with five or more risk factors have up to a 17-
fold higher incidence of hip fractures [23]. Further-
more, hip fractures are associated with mortality of
up to 36% during the first year after fracture [16].
Osteoporosis represents a major global health
challenge. It is estimated to cause nearly 8.9 million
fractures worldwide annually. An osteoporotic frac-
ture occurs every 3 seconds, affecting 1 in 3 women
and 1 in 5 men over the age of 50 years [15]. In our
study, 47% of participants had a history of fracture.
The mean age of women with fractures was 69 years,
whereas women without fractures were approximate-
ly four years younger. This difference was statisti-
cally significant. The importance of age as a risk fac-
tor for fractures was also demonstrated by Labronici
et al., who reported a mean age of 75 years among
women with fractures, six years older than the wom-
en in our cohort. However, the prevalence of fractures
in their study was lower (25%) [17]. Similar findings
have been reported in more recent population-based
and cohort studies, indicating that the risk of oste-
oporotic fractures increases exponentially after the
age of 65 years, with a further increase after the age
of 70 years, regardless of geographic region or ethnic-
ity [24]. Although our study did not demonstrate a
statistically significant difference, mean vitamin D
concentrations were lower among women with frac-
tures (49 nmol/L) than among those without fractures
(54 nmol/L). Fisher et al. similarly reported a high
prevalence of vitamin D deficiency among women
with fractures, with vitamin D insufficiency present
in nearly 80% of hip fracture cases [25]. Comparable
findings were reported in a recent meta-analysis by
Lv et al., which demonstrated a dose-dependent as-
sociation between lower serum 25(OH)D concentra-
tions and an increased risk of hip and non-vertebral
fractures, particularly among older women [26].
Numerous studies emphasise the importance of
early vitamin D and calcium supplementation for frac-
ture prevention. Larsen et al. reported that individuals
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older than 65 years receiving vitamin D supplementa-
tion at doses greater than 400 IU/day had a 16% lower
fracture risk [27]. However, vitamin D supplementation
should be used with caution. Sanders et al. demonstrat-
ed that very high annual doses of vitamin D (500,000
IU once yearly for five years) administered to women
aged 70 years and older paradoxically increased fracture
risk [28]. More recent meta-analyses and randomised
controlled trials have shown that vitamin D supplemen-
tation alone does not significantly reduce fracture risk
in the general population. Any potential benefit on bone
mineral density appears to be modest and is most con-
sistently observed when vitamin D is administered in
combination with calcium [29]. These findings further
emphasise the importance of comprehensive osteoporo-
sis assessment and the timely identification of modifi-
able risk factors in routine clinical practice [30].

Limitations
Several limitations of this study should be ac-

knowledged. First, its retrospective design, relatively
small sample size, and single-centre setting may lim-

it the generalisability of the findings. In addition,
several factors that may influence vitamin D status
and bone mineral density, including body mass index,
physical activity, and dietary habits (particularly cal-
cium and vitamin D intake), were not evaluated. Fu-
ture large-scale prospective studies are needed to
clarify further the relationship between vitamin D
status and bone mineral density in postmenopausal
women.

Conclusion

Our study confirmed that postmenopausal women
with osteopenia or osteoporosis have serum vitamin
D concentrations below the recommended range. A
weak positive correlation between serum 25-hydroxy-
vitamin D concentration and hip bone mineral den-
sity was statistically significant, whereas the weak
positive correlation with lumbar spine bone mineral
density did not reach statistical significance. Increasing
age was associated with a higher prevalence of frac-
tures among women with osteopenia and osteoporosis.
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Abstract

Introduction. Urinary incontinence is a very common pelvic floor
disorder defined as the “complaint of involuntary loss of urine”.
Sexual dysfunction prevents a person from experiencing pleasure
during sexual activities. The research aimed to analyse the fre-
quency of urinary incontinence and sexual dysfunction in female
subjects 6 to 18 months after the first delivery and the association
with factors at delivery. Material and Methods. The research in-
cluded 69 respondents. The inclusion criteria was one previous term
birth within 6-18 months. A survey created with Google Forms was
used to collect data. Results. Sexual dysfunction was reported by
21/69 (30%) respondents, and urinary incontinence by 8/69 (12%).
Urinary incontinence was significantly more common among sub-
jects with obstetric soft tissue lacerations (p<0.01). Negative emo-
tional reactions during sexual intercourse were more frequent in
respondents with a longer period since childbirth (p<0.001). Only
3/21 (14%) subjects with sexual dysfunction and 3/8 (38%) with
urinary incontinence reported the problem to their doctor. The
doctor asked 16/69 (23%) about the problem of urinary incontinence
during a regular visit, and about sexual dysfunction in 15/69 (22%)
of the respondents. Conclusion. Sexual dysfunction and urinary
incontinence are common conditions after the first childbirth.
Trauma of the birth canal during childbirth may contribute to uri-
nary incontinence after delivery. Negative emotional reactions
increase during the time that passes after childbirth. Patients and
doctors rarely discuss sexual dysfunction and urinary incontinence.
Key words: Urinary Incontinence; Sexual Dysfunction, Physi-
ological; Parturition; Delivery, Obstetric; Obstetric Labor Com-
plications; Postpartum Period; Pelvic Floor Disorders; Psycho-
logical Distress; Emotions

Introduction

The pelvic floor is composed of muscles, ligaments,
and fascia. The coordinated function of these struc-
tures is essential for maintaining pelvic girdle stability
and muscle tone, as well as for continence and sexual
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Sazetak

Uvod. Urinarna inkontinencija je veoma rasprostranjen poremecaj
karli¢nog dna koji se definise kao ,,zalba na nevoljni gubitak urina®
Seksualna disfunkcija spre¢ava osobu da dozivi zadovoljstvo pri-
likom seksualne aktivnosti. Cilj ovog istrazivanja bio je da se ispita
ucestalost urinarne inkontinecije i seksualne disfunkcije kod Zenskih
ispitanica Sest do 18 meseci nakon prvog porodaja i povezanost sa
faktorima na porodaju. Materijal i metode. Istrazivanje je obuhva-
tilo 69 ispitanica. Kriterjjumi za ukljucivanje ispitanica u istrazivanje
bili su da su imale jedan prethodni terminski porodaj pre 6-18
meseci. Kori$§¢ena je anketa kreirana u elektronskom obliku
upotrebom aplikacije Google forms. Rezultati. Seksualnu disfunk-
ciju je prijavilo 21/69 (30%) ispitanica, a urinarnu inkontinenciju
8/69 (12%). Urinarna inkontinencija je bila znac¢ajno ¢es¢a medu
ispitanicama sa rascepom porodajnog kanala (p < 0,01). Negativne
emocionalne reakcije tokom seksualnog odnosa bile su ucestalije
kod ispitanica kod kojih je proslo vi$e vremena od porodaja (p <
0,001). Samo 3/21 (14%) ispitanica sa seksualnom disfunkcijom i 3/8
(38%) sa urinarnom inkontinencijom su prijavile problem svom
lekaru. Lekar je pitao o problemu urinarne inkontinencije tokom
redovne posete kod 16/69 (23%), a o seksualnoj disfunkciji kod 15/69
(22%) ispitanica. Zakljucak. Seksualna disfunkcija i urinarna inkon-
tinencija su ¢esta stanja posle prvog porodaja. Trauma medice tokom
porodaja moze uzrokovati urinarnu inkontinenciju posle porodaja.
Negativne emotivne reakcije tokom seksualnog odnosa se povecavaju
tokom vremena koje protekne od porodaja. Pacijenti i lekari retko
razgovaraju o seksualnoj disfunkciji i urinarnoj inkontinenciji.
Kljuéne reci: urinarna inkontinencija; fizioloska seksualna dis-
funkcija; porodaj; akuserski porodaj; komplikacije akuserskog
porodaja; postporodajni period; poremecaji karli¢nog dna;
psiholoski stres; emocije

function. Damage to these structures leads to pelvic
floor dysfunction, which includes various conditions
such as urinary incontinence, pelvic organ prolapse,
and sexual dysfunction [1,2].

Urinary incontinence (UI) is a highly prevalent pelvic
floor disorder, defined as a “complaint of involuntary loss
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Abbreviations

Ul - urinary incontinence

SD - sexual dysfunction

CIS - Clinical Information System

PISQ-12 - Pelvic Organ Prolapse/Urinary Incontinence

Sexual Function Questionnaire
ICIQ-UI SF - International Consultation on Incontinence
Questionnaire-Urinary Incontinence Short Form
UCCV — University Clinical Center of Vojvodina

of urine” [3,4]. It commonly affects women and can im-
pact multiple aspects of life, including social, psychologi-
cal, occupational, and sexual domains. UT is associated
with feelings of shame and a significant reduction in qual-
ity of life [5-7]. Risk factors may include pregnancy, mode
of delivery, obesity, and maternal age [8]. The prevalence
of urinary incontinence following childbirth is approxi-
mately 31% among primiparous women [9]. Management
strategies range from conservative approaches, such as
lifestyle modifications, pelvic floor muscle training, and
biofeedback, to surgical interventions [10,11].

Women’s sexual health is a vital aspect of life at any
age and is influenced by multiple factors. In particular,
pregnancy and childbirth bring about biological, psy-
chological, and social changes that may impact sexual
health. Evidence suggests that sexual function declines
during pregnancy and may not return to baseline levels
during the postpartum period [12]. The American Psy-
chiatric Association defines female sexual dysfunction
(SD) as a condition that prevents an individual from
experiencing satisfaction during sexual activity [13]. It
has been reported that the rate of sexual dysfunction
can reach up to 64% six months postpartum, and ap-
proximately 6.4% of women did not experience physical
satisfaction in their sexual relationships 18 months af-
ter childbirth. Between 80% and 93% of women resume
sexual activity within the first three months postpar-
tum. During this period, two-thirds of women experi-
ence some form of sexual dysfunction, such as vaginal
dryness, pain, reduced libido, or inability to achieve
orgasm [14]. An important factor that may influence
sexual dysfunction is the mode of delivery, which can
be categorised as spontaneous vaginal delivery, episi-
otomy, assisted vaginal delivery, or caesarean section
[15]. Management of sexual problems in women is
typically individualised and multidisciplinary [16].

Material and Methods

The cross sectional study was conducted as a
cross-sectional study at the Clinic of Gynaecology

Table 1. Presence of specific factors during vaginal delivery

and Obstetrics, University Clinical Center of Vojvo-
dina (UCCV) in Novi Sad. A total of 69 women par-
ticipated in the study. Inclusion criteria were primi-
parous women, 6 to 18 months postpartum, with a
term pregnancy. Data were collected from the Clinical
Information System (CIS) and via a questionnaire. The
questionnaire was designed electronically using Goog-
le Forms. Participants were recruited by telephone, and
the questionnaire was sent to them online via a link.

The questionnaire was developed for this study and
included both customised questions designed by the
authors and questions from the Pelvic Organ Prolapse/
Urinary Incontinence Sexual Function Questionnaire
(PISQ-12) and the International Consultation on In-
continence Questionnaire-Urinary Incontinence Short
Form (ICIQ-UI SF). The questionnaire contained 31
questions, all of which were closed-ended except for
one open-ended question. The questionnaire is avail-
able via the following link: https://forms.office.com/
Pages/ResponsePage.aspx?id=DQSIkWdsWO0yxEjajBL
ZtrQAAAAAAAAAAAANAARIZWPJUQTdOWE-
JYWDQyRVhWTIcITEI3OVIKM1IEMy4u

Data were statistically analysed using IBM SPSS
v27.0, with measures of central tendency and variabil-
ity determined. The Kolmogorov-Smirnov test was
used to assess the normality of data distribution. Chi-
square test, Fisher’s exact test, Student’s t-test, one-
way ANOVA, Mann-Whitney U test, and Kruskal-
Wallis test were applied to determine statistical sig-
nificance at a level of p < 0.05.

The study was approved by the Ethics Committee
of the UCCV under approval number 00-471.

This research was conducted as part of the project
“Development of portable device for continence pres-
ervation”, financed by the Science Fund of the Repub-
lic of Serbia, PRISM A, Grant No. 7295.

Results

Of the total number of participants, 38/69 (55%)
delivered vaginally, while 31/69 (45%) underwent cae-
sarean section. Among the women who had a caesar-
ean delivery, 18/31 (58%) were elective, and 13/31
(42%) were emergency caesarean sections.

Among women who delivered vaginally, an episi-
otomy was performed in 31/38 (82%), whereas 19/38
(50%) experienced obstetric soft tissue lacerations (cer-
vical and/or perineal tears). In 2/38 (5.3%), the birth
canal was intact. During vaginal delivery, fundal pres-

Episiotomy N (%)

Kristeller maneuvar N (%)

Soft tissue lacerations N (%)

Yes 31 (82)
No 7 (18)

15 (39) 19 (50)
23 (61) 19 (50)
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Table 2. Frequency of various delivery-related factors among patients with urinary incontinence and sexual dysfunction

Mode of delivery Laceration Episiotomy Kristeller maneuvar
Vaginal Cs:(s:groe;n Yes No Yes No Yes No
Urinary incontinence 18.4% 3.2% 32% 10.5% 16% 43% 13% 26%
p = 0.066 p = 0.004 p = 0.457 p = 1.000
Sexual dysfunction 32% 29% 37% 47% 29% 43% 33% 30%
p = 0.606 p =0.151 p=0.755 p = 1.000

sure (Kristeller manoeuvre) was applied in 15/38 par-
ticipants (39%) (Table 1).

Of the total number of participants, 66/69 (96%)
reported resuming sexual activity postpartum. The
mean time from delivery to the first sexual inter-
course in our sample was 2.3 + 1.1 months.

Among the participants who resumed sexual ac-
tivity, 45/66 (68%) did not report any form of sexual
dysfunction.

The remaining 21/66 (32%) reported sexual dys-
function, specifically: all 21/21 (100%) experienced
pain in the genital area during or immediately after
sexual activity, and 6/21 (29%) additionally reported
negative emotional responses such as fear, disgust,
shame, or guilt during sexual activity.

Uncontrolled urinary leakage postpartum was
reported by 8/69 (12%) participants, of whom 7/8
(87.5%) had delivered vaginally.

In 6/8 (75%) participants, urinary incontinence
occurred during sneezing or coughing, in 1/8 (12%)
it occurred before reaching the toilet, and in 1/8 (12%)
it occurred without a specific trigger (Figure 1).

During routine postpartum check-ups, 16/69 (23%)
participants were asked about urinary incontinence,
and 15/69 (22%) were asked about sexual dysfunction.

Only 3/21 (14%) of women with sexual dysfunc-
tion spontaneously reported the problem to their
physician, and 3/8 (38%) of women with urinary in-
continence did so.

Postpartum pelvic floor rehabilitation in the form
of Kegel exercises was performed by 7/69 (10%) par-
ticipants, of whom 2/7 (29%) had urinary incontinence
and 1/7 (14%) had sexual dysfunction (pain in the
genital area).

Table 2 shows the influence of various delivery-
related factors on the prevalence of urinary inconti-
nence (UI) and sexual dysfunction (SD), as assessed
using Fisher’s exact test.

According to the Kruskal-Wallis test, there was a
statistically significant difference (p < 0.001) in the
mean time from delivery to the resumption of sexual
activity in relation to the occurrence of negative emo-
tional responses during sexual intercourse. Negative
emotional responses during sexual activity increased
with the time elapsed since delivery.
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B Without any specific reason

Figure 1. Prevalence of different situations in which in-
voluntary urination occurred

Discussion

Although pregnancy and childbirth are physio-
logical processes, they may be associated with poten-
tial physical complications. It is well established that
up to 42% of postpartum women experience urinary
incontinence (UI). Another important issue during
and after pregnancy is changes in sexual life [17].

A 2022 study reported that the rate of episiotomy
during spontaneous vaginal delivery in countries of
the former Yugoslavia ranged from 30.9% in Slovenia
to 62.8% in Serbia [18]. In our sample, the episiotomy
rate among vaginal deliveries in primiparas was 82%.

According to a study by Farrington et al., which
included 76 studies from 22 countries, the prevalence
of the Kristeller manoeuvre ranged from 0.6% to
69.2% across studies, with a pooled prevalence of
23.2% [19]. In our study, the prevalence was 39%.

Perineal injury is a common event during child-
birth, occurring in 30-80% of women [20]. Intrapar-
tum cervical laceration is an obstetric complication
that may occur in all modes of delivery. Clinically
significant cervical lacerations are rare and compli-
cate 0.1-5% of deliveries [21]. In our study, perineal
and cervical injuries were classified as “obstetric soft
tissue lacerations”, which were present in 50% of
women who delivered vaginally.
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Current research indicates that the prevalence of
resumption of sexual activity after childbirth ranges
from 30% to 60% within the first three months post-
partum, decreasing to 17-31% six months after deliv-
ery [22]. In our study, 96% of participants reported
resuming sexual activity after childbirth, with a mean
time to resumption of 2.3 months postpartum.

Nearly two-thirds of women (64.3%) have report-
ed experiencing sexual dysfunction during the first
year postpartum. The most commonly reported types
of sexual dysfunction include disorders of sexual de-
sire (81.2%) [23]. In our study, 21/66 (32%) participants
reported sexual dysfunction in the form of pain in the
genital area during and immediately after sexual in-
tercourse, with 6 participants additionally reporting
negative emotional responses. However, this result
might be influenced by the relatively small sample.

The prevalence of urinary incontinence in the post-
partum period ranges from 3% to 40% [24]. Stress uri-
nary incontinence is characterised by sudden involun-
tary leakage of urine during activities that increase in-
tra-abdominal pressure [25]. In our study, 12% of par-
ticipants experienced urinary incontinence, which oc-
curred during sneezing and coughing in 75% of cases.

Patient-related barriers to discussing sexual function
include fear of embarrassment or concern that their
problems may be dismissed. In addition, healthcare
providers rarely ask about or initiate discussions regard-
ing sexual function. Clinician-related barriers to dis-
cussing sexual function include feelings of embarrass-
ment, lack of communication skills, and insufficient
knowledge and training regarding available treatment
options [26]. In our study, 23% of participants were
asked about urinary incontinence during medical visits,
while 22% were asked about sexual dysfunction. Of the
participants who experienced urinary incontinence,
38% reported the problem to their physician, whereas
only 14% of those with sexual dysfunction did so.

Kegel exercises are a therapeutic intervention
aimed at improving pelvic floor muscle function. Cur-
rent evidence suggests that this therapy is suitable for
routine postpartum exercise and has beneficial effects
in improving urinary incontinence, vaginitis, and pu-
erperal symptoms [27,28]. In our study, 10% of par-
ticipants performed Kegel exercises after childbirth.

Numerous epidemiological studies have supported
a causal relationship between vaginal delivery and uri-
nary incontinence [29]. A study by McArthur et al. dem-
onstrated that caesarean section does protect against
subsequent urinary incontinence, with 40% of women
reporting urinary incontinence even after caesarean
delivery [30]. In our study, we found no statistically sig-
nificant association between mode of delivery and the
occurrence of urinary incontinence (7/38 [18.4%)] vagi-

nal delivery vs 1/31 [3.2%)] caesarean section); however
this result might be influenced by the relatively small
sample. Cattani et al. reported that caesarean section,
compared with vaginal delivery, reduces the risk of dys-
pareunia but not sexual dysfunction [31]. Similarly, in
our study, no statistically significant association was
observed between mode of delivery and sexual dysfunc-
tion or urinary incontinence.

In a study by Gommesen et al., the proportion of
women reporting urinary incontinence after peri-
neal tears ranged from 15% to 25% among women
with third- or fourth-degree tears, and from 5% to
15% among women with first- or second-degree tears
[32]. Another study by Gommesen et al. showed that
more than half of women who sustained anal sphinc-
ter rupture also experienced dyspareunia [33]. In our
study, a statistically significant association was found
between obstetric soft tissue lacerations and urinary
incontinence, but no association was observed with
sexual dysfunction.

No significant associations were found between
episiotomy and urinary incontinence, consistent with
the majority of studies examining different types of
episiotomy [34]. These findings are consistent with our
results, which showed no statistically significant as-
sociation between episiotomy and urinary inconti-
nence. According to a study from Vietnam, 40.7% of
women who underwent episiotomy reported symp-
toms of sexual dysfunction postpartum [35]. In our
study, no statistically significant association was found
between episiotomy and sexual dysfunction.

Sartore et al. sowed that dyspareunia was signifi-
cantly more frequent among women who underwent
Kristeller manoeuvre, whereas urinary incontinence
did not differ significantly between groups [36]. In our
study, no statistically significant association was found
between the Kristeller manoeuvre and urinary incon-
tinence or sexual dysfunction.

The absence of a statistically significant association
between episiotomy and the Kristeller manoeuvre and
the occurrence of SD and UT suggests that these inter-
ventions were not associated with an increased risk of
pelvic floor dysfunction; however, this finding alone
does not provide evidence of a protective effect.

