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SAZETAK

Uvod/Cilj: Statisticke metode imaju klju¢nu ulogu u planiranju, analizi i interpretaciji
rezultata medicinskih istraZivanja. Zbog kompleksnosti neuroloskih oboljenja i hete-
rogenosti ispitivanih populacija, pravilna primena statistickih metoda u neurologiji je
od posebnog znacaja za dono3enje pouzdanih klinickih zakljucaka. Cilj ovog rada je da
se izvri evaluacija primene statistickih metoda u opservacionim studijama iz oblasti
neurologije, sa posebnim osvrtom na ucestalost korid¢enja razlicitih statistickih teh-
nika, adekvatnost njihove primene i nacin tumacenja rezultata.

Materijal i metode: Sprovedena je pretraga literature u bibliografskoj bazi MED-
LINE/PubMed za period do 1. decembra 2024. godine koriS¢enjem termina ,neuro-
logy” uz limiter ,0bservational study”. Nakon primene kriterijuma za ukljucivanje i
iskljucivanje iz studije, metodom slucajnog izbora analizirano je 95 opservacionih
studija publikovanih izmedu 2013. i 2024. godine. Dva istraZivaca su nezavisno ek-
strahovala podatke koriS¢enjem unapred pripremljenog obrasca.

tivno. Eticko odobrenje je navedeno u78,9% radova. Procena normalnosti raspode-
le podataka je prikazana u 29,5% studija. Najcesce koriSceni statisticki testovi su bili
hi-kvadratni test (46,3%), t-test (36,8%), FiSerov test (36,8%) i Man-Vitnijev test
(33,7%). Regresiona analiza je primenjena u 33,7% studija. Planiranje veli¢ine uzor-
ka je bilo jasno navedeno u samo 10,5% radova. Primena t-testa je bila statisticki
znacajno ucestalija u studijama koje su prethodno prikazale procenu normalnosti
raspodele podataka (p < 0,001).

Zakljucak: Rezultati pokazuju da se statisticke metode u opservacionim neuro-
loskim studijama uglavnom primenjuju adekvatno i u skladu sa karakteristikama
podataka. Ipak, postoji potreba za ceScom proverom statistickih pretpostavki i
preciznijim planiranjem velicine uzorka radi unapredenja kvaliteta i pouzdanosti
buducih istrazivanja.

Kljucne reci: normalnost raspodele, veli¢ina uzorka, t-test, hi-kvadratni test,
regresiona analiza
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ABSTRACT

Introduction/Objective: Statistical methods play a key role in the planning, analysis,
and interpretation of results in medical research. Due to the complexity of neurological
diseases and the heterogeneity of study populations, the proper application of statisti-
cal methods in neurology is particularly important for drawing reliable clinical conclu-
sions. This study aims to evaluate the application of statistical methods in observational
studies in neurology, with special emphasis on the frequency of the use of different sta-
tistical techniques, the adequacy of their application, and the interpretation of results.
Materials and methods: A literature search of the MEDLINE/PubMed database was
conducted for all publications available up to December 1, 2024, using the term “neu-
rology” with the application of the filter “observational study.” After applying the in-
clusion and exclusion criteria, 95 observational studies published between 2013 and
2024 were randomly selected for analysis. Two researchers independently extracted
the data using a previously designed data collection form.

Results: A retrospective design was identified in 53.7% of studies, while 46.3%
were prospective. Ethical approval was reported in 78.9% of studies. Assessment of
the normality of distribution was presented in 29.5% of studies. The most common-
ly used statistical tests were the chi-square test (46.3%), t-test (36.8%), Fisher’s exact
test (36.8%), and the Mann—Whitney test (33.7%). Regression analysis was applied in
33.7% of studies. Sample size planning was clearly reported in only 10.5% of studies.
The application of the t-test was statistically significantly more frequent in studies that
reported a previous assessment of the normality of distribution (p < 0.001).
Conclusion: The results indicate that statistical methods in observational neuro-
logical studies are generally applied adequately and in accordance with data char-
acteristics. However, greater attention should be devoted to testing statistical as-
sumptions and proper sample size planning in order to further improve the quality
and reliability of future research.

Keywords: normality of distribution, sample size, t-test, chi-square test,
regression analysis
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uvoD

Statisticke metode omogucavaju istrazivatima da
objektivno procene hipoteze, izbegnu pristrasnost i
donesu zaklju¢ak na osnovu koga mogu da izrade pre-
poruke koje se mogu generalizovati na Siru populaciju
[1]. Statistika ima klju¢nu ulogu u planiranju istrazi-
vanja, odredivanju adekvatne veli¢ine uzorka, izboru
odgovarajucih statistickih metoda, kao i u pravilnom
predstavljanju i tumacenju dobijenih rezultata [2].

S obzirom na raznovrsnost i kompleksnost klinic-
kih stanja koje neurologija proucava, kao i na hetero-
genost populacije obuhvacene studijama, istrazivanja
u neurologiji zahtevaju pazljivo planiranje i primenu
statistickih metoda, kako bi se u dovoljnoj meri obu-
hvatile razlike medu pacijentima i izbegla pogresna
generalizacija rezultata. Brojne neuroloske bolesti od-
likuju se varijabilnim klini¢kim slikama, razlic¢itim oblici-
ma progresije i ¢esto multifaktorskom etiologijom [3].
Mnoge neuroloske studije zasnivaju se na longitudi-
nalnim vrstama dizajna i kompleksnim mernim alatima
(npr. nuklearna magnetna rezonanca (NMR), elektro-
encefalogram (EEG), skale funkcionalne sposobnosti),
sto iziskuje kompleksniju statisticku obradu podataka
[4]. Jedan od znacajnih izazova u neuroloskim istrazi-
vanjima, narocito u studijama koje se bave retkim bo-
lestima ili specificnim sindromima, jeste ograni¢ena
veli¢ina uzorka, $to moze da utice na statisticku snagu
i pouzdanost rezultata. Na sve to, treba dodati i izazo-
ve u definisanju ishoda - mnogi neuroloski ishodi su
subjektivni ili se mere putem slozenih skala ¢ija se po-
uzdanost i validnost mora prethodno proveriti [5]. Ne-
pravilno primenjene statisticke metode u medicinskim
istrazivanjima mogu da imaju ozbiljne posledice po
klinicku praksu, posebno u oblastima kao sto je neuro-
logija, gde statisticki zakljucci predstavljaju osnovu za
donosenje dijagnostickih i terapijskih odluka.