Among postpartum women in the United States
and Australia, approximately 26-41% resumed sexual
activity within six weeks after childbirth, with the ma-
jority resuming within the first 12 weeks. Women may
require time to feel both physically and emotionally
comfortable before resuming sexual activity after
childbirth [37]. In our study, no statistically significant
difference was observed in the mean time from deliv-
ery to resumption of sexual activity in relation to the
presence of genital pain during or after sexual inter-
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course; however, negative emotional responses during
sexual activity were found to increase with the time
elapsed since delivery.

Addressing these issues requires efforts from
healthcare providers, patients, and society as a whole.
Greater education regarding the management of these
patients, increased research engagement, and improved
knowledge of available treatment options are needed.
Efforts should also be directed towards reducing stig-
ma surrounding urinary incontinence and sexual dys-
function among women and within society to promote
more open communication between physicians and
patients and to reduce feelings of shame and embar-
rassment on both sides.

Ljubotin L, et al. First Childbirth and Pelvic Dysfunction

Conclusion

The conclusions drawn from the results should be
interpreted with caution owing to the small sample size

- Sexual dysfunction and urinary incontinence
are common conditions associated with childbirth

— Perineal trauma during childbirth may contribute
to the development of postpartum urinary inconti-
nence.

- Negative emotional responses during sexual in-
tercourse increase with the time elapsed since child-
birth.

- Discussions about sexual dysfunction and uri-
nary incontinence between patients and healthcare
providers are infrequent and should be encouraged.
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Abstract

Introduction. According to the latest studies, glucagon-like
peptide-1 receptor agonists, in addition to reducing glycaemia
and body weight, also exert strong anti-inflammatory and im-
munomodulatory effects and are increasingly used to treat
chronic inflammatory dermatoses. Glucagon-like peptide-1
receptor agonists and psoriasis vulgaris. In practice, positive
effects of glucagon-like peptide-1 receptor agonists on psoriasis
severity associated with insulin resistance/diabetes mellitus type
2 and obesity have been observed. In various studies, glucagon-
like peptide-1 receptor agonists resulted in significant reductions
in psoriasis severity scores and improvements in quality of life.
Studies have shown significant improvements in clinical picture
and quality of life with glucagon-like peptide-1 receptor ago-
nists in patients with hidradenitis suppurativa associated with
obesity. Discussion. Psoriasis and hidradenitis suppurativa are
dermatoses characterised by complex immune-mediated inflam-
matory processes. Clinical studies indicate that the use of glu-
cagon-like peptide-1 receptor agonists leads to improvement of
the clinical picture and skin changes in these patients who are
obese and have type 2 diabetes/metabolic syndrome. Conclu-
sion. Due to their metabolic, anti-inflammatory, and immu-
nomodulatory effects, glucagon-like peptide-1 receptor agonists
represent a promising therapeutic option for inflammatory der-
matoses. Their effects are attributable not solely to weight loss
but also to direct immunomodulatory action, which explains
their efficacy independent of body weight reduction. Further
randomised, placebo-controlled clinical trials are required to
confirm their effectiveness.

Key words: Glucagon-Like Peptide-1 Receptor Agonists; Im-
munomodulating Agents; Psoriasis; Hidradenitis Suppurativa;
Skin Diseases; Inflammation; Therapeutics; Diabetes Mellitus,
Type 2; Treatment Outcome

Introduction

Glucagon-like peptide-1 (GLP-1) is an incretin
hormone that regulates blood glucose levels by stim-
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Sazetak

Uvod. Agonisti receptora glukagonu sli¢nog peptida-1 uti¢u na
snizavanje nivoa glikemije i smanjenje telesne mase te se koriste u
le¢enju dijabetesa melitus tip 2 i gojaznosti. Prema nedavnim stud-
ijama, ovi lekovi imaju i antiinflamatorno i imunomodulatorno
dejstvo, te sve viSe nalaze primenu u le¢enju hroni¢nih inflama-
tornih dermatoza. Agonisti receptora glukagonu sli¢cnog peptida-1
i psoriasis vulgaris. U praksi su uoceni pozitivni efekti agonista
receptora glukagonu sli¢nog peptida-1 na tezinu klinicke slike pso-
rijaze udruZzene sa insulinskom rezistencijom/dijabetesom melitus
tip 2 i gojazno$cu. U razli¢itim studijama upotrebom agonista re-
ceptora glukagonu sli¢nog peptida-1 doslo je do zna¢ajnog sman-
jenja skora zahvacene povrsine i tezine psorijaze i pobolj$anja
skora kvaliteta Zivota. Agonisti receptora glukagonu sli¢nog
peptida-1 i hidradenitis supurativa. Studije su pokazale znacajno
poboljsanje klinicke slike i kvaliteta Zivota kod upotrebe agonista
receptora glukagonu sli¢nog peptida-1 kod pacijenata kod kojih je
hidradenitis supurativa udruzen sa gojazno$¢u. Diskusija. U osnovi
nastanka psorijaze i supurativnog hidradenitisa je veoma slozen
imunoposredovan inflamatorni proces. Klinicke studije i prikazi
slu¢ajeva ukazuju da upotreba agonista receptora glukagonu sli¢nog
peptida-1 dovodi do poboljsanja klinicke slike i koznih promena
kod ovih pacijenata, a koji su gojazni i imaju dijabetes tip 2/
metaboli¢ki sindrom. Zaklju¢ak. Zahvaljuju¢i ne samo
metabolickom, ve¢ i antiinflamatornom i imunomodulatornom
dejstvu, agonisti receptora glukagonu sli¢nog peptida-1 predstavljaju
obecavajucu terapijsku opciju u le¢enju inflamatornih dermatoza.
Njihov povoljan efekat nije posledica samo gubitka telesne mase,
ve¢ i direktnog imunomodulatornog dejstva, $to objasnjava nji-
hovu efikasnost nezavisno od redukcije telesne mase. Potrebna su
dalja randomizovana, placebo kontrolisana klini¢ka ispitivanja
kako bi se potvrdila njihova efikasnost.

Klju¢ne reci: agonisti receptora GLP-1; imunomodulatorni agensi;
psorijaza; hidradenitis supurativa; bolesti koZe; inflamacija; terapi-
ja; dijabetes melitus tip 2; ishod le¢enja

ulating insulin secretion and inhibiting glucagon
secretion [1,2]. In addition, GLP-1 has physiological
effects, including reducing nutrient absorption, delay-
ing gastric emptying, suppressing appetite, improving
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lipid metabolism, inhibiting apoptosis, and inducing
pancreatic B-cell neogenesis [2]. GLP-1 is produced
predominantly by intestinal endocrine epithelial cells
(L-cells) following food intake and then binds to
glucagon-like peptide-1 receptors (GLP-1R). These
receptors are present in various cells and tissues, pri-
marily in the endocrine pancreas, where their activa-
tion leads to insulin secretion [2,3].

However, GLP-1 receptors are also found in other
cells and tissues such as keratinocytes, endothelial
cells, neurons, astrocytes, intraepithelial lymphocytes,
neutrophils and eosinophils. Also, GLP-1R is expressed
in the kidneys, lungs, heart, and hypothalamus, which
suggests that GLP-1 may have additional roles in the
body unrelated to glycaemia regulation [1,2,4,5].

GLP-1 also slows gastrointestinal motility, leading
to delayed gastric emptying and a prolonged feeling
of satiety [6]. It also acts through its receptors in the
satiety and hunger centres in the hypothalamus, re-
ducing food intake and making GLP-1 an important
factor in weight control and obesity treatment [7].

GLP-1 also has cardioprotective, neurotropic and
anti-inflammatory effects [8].

Impaired GLP-1 secretion, either reduced or exces-
sively high, can lead to metabolic disorders, including
obesity and reactive postprandial hypoglycaemia. Re-
search shows that GLP-1 also has significant effects on
cardiovascular function, including modulation of heart
rate and blood pressure, further highlighting its ther-
apeutic potential beyond glycaemic control [6].

Although GLP-1R expression in the skin has been
confirmed, its role has not yet been fully elucidated
[1,9]. Receptors for the GLP-1 hormone have also been
found in immune cells that can infiltrate the skin. A
study by Faurschou et al. examined the presence of
GLP-1R in keratinocytes, immune cells and skin bi-
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opsy samples from healthy volunteers and patients
with psoriasis. GLP-1Rs were found in five of six skin
biopsies from psoriatic plaques, one of six biopsies from
non-psoriatic skin, and one of six healthy skin biopsies.
When cultured keratinocytes were stimulated with
tumour necrosis factor a (TNF-a) and interferon y
(IFN-y), no GLP-1R expression was detected. This sug-
gests that the presence of GLP-1R in biopsies from pa-
tients with psoriasis is likely due to infiltration of dis-
eased skin by immune cells [10].

GLP-1 analogues are drugs that act as glucagon-like
peptide-1 receptor agonists (GLP-1RA). They are syn-
thetic polypeptides that are more resistant to degrada-
tion by the enzyme dipeptidyl peptidase-4 (DPP-4)
compared with natural GLP-1 and are also eliminated
from the body more slowly. GLP-1R agonists lower gly-
caemia in hyperglycaemic states, reduce glucagon secre-
tion in both hyperglycaemic and euglycaemic states,
and slow gastric emptying [1,2,4]. In addition, GLP-1R
agonists contribute to weight loss by acting on appetite
centres in the hypothalamus [11]. In addition to their
metabolic effects, GLP-1R agonists show cardioprotec-
tive effects, reducing the risk of cardiovascular events
such as stroke and myocardial infarction [11]. Owing to
all these effects, GLP-1R agonists are now used to treat
patients with inflammation-dependent diabetic com-
plications, such as diabetic retinopathy, neuropathy,
nephropathy, and cardiovascular disease [2,12].

GLP-1Rs are present in distinct subpopulations of
immune cells, allowing GLP-1R agonists to exert sig-
nificant immunomodulatory effects [4].

Research has shown that GLP-1R agonists can
prevent the recruitment of various types of immune
cells (T-lymphocytes, NK (natural killer) cells, B-
lymphocytes, leukocytes and dendritic cells) in in-
flamed tissue and reduce tissue infiltration by im-
mune cells, which is one of the main mechanisms for
weakening the inflammatory response [2].

In 2012, Lee and colleagues reported that GLP-1
reduced macrophage infiltration in adipocytes of
obese mice. Likewise, GLP-1 exerts anti-inflamma-
tory effects by reducing the expression of chemotac-
tic factors, such as STAT1 (Signal transducer and
activator of transcription 1), induced by IFN-y, which
are necessary for T-cell recruitment [13].

New research shows that GLP-1 can modulate the
activities of NF-kB (Nuclear factor-xB). It is a family
of protein complexes that act as primary mediators
of pro-inflammatory gene induction and are acti-
vated in response to cellular stress, pathogens, and
cytokines. Studies show that GLP-1 reduces NF-kB
activity in inflamed tissues by reducing TNF-a syn-
thesis. TNF-a plays a key role in the pathogenesis of
inflammatory diseases, including hidradenitis sup-
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purativa (HS), by promoting the expression of NF-«B,
thereby exacerbating inflammation [13,14].

In their research, the authors showed that sitaglip-
tin exerts its anti-inflammatory effects by inhibiting
NF-kB, indicating that inhibition of NF-kB signalling
pathways is another potential mechanism by which
GLP-1 exerts anti-inflammatory effects in both dia-
betic and non-diabetic settings [15].

There is strong evidence that GLP-1RAs reduce
the inflammatory response by lowering oxidative
stress and normalising the redox state in experimen-
tal rats and diabetic patients [16].

GLP-1R agonists are a new class of antidiabetic
drugs; in addition to their hypoglycaemic effects, they
can also have anti-inflammatory effects. They can
prevent inflammatory events through at least five mo-
lecular mechanisms: improving glucose homeostasis
and reducing glucotoxicity, normalising the redox
state and reducing inflammation caused by oxidative
stress, suppressing the recruitment of leukocytes to
inflamed tissue, reducing lipotoxicity and downregu-
lating various inflammatory mediators [13,16].

Because of all this, GLP-1R analogues have found
wider application in clinical practice, not only for the
treatment of patients with type 2 diabetes mellitus
(T2DM) and its complications, but also in dermatol-
ogy for inflammatory dermatoses [13,16].

GLP-1 agonists and psoriasis vulgaris

Psoriasis vulgaris is a chronic inflammatory der-
matosis, affecting approximately 0.27 to 11.4% of the
world’s population, depending on the geographical
area. Chronic inflammation of the skin is at the root
of the disease, but systemic inflammation is also
present in these patients. Up to 10-40% of patients with
psoriasis also develop psoriatic arthritis [17]. Also, pa-
tients with psoriasis have a higher risk of adverse car-
diovascular events, such as heart attack and stroke, and
more often have comorbidities such as obesity, type 2
diabetes mellitus, metabolic syndrome, non-alcoholic
fatty liver disease, and inflammatory bowel disease
[18-20]. Frequent stigmatisation contributes to a sig-
nificantly lower quality of life and to a higher incidence
of psychiatric disorders such as depression and anxi-
ety, abuse of alcohol or psychoactive substances [17,21].

Psoriasis is a chronic immune-mediated skin dis-
ease characterised by dysregulation of the immune
system in terms of increased activation of immune
cells, especially T-lymphocytes, together with other
key inflammatory cells, such as macrophages and den-
dritic cells, which leads to the initiation of a cascade of
inflammatory reactions that significantly contribute
to the development and duration of the disease [22].

During this process, activated T cells and inflam-
matory cells release inflammatory mediators such as
TNF-a and IFN-y. Activation of interleukin (IL)-23 and
Th17 cells leads to abnormal keratinocyte proliferation
and further release of pro-inflammatory cytokines,
forming a positive feedback loop. In addition, kerati-
nocytes secrete antimicrobial peptides, cytokines, and
chemokines that promote immune cell infiltration
[1,22]. Previous research has shown that IL-17 plays a
key role in the pathogenesis of psoriasis by triggering
the secretion of three different classes of cytokines [23].

Research has shown that GLP-1R agonists reduce
the activity of Invariant Natural Killer T-cells (iNKT),
resulting in decreased secretion of proinflammatory
cytokines such as IFN-y, IL-2, IL-4, IL-17, and TNF-a.
Also, it is believed that GLP-1R agonists can increase
the production of anti-inflammatory cytokines, such
as IL-10, and simultaneously reduce IL-17 production
by attenuating the activation of dermal y§ T-cells.
GLP-1R agonists also reduce lymphocyte migration,
inhibit signalling pathways involved in immune cell
proliferation and migration, and reduce transcription
of pro-inflammatory cytokines [24].

Considering the very complex immune-mediated
inflammatory process underlying psoriasis, positive
effects of GLP-1R agonists (semaglutide, liraglutide,
exenatide) on the severity of the clinical picture of
psoriasis associated with insulin resistance/T2DM
and obesity have been observed in practice [1].

In these studies, the use of GLP-1R agonists re-
sulted in a significant reduction in the affected area
score and psoriasis severity index (PASI), and an im-
provement in the quality-of-life score (DLQI), over 3
months to 1 year [1,25].

In a 2012 case report, the introduction of exenati-
de into the therapy of a 61-year-old patient with pso-
riasis and T2DM resulted in a significant reduction
in the PASI score (11 - 3) and improved glycaemic
control over a period of one year [26].

Likewise, in a 73-year-old patient with psoriasis
and T2DM, after 4 months of semaglutide use, there
was a significant reduction in PASI (33.2 > 2.6) and
DLQI (26 > 0) scores [27].

The use of semaglutide showed efficacy in another
study conducted in 2023 in Italy, in an obese patient
suffering from psoriasis and T2DM. After 4 months,
there was a reduction in body weight, PASI and DLQI
scores, as well as improved glycoregulation [28].

Also, two cases of liraglutide use in patients with
diabetes and psoriasis have been reported in the litera-
ture. In one patient, a reduction in itching and desqua-
mation was observed after a few days of liraglutide ad-
ministration. After three months of administration,
there was further improvement in both psoriasis and
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glycaemic regulation, as well as weight loss [29]. An-
other patient who, in addition to psoriasis, was also
obese, used acitretin for many years. One year after the
introduction of liraglutide, there was a significant im-
provement in psoriasis and a reduction in body weight,
accompanied by decreases in both PASI and DLQI
scores [30].

Three prospective cohort studies and one case
study analysed the use of liraglutide in the treatment
of patients with psoriasis and T2DM. After liraglutide
administration for 6 to 20 weeks, a significant reduc-
tion in PASI scores was observed in all four studies
[26,31-33]. Three studies also showed significant im-
provements in quality of life among these patients
and reductions in DLQI scores [26,31,32]. In these
patients, there was also an improvement in lipid sta-
tus parameters and HbAlc, and a decrease in body
mass index (BMI) [26,31-33].

Randomised controlled studies have also been
conducted on this topic. In a study conducted in
China, 12 patients with psoriasis and T2DM received
liraglutide, while a control group of 13 patients re-
ceived acitretin, calcipotriol, and oral antidiabetics
for 12 weeks. In the study group that received liraglu-
tide, significant improvement in PASI and DLQI was
observed, along with decreased expression of IL-23
and IL-17 in the skin of patients with psoriasis [34].

Another placebo-controlled study was conducted
in Denmark. The test and control groups comprised
20 patients with psoriasis and preserved glucose toler-
ance, with one group receiving liraglutide and the
other receiving placebo. This study showed no statisti-
cally significant differences in PASI and DLQI after 8
weeks of treatment with liraglutide (n=11) versus pla-
cebo (n=9) [35].

In addition to the positive effects on psoriatic skin
changes with GLP-1R agonists, reductions in comor-
bidities were observed among the examined patients.

In the study by Nicolau et al., 20 obese patients
with psoriasis were examined. They were treated with
liraglutide 3 mg for 3 months. An average decrease in
PASI score from 10 to 5.1 was recorded in almost 50%
of subjects, as well as a significant decrease in body
mass index, pain intensity on the Visual analogue
scale (VAS), and levels of C-reactive protein (CRP),
homocysteine, ferritin, and cortisol in plasma [36].

In a prospective cohort study of 7 patients with
psoriasis and T2DM treated with liraglutide for 12
weeks, a mean reduction in PASI from 15.7 to 2.2 and
an improvement in DLQI from 21.8 to 4.1 were ob-
served. In addition, reductions in HbA1lc, BMI and
waist circumference were observed [33].

A 2025 study by Olbrich et al. involving more than
6,000 patients with psoriasis and diabetes or obesity
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compared outcomes between patients who received
GLP-1R agonists and those treated with other anti-
diabetic or anti-obesity therapies. Psoriasis patients
treated with GLP-1R agonists were found to have a
78% lower risk of death and a 44% lower risk of major
cardiovascular events compared with those taking
other drugs for diabetes or weight loss. Also, in these
patients, treatment with GLP-1R agonists significant-
ly reduced the risk of alcohol abuse by 65% and sub-
stance abuse by almost 50%. This risk reduction was
more pronounced in patients with psoriasis compared
with obese or diabetic subjects without psoriasis, sug-
gesting a direct causal benefit of GLP-1R agonists [21].
Also, in the studies published so far, there is only one
recorded case of worsening of the clinical picture of
psoriasis after the use of the GLP-1R agonist - liraglu-
tide. After the start of liraglutide administration, there
was not only a worsening of psoriasis, but also the de-
velopment of local resistance. After stopping liraglutide,
the clinical picture of psoriasis improved. One possible
explanation for the worsening of psoriasis is a cytokine
imbalance, similar to the exacerbation of psoriatic
changes in some people after biological therapy [37].

GLP-1 agonists and hidradenitis suppurativa

Hidradenitis suppurativa (HS) is a chronic, inflam-
matory skin disease affecting apocrine glands [38]. The
prevalence of HS ranges from 0.5% to 1% of the gen-
eral population [4]. It most often affects intertriginous
areas where nodules, abscesses, cysts and sinuses are
formed, which is accompanied by the persistent pres-
ence of purulent content and severe pain [4,38,39].

The aetiopathogenesis of HS is very complex and
not fully understood. It is believed that genetic pre-
disposition, environmental factors and immune sys-
tem dysregulation play significant roles in the devel-
opment of the disease [4]. In particular, obesity stands
out as a risk factor, which represents both a predispos-
ing and aggravating factor for HS [40]. In people with
HS, obesity increases skin friction in the intertrigi-
nous areas, leading to increased expression of pro-
inflammatory markers and an influx of neutrophils
and macrophages. Increased immune cell activity
induces oxidative stress and low-grade systemic in-
flammation, thereby promoting progression of HS
lesions and increasing overall disease severity [40]. In
addition, the micro-conditions within the skin folds
of the obese, such as moisture, friction, maceration
and an anaerobic environment, further contribute to
the development of lesions [41].

A damaged skin barrier in obese people not only
worsens existing lesions but also hinders their remis-
sion. Also, slower wound healing has been observed
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in obese people and metabolic syndrome and T2DM
are often present at the same time [42,43].

Numerous studies have shown that the prevalence
of HS is significantly higher in obese people. As many
as 18-20% of obese patients may suffer from HS,
which is a significantly higher rate compared with
the general population [44,45].

Studies have also shown that weight loss is posi-
tively associated with reduced severity and prevalence
of HS symptoms [46].

Likewise, research has shown that patients with
HS have a threefold higher risk of developing diabetes
compared with the general population, and that is why
screening for DM in these patients is important [40].

In patients with HS and BMI >30 kg/m?, increased
expression of the IL-17 receptor (an important pro-
inflammatory cytokine implicated in the pathogen-
esis of HS) was observed and is considered a key ra-
tionale for the use of GLP-1R agonists in their treat-
ment. In addition to the metabolic benefits of using
GLP-1R agonists, this therapy can also lead to positive
effects due to its anti-inflammatory and immu-
nomodulatory effects, as well as in psoriasis [47].

Unlike psoriasis, where in most patients the ef-
fectiveness of biological drugs interleukin-23 and -17
inhibitors has made completely clear skin a realisti-
cally expected treatment goal, in patients with hid-
radenitis suppurativa there are still no drugs that can
achieve a similar degree of clinical improvement.
Given these significant unmet needs in hidradenitis
suppurativa, all mechanisms and drugs that can im-
prove clinical response are of great importance [48].

So far, less research has been published on the po-
tential benefit of GLP-1R agonists in the treatment of
HS than in psoriasis [1].

In a systematic review, Krajewski et al. reported
that in patients with HS, GLP-1R agonists, particu-
larly liraglutide and semaglutide, significantly re-
duced clinical severity and systemic inflammation.
Improvements in lesion severity (reduction of inflam-
matory nodules, abscess formation and overall dis-
ease severity) and quality of life were observed [4].

The anti-inflammatory effects of GLP-1RAs are
based on the inhibition of key inflammatory path-
ways involving TNF-a, IL-17 and NF-«B that con-
tribute to the pathogenesis of HS. Also, GLP-1R ago-
nists reduce iNKT levels, which is significant because
activation of these cells increases the expression of
pro-inflammatory cytokines such as IFN-y, TNF-a,
and TL-17 [14,32,49].

These positive anti-inflammatory effects correlate
with improvements in the clinical picture and symp-
toms in patients with HS. In their work published in
2017, Jennings et al. describe the case of an obese pa-

tient who was a smoker and had a severe form of HS
(DLQI score 24 and HS-Physician’s Global Assessment
(HS-PGA) score 4), with a significantly impaired qual-
ity of life. The patient used narcotic analgesics daily
for pain regulation. Since the patient was resistant to
local and systemic HS therapy, liraglutide was intro-
duced into the therapy. After 4 weeks of treatment,
there was a significant improvement in the clinical
picture, a decrease in the HS-PGA score to 1, and the
patient used analgesics less often. GLP-1R agonists
have been shown to reduce the secretion of IL-17 and
TNF-a induced cytokines, both of which are impor-
tant in the development of HS. It is considered that
the improvement of the clinical picture of HS (reduc-
tion of both scores) is probably due to both the direct
anti-inflammatory effect of liraglutide, through acti-
vation of the GLP-1 receptor, and the indirect effect
of liraglutide, through body weight reduction [50].

A prospective case series conducted in 2024 in
Spain included 14 patients with HS and obesity who
were treated with liraglutide for 3 months. The results
of the study showed a statistically significant decrease
in body mass index and waist circumference, as well
as a decrease in markers of inflammation (CRP, ho-
mocysteine, cortisol). The Hurley Staging System
(HSS) was used to assess the severity of HS lesions,
and the DLQI score was used to assess the quality of
life. After therapy, both scores decreased, but the
change was not statistically significant [36].

Other studies have also shown a connection be-
tween HS and obesity, that is, that weight loss can al-
leviate the severity of HS. A study by Gupta et al. ex-
amined the use of semaglutide, tirzepatide, dulaglutide,
and liraglutide in 22 obese subjects with diabetes and
HS. The drugs were primarily given to treat obesity or
diabetes; however, 68.2% of subjects also noted an im-
provement in the clinical picture of HS. The respondents
observed a decrease in inflammation (61.9%), a de-
crease in the appearance of new lesions (66.7%), a de-
crease in pain (52.4%), a decrease in the drainage of
contents (61.9%), a decrease in itching (47.6%) and an
unpleasant odour (42.9%). About 59.1% of respondents
said they would recommend using GLP-1RA [51].

Also, Lyons et al. found in a study of 30 obese
patients with HS that semaglutide, even at a low dose
(0.8 mg per week), can help control HS by reducing
body weight and improving patients’ quality of life
(DLQI 13 > 9). However, its effect on inflammatory
markers and frequency of exacerbations was less pro-
nounced. The rationale for using semaglutide in HS
stems from its ability to reduce body weight and
modulate metabolic and inflammatory pathways,
which are strongly associated with the severity and
progression of HS. These results suggest that se-
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maglutide could be a useful adjunctive therapy in the
treatment of HS, but further placebo-controlled trials
are needed to confirm its efficacy [52].

Discussion

In recent years, there has been increasing interest in
the use of GLP-1R agonists in the treatment of chronic
inflammatory dermatoses, such as psoriasis and HS,
which are often associated with pronounced metabolic
dysfunction, due to their significant anti-inflammato-
ry and immunomodulatory effects [2,9,25,38].

The expression of GLP-1 receptors in skin tissue
and the presence of proglucagon peptides suggest that
this signalling pathway may play a direct role in regu-
lating inflammatory processes in the skin [9,25,32].
The GLP-1 signalling pathway can influence iNKT cell
activity, which plays a key role in the pathogenesis of
psoriasis [31]. Likewise, Buysschaert et al. reported a
decrease in dermal yd T-lymphocytes, suggesting a
possible direct effect of GLP-1R agonists on key effec-
tor cells in the pathogenesis of psoriasis [26].

Clinical studies and case reports indicate improve-
ment of skin changes in patients with psoriasis as-
sociated with obesity and T2DM after the introduc-
tion of GLP-1R agonists such as exenatide, liraglutide
and semaglutide [26,27,29,31,33]. However, the ques-
tion arises as to the extent to which this effect is in-
dependent of the simultaneously achieved reduction
in body mass, given the well-documented relationship
between obesity and the severity of psoriasis [25].
However, individual cases of psoriasis worsening dur-
ing liraglutide therapy have also been reported, indi-
cating heterogeneity in response and the need for
caution and individualisation of therapy [37].

When it comes to HS, interest in GLP-1R agonists
has been driven by the strong association of this dis-
ease with obesity and metabolic syndrome [38]. Emerg-
ing evidence indicates the potential benefit of GLP-1R
agonists, primarily through reductions in body mass

and systemic inflammation [4,36,38,51]. Clinical stud-
ies and case reports describe significant reductions in
body weight and improvements in the clinical course
of the disease in HS patients treated with liraglutide,
and indicate improved subjective quality of life and
reduced symptom severity during GLP-1R agonist
therapy [36,50]. The finding that semaglutide can con-
tribute to better disease control when used as adjuvant
therapy in patients with severe obesity is particularly
significant [51]. However, unlike psoriasis, evidence for
hidradenitis suppurativa remains in its early stages and
is largely based on observational data [4,50]. Neverthe-
less, the increased risk of psoriasis in these patients,
and the shared pathophysiological mechanisms further
justify the use of GLP-1R agonists in both diseases [38].

Although liraglutide and semaglutide are current-
ly the only GLP-1 analogues used in HS, the potential
for other GLP-IR agonists such as dulaglutide to pro-
duce similar effects warrants further investigation.
Continued research is needed to fully determine the
role of GLP-1 agonists in the treatment of HS [4].

Conclusion

Although psoriasis and hidradenitis suppurativa
differ in clinical presentation, they share numerous
characteristics as chronic inflammatory dermatoses,
including common risk factors such as obesity, insu-
lin resistance, and type 2 diabetes mellitus, similar
underlying inflammatory mechanisms, and a sub-
stantial negative impact on quality of life.

Owing to their metabolic, anti-inflammatory, and
immunomodulatory effects, glucagon-like peptide-1
receptor agonists represent a promising therapeutic
option for inflammatory dermatoses. Their beneficial
effects are attributable not only to weight loss but also
to direct immunomodulatory effects, which may ex-
plain their efficacy independent of body weight reduc-
tion. Further randomised, placebo-controlled clinical
trials are required to confirm their effectiveness.
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Abstract

The healthcare service delivery paradigm has undergone a radi-
cal shift and systemic transformation with the integration of
information technology and artificial intelligence systems into
clinical practice. While technological advancements in medicine
are growing exponentially, critical analysis of ethical implications
has yet to develop to a level that reflects their practical applica-
tion. This paper aims to systematise and analyse key ethical chal-
lenges, with a particular focus on privacy, algorithmic bias, and
accountability in the clinical environment. It places special em-
phasis on an inclusive perspective in developing assistive tech-
nologies, re-examining the “autonomy paradox” of end-users
through the concept of participatory design. The study points to
the need to establish a transdisciplinary dialogue and integrate
user experience into the early stages of software solution develop-
ment. In the concluding remarks, it is highlighted that ethical
standardisation and protocol transparency are fundamental pre-
requisites for applying artificial intelligence in modern rehabili-
tation, grounded in core humanistic values.

Key words: Artificial Intelligence; Information Technology;
Delivery of Health Care; Bioethics; Self-Help Devices; Reha-
bilitation; Persons with Disabilities

Introduction

In recent decades, the term “digital age”, referring
to the era we live in, has become popular among the
general public. We notice the effects of this epithet in
the more frequent use of digital devices such as mo-
bile phones, tablets and similar devices, and we trace
its origin in the field of information technology (IT).
The intensive development of this discipline has led
to the creation of numerous models and systems,
among which artificial intelligence systems are par-
ticularly important, allowing the “modern” person to
have faster access to information, a faster process of
communication, control of the environment and
various other functions that facilitate daily function-
ing [1,2]. Cars that operate without a human driver,
personal assistants that remind people to take their
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Sazetak

Paradigma pruzanja usluga u zdravstvu prozivela je radikalnu
promenu i sistemsku transformaciju uvodenjem informacionih
tehnologija i sistema vestacke inteligencije u prakti¢nu primenu.
Dok tehnoloski napredak u medicini raste eksponencijalno,
kriti¢ka analiza etickih implikacija nije dostigla nivo razvoja
koji odrazava stvarnu prakti¢nu primenu. Cilj ovog rada je sis-
tematizacija i analiza klju¢nih eti¢kih izazova, sa posebnim
fokusom na pitanja privatnosti, algoritamske pristrasnosti i
odgovornosti u klinickom okruzenju. Poseban osvrt dat je ink-
luzivnoj perspektivi razvoja asistivnih tehnologija, gde se kroz
koncept participativnog dizajna preispituje tzv. ,paradoks au-
tonomije” krajnjih korisnika. Rad ukazuje na neophodnost us-
postavljanja transdisciplinarnog dijaloga i integracije
korisnic¢kog iskustva u rane faze razvoja softverskih resenja. U
zakljuénim razmatranjima istice se da eti¢ka standardizacija i
transparentnost protokola predstavljaju klju¢ne preduslove za
primenu vestacke inteligencije u savremenoj rehabilitaciji koja
se zasniva na osnovnim humanistickim vrednostima.

Kljucne reci: vestacka inteligencija; informacione tehnologije;
pruzanje zdravstvene zastite; bioetika; uredaji za samopomo¢;
rehabilitacija; osobe sa invaliditetom

medicine on time, and navigation devices with voice
commands are just some practical examples of how
technology improves an individual’s functioning in
everyday life. A large number of these systems are
under the umbrella of assistive technologies, that is,
devices and means designed to improve the function-
ing of people with disabilities, and in recent years, the
concept of the “mainstream” technology, i.e. “gen-
eral” technologies for wider social use, has also gained
increasing attention [3,4]. Although, in essence,
means and systems of this kind were created with
positive intent and for the purpose of promoting well-
being, it is not negligible that, due to the interference
of ethical values and principles, numerous questions
begin to arise, such as: Does technology exclusively
serve the well-being of the individual, or can it violate
their rights, such as privacy and dignity? Is the use of
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Abbreviations
IT - information technology
Al - artificial intelligence

personal data in digital systems always safe? Will the
responsibility for a mistake be taken by humans or
machines? To answer these questions, it is necessary
to examine the role and perspectives of applying
ethical principles developed within modern scien-
tific thought and documented legal frameworks. By
understanding ethical values in the context of IT and
artificial intelligence (AI), it becomes possible to
reach a consensus that ensures digital systems not
only improve users’ quality of life, but also respect
fundamental human values and rights.

This work aims to analyse the key ethical chal-
lenges associated with applying IT and Al in health
practice, with special reference to privacy, algorithmic
bias, responsibility and inclusiveness in the develop-
ment of assistive technologies as an important seg-
ment of modern rehabilitation approaches.

Ethical challenges and digital security

One of the key advantages of modern information
technologies and Al systems is reflected in their ability
to enable individualised and personalised access for
users [2]. Today’s technologies tend to create a unique
approach to each user, bringing people into the sphere
of the so-called “technological citizenship”. This soci-
etal shift faces obstacles because legal frameworks gov-
erning access to and manipulation of individual infor-
mation remain insufficiently regulated [1]. In a study
examining the ethical challenges of using Al in univer-
sity education, many respondents expressed concern
about the privacy and security of personal data in these
systems. More than half of the respondents believe that
Al systems lack sufficient transparency [5].

Issues of bias, privacy, transparency and account-
ability were also identified as ethical dilemmas. AI bias
implies a tendency to make decisions based solely on
the data or models that were used to train it, which,
ethically, violates the principle of fairness and increas-
es the risk of errors when making decisions or generat-
ing new data. In healthcare, this kind of bias can affect
diagnostic accuracy, treatment choices, health-risk as-
sessments, and especially biomedical research. The lack
of diversity in the data means algorithms generate pre-
cise results for the “dominant” population, while for
less represented and/or marginalised groups, the risk
of errors in diagnosis and health risk assessment in-
creases. At the same time, highly developed and com-
plex systems threaten the transparency of their func-
tioning and, therefore, the responsibility they bear in
the event of an error [6]. To reduce the possibility of
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the aforementioned errors, researchers in the field have
systematised nine ethical principles related to the ap-
plication of IT and AL which include: the principle of
transparency and explainability, the principle of re-
sponsibility, the principle of privacy, the principle of
security, the principle of human control of technology,
the principle of promoting human values, the principle
of sustainable development and the principle of profes-
sional responsibility [7]. Authors Resnik and Hosseini
[8] proposed recommendations for the responsible use
of Al systems, which, among other things, emphasise
that researchers bear responsibility for managing Al
errors and biases, and should transparently show how
Al is used. In addition to the potential threats men-
tioned, and despite the numerous identified advan-
tages of using Al the “ethical risks” identified in re-
search from 2025 are characterised as: loss of critical
thinking, dependence on technology and homogenisa-
tion of ideas [9]. Generating inaccurate data and copy-
right infringement also present ethical challenges in
AT applications [10].

Regulatory frameworks and national strategies

In recent years, a law concerning the protection of
data privacy in the use of IT came into force in the
Netherlands. The original form of the law posed a risk
to citizens, who, after conducting referendums and
protests aimed at harmonising the law with society’s
needs and in cooperation with responsible bodies,
helped create a law that represents and protects ethical,
and indeed human, rights. Gardenier et al. stated in
2024 that legal regulations should be adjusted and
adaptable to modern “technological citizenship” and
should meet society’s needs and knowledge [1]. At the
forefront of IT and Al regulations are ethical frame-
works that have not yet been standardised and remain
at the level of proposals and recommendations for
implementation. An example is the “Ethical frame-
work for the responsible use of generative AI”, devel-
oped in 2024 [11]. Resnik and Hosseini [8] also em-
phasise the need for concrete guidelines and principles
for using modern technologies, and for this purpose
they propose a unique guide in which ethical princi-
ples are deeply integrated. In modern research on
regulating the application of IT, especially Al, peda-
gogical, technological and legal ethical dimensions
permeate the discussion. Lim et al. in their 2025 re-
search [12] emphasised the prioritisation of explain-
ability in the application of AI in the field of educa-
tion. At the same time, the development of regulatory
and ethical principles must be accompanied by the
development of healthcare professionals’ competen-
cies, as the responsible use of Al requires an under-
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standing of how these systems function, as well as
their limitations and potential risks [13].

In the Republic of Serbia, the global universal
standard for AI ethics proposed by UNESCO was
adopted, and, from 2020 to 2025, preventive mecha-
nisms for the ethical and safe application of Al, con-
tained within the AI Development Strategy, were in-
troduced. Within this universal standard, special at-
tention is paid to the application of ethics in education,
science, the economy, and state administration. In ad-
dition to the systematisation of ethical guidelines, and
for the sake of standardising ethical values in this field,
the national platform for Al created a questionnaire to
check the fulfilment of the conditions from the men-
tioned ethical guidelines for the development, applica-
tion and use of reliable and responsible AT [14].

Inclusive perspective of implementing Al

In addition to the above-mentioned moral dilem-
mas that have developed in parallel with the increas-
ing accessibility and availability of Al systems, ques-
tions about autonomy, dignity and other humanistic
values are especially complicated when the above is
viewed through the prism of application in the con-
text of working with people from sensitive social cat-
egories, which includes people with disabilities. Mod-
ern rehabilitation approaches for working with people
with disabilities imply the application of assistive
technologies, which can help maintain and strength-
en a person’s current level of functioning and increase
their participation in life activities. Integrating “smart
technologies” into assistive technology devices is not
new; moreovetr, it is an essential component of high-
tech assistive technology [3,4]. By pairing these two
areas, numerous advantages are achieved, such as
achieving an optimal level of independence, reducing
the need for dependence on others, reducing the cost
of therapeutic procedures and other related financial
expenses, more accurate performance of diagnostic
procedures and monitoring, as well as a whole range
of positive clinical and functional outcomes that con-
tribute to a holistic approach to the patient [15].

As the field of assistive technologies, and at the
same time the field of Al and IT, developed inten-
sively in recent years, the ethical aspect of the applica-
tion of these tools began to gain a wider view, and
many questions in this field remained unresolved. At
first, it was noticed that people with disabilities, al-
though they are the “end” users of assistive technol-
ogy, are often excluded from the organisational teams
that design the appearance, functionality, adaptabil-
ity, and other characteristics of the particular device
they develop. Such behaviour does not respect the

ethical principles that advocate inclusive access and
equal participation. These principles emphasise the
importance of the participation of individuals, future
users of a particular service, in every phase of the
process that concerns them personally. Failure to
comply with ethical guidelines in this context can
lead to the development of numerous devices intend-
ed for people with disabilities, which may not func-
tion as well as intended or at all, i.e. they do not re-
spond to the real needs of people and which, as a
result, are not used [15].

Another difficulty that may arise concerns the
principle of autonomy. Wangmo et al., in their research
from 2019, highlighted the problem of the “paradox of
autonomy”, thereby opening the issue of independence
in decision-making. Although the primary goal of as-
sistive technology is to ensure the highest possible
level of independence, if a person uses an Al-based
device such as a “smart” device, it can make decisions
instead of the user (e.g., closing the door, turning off
the alarm). Moreover, frequent software updates and
changes that occur “in the background” in some cases
do not include informed consent or present it inade-
quately to the person, which can potentially violate the
user’s essential right to self-determination and con-
scious control of the environment. In addition, the
authors highlight the questionable status of confiden-
tiality and data privacy [16].

A systematic literature review published in 2025
[17] indicates that, despite impressive technological
progress, a “critical” gap remains between ethical
principles and their practical application in rehabili-
tation. As stated in the research, it is necessary to
focus on the psychosocial well-being of the “end” us-
ers, and also to strengthen respect for ethical princi-
ples through the introduction of protocol standardi-
sation measures concerning the application of Al in
the field of assistive technologies, especially with re-
gard to the component of informed consent, as well
as protocols for privacy protection.

Conclusion

The development of information technology and
artificial intelligence brings numerous benefits to
modern society, but it also poses serious ethical chal-
lenges related to privacy, transparency, fairness and
responsibility. Research indicates that ethical princi-
ples and values must be integrated into all phases of
development and application to ensure these systems
do not threaten fundamental human rights and in-
stead contribute to the well-being of users and soci-
ety as a whole. Future development requires a
transdisciplinary dialogue between engineers and
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healthcare workers, with mandatory participation
from technology users. Such an inclusive methodol-
ogy is crucial for overcoming the gap between theo-
retical ethical principles and their effective applica-
tion in clinical and rehabilitation practice. Existing

Vasi¢ M. Ethical Challenges of IT and Al in Healthcare

ethical frameworks and standards provide a strong
basis for responsible, fair and reliable use of informa-
tion technology and artificial intelligence in all areas
of society and science.
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Abstract

Introduction. Determining dental and skeletal maturity is
highly important in planning orthodontic therapy. Due to pos-
sible discrepancies between dental and skeletal maturity, it is
necessary to research this topic to improve orthodontic treat-
ment. This study aimed to examine differences between dental
and skeletal age of girls aged 9 to 11 years. Material and Meth-
ods. The study included medical records of 56 girls aged 9 to 11
years who were treated at the Department of Orthodontics,
Clinic of Dental Medicine of Vojvodina. Dental age was deter-
mined using the Demirjian method on orthopantomographic
images, while skeletal age was assessed using cephalometric ra-
diographs by measuring cervical vertebrae. The results were
statistically analysed for the entire sample and separately for age
groups of 9, 10, and 11 years. Mean values, standard deviation,
minimum and maximum values for chronological, dental, and
skeletal age were calculated, along with statistical significance
using the t-test. Results. A statistically significant difference
between dental and skeletal maturity was found for the entire
sample and for the 9- and 10-year age groups. For the 11-year
age group, no statistically significant difference was observed.
Conclusion. The results indicate that there is no consistent and
reliable correlation between skeletal and dental maturity, which
should be considered into account when planning orthodontic
therapy.