Pregled prethodnih evaluacija jasno pokazuje da
je dosadasnja praksa ¢esto nedovoljno rigorozna, te da
postoji znacajan potencijal za unapredenje kroz usvaja-
nje medunarodno priznatih standarda i smernica [1-5].

Cilj rada je da se izvrsi evaluacija primene statistickih
metoda u nauc¢noistrazivackim radovima iz oblasti neu-
rologije, sa posebnim osvrtom na ucestalost korisé¢enja
razlicitih statistickih tehnika, adekvatnost (ili pravilnost)
njihove primene i nacin interpretacije rezultata.

MATERIJAL | METODE
Strategija pretrazivanja

Sprovedena je temeljna pretraga literature u okviru bi-
bliografske baze podataka MEDLINE/PubMed obuhva-
tivsi sve dostupne literaturne jedinice do 1. decembra
2024, Pretraga je izvrsena na osnovu kljuc¢ne reci,neu-

INTRODUCTION

Statistical methods allow researchers to objectively
evaluate hypotheses, avoid bias, and draw conclusions
based on which they can develop recommendations
that can be generalized to a wider population [1]. Sta-
tistics plays a crucial role in research planning, deter-
mining an adequate sample size, selecting appropriate
statistical methods, and correctly presenting and inter-
preting the results obtained [2].

Given the diversity and complexity of the clinical
conditions studied in neurology, as well as the hetero-
geneity of the populations included in studies, neuro-
logical research requires careful planning and the appli-
cation of statistical methods to adequately account for
differences between patients and avoid incorrect gen-
eralization of results. Numerous neurological diseases
are characterized by variable clinical presentations,
different forms of progression, and often multifactori-
al etiology [3]. Many neurological studies are based on
longitudinal designs and complex measurement tools
(e.g., nuclear magnetic resonance (NMR), electroen-
cephalogram (EEG), functional ability scales), which re-
quire more complex statistical data processing [4]. One
of the significant challenges in neurological research,
particularly in studies involving rare diseases or specif-
ic syndromes, is limited sample size, which can affect
the statistical power and the reliability of results. There
are also additional challenges in defining outcomes
- many neurological outcomes are subjective or are
measured using complex scales whose reliability and
validity must be verified beforehand [5]. Improperly ap-
plied statistical methods in medical research can have
serious consequences for clinical practice, especially in
fields such as neurology, where statistical conclusions
form the basis for diagnostic and therapeutic decisions.

A review of previous evaluations clearly shows that
current practice is often insufficiently rigorous and
that there is significant potential for improvement by
adopting internationally recognized standards and
guidelines [1-5].

This article aims to evaluate the application of sta-
tistical methods in scientific research articles in neu-
rology, with special emphasis on the frequency of use
of various statistical techniques, the adequacy (or cor-
rectness) of their application, and the manner in which
results are interpreted.

MATERIALS AND METHODS
Search strategy

A thorough literature search of the MEDLINE/PubMed
database was conducted, including all available liter-
ature published up to December 1, 2024. The search
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rology” u naslovu i sazetku, a dizajn pretrazenih litera-
turnih jedinica je podrazumevao opservacione studije:
neurologylTitle/Abstract] uz korid¢enje limitatora ,0b-
servational study”.

Kako bi osigurali sveobuhvatan pristup literaturi,
proces pretrazivanja nije obuhvatao jezi¢ka ili viemen-
ska ogranicenja publikovanja.

Kao kriterijumi za isklju¢ivanje iz analize navedeni
su: istrazivanja na zivotinjama, ili in vitro, pregledi li-
terature, uvodnici, opisi bududih studija ili opisi pilot
projekata.

Izvodenjem literaturnog pretrazivanja identifiko-
vano je 569 radova objavljenih u periodu od 2013. do
2025. godine. Preuzeta je lista sa numerisanim referen-
cama i rasporedom publikacija od najranije do najskori-
je publikovanih radova. Od 569 radova, za dalju analizu
iskoris¢eno je 100 publikacija izabranih metodom slu-
¢ajnog izbora uz koris¢enje alata Research Randomizer.

Na osnovu uzorackog okvira publikovanih radova i
prethodno definisane veli¢ine uzorka, generisan je iz-
bor literaturnih jedinica, odnosno lista rednih brojeva
numerisanih referenci. Po zavrSenom pretrazivanju bi-
bliografske baze podataka pristupilo se lociranju i pri-
kupljanju radova u celini (in extenso). Prikupljeno je svih
100 radova od kojih je pet predstavljalo opise buducih
studija ili pilot projekata pa su iskljuceni iz dalje analize.

Dva istrazivaca su nezavisno ekstrahovala podatke
koriste¢i unapred pripremljen i dizajniran obrazac za
prikupljanje podataka. U slucaju neslaganja istrazivaci
su ponovo pregledali sporne publikacije da bi neslaga-
nja razresili konsenzusom.