Key words: Age Determination by Skeleton; Age Determination
by Teeth; Child; Female; Orthodontics

Introduction

Timely and adequate orthodontic therapy has a
significant impact on the growth and development of
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Sazetak

Uvod. Precizna procena bioloske zrelosti ima klju¢ni znacaj za
pravilan izbor vremena i planiranje ortodontske terapije. Den-
talna i skeletna starost predstavljaju najcesce koris¢ene pokazatelje,
ali njihov medusobni odnos moze varirati u zavisnosti od uzrasta
i individualnih faktora. Cilj ovog istrazivanja bio je da se ispita
odnos izmedu dentalne i skeletne starosti kod devoj¢ica uzrasta od
9 do 11,9 godina u Vojvodini, kao i da se utvrdi postojanje statisticki
znacajnih razlika izmedu ovih parametara. Materijal i metode.
Istrazivanje je obuhvatilo medicinsku dokumentaciju 56 devojcica
prose¢nog uzrasta 10,7 + 0,92 godine, le¢enih na Odeljenju za or-
topediju vilica Klinike za stomatologiju Vojvodine. Dentalna star-
ost odredena je Demirjian metodom na ortopantomografskim
snimcima, dok je skeletna starost procenjena analizom treéeg i
Cetvrtog cervikalnog prsljena na telerendgen snimcima. Statisticka
obrada obuhvatila je izra¢unavanje srednjih vrednosti, standardne
devijacije i primenu t-testa za celokupan uzorak i pojedina¢ne
starosne grupe (9, 101 11 godina). Rezultati. Prose¢na hronologka,
dentalna i skeletna starost iznosile su 10,27, 10,72 i 11,84 godine.
Statisti¢ki znacajna razlika izmedu dentalne i skeletne starosti
utvrdena je za celokupan uzorak (p < 0,05), kao i za uzraste od 9 i
10 godina. Kod jedanaestogodi$njakinja nije utvrdena statisticki
znacajna razlika. Uoceno je smanjenje razlike izmedu dentalne i
skeletne starosti sa porastom uzrasta. Zaklju¢ak. Dentalna i ske-
letna starost nisu uvek u pouzdanoj korelaciji u mladim uzrastima,
§to ukazuje na potrebu za individualnim pristupom u planiranju
ortodontske terapije. U uzrastu oko 11 godina dentalna starost
postaje pouzdaniji pokazatelj bioloske zrelosti.

Kljuéne reci: skeletna starost; dentalna starost; dete; Zenski pol;
ortodoncija

the entire orofacial system, as well as on the prevention
of dental caries and periodontal disease. Understanding
of the factors influencing growth is essential for prop-
er diagnosis and timely, appropriate therapy [1].

Human growth begins at the moment of zygote
formation and continues until approximately the age
of 20, when active growth ceases. It is divided into
two periods: prenatal and postnatal [1].
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During growth, there are phases of increased in-
tensity. The most significant growth spurts occur
during the foetal period, in the first year of life, and
later during prepubertal and pubertal periods.

Development follows growth and is reflected not
only in achieving adult size and proportions, but also
in tissue composition and functional capacity of or-
gans. Biological maturation may precede or lag be-
hind chronological age.

Successful orthodontic therapy requires thorough
knowledge of the growth and development of the oro-
facial system [2]. Determining the optimal timing for
initiating orthodontic treatment is directly related to
identifying periods of accelerated growth and evaluat-
ing individual growth potential. In orthodontics, treat-
ment timing plays a crucial role in determining the
approach to correcting jaw and tooth development [3].

Each child or adolescent has an individual growth
rate influenced by factors such as heredity, nutrition,
hormonal status, and environmental factors. Deter-
mining individual growth rate before orthodontic
treatment is essential, as it significantly affects treat-
ment success [4].

Chronological age represents the time elapsed
from birth to the moment of assessment [2].

One of the most commonly used methods for as-
sessing patient maturity is dental maturity, based on
the degree of tooth calcification. This method is
widely accepted because it shows less variation com-
pared with methods for determining skeletal or sex-
ual maturity [5]. Therefore, teeth are considered reli-
able biological indicators for assessing growth and
development [5,6].

A strong correlation exists between tooth develop-
ment and individual maturity [5-8].

The most commonly used method is the Demir-
jian method, developed in a French-Canadian popu-
lation [7]. It evaluates the calcification stages of seven
permanent teeth in the upper left quadrant for indi-
viduals up to 16 years of age.

Skeletal age, or bone maturity, is assessed from
bone morphology and mineralisation. It is most com-
monly evaluated using hand-wrist radiographs and
cervical vertebrae analysis [9]. Gnathometric analysis
can also be used to assess the shape and development
of the dental arches and jaws [10].

The development of cervical vertebrae follows a
consistent pattern similar to other skeletal structures
[11] and can be evaluated on lateral cephalograms [12].

In 1972, Lamparski introduced the use of cervical
vertebrae for assessing skeletal maturity. He identified
morphological characteristics visible on radiographs
at different developmental stages and created a de-
scriptive atlas. His method proved to be reliable,
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valid, and clinically useful, comparable to hand-wrist
radiography [13].

Hassel and Farman (1995), as well as Mito et al.
(2002), further confirmed the reliability of cervical
vertebrae analysis [12,14].

This study aimed to determine skeletal age in girls
aged 9 to 11.99 years, compare it with dental matu-
rity, and assess potential differences between skeletal
and dental age across age groups.

We hypothesised that skeletal and dental age
would correspond and that there would be no sig-
nificant differences between them.

Material and Methods

The study was conducted at the Clinic of Dental
Medicine of Vojvodina in December 2024. The sam-
ple consisted of medical records of 56 girls with a
mean age of 10.27 + 0.92 years (range: 9-11.99 years)
who were treated at the Department of Orthodontics.

Participants were randomly selected from patient
records. We used the most recent records available
until we reached a total of 56 girls who met the inclu-
sion criteria.

Inclusion criteria: Presence of the germs of all teeth;
Visibility of the third and fourth cervical vertebrae on
cephalograms; Age between 9.0 and 11.99 years

Exclusion criteria: Hypodontia; Hyperdontia; Cleft
lip and palate; Congenital syndromes affecting the
orofacial region (Apert, Crouzon, Treacher-Collins,
etc.).

Dental maturity was assessed using the Demirjian
method on orthopantomograms via the OnyxCeph
software, which assigns scores based on developmen-
tal stages (A-H) of permanent teeth in the upper left
quadrant.

Skeletal maturity was assessed by measuring an-
terior height (AH) and anteroposterior length (AP)
of the third and fourth cervical vertebrae on cepha-
lograms.

The formula used was:

Vertebral age = 1.3523 + 6.7691 x AH3/AP3 +
8.6408 x AH4/AP4 [11]

Statistical analysis was performed using MS Excel
2007. Mean values, standard deviation, and minimum
and maximum values were calculated for chrono-
logical, dental, and skeletal age. Differences were as-
sessed using the t-test.

Results
The mean chronological age was 10.27 years, the

mean dental age was 10.72 years, and the mean skel-
etal age was 11.84 years.
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A statistically significant difference between skel-
etal and dental age was observed in the total sample.

The sample was divided into age groups:

9 years (9.0-9.99)

10 years (10.0-10.99)

11 years (11.0-11.99)

Dental age means:

9 years: 9.89

10 years: 11.16

11 years: 11.39

Skeletal age means:

9 years: 11.62

10 years: 12.09

11 years: 11.82

We found statistically significant differences be-
tween dental and skeletal age in the 9- and 10-year
groups, but not in the 11-year group.

Discussion

Chronological age was expressed in years using a
decimal system for statistical simplicity. Dental age
was assessed using the Demirjian method, widely rec-
ognised in scientific research [2,4-8,11,15,16]. Skeletal
age was determined using the Caldas method [15].

Skeletal age is considered a more reliable indicator
of growth than chronological age [2,3].

A major advantage of cervical vertebrae analysis is
that it does not require additional radiation exposure,
unlike hand-wrist radiographs, since cephalograms
are already part of routine orthodontic diagnostics.

Most studies focus on comparisons between chron-
ological and dental or skeletal age, whereas fewer di-
rectly compare dental and skeletal maturity [2,4,16].

This study found no consistent correlation be-
tween dental and skeletal age. The greatest difference
was observed in 9-year-olds, whilst a slightly smaller
but still significant difference was observed in
10-year-olds. No significant difference was found in
11-year-olds.

In 9-year-olds, the difference reached up to 4 years
(skeletal age higher), with a minimum of 2 months.
In 10-year-olds, differences were similar, though den-
tal maturity sometimes exceeded skeletal age by 2-8
months. In 11-year-olds, differences decreased to a
negligible level. These findings align with studies by
Macha et al., Palanisamy et al., Ramos et al., and
Cortes et al. [2,4,5,16].

Dental age exceeded chronological age across all
groups, consistent with previous findings [2,4,16].
This may reflect generational changes in growth, nu-
trition, and socioeconomic conditions, suggesting a
need to update standard reference values.

The hypothesis was rejected because significant
differences were found both overall and in younger
age groups.

Conclusion

There is no consistent and reliable relationship
between dental and skeletal age.

As age increases, the difference between them de-
creases. Around the age of 11, accelerated dental de-
velopment occurs, making dental age a more reliable
indicator.

Orthodontic treatment planning should always be
individualised, taking into account both dental and
skeletal age.
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Abstract

Introduction. Caesarean scar endometriosis is a rare form of
abdominal wall endometriosis that develops following caesarean
delivery as a result of ectopic implantation of endometrial tissue
within the surgical scar. Patients typically present with cyclic
pain and a palpable abdominal wall mass, although diagnosis
may be challenging because it resembles other abdominal wall
lesions. Case Report. A 31-year-old woman presented with pain-
ful nodules located within a previous Cohen laparotomy scar.
Symptoms began approximately one year after caesarean deliv-
ery and were strongly associated with menstruation. Ultrasonog-
raphy demonstrated multiple heterogeneous lesions within the
scar. Surgical exploration revealed multifocal endometriosis
involving the skin, subcutaneous tissue and fascia. Complete
excision of all visible lesions was performed. Histopathological
examination confirmed abdominal wall endometriosis by dem-
onstrating endometrial glands and stroma associated with haem-
orrhage, haemosiderin-laden macrophages, and fibrosis. The
postoperative course was uneventful, and satisfactory wound
healing was observed at the two-week follow-up visit. Conclu-
sion. This case illustrates an uncommon presentation of caesar-
ean scar endometriosis characterised by multifocal disease and
extensive abdominal wall involvement. Caesarean scar endome-
triosis should be considered in women with cyclic pain and a
mass arising within a previous caesarean section scar. Early rec-
ognition and complete surgical excision remain essential for
definitive diagnosis and effective treatment.

Key words: Endometriosis; Cicatrix; Cesarean Section; Surgical
Wound; Abdominal Wall; Postoperative Complications; Signs
and Symptoms; Treatment Outcome

Introduction

Endometriosis is a chronic oestrogen-dependent
inflammatory disease characterised by the presence
of endometrial glands and stroma outside the uterine
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Sazetak

Uvod. Endometrioza u oziljku nakon carskog reza predstavlja retku
formu endometrioze trbusnog zida koja se dovodi u vezu sa implant-
acijom endometrijalnog tkiva u operativni oziljak tokom hirurske
procedure. Najée$ée se manifestuje cikli¢nim bolom i palpabilnom
promenom u predelu oziljka, dok multifokalna bolest sa zahvatanjem
vide slojeva trbu$nog zida predstavlja neuobi¢ajenu prezentaciju.
Prikaz slucaja. Tridesetjednogodi$nja pacijentkinja javila se zbog
bolnih nodularnih promena u predelu oziljka nakon prethodnog
carskog reza. Tegobe su se javile priblizno godinu dana nakon op-
eracijebile su cikli¢nog karaktera, sa pogor$anjem tokom menstru-
acije. Pacijentkinja je navodila povremenu pojavu braonkaste sekre-
cije iz koznih otvora na oba kraja oziljka. Ultrazvu¢nim pregledom
identifikovane su visestruke lezije u podruéju oziljka. Intraopera-
tivno je utvrdena multifokalna endometrioza sa zahvatanjem koze,
potkoznog tkiva i fascije, uz supfascijalno $irenje prema levom m.
rektusu abdominis, bez infiltracije misi¢nih vlakana. Uéinjena je
$iroka ekscizija svih makroskopski vidljivih promena uz primarnu
rekonstrukciju fascije. Histopatoloska analiza potvrdila je prisustvo
endometrijalnih Zlezda i strome, uz krvarenje, hemosiderofage i fi-
brozne promene. Postoperativni tok protekao je uredno. Zakljucak.
Multifokalna endometrioza u oziljku nakon carskog reza sa eksten-
zivnim zahvatanjem trbu$nog zida predstavlja retku klini¢ku man-
ifestaciju bolesti. Prisustvo koznih promena i cikli¢ne sekrecije moze
ukazivati na dugotrajan i progresivan tok bolesti. Rano prepozna-
vanje ovog entiteta i potpuna hirurska ekscizija od klju¢nog su
znacaja za postavljanje definitivne dijagnoze i uspesno lecenje.
Kljucne reci: endometrioza; oziljak; carski rez; hirurska rana;
trbusni zid; postoperativne komplikacije; znaci i simptomi; ishod
lecenja

cavity [1]. It affects approximately 10% of women of
reproductive age and most commonly involves pelvic
structures including the ovaries, pelvic peritoneum,
and uterosacral ligaments [1]. Although endometrio-
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CSE — caesarean scar endometriosis
PDS - polydioxanone

CT - computed tomography

MRI - magnetic resonance imaging

sis predominantly affects pelvic structures, lesions
may also occur at extra-pelvic sites [2].

Caesarean scar endometriosis (CSE) represents a
rare form of abdominal wall endometriosis that de-
velops within or adjacent to a previous caesarean sec-
tion scar. The reported incidence ranges from 0.03%
to 1.5% following caesarean delivery [3,4]. The most
widely accepted pathogenetic mechanism is iatro-
genic implantation of viable endometrial cells into
the wound during uterine incision and closure, fol-
lowed by hormonal stimulation and proliferation of
the implanted tissue [4,5]. Consequently, symptom
onset may occur months or even years after the initial
surgical procedure [6].

Patients typically present with a painful palpable
mass in the abdominal wall, frequently associated
with cyclical exacerbation of symptoms during men-
struation [4,7]. Despite its characteristic clinical fea-
tures, CSE remains a diagnostic challenge and is com-
monly misdiagnosed as other abdominal wall lesions,
including hernias, granulomas, abscesses, haemato-
mas, and soft tissue tumours [3-7].

Ultrasonography is usually the first-line imaging
modality, while computed tomography and magnet-
ic resonance imaging may be useful in determining
the extent of disease and involvement of deeper struc-
tures [3,5]. Definitive diagnosis relies on histopatho-
logical confirmation demonstrating endometrial
glands and stroma within the affected tissue [3,6].
Complete surgical excision with clear margins re-
mains the treatment of choice [3,5].

We present a case of multifocal caesarean scar en-
dometriosis with involvement of the skin, subcutaneous
tissue and fascia, successfully treated by wide surgical
excision.

Case Report

A 31-year-old woman was referred to our depart-
ment for elective surgical treatment of painful lesions
located within a previous scar of Cohen laparotomy.
The patient had undergone elective caesarean delivery
approximately six years earlier because of the breech
presentation of the foetus. One year and three months
after surgery, she began experiencing pain localised
to the scar region, which was strongly associated with
her menstrual cycle and occasionally persisted be-
yond menstruation. The patient also reported cyclical
brownish discharge from focal skin openings located
at both lateral ends of the scar.
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Figure 1. Preoperative appearance and localisation of pal-
pable endometriotic lesions within the previous scar of
Cohen laparotomy. In both corners of the incision, skin
discolouration can be observed

Physical examination revealed multiple palpable
nodules along the caesarean scar (Figure 1). Gynae-
cological examination was otherwise unremarkable.
Preoperative ultrasonography identified multiple het-
erogeneous lesions within the caesarean section scar,
including a dominant lesion measuring 45x20 mm
and several smaller adjacent nodules. The uterus and
adnexa appeared normal.

Based on the patient’s history, cyclical symptoms,
and imaging findings, caesarean scar endometriosis
was suspected, and surgical treatment was scheduled.

Under general anaesthesia, exploration of the previ-
ous Cohen incision and complete excision of all visible
endometriotic tissue was performed. Surgery began
with an incision approximately 1 cm from the margin
of the affected skin. Subcutaneous tissue around the
endometriotic nodules was grasped with curved Pean
forceps, cut with scissors and ligated when needed in
multiple steps. This was done to precisely prepare the
nodule so that there would not be a large defect in the
abdominal wall. The same technique was used to sep-
arate the nodule from the fascia (rectus sheath), leaving
a 1x5 cm fascial defect in the left half, through which
the abdominal cavity was opened.

Intraoperatively, two endometriotic nodules were
identified in the right half of the scar, forming a con-
glomerate approximately 40 mm in diameter with
extension to the skin surface and an associated small
cutaneous opening. An additional conglomerate
measuring approximately 10 cm in diameter was
identified in the left half of the scar and also showed
signs of prior focal cutaneous drainage. Both lesions
were firmly adherent to the fascia, while the left-sid-
ed lesion demonstrated subfascial extension towards
the left rectus abdominis muscle, without involve-
ment of the muscle fibres. Dense adhesions between
the greater omentum and the anterior abdominal wall
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Figure 2. Resected surgical specimen following wide local
excision of multifocal scar endometriosis

were also observed. The abdominal wall was subse-
quently reconstructed, and the surgical specimen was
submitted for histopathological examination.

Macroscopic examination revealed two fragments
of fibroadipose tissue measuring 11x4.5x4 cm and
6x3.5x3.5 cm (Figure 2). Histopathological analysis
demonstrated endometrial glands lined by benign
columnar epithelium surrounded by endometrial
stroma, accompanied by areas of haemorrhage,
haemosiderin-laden macrophages, and fibrotic scar
tissue (Figure 3). These findings confirmed the di-
agnosis of abdominal wall endometriosis.

The postoperative course was uneventful. At the
two-week follow-up visit, sutures were removed, and
the surgical wound demonstrated satisfactory healing
without signs of infection, wound dehiscence, or
other early postoperative complications (Figure 4).
The first menstrual period after the operation was
painless. The patient was started on dienogest.

Figure 3. Histopathological examination demonstrating
endometrial glands and stroma embedded within fibroadi-
pose tissue, accompanied by haemorrhage and haemoside-
rin deposition (haematoxylin-eosin stain)

— -
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) ‘ e
Figure 4. Postoperative appearance of the surgical wound
at follow-up, demonstrating satisfactory healing by pri-
mary intention

Discussion

The present case demonstrated several features
characteristic of caesarean scar endometriosis, includ-
ing a history of caesarean delivery, cyclic pain, and
multiple palpable lesions within the Cohen scar. How-
ever, unlike several reported cases describing a solitary
lesion confined to the subcutaneous tissue or fascia
[4,5,7], our patient exhibited multifocal disease with
extensive involvement of the abdominal wall. Intraop-
eratively, multiple nodules were identified along the
previous cesarean section scar, with extension into the
fascia. Such extensive abdominal wall involvement may
necessitate more complex surgical management [8].
Such extensive abdominal wall involvement may ne-
cessitate more complex surgical management and, in
selected cases, abdominal wall reconstruction [8]. The
extent of disease in our patient required wide excision
involving the skin and subcutaneous tissue; however,
the fascial defect was small and could be reconstruct-
ed with direct Polydioxanone (PDS) sutures.

Another notable finding was cutaneous involve-
ment with signs of previous focal cutaneous drainage
at both lateral ends of the incision, overlying the le-
sions. Cutaneous manifestations of abdominal wall
endometriosis have been described in the literature
[3,9]. Repeated cyclical haemorrhage and chronic in-
flammation within ectopic endometrial tissue may
contribute to progressive tissue destruction and even-
tual breakdown of the overlying skin [1,2]. In our case,
focal cutaneous involvement reflected the disease’s
chronic nature and highlighted the potential for pro-
gressive local tissue involvement when endometriotic
lesions persist.

Cesarean scar endometriosis may pose a diagnos-
tic challenge [8]. While the diagnosis was suspected
preoperatively based on the patient’s history and
characteristic cyclic symptoms, the multifocal nature
of the disease, cutaneous involvement, and extension
into deeper abdominal wall structures emphasised
the importance of thorough preoperative evaluation
and careful surgical planning. Although the diagno-
sis was correctly suspected in our patient, similar le-
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sions may mimic a variety of benign and malignant
abdominal wall conditions, potentially leading to di-
agnostic uncertainty.

Imaging studies, particularly ultrasonography, play
a key role in the initial evaluation of suspected scar
endometriosis [9]. The diagnostic evaluation of en-
dometriosis generally incorporates clinical findings and
imaging, with surgical assessment used when indicated
[10]. In the present case, ultrasonography successfully
identified multiple lesions within the abdominal wall
scar; however, intraoperative findings revealed more
extensive disease than initially anticipated. This dis-
crepancy highlights the limitations of ultrasonography
in accurately assessing the full extent of deeply infiltrat-
ing abdominal wall endometriosis, particularly in pa-
tients with multifocal or complex lesions. In such cases,
advanced cross-sectional imaging modalities, including
computed tomography (CT) and magnetic resonance
imaging (MRI), may provide a more comprehensive
assessment of lesion size, infiltration depth, and in-
volvement of adjacent structures, thereby facilitating
preoperative planning [9]. Nevertheless, the availabil-
ity and routine use of these modalities may be limited
in certain clinical settings. Despite the important role
of imaging, definitive diagnosis continues to rely on
histopathological examination [3,6]. In our patient, the
presence of endometrial glands and stroma associated
with haemorrhage, haemosiderophages, and fibrosis
confirmed the diagnosis.

Complete surgical excision remains the treatment
of choice for caesarean scar endometriosis and is as-
sociated with a low recurrence rate [8]. Although hor-
monal therapies, including oral contraceptives, pro-
gestins, and gonadotrophin-releasing hormone ago-

nists, may provide temporary symptom relief, their
effectiveness is generally limited by symptom recur-
rence after treatment discontinuation [9]. Consequent-
ly, medical therapy is typically reserved for selected
patients or used as an adjunct to surgical management.
In the present case, the extent of disease involvement
required a wide local excision, resulting in an uncom-
plicated postoperative recovery. Overall, management
should be individualised and based on a comprehen-
sive assessment of clinical and imaging findings [10].

Several limitations should be acknowledged. Preop-
erative MRI or CT imaging was not performed, which
may have provided a more precise evaluation of lesion
extent and involvement of adjacent structures. In ad-
dition, the postoperative follow-up period was rela-
tively short, limiting assessment of long-term recur-
rence. Finally, concomitant pelvic endometriosis could
not be definitively excluded because dedicated pelvic
imaging and laparoscopic assessment were not under-
taken.

Conclusion

Caesarean scar endometriosis is an uncommon
but important complication of caesarean delivery that
should be considered in women presenting with cyclic
pain and a palpable mass within or adjacent to a pre-
vious caesarean section scar. This case highlights the
potential for multifocal disease with extensive in-
volvement of the abdominal wall, including the skin
and fascia. Early recognition and appropriate surgical
management are essential to achieve definitive diag-
nosis and successful treatment while minimising the
risk of progressive local extension and recurrence.
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Abstract

Introduction. Immune checkpoint inhibitors have improved out-
comes in triple-negative breast cancer but may trigger immune-
related adverse events involving multiple organs. Pancreatic toxi-
city is uncommon but clinically important, and its recognition is
challenging because of broad differential diagnoses. Case Report.
We report the case of a 44-year-old woman with a first relapse of
triple-negative breast cancer after seven years of disease-free
follow-up. Germline testing revealed a mutation in the breast can-
cer susceptibility gene 1. First-line systemic therapy with pem-
brolizumab combined with weekly paclitaxel was initiated, result-
ing in a radiologically confirmed partial response. During the
fifth treatment cycle, the patient developed upper abdominal dis-
comfort, and endoscopy identified fibrin-covered “kissing” duo-
denal bulb ulcers, suggestive of possible immune-mediated duo-
denitis. Symptoms improved with proton pump inhibitors and
supportive care. After reintroduction of therapy, the patient sub-
sequently presented with recurrent symptoms. Laboratory evalu-
ation revealed markedly elevated pancreatic enzymes, while imag-
ing confirmed acute pancreatitis. Alternative aetiologies were
excluded. Pembrolizumab was permanently discontinued, and
corticosteroid therapy was initiated, resulting in gradual clinical
and biochemical recovery. Maintenance therapy with a poly ad-
enosine diphosphate-ribose polymerase inhibitor was introduced.
At 10 months of follow-up, the patient remained asymptomatic,
with preserved pancreatic function and sustained partial re-
sponse. Conclusion. This case highlights an uncommon presen-
tation of pembrolizumab-associated pancreatic and duodenal
toxicity in a patient with triple-negative breast cancer. Awareness
of rare irAEs is crucial to ensure timely diagnosis and effective
management. Multidisciplinary collaboration and individualised
therapeutic planning enabled both toxicity resolution and con-
tinued oncological disease control in this patient.

Key words: Breast Neoplasms; Triple-Negative Breast Neoplasms;
Antibodies, Monoclonal, Humanized; Antineoplastic Agents,
Immunological; Drug-Related Side Effects and Adverse Reac-
tions; Gastrointestinal Diseases; Pancreatic Diseases; Immuno-
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Sazetak

Uvod. Imunoloski inhibitori kontrolnih ta¢aka znacajno su una-
predili ishode lecenja trostruko negativnog karcinoma dojke.
Istovremeno njihova primena moze izazvati nezeljene dogadaje
koji zahvataju vise organskih sistema. Pankreatitis predstavlja
retku, ali klini¢ki relevantnu manifestaciju, ¢ije prepoznavanje
moze biti otezano zbog nespecifi¢nih simptoma i $irokog spektra
diferencijalno-dijagnostickih mogu¢nosti. Prikaz slucaja. Paci-
jentkinji starosti 44 godine, koja je nakon sedam godina remisije
razvila prvi relaps trostruko negativnog karcinoma dojke, u
le¢enje je uvedena prva linija terapije pembrolizumabom u kom-
binaciji sa nedeljnim paklitakselom $to je dovelo do radioloski
potvrdenog parcijalnog odgovora. Germinativno testiranje
potvrdilo je prisustvo mutacije gena predispozicije za karcinom
dojke 1. Tokom petog ciklusa le¢enja kod pacijentkinje se javljao
bol u gornjem delu abdomena; endoskopijom su uoceni fibrinom
prekriveni kissing ulkusi u bulbusu duodenuma, koji su ukaziva-
li na imunoposredovani duodenitis i koji je saniran nakon
primene inhibitora protonske pumpe. Nakon ponovnog uvodenja
terapije registrovan je povratak simptoma. Laboratorijski nalazi
pokazali su poviSene pankreasne enzime, a radioloskim ispitivan-
jem potvrden je akutni pankreatitis. Alternativni uzroci su
isklju¢eni. Pembrolizumab je trajno obustavljen i zapoceta je ko-
rtikosteroidna terapija koja je dovela do postepenog klini¢kog i
biohemijskog pobolj$anja. Uvedena je terapija odrzavanja inhib-
itorom poliadenozin difosfat-riboza polimeraze. Nakon deset
meseci pracenja, pacijentkinja je bez simptoma, sa o¢uvanom
pankreasnom funkcijom i odrzanim parcijalnim odgovorom na
primenjenu terapiju. Zakljucak. Ovaj slucaj prikazuje pojavu
pankreasne i duodenalne toksi¢nosti povezane sa primenom pem-
brolizumaba kod pacijentkinje sa karcinomom dojke. Poznavan-
je retkih imunoposredovanih nezeljenih reakcija klju¢no je za
pravovremeno prepoznavanje i adekvatno lecenje. Multidiscipli-
narni pristup i individualizovano planiranje terapije omogucili
su istovremeno saniranje toksi¢nosti i kontrolu bolesti.

Kljucne reci: tumori dojke; trostruko negativni tumori dojke; hu-
manizovana monoklonska antitela; imunoloski antineoplasti¢ni
agensi; neZeljena dejstva i neZeljene reakcije povezane sa lekovima;
gastrointestinalne bolesti; bolesti pankreasa; imunoterapija; in-
hibitori imunskih kontrolnih ta¢aka; multidisciplinarni tim

< Corresponding author: Jovana Mijuci¢, E-mail: jovana.mijucic@gmail.com

209



Novakovic¢ T, et al. Pembrolizumab Gastrointestinal Toxicity

Abbreviations
BRCA1 - breast cancer susceptibility gene 1
CTCAE - common terminology criteria for adverse events

CPS - combined positive score

EGDS - oesophagogastroduodenoscopy

ER - oestrogen receptor

HER-2 - human epidermal growth factor receptor 2
ICI - immune checkpoint inhibitor

irAE - immune-related Adverse Event

MRI - magnetic resonance imaging

MSCT - multislice computed tomography

PARP - poly (adenosine diphosphate-ribose) polymerase
PD-1 - programmed Cell Death Protein 1

PD-L1 - Programmed Death Ligand 1

PPI - proton pump inhibitor

PR - progesterone receptor

RECIST - Response Evaluation Criteria in Solid Tumours
TNBC - triple-negative breast cancer

NCCN - National Comprehensive Cancer Network Guidelines

Introduction

Immune checkpoint inhibitors (ICIs) are immu-
nomodulatory immunoglobulin-based agents designed
to restore antitumour T cell activity by targeting in-
hibitory immune checkpoint pathways, most com-
monly programmed death receptor-1 (PD-1), pro-
grammed death ligand-1 (PD-L1), or cytotoxic T-lym-
phocyte-associated protein 4 (CTLA-4), and have
revolutionised cancer care. More recently, lymphocyte
activation gene-3 (LAG-3) has also emerged as a clini-
cally validated checkpoint target, while other inhibi-
tory receptors such as T-cell immunoglobulin and
mucin-domain containing-3 (TIM-3), V-domain Ig
suppressor of T-cell activation (VISTA), B- and T-lym-
phocyte attenuator (BTLA), T-cell immunoreceptor
with immunoglobulin and immunoreceptor tyrosine-
based inhibitory motif domains (TIGIT) remain un-
der active investigation [1]. In this report, we focus on
pembrolizumab, an anti-PD-1 antibody, because it was
the agent used in our patient. However, activating the
immune system through ICIs results in a high burden
of toxicities, known as immune-related adverse events
(irAEs), which can become chronic and even life-
threatening [2,3]. Among breast cancer subtypes, tri-
ple-negative breast cancer (TNBC) that is defined by
the absence of oestrogen (ER) and progesterone (PR)
receptor expression, as well as the lack of human epi-
dermal growth factor receptor 2 (HER-2) overexpres-
sion or amplification and frequently high proliferative
activity commonly assessed by the Ki-67 index, re-
mains one of the most challenging to treat due to its
intrinsic genomic instability, common association with
germline BRCA mutations, lack of actionable receptor
targets, and typically aggressive clinical behaviour
[4,5]. Over the past several years, integrating PD-1/
PD-L1 blockade has opened a new therapeutic avenue
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for selected patients with early-stage and metastatic
TNBC, offering the potential for improved survival in
disease settings where progress had long been mar-
ginal [4,6]. As the use of ICIs expands in routine clin-
ical practice, recognition of their distinct toxicity pro-
tile has become increasingly important, particularly
given the potential for immune-mediated effects to
involve nearly any organ system [3,7,8]. Similarly, rare
oncological presentations and atypical clinical mani-
festations remain diagnostically challenging and are
best documented through carefully reported case re-
ports and literature reviews [9]. We report a rare case
of acute pancreatitis accompanied by “kissing” duode-
nal bulb ulcers arising as an irAE of pembrolizumab
therapy. This unusual presentation expands the spec-
trum of gastrointestinal toxicity associated with ICIs
and emphasises the importance of early recognition
and tailored multidisciplinary management.

Case Report

A 44-year-old female patient was diagnosed with
a first relapse of previously treated invasive ductal
carcinoma, triple-negative phenotype (ER 0, PR 0,
HER-2: immunohistochemistry score 2+ with nega-
tive dual silver in situ hybridisation (dualSISH-), Ki67
30%). After 7 years of follow-up, a first local relapse
with observed capsular and muscular infiltration,
and supraclavicular and parasternal lymphadenopa-
thy was detected. Core-needle biopsy reconfirmed
the triple-negative phenotype (invasive ductal carci-
noma, ER 0, PR 0, HER-2: 2+, dualSISH-, Ki67 45%,
PD-L1 positive with a combined positive score (CPS
status: > 10)). At the same time, additional testing
identified presence of the germline BRCA1 mutation.
Therefore, the first-line systemic treatment with pem-
brolizumab in combination with weekly paclitaxel
was introduced according to multidisciplinary tu-
mour board recommendation. The first three initial
cycles were well tolerated, with a registered partial
response on multislice computed tomography
(MSCT) per Response Evaluation Criteria in Solid
Tumours version 1.1 (RECIST 1.1 PR). During the
tifth cycle, the patient reported upper abdominal dis-
comfort with dyspeptic symptoms. There was no his-
tory of prolonged or regular nonsteroidal anti-in-
flammatory drug use before symptom onset. Oesoph-
agogastroduodenoscopy (EGDS) revealed hyperaemic
and oedematous duodenal mucosa with fibrin-cov-
ered kissing ulcers in the duodenal bulb, which do
not strongly support, yet are not incompatible with
immune-mediated duodenitis. Further diagnostics
showed a negative Helicobacter pylori test. Symptom-
oriented treatment was initiated, including proton-
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Figure 1. T2 blade FS sequence: abdominal MRI demon-
strates diffuse enlargement and T2 hyperintensity of the
pancreatic head and body with surrounding inflamma-
tory fat stranding and small volume peripancreatic fluid,
without biliary duct dilation

pump inhibitors (PPIs) and mucosal protective
agents, with gradual clinical improvement. After a
one-month interruption in antineoplastic treatment,
combined immuno-chemotherapy was reinitiated for
one additional cycle, after which ICI monotherapy
was continued with close monitoring. After the sev-
enth cycle, the patient presented with recurrent epi-
gastric pain, nausea and anorexia but remained
haemodynamically stable, with preserved renal func-
tion and no evidence of respiratory compromise.
Laboratory testing revealed markedly elevated serum
lipase 533 U/L (8-57 U/L) and pancreatic amylase 303
U/L (27-102 U/L), complemented by imaging findings
(abdominal MRI demonstrated diffuse enlargement
and T2 hyperintensity of the pancreatic head and
body with surrounding inflammatory fat stranding
and small volume peripancreatic fluid, without bil-
iary duct dilation) consistent with acute pancreatitis
(Figure 1). There was no prior history of gallstone
disease, alcohol use, hypertriglyceridaemia or other
secondary causes, suggesting a high likelihood of
immune-mediated aetiology. According to the Com-
mon Terminology Criteria for Adverse Events (CT-
CAE v5.0) and the National Comprehensive Cancer
Network Guidelines (NCCN), the patient developed
grade 3 immune-related pancreatitis. In accordance
with irAE management guidelines, pembrolizumab
was discontinued. An EGDS showed, which showed
no signs of recurrent or active duodenal ulceration.
Systemic corticosteroids (methylprednisolone 0.5 mg/
kg/day) were commenced, followed by the transition
to oral prednisone once grade 1, <3x ULN (CTCAE
v5.0) pancreatic enzyme levels were attained, with a
gradual taper of 5 mg per week over approximately 1
month in consultation with gastroenterology/pancre-
atic subspecialist. Supportive symptomatic care in-
cluded analgesia, intravenous hydration, bowel rest
and continuous proton pump inhibitors (PPIs). Over
the following four months, pancreatic enzyme values
steadily normalised, with full clinical recovery and

resolution of abdominal symptoms. Due to the sever-
ity of the immune-related pancreatic toxicity, immu-
notherapy was not reintroduced. Given the presence
of a BRCA1 Mutation, poly (ADP-ribose) polymerase
(PARP) inhibitors were instituted as maintenance
therapy. At the most recent follow-up, 10 months af-
ter PARPI initiation, the patient remained clinically
stable and asymptomatic from a gastrointestinal
standpoint, with laboratory parameters within refer-
ence ranges. From the oncological perspective, the
previously achieved RECIST 1.1 PR was sustained.

Discussion

TNBC represents an aggressive breast cancer sub-
type with limited targeted therapeutic options and
generally poorer clinical outcomes [4,5]. The incor-
poration of ICIs has reshaped the therapeutic para-
digm for metastatic TNBC. In particular, the phase
IIT KEYNOTE-355 trial showed that adding pem-
brolizumab to chemotherapy significantly improves
progression-free and overall survival in patients
whose tumours express PD-L1 with CPS > 10. CPS
represents the ratio of PD-L1 positive tumour and
immune cells to the total number of viable tumour
cells and is used as a predictive biomarker for im-
munotherapy response in TNBC, thereby establishing
pembrolizumab plus chemotherapy as a standard
first-line regimen in appropriately selected patients
[4-6]. This combination was adopted into routine
clinical practice in Serbia in 2024, aligning national
treatment standards with contemporary internation-
al guidelines. Pembrolizumab exerts antitumour ef-
fects by blocking PD-1 on activated T lymphocytes,
restoring anti-tumour immune surveillance. How-
ever, by enhancing immune activation, PD-1 inhibi-
tion can also disrupt peripheral tolerance, leading to
a spectrum of irAEs [2,3,7,8]. The present case illus-
trates several clinically important aspects of ICI-as-
sociated GI toxicity. First, the patient achieved a sus-
tained partial oncological response to pembrolizum-
ab-based therapy, consistent with data from the KEY-
NOTE-355 trial demonstrating clinical benefit in
PD-L1 positive TNBC with CPS 210. Tumour re-
sponse was assessed using RECIST 1.1 criteria, con-
sistent with the response assessment methodology
used in the KEYNOTE-355 study [4]. However, de-
spite favourable tumour control, treatment was com-
plicated by sequential upper gastrointestinal (GI) and
pancreatic irAEs, highlighting the complex balance
between antitumour efficacy and immune-mediated
toxicity during PD-1 blockade. Gastrointestinal (GI)
toxicities such as colitis and hepatitis are well-recog-
nised, whereas immune-mediated pancreatic involve-
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ment is relatively uncommon but clinically signifi-
cant. Recent reports also highlight the duodenum as
a possible site of immune-related injury, with histol-
ogy demonstrating villous blunting and intraepithe-
lial lymphocytosis. Such upper-small-intestinal in-
volvement underscores the need to broaden clinical
vigilance beyond typical enterocolitis, particularly
when patients under ICI present with epigastric pain
or upper GI symptoms [10,11]. The estimated inci-
dence of immune-related pancreatic enzyme elevation
with PD-1 inhibitors is approximately 1-2%, and
clinically overt pancreatitis is reported in ~1-2% of
cases [7,8]. Pharmacovigilance registry data indicate
a median symptoms onset within the first 2-3 months
of treatment and a non-negligible risk of morbidity
[7,8]. Mechanistically, ICI-induced pancreatitis is
driven by the activation and clonal expansion of cy-
totoxic T-cells with loss of tolerance to pancreatic
self-antigens. This leads to T-cell infiltration of pan-
creatic parenchyma, cytokine-mediated acinar cell
damage, and premature activation of digestive en-
zymes, resulting in pancreatic autodigestion [7,8,12].
In the present case, the clinical course was consistent
with this immune-driven pathology, according to
CTCAE v5.0 criteria and NCCN guideline, the pa-
tient developed grade 3 immune related pancreatitis
with significant pancreatic enzyme elevation and ra-
diologically confirmed pancreatic inflammation,
evidenced by the absence of classical aetiological fac-
tors (gallstones, alcohol, hypertriglyceridaemia) and
the favourable response to systemic corticosteroids,
with subsequent complete clinical and biochemical
recovery [13-15]. An additional dimension in this
case is the presence of a germline BRCA1 mutation.
BRCA1-associated TNBC is characterised by height-
ened genomic instability, increased neoantigen load,
and elevated tumour-infiltrating lymphocytes, fea-

tures that contribute to enhanced intrinsic immuno-
genicity [16-18]. Although current data do not dem-
onstrate increased irAE risk in BRCA1 mutation
carriers, a more immune-reactive tumour microen-
vironment could plausibly contribute to amplified
immune activation during ICI therapy, potentially
explaining the severity of pancreatic toxicity observed
in this patient [16]. Following guideline-based man-
agement, pembrolizumab was permanently discon-
tinued due to the development of grade >3 pancrea-
titis, while chemotherapy was temporarily held and
later resumed [13-15]. The transition to maintenance
therapy with a PARP inhibitor represented an evi-
dence-based (supported by the OlympiAD trial) and
biologically rational continuation strategy, given the
patient’s BRCA1 mutation [19]. Notably, the partial
radiological response achieved during pembrolizu-
mab-based therapy was sustained throughout follow-
up, consistent with emerging evidence suggesting that
irAEs may be associated with more durable antitu-
mour immune responses [20].