Identifikovane opservacione studije (n=569) /
Identified observational studies (n = 569)

|

Identifikacija /
Identification

(decembar, 2024.) /

(December, 2024)

Faza pregleda /
Review phase

Ukljuceno /
Included

Slika 1. PRISMA dijagram odabranih radova ukljucenih u analizu primene sta-
tistickih metoda u neuroloskim istrazivanjima

Nasumi¢no odabrani radovi na osnovu programa Research Randomizer g

Ukupno ukljucenih radova u analizu (n = 95)
/ Total number of research articles included in the analysis (n = 95)

was performed using the keyword “neurology” in the
title and abstract, while the design of the searched lit-
erature was limited to observational studies: neurolo-
gyl[Title/Abstract] with the application of the “observa-
tional study” filter.

To ensure a comprehensive approach to literature,
the search process did not include language or publi-
cation date restrictions.

The exclusion criteria for the analysis were as fol-
lows: animal or in vitro studies, literature reviews, edi-
torials, descriptions of future studies, or descriptions of
pilot projects.

The literature search identified 569 articles pub-
lished between 2013 and 2025. A list with numbered
references, arranged from the earliest to the most re-
cently published articles, was downloaded. Out of the
569 papers, 100 publications were randomly selected
for further analysis using the Research Randomizer tool.

Based on the sampling frame of published articles
and the predefined sample size, a selection of literature
units (i.e., a list of serial numbers for the referenced pub-
lications) was generated. Upon completion of the data-
base search, the articles were located and collected in
full (in extenso). All 100 papers were collected; however,
five were descriptions of future studies or pilot projects
and were therefore excluded from further analysis.

Two researchers independently extracted data us-
ing a pre-prepared and pre-designed data collection
form. In the event of disagreement, the researchers
re-examined the disputed publications to resolve dis-
crepancies by consensus.

Izabrani radovi (n = 100) /
Selected articles (n = 100)

Articles randomly selected with Research Randomizer v

Radovi iskljuceni iz analize (n=5) /
Articles excluded from the analysis

(n=3))

Graph 1. PRISMA diagram of selected articles included in the analysis of the
application of statistical methods in neurological research.
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Statisticka analiza

U ovom istrazivanju, podaci su prikazani deskriptivnim
statistickim metodama i analizirani odgovaraju¢im sta-
tistickim testovima. Od deskriptivnih metoda korisceni
su apsolutni i relativni brojevi. Za poredenje kategori-
jalnih podataka izmedu dve grupe primenjen je hi-kva-
dratni test (x2 test) ili FiSerov test i Man-Vitnijev test.

Svi testovi su bili dvostrani, a nivo statisticke zna-
¢ajnosti je bio postavljen na p < 0,05. Analiza je izvrse-
na koris¢enjem statistickog softvera SPSS Statistics v. 22
(IBM Corp., Armonk, NY).

REZULTATI

Studijom je obuhvacéeno 95 od 569 opservacionih stu-
dija iz oblasti neurologije publikovanih u periodu od
2013. do 2024. godine. U metodologiji publikovanih
studija, navedeno je da je nesto vise od polovine stu-
dija (51; 53,7%) imalo retrospektivni dizajn, dok su 44
(46,3%) studije imale prospektivni dizajn. Vrsta studije
je jasno navedena u 54 naucno-istrazivacka rada, od
toga su trecina bile kohortne studije, njih 20 (21,1%)
su bile studije preseka, dok su dve (2,1%) studije bile
slucaj-kontrole (Tabela 1).

Dozvola Eticke komisije za izvodenje istrazivanja u
opservacionim studijama iz oblasti neurologije je pri-
kazana u 75 (78,9%) studija (Grafikon 1).

Normalnost raspodele podataka je bila prikaza-
na u 28 (29,5%) studija, dok u 67 (70,5%) radova nije
navedena. Od 28 radova gde je navedena normalnost
raspodele podataka, test za procenu normalnosti ras-

Grafikon 1. Prikazivanje dozvole eticke komisije u opservacionim studijama iz
oblasti neurologije

Graph 1. Reporting approval by an ethics committee in observational studies
in neurology

Statistical Analysis

In this study, data were presented using descriptive sta-
tistical methods and analyzed using appropriate statis-
tical tests. Absolute and relative frequencies were used
as descriptive methods. The chi-square test (x2 test) or
Fisher’s exact test and the Mann-Whitney test were ap-
plied to compare categorical data between two groups.

All tests were two-sided, and the level of statistical
significance was set at p < 0.05. The analysis was per-
formed using SPSS Statistics v. 22 (IBM Corp., Armonk,
NY) statistical software.

Tabela 1. Tipi vrsta studije, navodenje kriterijuma za ukljucivanje i iskljucivanje
u studiju, opis podataka i analize, prikaz p-vrednosti i koris¢enog softvera u
opservacionim studijama iz oblasti neurologije

Table 1. Type of study and study design, presentation of inclusion and exclusion
criteria, description of data and analysis, and presentation of p-values and the
software used in observational studies in neurology

Tip studije / Study type
Retrospektivna / Retrospective 51(53.7%)
Prospektivna / Prospective 44 (46.3%)
Vista studije / Study design
Studija preseka / Cross-sectional study 20(21.1%)
Slucaj-kontrola / Case-control study 2(2.1%)
Kohortna studija / Cohort study 32(33.7%)
Kriterijumi za ukljuCivanje / Inclusion criteria
Ne / No 19 (20.0%)
Da/ Yes 76 (80.0%)
Kriterijumi za iskljucivanje / Exclusion criteria
Ne / No 37(38.9%)
Da/ Yes 58 (61.1%)
Opis podataka / Data description
Ne / No 5(5.3%)
Da/ Yes 90 (94.7%)
Opis analize / Analysis description
Ne / No 23(24.2%)
Da/ Yes 72 (75.8%)
p-vrednost / p value
Ne / No 29 (30.5%)
Da/ Yes 66 (69.5%)
Softver / Software
Ne / No 24(25.3%)
Da/ Yes 71 (74.7%)
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podele podataka nije bio opisan u 9 (9,5%) studija.
Od onih koje su navele primenjeni test, najcesce je
koris¢en Kolmogorov-Smirnovljev test, odnosno u 12
(12,6%) studija, a sledi ga Sapiro-Vilkov test, koji je na-
veden u 7 (7,4%) studija (Tabela 2).