Conclusion

This case underscores the importance of prompt
recognition and management of immune-related pan-
creatic toxicity during immune checkpoint inhibitor
therapy, particularly as these agents become increas-
ingly integrated into triple-negative breast cancer
treatment pathways. While rare, pancreatitis must be
considered in patients presenting with upper abdom-
inal pain, dyspepsia, or unexplained pancreatic en-
zyme elevation during immunotherapy. Close multi-
disciplinary collaboration between oncology and
gastroenterology teams is essential to ensure timely
diagnosis, appropriate corticosteroid administration,
and safe treatment modification.
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Abstract

Introduction. The digitalisation of healthcare systems has led to
a rapid proliferation of cybersecurity threats that directly affect
everyday clinical practice. Electronic health records, networked
medical devices, and telemedicine platforms have become inte-
gral to modern medicine while simultaneously representing po-
tential attack surfaces. Clinicians make daily decisions with data
security implications, and inadequate training leaves them par-
ticularly vulnerable. Threats and vulnerabilities. Ransomware
attacks that paralyse hospital systems, phishing campaigns tar-
geting clinical staff, attacks on medical Internet of Things de-
vices, and software supply chain compromise are the most prev-
alent threats in the contemporary healthcare environment. Each
carries direct consequences for patient safety and continuity of
care. Clinician roles and advanced technologies. Clinical staff
represent both the most frequent point of system compromise
and the most important line of defence. Advanced technologies
including artificial intelligence based threat detection, blockchain
data integrity, and federated learning offer emerging solutions,
but require strategic institutional commitment for successful
deployment. Conclusion. Cybersecurity is not exclusively an
information technology matter - it is an integral component of
medical ethics and responsibility towards patients. Its routine
integration into clinical practice requires education, clear insti-
tutional procedures, and adequate resources.

Key words: Computer Security; Clinical Medicine; Electronic
Health Records; Confidentiality; Ethics, Medical; Patient Rights

Introduction

Modern clinical practice - from reproductive
medicine to cardiology, oncology and primary care
- depends fundamentally on digital infrastructure:
electronic health record (EHR), picture archiving and
communication systems (PACS), internet-connected
infusion pumps, patient monitors, telemedicine plat-
forms, and mobile health applications. Each of these
systems represents both a clinical asset and a poten-
tial point of vulnerability. Healthcare organisations
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Sazetak

Uvod. Digitalizacija zdravstvenih sistema donela je sa sobom
brzo Sirenje sajber pretnji koje direktno uti¢u na svakodnevnu
klini¢ku praksu. Elektronski zdravstveni kartoni, medicinski
uredaji povezani na mrezu i telemedicinske platforme postali su
sastavni deo savremene medicine, ali i potencijalne mete
kibernetic¢kih napada. Klini¢ki lekari svakodnevno donose od-
luke s implikacijama za bezbednost podataka, a nedostatak obuke
iz ove oblasti ¢ini ih posebno ranjivim. Pretnje i ranjivosti. Ran-
somware napadi koji parali$u bolnicke sisteme, phishing poruke
usmerene ka klinickom osoblju, napadi na medicinske Internet
of Things uredaje i kompromitovanje lanaca snabdevanja
softverom najce$ce su pretnje u savremenom zdravstvenom
okruzenju. Svaka od ovih pretnji nosi direktne posledice po
bezbednost pacijenata i kontinuitet zdravstvene zastite. Uloga
klini¢ara i napredne tehnologije. Klinicki lekari predstavljaju
i naj¢e$c¢u tacku prodora napada i najvazniju liniju odbrane.
Napredne tehnologije poput vestacke inteligencije za detekciju
pretnji, blockchain integriteta podataka i federativnog ucenja
nude nova resenja, ali zahtevaju stratesku podrsku institucija.
Zakljucak. Sajber bezbednost nije isklju¢ivo IT pitanje — ona je
sastavni deo medicinske etike i odgovornosti prema pacijentima.
Njena rutinska primena u klini¢koj praksi zahteva edukaciju,
jasne institucionalne procedure i odgovarajuce resurse.
Kljucne reci: sajber bezbednost; klini¢ka medicina; elektronski
zdravstveni kartoni; poverljivost; medicinska etika; prava paci-
jenata

are among the most attractive targets for malicious
actors, owing to the high market value of patient data,
the operational criticality of services that cannot be
interrupted, and the comparatively immature state
of security governance in many institutions [1].

The scale of the problem has grown consistently
over the past decade. Annual survey data from HIMSS
and Proofpoint-Ponemon document that a substantial
majority of healthcare organisations experienced sig-
nificant security incidents in the preceding twelve
months [2,3]. Data breaches in health systems cause
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damage on three simultaneous fronts: financial losses
averaging millions of dollars per incident, reputation-
al harm affecting patient trust, and direct clinical
consequences, including delayed diagnoses, cancelled
surgical procedures, and impaired access to medica-
tion records [2,3]. A systematic review published in
Cluster Computing confirmed that breach-related dis-
ruption in healthcare is not merely a data governance
concern but a patient safety issue of the first order [4].

Despite the severity of this threat, clinicians re-
main insufficiently prepared. Research conducted
among practising physicians demonstrates that many
are uncertain about their institutional security re-
sponsibilities and lack confidence in identifying or
reporting incidents [5]. Training in cybersecurity
across healthcare organisations remains ad hoc, in-
consistently delivered, and rarely contextualised for
clinical workflows [6].

Current threat landscape

Ransomware — malicious software that encrypts
organisational data and demands payment for its re-
lease — represents the most operationally disruptive
threat currently facing healthcare institutions. In
clinical settings, the consequences are acute: patient
management systems, laboratory results, radiology
archives, and medication records can be rendered in-
accessible for hours or days. Attacks of this type have
been associated with measurable increases in patient
mortality, particularly in emergency medicine and
intensive care units where real-time data access is
clinically indispensable. Both the HIMSS and Proof-
point-Ponemon reports rank ransomware among the
top security concerns across health systems of all
sizes [2,3], and the economic incentive for attackers is
clear: healthcare organisations are less able to tolerate
prolonged downtime than commercial enterprises,
making them more likely to pay ransoms [4].

Phishing - the use of deceptive communications
to extract credentials or deliver malware — remains
the most common initial attack vector against health-
care systems [6,8]. Clinical staff are specifically vul-

216

Bjelica D, et al. Cybersecurity in Clinical Practice

nerable: high volumes of external communication,
significant time pressure, and a professional culture
that rewards rapid response all increase susceptibil-
ity. Healthcare systems are exposed to evolving cyber
threats, including sophisticated phishing and social
engineering attacks. At he same time, studies high-
light persistent gaps in cybersecurity awareness and
training among clinicians, which may hinder the
identification of malicious communications [6,7].

The Internet of Medical Things (IoMT) - infusion
pumps, defibrillators, implantable cardiac monitors,
continuous glucose monitors, and bedside patient
monitors connected to hospital networks - has created
an attack surface that did not exist a decade ago. Many
of these devices were designed before modern security
standards existed, run legacy operating systems, and
cannot receive software patches [7]. Deb et al., in a 2025
taxonomy of real-world IoMT attacks, documented
incidents involving data interception, denial-of-service
attacks targeting clinical devices, and, in adversarial
research settings, unauthorised control of device func-
tion. ElSayed et al. proposed a lightweight adaptive
machine-learning framework (CryptoDNA) for detect-
ing distributed denial-of-service attacks in medical IoT
environments, demonstrating that tailored artificial
intelligence (AI)-based defences can address threats
that generic security software does not cover [8]. Mo-
hamadi et al. similarly showed that convolutional neu-
ral network models can detect known and novel threat
types in IoMT networks at performance levels suitable
for real-time deployment [9]. The clinical implication
is unambiguous: a compromised medication-delivery
device or patient monitor is not an I'T problem - itis a
patient safety incident.

Medical devices incorporating Al introduce a fur-
ther category of risk. Mitra et al. demonstrated that
Al-enabled devices can be targeted through adver-
sarial manipulation of the underlying algorithms -
not only through conventional network intrusion -
and proposed a pre-market risk analysis framework
extending security assessment to the behaviour of Al
decision components [10]. Supply chain attacks, in
which adversaries compromise a software vendor to
gain simultaneous access to multiple downstream
organisations, have been documented in healthcare
IT. Argaw et al. identify insecure third-party inter-
faces as a primary structural vulnerability in hospital
cybersecurity architectures [5,11].

Electronic health record security
Electronic health records are simultaneously the

most operationally critical component of modern
clinical workflow and among the most valuable tar-
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gets for attackers. Health record data commands
higher prices on illicit markets than financial data
because a complete health record combines personal
identifiers, diagnoses, medications, insurance infor-
mation, and financial details that can be used for
identity fraud, extortion, and fraudulent claims [1,4].
This economic reality drives targeted attacks spe-
cifically designed to exfiltrate health record data
rather than encrypt it for ransom.

A quantitative study using structural equation
modelling combined with artificial neural network
analysis found that perceived cybersecurity risk is
significantly associated with reduced trust in elec-
tronic health record systems and lower perceived
performance among healthcare professionals [12].
These findings suggest that cybersecurity concerns
may influence clinician engagement with digital
health systems. Similarly, Arafa et al. report that per-
ceived security plays an important role in shaping
clinician acceptance and trust in emerging digital
health technologies [1].

Core EHR security principles with direct rele-
vance to clinical practice include: strong, unique cre-
dentials for each system supported by a password
manager; multi-factor authentication (MFA) acti-
vated wherever available; minimum necessary access
— each user accesses only data required for their cur-
rent role; encryption of data in transit and at rest; and
prompt reporting of anomalous system behaviour.
Sharing login credentials with colleagues, even tem-
porarily and in cases of clinical urgency, eliminates
both technical access control and the audit trail that
enables detection of unauthorised access.

The clinician’s role in cybersecurity

Sociotechnical analyses consistently identify the
human element as both the most frequent point of
failure and the most important defensive resource in
healthcare cybersecurity. Ewoh et al., in a 2025 scop-
ing review published in the Journal of Medical Inter-
net Research, propose a sociotechnical framework
that integrates people, processes, and technology,
placing clinicians at the centre of the security system
rather than at its periphery [6]. The 2024 BMC qual-
itative study identified inadequate staff training and
limited security awareness as key organisational risk
factors, alongside broader systemic and governance-
related challenges [13].

In day-to-day practice, clinicians make a continu-
ous series of decisions with cybersecurity implica-
tions: whether to open an email attachment, use
shared credentials for convenience, report a system
anomaly, access patient data on a personal device.

Embedding security awareness into routine clinical
behaviour - treating it as an element of professional
competence alongside medication verification and
infection control - is the most impactful intervention
available at the individual level [5]. Prompt incident
reporting is especially critical: unusual computer be-
haviour, unexpected system restarts, changes to the
EHR interface appearance, unsolicited credential re-
quests, and anomalous device behaviour can all in-
dicate an active attack [5,7]. Alanazi’s survey data
show that a significant proportion of clinicians did
not know where to direct a security report and doubt-
ed their report would receive a serious institutional
response — a cultural failure with direct security con-
sequences [5].

Advanced defensive technologies

Al-driven security systems can continuously
monitor hospital networks, identify behavioural
anomalies indicative of compromise, and isolate af-
fected systems at speeds that manual oversight cannot
match. The domain-specific machine-learning ap-
proaches demonstrated by ElSayed et al. and Moha-
madi et al. illustrate how Al tools tailored to IoMT
environments can address threat categories that ge-
neric security software fails to cover [8,9].

Blockchain technology has been proposed as a
mechanism for ensuring the integrity and auditabil-
ity of health records. The Cluster Computing system-
atic review identifies blockchain-based systems as
among the most promising structural solutions for
maintaining tamper-evident records of data access
and modification - a property of particular value in
environments where record authenticity is both a
clinical and legal requirement [4]. Federated learning
- a paradigm in which AI models are trained col-
laboratively across multiple institutions without pa-
tient data leaving each site — offers a path to more
capable diagnostic algorithms while substantially re-
ducing the security and privacy risks of centralised
data aggregation [14].

The Zero Trust security model, endorsed by the
World Economic Forum as a guiding architecture for
healthcare cybersecurity, replaces the assumption
that everything within a hospital network perimeter
is trustworthy with continuous authentication and
authorisation for every resource access event [15].
Ewoh et al. note that successful Zero Trust implemen-
tation requires alignment of technology, processes,
and organisational culture - technical deployment
alone is insufficient [6]. Regulatory frameworks such
as GDPR in Europe and HIPAA/HITECH in the
United States establish baseline requirements for data
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protection and mandate breach notification obliga-
tions, with non-compliance potentially resulting in
significant penalties. Healthcare cybersecurity bul-
letins from the U.S. HC3 highlight the relevance of
these regulatory requirements amid ongoing cyber
threats affecting the health sector [16].

Practical recommendations

For individual clinicians, credential management
is the most immediately actionable area of responsi-
bility. Strong, unique passwords for each system, with
MFA enabled on every platform that supports it, are
foundational; credentials must never be shared, and
institutions should provide alternative emergency ac-
cess protocols to avoid trading security for clinical
urgency [2].

Alanazi reports variability in clinicians’ awareness
of cybersecurity threats and highlights uncertainty
regarding institutional procedures for identifying and
reporting suspicious communications, including po-
tential phishing attempts [5].

Device-level security practices are widely recog-
nised as important for reducing vulnerabilities in
healthcare environments, particularly given the in-
creasing attack surface associated with connected
medical and information systems. From a user inter-
action perspective, perceived cybersecurity risks have
also been shown to influence how healthcare profes-
sionals engage with electronic health record systems,
highlighting the importance of secure system design
and safe usage practices [7,12].

Studies highlight significant gaps in clinicians’
cybersecurity awareness and uncertainty about insti-
tutional responsibilities, indicating the need for im-
proved and context-sensitive cybersecurity education
within healthcare environments. Both organisation-
al and human-factor considerations are emphasised
as important components of effective healthcare cy-
bersecurity strategies [5,13]. Generic IT security con-
tent has limited impact; training using clinical sce-
narios — recognising a phishing message formatted
as a laboratory result notification, understanding why
credential sharing undermines both security and ac-
countability — might produce greater and more du-
rable behaviour change.

Technical measures should include network seg-
mentation separating medical devices from admin-
istrative systems, regular vulnerability assessments,
endpoint detection and response (EDR) deployment,
and rigorously tested backup and recovery plans.
IoMT devices warrant a dedicated institutional pro-
gramme: central device inventories, network traffic
monitoring, patch management where feasible, and
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isolation of legacy devices that cannot be updated.
Incident response plans must be documented, re-
hearsed with clinical leadership participation, and
subject to systematic post-incident review.

Patient safety implications

The ultimate purpose of healthcare cybersecurity
is to protect patients. Attacks that compromise data
availability, disrupt device function, or immobilise
clinical systems have direct consequences for diagno-
sis, treatment, and patient safety. Inaccessibility of
allergy status, dosing errors attributable to device ma-
nipulation, and inability to order urgent investigations
during system outages are documented outcomes of
real-world ransomware attacks. Patient trust may also
be eroded over the longer term. Data breaches have
been associated in the literature with reduced patient
confidence in healthcare systems, which may nega-
tively influence openness in clinical communication.

Mitra et al. use a systems-theoretic framework to
demonstrate that adversarial manipulation of ma-
chine learning models embedded in medical devices
can lead to unsafe or erroneous outputs, highlighting
limitations in conventional monitoring approaches
for detecting such failures. These findings underscore
the importance of robust safety and governance
mechanisms for Al-enabled clinical decision support
systems [10]. Along with these new possibilities, such
systems also introduce new risks. Systems and mod-
els trained on single-centre datasets absorb and re-
produce diagnostic habits and blind spots embedded
in the environment. Such models can perpetuate
single-institution biases when applied elsewhere [17].

Conclusion

Artificial intelligence offers transformative poten-
tial across many domains of clinical practice, from
embryo selection in reproductive medicine to threat
detection in cybersecurity, however, no technology is
sufficient without the informed, vigilant clinician
participation. The current threat environment con-
tinues to evolve: ransomware campaigns grow more
sophisticated, Internet of Medical Things devices
present novel attack surfaces, artificial intelligence is
being weaponised, and supply chain compromises
can affect entire regional health networks simultane-
ously. Advanced defensive technologies such as arti-
ficial intelligence-driven threat detection, blockchain
integrity, federated learning and Zero Trust architec-
ture are available and effective, but require strategic
institutional commitment and adequate resources.
Individual clinician behaviour remains indispensable
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and cannot be substituted by technology: strong cre-
dential hygiene, vigilance against phishing, prompt
incident reporting, and critical oversight of connect-
ed devices are professional responsibilities that belong

alongside medication safety and infection control in
the daily practice of every clinician. The core message
is straightforward: cybersecurity is a dimension of
patient safety. It begins at the login screen.
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Abstract

Introduction. The supporting zone is an orthodontic term that
defines the space from the distoproximal surface of the lateral per-
manent incisor to the mesial surface of the first permanent molar.
During the period of deciduous and mixed dentition, this space
consists of the deciduous canine, first and second deciduous molars,
and primate diastemas, which are later replaced by the permanent
canine and first and second premolars. The aim of this study was
to determine the space available within the supporting zones to
accommodate the permanent successor teeth in children from Vo-
jvodina aged 9-11 years, and to assess whether the conditions for
the second phase of tooth replacement were present. Material and
Methods. Study models from patients of the Department of Ortho-
dontics, Clinic of Dental Medicine of Vojvodina, were used. A total
of 42 models from patients aged 9-11 years, with equal representa-
tion of both sexes, were analysed. Using OnyxCeph™ software and
the Moyers analysis, the required space within the supporting
zones, the available space, and any differences between these values
were calculated. The resulting values were compared according to
sex, age and jaw quadrant. Results. The supporting zone showed
sufficient space in 64.3% of cases in the maxilla, and in 54.8% in
the mandible. In the remaining 35.7% of maxillary cases and 45.2%
of mandibular cases, insufficient space was observed. No statisti-
cally significant difference (at the 0.05 level) was found according
to sex, age or side of the jaw, whereas a significant difference was
found between the maxilla and the mandible. Conclusion. The
condition of the supporting zones in children in Vojvodina is sat-
isfactory, as are the level and trend of continuous dental care.

Key words: Dental Arch; Child; Dentition, Mixed; Malocclusion;
Orthodontics; Dental Care
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SazZetak

Uvod. Potporna zona je ortodontski termin koji ozna¢ava pros-
tor od distoproksimalne povrsine stalnog bo¢nog sekuti¢a do
mezijalne povrsine prvog stalnog kutnjaka. Tokom perioda
mle¢ne i mesovite denticije ovaj prostor ¢ine mle¢ni o¢njak, prvi
i drugi mle¢ni kutnjak, kao i primatne dijasteme, a kasnije ih
zamenjuju dva prekutnjaka i stalni o¢njak. Potporna zona je
klju¢na za smestaj stalnih zuba tokom druge faze smene, njen
integritet zavisi od o¢uvanosti mle¢ne denticije i rezervnog pros-
tora. Cilj rada bio je da se ispita raspolozivi prostor u potpornim
zonama kod dece uzrasta 9-11 godina u Vojvodini i procene
uslovi za pravilno nicanje stalnih zuba. Materijal i metode.
Analizirana su 42 studijska modela dece oba pola (9, 101 11
godina) sa Klinike za stomatologiju Vojvodine. Mojersovom
analizom, uz pomo¢ programa OnyxCeph™; odredeni su
potreban i raspoloZiv prostor u potpornim zonama. Rezultati
su poredani prema polu, uzrastu i kvadrantu vilica, uz primenu
t-testa. Rezultati. Dovoljan prostor u maksili utvrden je u 64,3%,
aumandibuli u 54,8% slucajeva. Nedostatak prostora zabelezen
je u 35,7% u maksili i 45,2% u mandibuli. Nije utvrdena
statisticki znacajna razlika u odnosu na pol, uzrast i stranu vilice
(p > 0,05), dok razlika izmedu maksile i mandibule jeste
znacajna. Zakljucak. Stanje potpornih zona kod dece u Vo-
jvodini je zadovoljavajude, ali se ¢e$¢e uocava nedostatak pros-
tora u mandibuli, §to ukazuje na znacaj rane dijagnostike i pre-
ventivnih mera.

Kljucne reci: zubni luk; dete; me$ovita denticija; malokluzija;
ortodoncija; stomatoloska zdravstvena zastita
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Introduction

The supporting zone is an orthodontic term that
defines the space from the distoproximal surface of
the lateral permanent incisor to the mesioproximal
surface of the first permanent molar. During the pe-
riod of deciduous and mixed dentition, this space
consists of the deciduous canine, first and second
deciduous molars, and diastemas [1]. The most stable
diastemas are located between the lateral incisor and
canine in the maxilla and between the canine and
first molar in the mandible. These diastemas are re-
ferred to as primate or anthropoid spaces [2].

The width of deciduous molars together with ca-
nines and diastemas is greater than the width of their
permanent successors, and this additional space is
referred to as the leeway space. The leeway space
amounts to 1.5 mm in the maxilla and 2.5 mm in the
mandible. Its importance lies in accommodating the
permanent canine and the first and second premo-
lars, and in permitting the mesial movement of the
lower molars to achieve an Angle Class I molar rela-
tionship and proper intercuspation (the mesial shift)
[1,2]. An exception occurs in subjects with a Class III
malocclusion, in whom the summed crown width of
the mandibular incisors is greater than the average
values in the general population [3].

Deciduous teeth form a functional unit that plays
multiple roles until replaced by permanent teeth.
They participate in all orofacial functions (breathing,
swallowing, mastication, and speech), enable normal
jaw growth and development, preserve space for suc-
cessors, and contribute to facial aesthetics [4,5].

Premature tooth loss or reduced tooth width be-
cause of untreated approximal caries can disturb this
balance, leading to reduction of the supporting zone,
loss of arch length, and development of malocclusions
[2,6,7]. Premature tooth loss is defined as loss of a
deciduous tooth without eruption of its successor
within six months, or when the root of the permanent
successor has not developed at least two-thirds, as
seen on radiographs [4,8].

Caries and its complications remain the most
common aetiological cause of premature tooth loss.
Dental trauma, most frequent between ages seven and
ten, is another important factor [2].

The rate and degree of space loss depend on patient
age, the lost tooth, and available space in the arch. A
longer time interval between tooth loss and expected
exfoliation leads to greater space loss [2]. The greatest
and fastest space loss occurs after extraction of the
second deciduous molar, especially in the mandible,
and of the maxillary canine, owing to their late re-
placement. Individuals with primary crowding expe-
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rience more rapid space loss, while those with spaced
dentition usually do not develop crowding or maloc-
clusion [4].

To determine whether the available space is suf-
ticient for permanent canines and premolars, Moyers
analysis is used [5]. By summing the mesiodistal
widths of the lower four permanent incisors and using
Moyers tables, the predicted sizes of teeth in the sup-
porting zone can be determined and compared with
arch length. The results may indicate excess space,
normal conditions, or lack of space [7,10,12]. Clini-
cally, identifying space deficiency is most important,
as it leads to secondary crowding and functional and
hygienic complications [13,14].

The aim of this study was to determine the avail-
able space in supporting zones for the accommodation
of permanent successor teeth in children from Vojvo-
dina aged 9, 10 and 11 years, and to evaluate differ-
ences according to sex, age, and jaw quadrant.

Material and Methods

The study was conducted in January 2025 at the
Clinic of Dental Medicine of Vojvodina, Faculty of
Medicine, University of Novi Sad, with approval from
the Ethics Committee. It was designed as a cross-
sectional study using models from the Department
of Orthodontics.

A total of 42 patient models were analysed (14 per
age group), equally distributed between the sexes (21
male, 21 female), born between 1 January 2006 and
31 December 20009.

Using OnyxCeph™ software, the mesiodistal
widths of the lower permanent incisors were meas-
ured and summed. The boundaries of the supporting
zone were defined as the most prominent distal point
of the lateral incisor and the mesial point of the first
permanent molar.

Moyers analysis was used to calculate required
space, available space, and differences for each pa-
tient. Results were compared by sex, age, and jaw
quadrant. Statistical analysis was performed using
the t-test, with results presented in tables and graphs.

Results

Measurement of supporting zones in 42 patients
showed that in the maxilla, 27 children (64.3%) had
sufficient space, while 15 (35.7%) did not.

In the mandible, 23 children (54.8%) had sufficient
space, while 19 (45.2%) did not.

Further analyses showed: No statistically significant
differences based on age, sex, or side of the jaw; Statis-
tically significant differences between maxilla and



Med Pregl 2026; LXXIX(7-8): 221-225. Novi Sad: juli-avgust.

Table 1. T-test values comparing the required and actual values of the supporting zone

Age Sex Maxilla Mandible
left right left right
Female 0.05 0.54 0.16 0.54
9 years
Male 0.93 0.45 0.59 0.44
Female 0.11 0.88 0.79 0.44
10 years
Male 0.31 0.64 0.33 0.83
Female 0.87 0.44 0.61 0.19
11 years
Male 0.30 0.13 0.50 0.63

*Greyed out cells mark significant p-values (< 0.05) from t-test comparison

Table 2. Mean difference between required and available space in the supporting zones, expressed in millimetres

Age 9 years [mm] 10 years [mm)]
Maxilla 0.586 1.229 1.179
Mandible 1.143 -0.293 -0.243

Table 3. T-test values comparing free-space differences according to the child’s age

Age 9 and 10 years 9 and 11 years
Maxilla 0.66 0.66 0.97
Mandible 0.52 0.41 0.98

Table 4. T-test values comparing free-space differences between male and female participants

Age 9 years 10 years
Maxilla 0.25 0.78 0.64
Mandible 0.46 0.51 0.90

Table 5. T-test values comparing free-space differences according to side of the jaw

Age 10 years 11 years

Sex female male female male female male
Mandible 0.15 0.09 0.20 0.26 0.20 0.40
Maxilla 0.12 0.07 0.20 0.27 0.10 0.06
Table 6. T-test values comparing free-space differences according to jaw

Age 9 years 10 years 11 years

Sex female male female male female male
Left 0.42 0.31 0.07 0.45 0.38 0.32
Right 0.49 0.03 0.25 0.47 0.03 0.10

mandible in certain subgroups; 9-year-olds had suf-
ficient space in both jaws, while 10- and 11-year-olds
showed space deficiency in the mandible (Tables 1-6).

Discussion

The present study showed a higher percentage of
sufficient space for adequate progression of the second
phase of tooth replacement (64.3% in the maxilla and
54.8% in the mandible sufficient vs 35.7% in the max-
illa and 45.2% in the mandible insufficient). If dental
caries and premature tooth loss are regarded as the

main aetiological factors in reducing the required
space within the supporting zones, the results are
partly consistent with the study by Tadi¢ et al. (2015)
on the prevalence of caries among patients referred
for orthodontic examination. They reported a preva-
lence of caries in deciduous teeth of 68% in mixed
dentition. The prevalence of caries in permanent teeth
was 21% in mixed dentition and 40% in permanent
dentition [15]. These findings are discouraging, as
studies conducted in Croatia in 1980, 1984, and 1990
demonstrated a positive trend towards reduced caries
prevalence. Milici¢ et al. reported a caries prevalence
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of 80.3% in 1980 and, only 4 years later, a decrease in
untreated caries prevalence to 40.7% [16,17]. In a 1990
study, Viskovi¢ et al. reported untreated carious le-
sions in 20.3% of the examined sample [7].

Tooth and dental arch dimensions vary among
populations, so selecting an appropriate analysis is im-
portant to obtain relevant results. The present study
used Moyers analysis. Although a study conducted in
Nepal did not support the use of Moyers tabulated val-
ues, studies conducted in countries geographically
closer to ours, such as Italy and Croatia, emphasise the
considerable importance of Moyers analysis
[10,11,14,18,19]. The study by Umicevi¢-Davidovic¢ et
al. supports the clinical applicability of Moyers analy-
sis, with additional caution in female patients, consist-
ent with our results obtained by comparing tabulated/
required and measured/actual values [12]. The results
showed a statistically significant difference in the left
maxilla among 9-year-old female participants, where-
as the other study groups showed no statistically sig-
nificant differences. This may also reflect the level of
dental health care and patients’ motivation to maintain
oral hygiene and attend regular dental visits [20].

At the chosen significance level, comparison of
free-space differences between children aged 9 and 10,
9 and 11, and 10 and 11 years showed no statistically
significant differences. This may be explained by the
trend of continuous dental care and health education
of children in preschool institutions, with continua-
tion of such education in schools [21,22]. Banu et al.
investigated the DMFT (decayed, missing, filled teeth)
index in children aged 8-9 and 10-11 years and found
that the latter group had a higher DMFT index, which
is not consistent with our results [23].

When we compared the differences between re-
quired and measured supporting-zone dimensions
between male and female participants, we observed
a higher percentage of sufficient available space in the
maxilla among 9-year-old females and 11-year-old
males, whereas 10-year-olds showed equal percentage
distributions. In the mandible, only 10-year-olds dif-
fered, with more male participants having sufficient

space. t-test analysis showed no statistically signifi-
cant difference irrespective of patient age or the jaw
analysed. Tadi¢ et al. reported more healthy and re-
stored deciduous teeth in the male population and
somewhat more active caries in deciduous teeth in
the female population, but no statistically significant
difference, consistent with the present study [15].
Similarly, a study conducted in Romania reported a
higher prevalence of caries among females without a
statistically significant difference, although the
DMEFT index was significantly higher in the female
population [23]. Several authors have concluded that
the crown diameters of teeth occupying the support-
ing zone are greater in males than in females and may
therefore produce misleading results regarding the
possibility of accommodating permanent teeth dur-
ing the second phase of tooth replacement; our study
does not support these findings [11,12,14,24].

Statistical analysis of the mesiodistal widths of
teeth within the supporting zone showed no signifi-
cant difference between the left and right sides [12-
14,25]. This finding, together with our results, indi-
cates no preferential use of either side during oral
hygiene and mastication [26].

Comparison of free-space differences between the
jaws revealed a statistically significant difference on
the right side in 9-year-old male and 11-year-old fe-
male participants. This is supported by Viskovi¢ et
al., who reported a higher percentage of intact teeth
in the maxilla than in the mandible. In contrast, the
mandible had more restored teeth because mandibu-
lar teeth have greater caries involvement [7]. This is
inconsistent with the fact that mandibular teeth ben-
efit more from self-cleansing by saliva and that self-
cleansing improves with larger diastemas during
tooth replacement [1,27].

Conclusion
The condition of supporting zones of dental arch-

es in children in Vojvodina is satisfactory, reflecting
an adequate level and trend of continuous dental care.
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REPORTS FROM THE DLV BRANCHES
IZVESTAJI IZ PODRUZNICA DLV

GENERAL HOSPITAL VRBAS — REPORT ON THE INTRODUCTION OF PERCUTANEOUS
ENDOSCOPIC GASTROSTOMY (PEG) PLACEMENT

IZVESTAJ O ZAPOCINJANJU PLASIRANJA PERKUTANE ENDOSKOPSKE GASTROSTOME

(PEG) U OPSTOJ BOLNICI VRBAS

At General Hospital Vrbas, percutaneous endo-
scopic gastrostomy (PEG) placement has been intro-
duced to improve nutritional support and provide
long-term enteral feeding for patients with preserved
gastrointestinal function who are unable to maintain
adequate oral intake.

PEG is a minimally invasive procedure that pro-
vides direct access to the stomach through the ab-
dominal wall under endoscopic guidance, allowing
safe and effective long-term administration of en-
teral nutrition, medications, and nutritional therapy.

Compared with long-term nasogastric feeding,
PEG offers several advantages, including improved
patient comfort and tolerance, reduced risk of acci-
dental tube removal, easier administration of nutri-
tion, and better suitability for prolonged nutritional
support. It preserves the physiological use of the gas-
trointestinal tract and is particularly valuable in
critically ill patients, neurological patients, and those
with swallowing impairment.

To date, five PEG tubes have been successfully
placed. All procedures were completed uneventfully,
without any recorded complications. Two of five pa-
tients were discharged home following post-proce-
dural monitoring.

The introduction of PEG placement enables more
advanced management of patients requiring pro-
longed enteral nutrition, including those recovering
from cerebrovascular events, those with neurological
disorders, prolonged disorders of consciousness after
resuscitation, and other conditions associated with
dysphagia and inadequate oral intake.

The procedures were performed using a multidis-
ciplinary approach, following careful assessment of
indications, appropriate patient preparation, and stand-
ard safety measures. All PEG placements performed so
far were completed successfully, without immediate
procedure-related complications. Standard post-proce-
dural monitoring and gastrostomy care were provided.

The introduction of this procedure represents an
important improvement in healthcare quality at Gen-
eral Hospital Vrbas, contributing to the development
of modern nutritional support, reducing the need for

U Opstoj bolnici Vrbas zapoceto je izvodenje pro-
cedure plasiranja perkutane endoskopske gastrostome
(PEG) u cilju unapredenja nutritivne podrske i obez-
bedivanja mogucnosti dugotrajnog enteralnog hranje-
nja kod bolesnika sa ocuvanom funkcijom gastrointe-
stinalnog trakta, ali sa nemogucnoséu adekvatnog
oralnog unosa hrane.

Perkutana endoskopska gastrostoma — PEG pred-
stavlja minimalno invazivnu metodu kojom se, uz
pomoc endoskopske kontrole, formira pristup zZelucu
kroz prednji trbusni zid, ¢ime se omogucéava sigurna i
dugotrajna primena enteralne ishrane, lekova i dodat-
ne nutritivne terapije.

PEG ima znacajne prednosti u odnosu na dugotraj-
no nazogastricno hranjenje jer omogucava bolju tole-
ranciju kod pacijenata, ve¢u udobnost, smanjenje ri-
zika od slucajnog uklanjanja sonde, laksu primenu
ishrane i bolju mogucnost sprovodenja dugotrajne nu-
tritivne potpore. Ova metoda omogucava ocuvanje
funkcije gastrointestinalnog trakta, $to je od posebnog
znacaja kod kriticno obolelih, neuroloskih pacijenata
i bolesnika sa poremecajem gutanja.

Uvodenjem PEG procedure omoguceno je savreme-
nije i kvalitetnije zbrinjavanje bolesnika kojima je
potrebna produZena enteralna ishrana, posebno kod
stanja nakon cerebrovaskularnih inzulta, neuroloskih
oboljenja, postreanimacionih stanja sa produzZenim
poremecajem svesti, kao i drugih stanja pracenih dis-
fagijom i nemoguénoséu adekvatnog oralnog unosa.

Do sada je plasirano pet PEG sondi. Sve procedure
su protekle uredno, bez registrovanih komplikacija. Od
pet bolesnika dva su nakon postproceduralnog nadzo-
ra otpustena na kucno lecenje.

Procedure su realizovane uz multidisciplinarni pri-
stup, uz prethodnu procenu indikacija, adekvatnu
pripremu bolesnika i sprovodenje standardnih mera
bezbednosti. Svi do sada izvedeni plasmani PEG-a
protekli su uredno, bez neposrednih proceduralnih
komplikacija. Nakon intervencije sprovoden je stan-
dardni postproceduralni nadzor i nega gastrostome.

Uvodenje ove procedure predstavlja znacajan korak
u unapredenju kvaliteta zdravstvene zastite u Opstoj
bolnici Vrbas i doprinosi razvoju savremene nutritivne
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Figure 1/Slika 1 Figure 2/Slika 2 Figure 3/Slika 3
Procedure performed/Slike izvodenja procedure

patient transfers to other institutions, and providing potpore, smanjenju potrebe za transportom pacijenata
access to this important therapeutic option for pa- u druge ustanove i omogucavanju dostupnosti ove me-
tients in need. tode bolesnicima kojima je ona potrebna.

Dejan Zahorjanski, Nikola Japundzié, Milica Gojkovié
Opsta bolnica Vrbas
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REZULTATI REOPERACIJA NESANIRANIH PRELOMA TELA NADLAKATNE KOSTI

Vladimir RISTIC, Vladimir ZRNIC

Opsta bolnica Subotica, Odeljenje ortopedske hirurgije i traumatologije'

SaZetak

Uvod. Prelomi tela nadlakatne kosti u oko 60% slucajeva se
dogadaju kod populacije starije Zivotne dobi, sa osteopenijom/
osteoporozom, usled padova na ravnom. Prose¢no vreme zaras-
tanja iznosi 10 nedelja (od 6,5 do 22), sa stopom nesrastanja oko
7%. Nesrasle frakture zahtevne su za operativno lecenje zbog:
kontraktura zglobova, loseg kvaliteta kosti, slabog potencijala
zarastanja, udruzenih oboljenja i ¢estih lezija zbi¢nog zivca — do
22% kod Holstejn-Luis (Holstein-Lewis) tipa preloma. Cilj studi-
je predstavlja prikaz rezultata razli¢itih operativnih metoda
le¢enja pseudoartroza dijafize humerusa. Materijal i metode.
Retrospektivna studija je ukljucila 17 pacijenata prose¢ne sta-
rosti 59,5 godina, lecenih: intramedularnim klinom i
zaklju¢avaju¢im plo¢ama sa zavrtnjima u po sedam slucajeva i
tri spoljasnjim fiksatorima (SF) po Mitkovicu ili Ilizarovu.
Studija analizira RTG snimke tri i Sest meseci nakon reoper-
acije, prikazuje le¢enje komplikacija i rezultate funkcionalnih
testova (Constant za rame i Mayo skor za lakat). Rezultati.
Nismo zabelezili zna¢ajnu razliku u funkcionalnim testovima
medu grupama lecenih klinom (71,3 tj. 81,0) i plo¢om (72,0 tj.

UDK 616.717.4-001.5-089.168

77,5), uz zadovoljavajuce rezultate spoljnjih fiksatora (63,7, tj.
62,5), iako su bili indikovani kod najtezih slu¢ajeva (nakon ot-
vorenih preloma). Medu komplikacijama je bilo: osam uglavnom
privremenih jatrogenih lezija Zbi¢nog Zivca (sa spontanim
opravkom u 85% slucajeva tokom prvih $est postoperativnih
meseci), pet nezarastanja (29%) prac¢enih pucanjem implantata
(tri ploce i dva klina) i dve duboke infekcije. Zaklju¢ak. Kod
inficiranih pseudoartroza najbolje rezultate postizali smo pri-
menom SF po Ilizarovu, kod neinficiranih: ekstrakcijom posto-
jece ploce, spongioplastikom i reosteosintezom pomoc¢u LCP.
Pseudoartroze nakon osteosinteze intramedularnim klinom
le¢ili smo njegovom ekstrakcijom, rimovanjem i postavljanjem
klina veceg dijametra. Zakljuc¢avajuci klinovi doprineli su naj-
boljim funkcionalnim rezultatima, a otvorena repozicija je e$ée
uzrokovala jatrogena o$teéenja n. radialis. I pored reoperacija
kod 29% starijih pacijenata nije doslo do zarastanja te su perzi-
stirale kontrakture lakta i ramena. Izbor implantata i hirur§kog
pristupa treba da je individualan.

Kljuéne redi: prelomi nadlakatne kosti; nesrasli prelomi; di-
jafiza; ponovna operacija; ishod le¢enja
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PORODICNA POVEZANOST POVREDE PREDNJEG UKRSTENOG LIGAMENTA

Milan MILOVIC?, Milan MUSIC', Miroslav MILANKOV?

Opsta bolnica Vrbas!
Poliklinika MILANKOV Med Novi Sad?

Sazetak

Uvod. Povrede prednjeg ukrstenog ligamenta (ACL) su u stalnom
porastu, sa prevalencijom u sportskoj populaciji i iziskuju
visenedeljni oporavak. Cilj ovog istrazivanja je da utvrdi pove-
zanost javljanja povrede prednjeg ukrstenog ligamenta sa
porodi¢nom predispoziciom za povrede prednjeg ukrstenog liga-
menta. Materijal i metode. Istrazivanje je retrospektivnog kara-
ktera, gde je ukljucenjo 1.065 pacijenta urasta do 29 godina zivota,
muskog i Zenskog pola. Svim ispitanicima je dijagnostikovana
povreda ACL-a. Podaci o ispitanicima za ovu studiju su priku-
pljeni na Klinici za ortopedsku hirurgiju i traumatologiju
Klini¢kog centra Vojvodine u Novom Sadu. Rezultati. Pri
statistickoj analizi podataka 1.065 pacijenata le¢enih na Klinici
za ortopediju i traumatologiju Klini¢kog centra Vojvodine dobili
smo sledece rezultate. U nasem istrazivanju 78,6% ispitanika je
bilo musgkog pola, dok je 21,4% bilo Zenskog pola. Koriste¢i 3 test
za analizu statisticki znacajne razlike u javljanju povrede prednjeg
ukr$tenog ligamenta povezane sa porodi¢nom predispozicijom,
u grupi profesionalnih sportista muskog pola i mladih od 19
godina, dobili smo vrednost y*= 115,14 p = 0,00 (p < 0,01), u grupi
rekreativnih sportista muskog pola i mladih od 19 godina dobili
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smo vrednost x> = 56,64 p = 0,00 (p < 0,01). Za grupu profesion-
alnih sportista muskog pola i mladih od 29 godina dobili smo
vrednost y*= 135,04 p = 0,00 (p < 0,01), a za grupu istog pola i
uzrasta rekreativnih sportista vrednost y?= 572,14 p = 0,00 (p <
0,01). Pri analizi podataka zenskih ispitanica rezultati su slede¢i.
U grupi ispitanica Zenskog pola, uzrasta do 19 godina i koje su se
profesionalno bavile sportom vrednost y? test je > = 64,72 p =
0,000 (p < 0,01), u grupi uzrasta do 19 godina koje su se bavile
rekreativno sportom y*= 35,76 p = 0,000 (p < 0,01). U grupi paci-
jentkinja starosti do 29 godina i profesionalnim bavljenjem spor-
tom vrednosti su bile x*= 39,72 p = 0,000 (p < 0,01), a u grupi is-
pitanica koje su se rekreativno bavile sportom y*= 20,51 p = 0,000
(p < 0,01). Zakljucak. Iz rezultata sprovedenog istrazivanja, ne
moze se zakljuciti da porodi¢na povezanost utice na ucestalost
povrede prednjeg ukrstenog ligamenta kod ispitanog uzorka. Uz
ogranicenje u generalizaciji rezultata na $iru populaciju, posto u
sprovedenom istrazivanju nije bilo moguce obuhvatiti ispitanike
sa povredama drugih anatomskih struktura zgloba kolena.
Kljucne reci: povrede prednjeg ukrstenog ligamenta; prednji
ukrsteni ligament; genetska predispozicija za bolesti; sport;
sportisti

VREME POVREDE PREDNJEG UKRSTENOG LIGAMENTA

Milan MILOVIC', Milan MUSIC?, Miroslav MILANKOV?