Tabela 2. Prikaz normalnosti raspodele i testa za procenu normalnosti
raspodele u opservacionim studijama iz oblasti neurologije

Table 2. Reporting data distribution normality and the normality test used in
observational studies in neurology.

Parametri / Parameters Broj / Number (%)
Prikaz normalnosti raspodele /
Presentation of distribution normality
Ne / No 67 (70.5%)
Da/ Yes 28 (29.5%)
Test za normalnost raspodele /
Distribution normality test
Nije opisan / Not presented 9(9.5%)
P
Sapiro-Vilkov test / 7(7.4%)

Shapiro-Wilk test

U vedini studija (48; 67,4%), rezultati su predstav-
ljeni primenom kombinovanog prikaza, kroz tabele
i grafikone, dok je 39 (41,1%) studija koristilo isklju-
¢ivo tabelarni prikaz. Od ukupnog broja radova, u 89
(93,7%) su jasno navedeni nazivi tabela i grafikona, dok
je pravilno prikazivanje osnovnih statistickih parame-
tara (srednja vrednost, standardna devijacija, medija-
na) zabelezeno u 75 (78,9%) radova.

U analiziranim studijama, t-test je koris¢en u 35
(36,8%) radova, dok kod preostalih 60 (63,2%) nije pri-
menjivan. Man-Vitnijev test je koris¢en u 32 (33,7%),
a nije koris¢en u 63 (66,3%) studija. Vilkoksonov test
je najmanje koris¢en - primenjen je u svega 5 (5,3%)
studija. Hi-kvadratni test je primenjen u 44 (46,3%)
studije, dok u 51 (53,7%) studiji nije koris¢en. Fiserov
test je koris¢en u 35 (36,8%) studija, dok u 60 (63,2%)
radova nije bio primenjen. MekNemarov test je naj-
manje koris¢en i primenjen je u samo dve (2,1%) stu-
dije. Statisticke metode za procenu razlike izmedu tri i
vise nezavisnih i zavisnih uzoraka su koris¢ene sa ma-
njom ucestalo$¢u. Kada su u pitanju neparametarski
testovi, Fridmanov test je primenjen u jednoj (1,1%)
studiji a Kruskal-Volisov test je koris¢en u 5 (5,3%) stu-
dija. Sto se ti¢e parametarskih testova, jednofaktorska
ANOVA je koris¢ena u 7 (7,4%) studija dok je ANOVA
ponovljenih merenja koris¢ena u dve (2,1%) studije.

RESULTS

The present study included 95 of the 569 observa-
tional studies in neurology published between 2013
and 2024. The methodology of the published studies
showed that slightly more than half of the studies (51;
53.7%) had a retrospective design, while 44 (46.3%)
studies had a prospective design. The type of study
was clearly stated in 54 research papers; of these, one-
third were cohort studies, 20 (21.1%) were cross-sec-
tional studies, and two (2.1%) were case-control stud-
ies (Table 1).

Approval by an ethics committee to conduct re-
search in observational studies in neurology was re-
ported in 75 (78.9%) of the analyzed research articles
(Graph 1).

The normality of data distribution was report-
ed in 28 (29.5%) studies, while it was not stated in 67
(70.5%) articles. Of the 28 articles where the normality
of data distribution was mentioned, the test used to
assess normality was not described in 9 (9.5%) stud-
ies. Among those that specified the applied test, the
Kolmogorov-Smirnov test was the most frequently
used, appearing in 12 (12.6%) studies, followed by the
Shapiro-Wilk test, which was cited in 7 (7.4%) studies
(Table 2).

In most of the analyzed studies (48; 67.4%), results
were presented using a combination of tables and
graphs, while 39 (41.1%) studies used exclusively tab-
ular presentation. Of the total number of articles, 89
(93.7%) clearly stated the titles of tables and graphs,
while the correct presentation of basic statistical pa-
rameters (mean, standard deviation, median) was not-
ed in 75 (78.9%) papers.

In the analyzed studies, the t-test was used in 35
(36.8%) articles, while it was not applied in the remain-
ing 60 (63.2%). The Mann-Whitney test was used in 32
(33.7%) studies and was not used in 63 (66.3%). The
Wilcoxon test was the least utilized, being applied in
only 5 (5.3%) studies. The chi-square test was applied in
44 (46.3%) studies, while it was not used in 51 (53.7%)
studies. Fisher’s exact test was used in 35 (36.8%) stud-
ies and was not applied in 60 (63.2%) articles. McNe-
mar’s test was the least frequently used, applied in only
two (2.1%) studies. Statistical methods for assessing
differences between three or more independent and
dependent samples were used with a lower frequency.
Regarding non-parametric tests, the Friedman test was
applied in one (1.1%) study, and the Kruskal-Wallis test
was used in 5 (5.3%) studies. As for parametric tests,
one-way ANOVA was used in 7 (7.4%) studies, while re-
peated measures ANOVA was used in two (2.1%) stud-
ies. Correlation analysis was applied in 14 (14.7%) stud-
ies, while it was not used in 81 (85.3%) studies. Of the
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Tabela 3. Ucestalost koriScenja statistickih testova u opservacionim studijama
iz oblasti neurologije