Opsta bolnica Vrbas!
Poliklinika MILANKOV Med Novi Sad?

SaZetak

Uvod. Prednji ukrsteni ligament (ACL) je glavni stabilizator i
najce$ée povredivani ligament zgloba kolena. Povrede LCA
tipi¢no nastaju tokom sportskih aktivnosti. S obzirom na
ucestalost javljanja i na ¢injenicu da najée$c¢e zahvataju mladu,
sportski i radno aktivnu populaciju, povrede ACL predstavljaju
znacajan epidemioloski problem. Cilj ovog rada je utvrditi u kom
delu treninga, sezone, u kom mesecu, danu u nedelji i delu dana
najée$¢e dolazi do povreda LCA kod profesionalnih i rekrea-
tivnih sportista. Materijal i metode. Istrazivanje je obuhvatilo
1.152 pacijenata le¢enih na Klinici za ortopedsku hirurgiju i
traumatologiju Klini¢ckog centra u Novom Sadu od 2012. do 2017.
godine. Od 1.152 ispitanika, 671 pacijent se bavi sportom rekrea-
tivno, a 481 profesionalno. Rezultati. Znacajno vise ispitanika
povredilo je LCA na sredini treninga (p < 0,001). Rekreativni
sportisti se naj¢e$¢e povreduju na sredini sezone, dok se profe-
sionalni sportisti najée$¢e povreduju na pocetku sezone.
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Statisticki viSe povreda se desilo na sredini sezone (p < 0,001).
Najveci broj povreda kod rekreativnih sportista je zabelezen u
maju, dok je kod profesionalih spotista to slu¢aj sa oktobrom.
Nedelja je dan sa najveéim brojem povreda kod rekreativnih
sportista dok je kriti¢an dan za povredu profesionalnih sportis-
ta subota. Postoji statisti¢ki znacajna razlika u korist povreda
nastalih tokom subote (p < 0,001). Obe grupe sportista se
naj¢e$ée povreduju posle podne. Zaklju¢ak. Najvi§e povreda
LCA je zabelezeno na sredini treninga, tokom sredine sezone, u
oktobru, subotom i u poslepodnevnim ¢asovima. Protokoli za
prevenciju povreda bi mogli da budu slede¢i veliki korak u tret-
manu povreda LCA. Saznanje kada povrede LCA najc¢e$ce nas-
taju bi moglo da da dugoro¢ne rezultate i redukuje broj i inci-
denciju povreda LCA.

Klju¢ne reci: povrede prednjeg ukrstenog ligamenta; sportisti;
sport; sportske povrede; vremenski faktori; faktori rizika;
godisnja doba
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ASYMPTOMATIC HYPERTHYROIDISM WITH COMORBID OSTEOPOROSIS AND HYPER-
TENSION IN A 55-YEAR-OLD WOMAN: CASE REPORT AND SUCCESSFUL MANAGEMENT

Elena PERKOVA', Ksenija BOGEVA KOSTOVSKA?, Biljana GJORGJIEVSKA?, Emil NIKOLOV*

Health Center Zeleznicar, Skopje*
PHI Prof. Dr. Bogeov Skopje?
PHI D-med Medical Skopje?
Clinical Center, Ljubljana*

SaZetak

Introduction. A 55-year-old patient presented to the outpatient
clinic for hypertension grade 2 control and treatment (150-
160/95 mmHg), managed with lisinopril 10 mg + hydrochloro-
thiazide 25 mg daily for 10 years and nebivolol 5 mg for 4 years.
Asymptomatic subclinical hyperthyroidism was incidentally
detected during routine evaluation. Duration of thyroid condi-
tion unknown. No family history of autoimmune diseases. In
menopause for 4 years. Clinical and Laboratory Findings. BMI
26 kg/m?, no tachycardia or tremor. BP 150/95 mmHg. Labs:
TSH 0.12 mIU/L (0.4-4.0), fT4 24 pmol/L (12-22), fT3 7.5 pmol/L
(3.1-6.8), anti-TPO antibodies positive (autoimmune aetiology).
TSH after 6 weeks: 0.46 mIU/L. Thyroid ultrasound: heterogene-
ous echotexture, nodular changes, normal volume, mildly in-
creased vascularity. DEXA scan: T-score -2.7 at lumbar spine
(osteoporosis), calcium 2.15 mmol/L, vitamin D 18 ng/mL (de-
ficient), calcitonin and PTH normal. ECG: sinus rhythm, rate
72/min, echocardiogram: normal left ventricle. Treatment and
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Outcome. Per ESC/ESH 2024 guidelines, first-line for grade 2
hypertension is an ACEI + CCB combination (T. Ramipril/am-
lodipine 5/5 mg daily); nebivolol retained temporarily because
of its beta-blockade effect on thyrotoxicosis. For hyperthy-
roidism: thiamazole 5 mg daily. For osteoporosis: bisphospho-
nate (alendronate 70 mg weekly) per IOF guidelines. After 7
months: TSH 2.1 mIU/L, T4 normalised, DEXA T-score im-
proved to -2.3. Nebivolol discontinued, BP 135/85 mmHg. Pa-
tient remains asymptomatic. Conclusion. Early detection during
routine visits and targeted therapy yield excellent outcomes in
asymptomatic hyperthyroidism with osteoporosis. Fracture risk
is 4.5-fold higher in patients with low TSH and osteoporosis.
Cardiovascular risk (stroke, MI, mortality) is elevated in patients
with hypertension and hyperthyroidism; thus, regular monitor-
ing of thyroid hormones, ultrasound, and DEXA is essential.
Key words: Hyperthyroidism; Osteoporosis; Hypertension;
Treatment Outcome

HORMONSKA SUPSTITUCIJA KAO PREVENTIVNA STRATEGIJA U HIRURSKOJ MENOPAUZI
Nikolina VUKOVIC'?, Nemanja STEVANOVIC"*, Nikola VUKOVIC"3, Tijana ICIN'?, Dragana TOMIC NAGLIC"?

Univerzitet u Novom Sadu, Medicinski fakultet Novi Sad'

UDK 618.173-085:615.357

Univerzitetski klinicki centar Vojvodine, Klinika za endokrinologiju, dijabetes i bolesti metabolizma, Novi Sad?
Univerzitetski klinicki centar Vojvodine, Urgentni centar Vojvodine, Novi Sad?

Institut za onkologiju Vojvodine, Sremska Kamenica*

SaZetak

Uvod. Hirur$ka menopauza predstavlja slozen klini¢ki entitet,
povezan sa pove¢anim rizikom od metaboli¢kih i kardiovasku-
larnih poremecaja, kognitivnih deficita i smanjenja ko$tane
gustine, §to sve zajedno dovodi do zna¢ajnog narusavanja kval-
iteta zivota. Cilj ove studije bio je da vizualizuje dinamiku
parametara kostanog metabolizma tokom prve godine primene
hormonske supstitucione terapije. Materijal i metode. Retro-
spektivna kohortna studija obuhvatila je 42 pacijentkinje sa
Klinike za endokrinologiju, dijabetes i bolesti metabolizma u
Novom Sadu, pracene u sklopu Ambulante za menopauzalna i
klimakteri¢na stanja, nakon hirurskog ili radijacionog tretmana
ginekoloskih karcinoma. Uporedeni su parametri mineralne
kostane gustine na lumbalnoj ki¢mi (T-skor) i biomarkeri
kos$tane remodelacije, uklju¢ujuc¢i PINP i Crosslaps kod zena
koje su koristile hormonsku supstitucionu terapiju (estrogenske
ili kombinovane preparate) i kod onih bez terapije. Rezultati.
Izmedu grupa nije registrovana statisticki znacajna razlika u

pogledu T-skora (p = 0,875), vrednosti BMD (p = 0,606), PINP
(p =0,686) i Crosslaps (p = 0,865). S obzirom na to da ipak pos-
toji trend porasta vrednosti pomenutih parametara nakon hor-
monske supstitucije, statisticka znacajnost najverovatnije izosta-
je usled malog broja ispitanica i kratkotrajne izlozenosti terapi-
jskom protokolu. S obzirom na prose¢nu starost od 44 godine,
primarna ovarijalna insuficijencija je isklju¢ena, ali prerana
menopauza je prisutna. Zakljucak. Osteoporoza nije evidenti-
rana ni u jednoj grupi ispitanica, medutim, povisene vrednosti
PINP, T-skora i mineralne kostane gustine, kao i diskretna
poboljsanja u sintezi kolagena tipa 1 u grupi na hormonskoj sup-
stitucionoj terapiji sugeri$u protektivni efekat terapije na kostani
metabolizam. Dobijeni podaci isti¢u vaznost pravovremene i
adekvatne terapijske intervencije u prevenciji osteoporoze kod
Zena u prevremenoj menopauzi.

Kljuéne reci: hormonska supstituciona terapija; prevremena
menopauza; menopauza; hirurske operativne procedure; gus-
tina kostiju
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THE INFLUENCE OF MUSCLE STRENGTH ON QUALITY OF LIFE IN PATIENTS WITH

SARCOPENIA

Lejla MANCHEV', Savo TRAJANOVIKJ? Nikola OROVCHANEC?, Valentina KOEVSKA*

Private ambulance specialised in physiotherapy and rehabilitation “Matar Medika”, Skopje, R. of N. Macedonia!

UDK 616.74:613.98

Private ambulance specialised in physiotherapy and rehabilitation “Meridian Medikal’, Skopje, R. of N. Macedonia?
Institute of Epidemiology with Statistics and Medical Informatics, Faculty of Medicine,

St. Cyril and Methodius University, Skopje, R. of N. Macedonia®

University Clinic for Physical Medicine and Rehabilitation, Faculty of Medicine,

St. Cyril and Methodius University, Skopje, R. of N. Macedonia*

Abstract

Introduction. According to the definition used in the literature,
the prevalence of sarcopenia is 5-13% in people aged 60-70 years
and 11-50% in those over 80 years. Sarcopenia is a progressive,
generalised skeletal muscle disorder that is associated with an
increased likelihood of adverse outcomes including falls, frac-
tures, physical disability and mortality. Material and Methods.
This cross-sectional study included 75 patients over a period of
5 months. Most were nursing homes residents in the Republic
of North Macedonia, aged 60 and over. Sarcopenia was diag-
nosed by assessing muscle mass (bioimpedance analysis), phys-
ical performance (gait speed), muscle strength (handgrip
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strength), and a SARC-F score of 4 or higher. Patients diagnosed
with sarcopenia completed the SF-36 questionnaire to assess
quality of life. Results. Patients without sarcopenia had signifi-
cantly higher muscle quality than those with sarcopenia (p =
0.001), higher muscle strength (handgrip strength; Z =3.27,p =
0.001), and higher gait speed (Z = -5.83, p < 0.001). Discussion
and Conclusion. Quality of life in patients with sarcopenia de-
clined with increasing age. Muscle strength was the parameter
most strongly associated with quality of life, and higher muscle
quality was also associated with better quality of life.

Key words Sarcopenia; Muscle Strength; Quality of Life; Geri-
atric Assessment
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IMPACT OF VITAMIN D AND NUTRITIONAL STATUS ON THE AMOUNT OF VISCER-

AL ADIPOSE TISSUE

EFEKAT VITAMINA D  NUTRITIVNOG STATUSA NA KOLICINU VISCERALNOG MASNOG TKIVA

Stojan SUBASIC

Ambulanta za rehabilitaciju STANOJA, Novi Sad

Abstract

Introduction. The association between vitamin D concentration
and body fat distribution has been widely investigated; however,
the relationship between serum 25-hydroxyvitamin D and vis-
ceral adiposity in older adults remains unclear. This study aimed
to examine the association among vitamin D levels, visceral
adipose tissue, and nutritional status. Material and Methods.
This retrospective study included 450 participants of both sexes
aged 65-89 years. Serum 25(OH)D concentration was measured,
nutritional status was assessed using the Mini Nutritional As-
sessment questionnaire, and visceral adipose tissue was quanti-
fied by dual-energy X-ray absorptiometry (DEXA). We per-
formed correlation analysis and multiple linear regression.
Results. No statistically significant association was found be-
tween serum vitamin D concentration and visceral adipose tis-
sue (p>0.05). The total Mini Nutritional Assessment score was
not significantly correlated with visceral adiposity. In multi-
variate analysis, vitamin D was not identified as an independent
predictor. Certain nutritional parameters, including body mass
index and selected questionnaire components, were statistically
significant. Conclusion. Serum vitamin D concentration was
not associated with visceral adipose tissue in the elderly popula-
tion studied. Specific nutritional indicators may help evaluate
fat distribution.

Key words: Vitamin D; Nutritional Status; Adipose Tissue; In-
tra-Abdominal Fat; Body Composition; Aged
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Sazetak

Uvod. Povezanost izmedu koncentracije vitamina D i raspodele
masnog tkiva predmet je brojnih istrazivanja, ali odnos izmedu
serumskog 25-hidroksivitamina D i visceralne adipocitoze kod
starijih osoba nije dovoljno razjasnjen. Cilj rada bio je ispitivan-
je povezanosti koncentracije vitamina D sa koli¢inom visceralnog
masnog tkiva i nutritivnim statusom. Materijal i metode. Retro-
spektivna studija obuhvatila je 450 ispitanika oba pola, uzrasta
65-89 godina, prose¢ne starosti od 73 godine. Kod svih ispitani-
ka odredena je koncentracija 25(OH)D u serumu — kalcidiola,
procenjen nutritivni status primenom Mini Nutritional Asses-
sment upitnika i izmerena koli¢ina visceralnog masnog tkiva
metodom dual-energy X-ray apsorpciometrije. Statisticka anali-
za ukljucivala je korelacionu analizu i vi§estruku linearnu regre-
siju. Rezultati. Nije utvrdena statisti¢ki znacajna povezanost
izmedu koncentracije vitamina D i koli¢ine visceralnog masnog
tkiva (p > 0,05). Ukupan skor Mini Nutritional Assessment upit-
nika nije pokazao znacajnu korelaciju sa visceralnom adipocito-
zom. U regresionom modelu koncentracija vitamina D nije iden-
tifikovana kao nezavisan prediktor koli¢ine visceralnog masnog
tkiva. Pojedini nutritivni parametri, uklju¢ujudi indeks telesne
mase i odredene komponente upitnika, pokazali su statisticku
znacajnost. Zakljucak. U ispitivanoj populaciji starijih osoba nije
potvrdena povezanost izmedu koncentracije vitamina D i koli¢ine
visceralnog masnog tkiva. Odredeni nutritivni pokazatelji mogu
imati znacaj u proceni raspodele masnog tkiva.

Kljuc¢ne reci: vitamin D; nutritivni status; masno tkivo; intra-
abdominalno masno tkivo; sastav tela; starije osobe
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IN MEMORIAM
IN MEMORIAM

Svetlana S. Bukarica rodena je 6. avgusta 1963.
godine u Backoj Topoli, gde je zavrsila osnovnu skolu
kao najbolji i odli¢an dak. Srednju medicinsku skolu
zavrsila je u Novom Sadu, a 1991. godine diplomi-
rala je na Medicinskom fakultetu, vodena Zeljom da
pomaze onima kojima je pomo¢ najpotrebnija.

Od aprila 1994. godine zaposlila se na Klinici za
de¢ju hirurgiju Instituta za zdravstvenu zastitu dece
i omladine Vojvodine. Tamo je radila predano, saves-
no i sa neizmernom ljubavlju sve do svog poslednjeg
dana, kao vrhunski neonatalni hirurg i dugogodisnji
nacelnik Odeljenja neonatalne hirurgije.

Bila je i cenjeni vanredni profesor na Medicin-
skom fakultetu u Novom Sadu, a pet godina je tokom
svoje karijere nesebic¢no delila znanje predajuci Decju
hirurgiju u Medicinskoj $koli u Novom Sadu.

Biti decji hirurg nije samo posao i profesija. To je
sveti poziv koji trazi veliko srce, a nasa Bukarica je
imala upravo takvo srce, dok su joj ruke bile nevero-
vatno blage i nezne. Svakog dana je ulazila u operacionu
salu sa jednom jedinom misijom - da spasi ono naj-
vrednije, a to je Zivot deteta. Od onih najmanjih,
prevremeno rodenih beba koje su bukvalno nekad
manje od dlana, pa sve do adolescenata koji tek ulaze
u svet odraslih. Pod svetlima operacione lampe u op-
eracionoj sali, u trenucima kada sekunde odlucuju o
zivotu i smrti, njena ruka je bila savr$eno sigurna, a
njen um kristalno bistar, kako bi uradila i ono $to je
izgledalo nemoguce. Bila je poznata, priznata i izuzet-
no cenjena od svih kolega $irom zemlje i regiona. Svi
su je gledali sa dubokim strahopos$tovanjem. Ne ume
i ne usuduje se svako da bude neonatalni hirurg, niti
da se hrabro upusti u le¢enje onih najtananijih, najo-
la sa hirur§kom elegancijom i lako¢om koja je od-
likovala samo najvece ljude naseg poziva.

Kao $ef i koleginica, bila je na$ oslonac, nasa mir-
na luka. Kao nacelnik Odeljenja neonatalne hirurgi-
je, nosila je ogroman teret odgovornosti, ali nikada

Prof. dr
SVETLANA S. BUKARICA
(1963-2026)

nije dozvolila da se taj pritisak oseti na Odeljenju.
Imala je beskrajno postovanje za ceo tim - od lekara,
specijalizanata, pa do medicinskih sestara, tehnic¢ara
i instrumentarki koje su sa njom delile sate u sali. U
najtezim trenucima, tokom dugih, iscrpljujucih i neiz-
vesnih operacija, njen mir i vedar duh donosili su
nadu tamo gde je izgledalo da je sve izgubljeno. Zna-
la je da saslusa svakoga, da razume ljudsku muku i
da pomogne bez trunke osude. Nikada joj nista nije
bilo tesko, nikada umor i neprospavane no¢i nisu bili
izgovor da se ne uradi apsolutno sve za dobrobit de-
teta. Od nje smo svakodnevno u¢ili o profesionaliz-
mu, stopostotnoj predanosti pozivu, kolegijalnosti,
alii o ¢istoj, iskrenoj ljudskosti. Izuzetno je postovala,
cenila i pamtila svoje ucitelje, cuvajuci tako tradiciju,
etiku i ¢ast nade profesije.

Kao prijateljica, Svetlana je bila ¢ist dar, topla, be-
skrajno odana, diskretna i puna dubokog razume-
vanja za svaku ljudsku slabost. Imala je tako veseo
smeh koji je bio lekovit, smeh koji je u sekundi uspe-
vao da rastera svaku tminu, sumnju i brigu.

Ni jednog jedinog sekunda svog zivota nije zabo-
ravila odakle je dosla, gde je ponikla i gde su njeni
koreni. Svi Backotopol¢ani su kod nje imali potpuno
poseban tretman, za njih su vrata uvek bila Sirom ot-
vorena. To se kod Bukarice podrazumevalo bez redi,
to je bio njen dug i njena ljubav prema zavicaju.

Ostavila je neizbrisiv, vecni trag u Decjoj bolnici,
u nas$oj medicinskoj nauci, ali pre svega u nasim
zivotima i nasim srcima. Sva sre¢a, mnogo je onih
koji danas ovim svetom hodaju, trce, raduju se, jer im
je ona to svojim znanjem, umecéem i junackim srcem
omogucila, pa ¢e njihovi zivoti biti svedoci njene
veli¢ine i njenog postojanja.

Neka joj je ve¢na slava i neizmerno hvala za sve.

Prof. dr Jelena Anti¢
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