Table 3. Frequency of statistical test usage in observational studies in
neurology

{-test /t-test 35(36.8%)
Man-Vitnijev test / Mann-Whitney test 32(33.7%)
Vilkoksonov test / Wilcoxon test 5(5.3%)
Hi-kvadrat test / Chi-square test 44 (46.3%)
FiSerov test / Fisher’s test 35(36.8%)
McNemar’s test 2(2.1%)
Fridmanov test / Friedman test 1(1.1%)
Kruskal-Volisov test / Kruskal-Wallis test 5(5.3%)
Jednofaktorska analiza varijanse (ANOVA) / 7(7.4%)
One-way analysis of variance (ANOVA)

Korelacija /Correlation 14 (14.7%)
Tip korelacije / Type of correlation

+ Spirmanova / Spearman 6 (6.3 %)
« Pirsonova / Pearson 8 (8.4 %)
Regresiona analiza / Regression analysis 32(33.7%)
- Logisticka / Logistic 18 (18.9%)
« Linearna/ Linear 8 (8.4%)
« Koksov regresioni model / Cox regression model 1(1.1%)
« Poasonova / Poisson 2(2.1%)
- Navedeno / Not reported 3(3.2%)

Tabela 4. Odredivanje normalnosti raspodele u odnosu na koris¢enje statistickih
testova u opservacionim studijama iz oblasti neurologije

Table 4. Determining the normality of distribution in relation to the use of
statistical tests in observational studies in neurology

t-test / t-test 15 (22.4%) 20 (71.4%) <0.001*
Man-Vitnijev test / 0 0 M
Man-Whitney test 15 (22.4%) 17 (60.7%) <0.001
Vilkoksonov test / 00 0 *
Wilcoxon test 1(1.5%%) 4(14.3%) 0.01

Podaci su prikazani kao broj (%), *statisticki znacajna razlika /
Data are presented as numbers (%), *statistically significant difference

correlation analyses, Spearman’s correlation was used
in 6 (6.3%) articles, and Pearson’s correlation in 8 (8.4%)
studies. Regression analysis was the method of choice
for data analysis in 32 (33.7%) studies (Table 3).

Sample size planning was clearly described in 10
studies (10.5%), while the remaining 85 (89.5%) arti-
cles lacked information regarding a prior assessment
of the required number of participants (Graph 2). Nev-
ertheless, sample size as a descriptive parameter was
reported in 91 (95.8%) studies, while this information
was missing in only 4 (4.2%) articles.

The frequency of t-test application in studies that
previously reported an assessment of data distribution
normality is 71.4%, while the t-test was also applied
in 22.4% of studies that did not report an assessment
of data distribution normality. The application of the
t-test is statistically significantly more frequent in
studies that report the normality of data distribution
(p < 0.001).

The Mann-Whitney test was applied in 60.7% of
studies that reported an assessment of data distribution
normality, while in articles where authors did not report
an assessment of data distribution, the Mann-Whitney
test was used for analysis in 53.1% of studies. The appli-
cation of the Mann-Whitney test is statistically signifi-
cantly more frequent in studies that report the normal-
ity of data distribution (x2 = 13.0, p < 0.001).

The application of the Wilcoxon test is statistically
significantly more frequent in studies that reported an
assessment of data distribution normality (p = 0.011),
(Table 4).

Grafikon 2. Odredena velicina uzorka u opservacionim studijama iz oblasti ne-
urologije

Graph 2. Defining sample size in observational studies in neurology
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Tabela 5. Veliina uzorka prema primenjenom testu u opservacionim studijama
iz oblasti neurologije

Table 5. Sample size according to the test applied in observational studies in
neurology

Test / Test Primenjen /Applied  Broj /Number  Medijana /Median Min-Maks /Min-Max p
Da/ Yes 44 262.0 (29-2,749,872)

Hi-kvadratni test / Chi-square test 0.003*
Ne / No 49 93.0 (4-3,400,000)
Da/ Yes 35 138.0 (23-7,969)

Fiderov test / Fisher’s test 0.837
Ne / No 58 175 (4-3,400,000)

*statisticki znacajna razlika / *statistically significant difference

Korelacija je primenjena u 14 (14,7%) studija, dok u 81
(85,3%) studiji nije koris¢ena. Od korelacionih analiza,
Spirmanova korelacija je koris¢ena u 6 (6,3%) radova,
a Pirsonova korelacija u 8 (8,4%) studija. Regresiona
analiza je bila metoda izbora za analizu podataka u 32
(33,7%) studije (Tabela 3).

Planiranje veli¢ine uzorka bilo je jasno navedeno u
10 studija (10,5%), dok je u preostalih 85 (89,5%) radova
izostala informacija o prethodno sprovedenoj proceni
potrebnog broja ispitanika (Grafikon 2). Ipak, veli¢ina
uzorka kao deskriptivni parametar je bila prijavljena
u 91 (95,8%) studiji, dok je u samo 4 (4,2%) rada ovaj
podatak izostao.

Ucestalost primene t-testa u studijama koje su
prethodno prikazale procenu normalnosti distribucije
podataka iznosi 71,4%, dok je t-test primenjen i kod
22,4% studija koje nemaju navedenu procenu normal-
nosti distribucije podataka. Primena t-testa je statistic-
ki znacajno ucestalija u studijama koje imaju prikazanu
normalnost raspodele podataka (p < 0,001).

Man-Vitnijev test je primenjen kod 60,7% studija
koje su imale prikazanu procenu normalnosti raspo-
dele podataka, dok je u radovima gde autori nisu pri-
kazali procenu distribucije podataka Man-Vitnijev test
koriS¢en za analizu u 53,1% studija. Primena Man-Vitni-
jevog testa je statisti¢ki znacajno ucestalija kod studija
koje imaju prikazanu normalnost raspodele podataka
(p < 0,001).

Primena Vilkoksonovog testa je statisticki znac¢ajno
ucestalija kod studija koje su prikazale procenu nor-
malnosti distribucije podataka (p = 0,011), (Tabela 4).

Hi-kvadratni test je primenjen u 44 studije. U ovim
studijama medijana veli¢ine uzorka iznosila je 262,0 (op-
seg: 29-2.749.872), dok je u preostaloj 51 studiji, gde test
nije primenjen, medijana bila 93,0 (opseg: 4-3.400.000).
Postoji statisticki znacajna razlika u veli¢ini uzorka izme-
du studija u kojima je primenjen hi-kvadratni test i onih
u kojima nije. Studije u kojima je test primenjen imale
su znacajno vece uzorke u poredenju sa studijama u ko-
jima test nije primenjen (p = 0,003). FiSerov test tacne
verovatnoce primenjen je u 35 studija, u kojima je me-
dijana veli¢ine uzorka iznosila 138,0 (opseg: 23-7.969),

The chi-square test was applied in 44 studies.
In these studies, the median sample size was 262.0
(range: 29-2,749,872), while in the remaining 51
studies where the test was not applied, the median
was 93.0 (range: 4-3,400,000). There is a statistically
significant difference in sample size between studies
wherein the chi-square test was applied and those
wherein it was not. Studies wherein the test was ap-
plied had significantly larger samples compared to
studies wherein the test was not applied (p = 0.003).
Fisher's exact test was applied in 35 studies, wherein
the median sample size was 138.0 (range: 23-7,969),
while in 58 studies where the test was not applied, the
median sample size was 117.5 (range: 4-3,400,000).
There is no statistically significant difference in sample
size between these two groups of studies (p = 0.837),
(Table 5).

DISCUSSION

In the available literature, we have not found a study
that systematically analyzes the application of sta-
tistical and methodological techniques in published
observational articles in the field of neurology. This
study, therefore, represents a unique attempt to criti-
cally evaluate the quality and frequency of the appli-
cation of statistical methods in this field of medicine
through a review of relevant scientific literature, which
may contribute to raising methodological standards in
future research.

Our evaluation included 95 out of 569 identified
observational studies in neurology. The distribution of
designs showed an almost equal representation of ret-
rospective and prospective studies. A similar structure
can be found in a recently published meta-analysis
that included 126 studies on neurological manifesta-
tions following COVID-19 infection. The authors of this
meta-analysis included 48 (38.1%) prospective cohort
studies and 42 (33.3%) retrospective cohort studies,
which also indicates an almost equal application of
both approaches in the analysis of neurological out-
comes [6].
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dok je u 58 studija u kojima test nije primenjen medi-
jana uzorka bila 117,5 (opseg: 4-3.400.000). Ne postoji
statisticki znacajna razlika u veliini uzorka izmedu ove
dve grupe studija (U =989,0; p = 0,837), (Tabela 5).

DISKUSLJA

U dostupnoj literaturi nismo pronasli studiju koja se na
sistematican nacin bavi analizom primene statistickih
i metodoloskih tehnika u objavljenim opservacionim
radovima iz oblasti neurologije. Ovo istrazivanje, sto-
ga, predstavlja jedinstveni pokusaj da se kroz pregled
relevantne naucne literature kriticki sagleda kvalitet i
ucestalost primene statistickih metoda u ovoj oblasti
medicine, $to moze da doprinese podizanju metodo-
loskih standarda u buducim istrazivanjima.

Evaluacijom je obuhvaéeno 95 od 569 naucnoistra-
zivackih radova iz oblasti neurologije, Cije je istraziva-
nje sprovedeno po tipu opservacionih studija. Raspo-
dela dizajna je pokazala skoro jednaku zastupljenost
retrospektivnih i prospektivnih studija. Slicnu strukturu
nalazimo i u nedavno objavljenoj meta-analizi koja je
obuhvatila 126 studija o neuroloskim manifestacijama
nakon KOVID-19 infekcije. Autori ove meta-analize su
ukljucili 48 (38,1 %) prospektivnih kohortnih studija i
42 (33,3 %) retrospektivne kohortne studije, Sto takode
ukazuje na gotovo ujednacenu primenu oba pristupa
u analizi neuroloskih ishoda [6].

U naSem istrazivanju, eticko odobrenje je bilo nave-
deno u 75 (78,9%) od 95 analiziranih radova, $to ukazuje
na relativno visok nivo svesti o znacaju etickih standarda
u biomedicinskim istrazivanjima. Ovaj rezultat je ohra-
brujudi i u skladu je sa globalnim trendom jacanja eti¢-
kog okvira, ali ipak zaostaje za nekim drugim oblastima.
U sistematskoj analizi objavljenoj u oblasti nege, eticko
odobrenje je bilo navedeno u ¢ak 93,7% studija. Jos zna-
¢ajnije, 95,1% navedenih odobrenja je bilo dobijeno pre
pocetka studije, Sto ukazuje na visok nivo metodoloske
i eticke discipline. Takode, prospektivne studije u tom
radu imale su nesto vecu ucestalost izveStavanja u od-
nosu na retrospektivne (94,6% prema 82,8%) [7].

Prospektivne studije se planiraju za buduce spro-
vodenje i zato je preciziranje metodoloskih principa
jasnije i pravilnije postavljeno, pa tako i trazenje eticke
dozvole. Sli¢an rezultat je zabeleZen i u analizi studija o
fizikalnoj terapiji nakon mozdanog udara, gde je eticko
odobrenje bilo navedeno u 81,2% radova [8]. Isto navo-
de i Ng i saradnici [9]. U nadem istrazivanju, kriterijumi
za ukljucivanje u istrazivanje su jasno definisani u 80%
radova, sto ukazuje na relativno dobru metodolosku
praksu i uskladenost sa vaze¢im smernicama za dizajn
klinickih studija. Medutim, kriterijumi za iskljucivanje
iz istrazivanja su navedeni u 61% slucajeva, $to ostavlja
prostor za unapredenje transparentnosti u izveStavanju.

In our study, ethics committee approval was re-
ported in 75 (78.9%) of the 95 analyzed articles, which
indicates a relatively high level of awareness regarding
the importance of ethical standards in biomedical re-
search. This result is encouraging and consistent with
the global trend of ethical framework strengthening,
yet it still falls behind some other fields. In a system-
atic analysis published in the field of nursing, ethical
approval was reported in as many as 93.7% of stud-
ies. Even more significantly, 95.1% of these approv-
als were obtained before the commencement of the
study, which indicates a high level of methodological
and ethical discipline. Also, prospective studies in this
article had a slightly higher reporting frequency, as
compared to the retrospective studies (94.6% versus
82.8%) [7].

Prospective studies are planned to be conducted
in the future, and therefore, the specification of meth-
odological principles is clearer and more properly es-
tablished, as is the application for ethical approval. A
similar result was found in an analysis of studies on
physical therapy following a stroke, where ethical ap-
proval was reported in 81.2% of articles [8]. The same
has been reported by Ng et al. [9]. In our study, inclu-
sion criteria were clearly defined in 80% of the articles,
indicating rather sound methodological practice and
compliance with current guidelines for clinical study
design. However, exclusion criteria were stated in 61%
of cases, which leaves room for improvement in report-
ing transparency.

In a systematic review by Miranda et al. [10], which
analyzed 40 randomized controlled trials on pressure
ulcer treatment, only 12.5% of papers fully described
all inclusion and exclusion criteria. This result falls sig-
nificantly short of the results in our study, which in-
dicates potential progress in neurological literature
when it comes to the precision of methodological de-
scription [10]. Transparent reporting on inclusion crite-
ria and the sample selection procedure is considered
an important element of the methodological quality
of research, as it enables the assessment of bias and a
more reliable interpretation of results [11].

In our study, the sample size was determined in ad-
vance and clearly stated in only 10 out of the 95 ana-
lyzed articles (10.5%). Button et al. [12] particularly em-
phasize that insufficient statistical power represents
one of the greatest challenges in neurosciences, as it
leads to the overestimation of effects, reduced repro-
ducibility, and an increased risk of false-positive find-
ings. A study by Lee et al. [13], which included 451 ran-
domized controlled trials (RCTs), states that the sample
size was determined before the commencement of re-
search in 58.1% of the articles, which represents a sig-
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U sistematskom pregledu Mirande i saradnika [10],
u kojem je analizirao 40 randomizovanih kontrolisanih
studija u oblasti le¢enja dekubitusa, samo 12,5% rado-
va je u potpunosti opisalo sve kriterijume za ukljuciva-
nje i isklju¢ivanje u istrazivanje. Taj rezultat znacajno
je nizi u odnosu na rezultate naseg rada, sto ukazuje
na potencijalni napredak u neuroloskoj literaturi kada
je reC o preciznosti metodoloskog opisa [10]. Transpa-
rentno izvestavanje o kriterijumima ukljucivanja ispi-
tanika i postupku selekcije uzorka smatraju se vaznim
elementom metodoloskog kvaliteta istrazivanja, jer
omogucava procenu pristrasnosti i pouzdaniju inter-
pretaciju rezultata [11].

U nasem istrazivanju, veli¢ina uzorka je unapred
bila odredena i jasno navedena u samo 10 od 95 ana-
liziranih radova (10,5%). Baton i saradnici [12] poseb-
no naglasavaju da nedovoljna statisticka snaga pred-
stavlja jedan od najvecih izazova u neuronaukama, jer
dovodi do precenjivanja efekata, smanjenja reproduk-
tivnosti i povecanog rizika od lazno pozitivnih nalaza.
Istrazivanje Lija i saradnika [13], koje je obuhvatilo 451
randomizovanu kontrolisanu studiju (engl. randomi-
zed controlled trial — RCT), navodi da je u 58,1% studija
pre pocetka istrazivanja odredena veli¢ina uzorka, sto
predstavlja znatno visi procenat u odnosu na nas rezul-
tat [13]. Razlika u dizajnu studija delimi¢no moze obja-
sniti ovaj disbalans, s obzirom na to da se za rando-
mizovane kontrolisane studije ¢eSc¢e zahtevaju strozi
metodoloski standardi, ukljucuju¢i formalnu procenu
veli¢ine uzorka. Sa druge strane, velicina uzorka, kao
deskriptivni parametar, prijavljena je u 91 (95,8%) stu-
diji, Sto ukazuje da autori ipak prepoznaju znacaj pred-
stavljanja osnovnih statistickih karakteristika uzorka,
iako izostaje formalna procena adekvatnosti uzorka u
fazi planiranja. U 72 (75,8%) rada je ukljucen opis sta-
tisticke analize, dok je u 71 (74,7%) radu naveden sof-
tver koji je koridéen za statisticku obradu podataka.

Ovi rezultati ukazuju na zadovoljavajuci nivo tran-
sparentnosti u odnosu na prethodne studije. Na primer,
u jednom istrazivanju o kvalitetu eksperimentalnog di-
zajna i statisticke analize u radovima koji koriste zZivo-
tinje, Kilekni i saradnici [14] su otkrili da je 74% radova
navelo opis statistickih analiza, ali je takode primeéeno
da su mnogi radovi imali nedostataka u pruzanju de-
taljnih podataka o korid¢enim statistickim procedura-
ma i softverskim alatima.

Blejkli i saradnici [15] u svom istrazivanju navode
da 33% radova iz oblasti otorinolaringologije nije na-
vodilo softver koji je koris¢en. U nasoj analizi radova iz
oblasti neurologije, testiranje normalnosti raspodele
izvrSeno je u svega 29,5% studija, $to ukazuje na ne-
dovoljnu primenu ove klju¢ne statisti¢cke provere. Ovaj
rezultat je u skladu sa rezultatima Hoekstre i saradnika

nificantly higher percentage than our result [13]. The
difference in study design can partially explain this im-
balance, given that stricter methodological standards
are more often required for randomized controlled tri-
als, including a formal sample size assessment. On the
other hand, sample size as a descriptive parameter was
reported in 91 (95.8%) studies, which indicates that
authors do recognize the importance of presenting
the basic statistical characteristics of the sample, even
though a formal assessment of sample adequacy in the
planning phase is lacking. In our analysis, 72 (75.8%)
articles included a description of statistical analysis,
while 71 (74.7%) articles stated the software used for
statistical data processing.

These results indicate a satisfactory level of trans-
parency compared to previous studies. For example,
in a study on the quality of experimental design and
statistical analysis in articles involving animal subjects,
Kilkenny et al. [14] found that 74% of articles includ-
ed a description of statistical analyses. However, it was
also noted that many studies displayed shortcomings
in providing detailed data on the statistical procedures
and software tools used.

In their study, Blakley et al. [15] found that 33%
of articles in otorhinolaryngology did not report the
software used. In our analysis of articles in neurolo-
gy, normality testing was performed in only 29.5% of
studies, which indicates insufficient application of this
key statistical test. This result is consistent with the re-
sults of Hoekstra et al. [16], who found that only about
one-third of papers precisely check the assumptions of
frequently used statistical methods. A similar problem
was observed in orthopedic research. Namely, Parsons
et al. [17] state that about 30% of papers reported
checking for normality, while in other cases, paramet-
ric statistics were used without prior testing, which can
lead to methodological errors and inaccurate conclu-
sions.

Ghasemi and Zahediasl [18] highlight the impor-
tance of normality testing as a prerequisite for select-
ing appropriate statistical tests, warning that neglect-
ing this test, especially in studies with small samples,
can lead to incorrect interpretation of results. Blakley
et al. [15] have also confirmed that a similar practice of
neglecting normality testing is observed in other med-
ical fields, such as otorhinolaryngology, where it can
compromise the reliability of statistical conclusions.

In our analysis of neurological observational stud-
ies, 69.5% of articles clearly displayed p-values, which
indicates a high level of statistical transparency and
appropriate application of the significance level. This
percentage is significantly higher than the frequency
recorded in the study by To and Jukes [19], whose anal-
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[16], koji su u svojoj studiji ustanovili da samo oko treci-
ne radova precizno proverava pretpostavke ¢esto kori-
$¢enih statistickih metoda. Sli¢an problem je uocen i u
ortopedskim istrazivanjima. Naime, Parsons i saradnici
[17] navode da je oko 30% radova navelo proveru nor-
malnosti, dok je u ostalim slu¢ajevima koris¢ena para-
metarska statistika bez prethodne provere, sto moze
dovesti do metodoloskih gre$aka i netacnih zakljucaka.

Gasemi i Zahediasl [18] isti¢u znacaj testiranja nor-
malnosti kao preduslova za izbor odgovarajucih statistic-
kih testova, upozoravajuci na to da zanemarivanje ove
provere, narocito u studijama sa manjim uzorcima, moze
da dovede do pogresne interpretacije rezultata. Blejkli
i saradnici [15] potvrduju da je slicna praksa zanemari-
vanja provere normalnosti raspodele uocena i u drugim
medicinskim oblastima, kao $to je otorinolaringologija,
gde to moze ugroziti pouzdanost statistickih zaklju¢aka.

U analizi neuroloskih opservacionih studija koju
smo sproveli, u 69,5% radova jasno su prikazane
p-vrednosti, $to ukazuje na visok nivo statisticke tran-
sparentnosti i adekvatne primene nivoa znacajnosti.
Ovaj procenat je znacajno veci od ucestalosti zabeleze-
analizi apstrakata neurohirurskih radova utvrdili da je
samo 23% studija sadrzalo jasno prikazane p-vredno-
sti. S druge strane, studija Ginsela i saradnika [20] uka-
zuje da je ¢ak 82% prijavljenih p-vrednosti u analizira-
nim medicinskim radovima bilo statisticki znacajno,
$to moze sugerisati postojanje selektivhog izvestava-
nja rezultata.

U analiziranim radovima iz oblasti neurologije,
67,4% je prikazalo rezultate u vidu tabela ili grafikona,
dok je pravilno i dosledno obelezavanje tabela i grafi-
kona zabelezeno u 93,7% slucajeva. Sli¢ne rezultate u
vezi sa prikazom rezultata zabelezili su Blejkli i sarad-
nici [15] koji su u uzorku radova iz otorinolaringologije
ustanovili da je oko 70% radova adekvatno prikazivalo
i opisivalo tabele i grafikone, Sto potvrduje opsti trend
u medicinskoj literaturi. Kilkejni i saradnici [14] u studi-
ji pregleda kvaliteta izvestavanja u eksperimentalnim
studijama na zivotinjama navode da izmedu 60% i 75%
radova prikazuje rezultate na jasan i dosledan nacin,
5to je u skladu sa nasim rezultatima.

U analizi koriS¢enja statisti¢kih testova u ispitiva-
nim radovima, uocava se da je t-test bio najcesce pri-
menjivani parametarski test, koris¢en u 36,8% rado-
va. Man-Vitnijev test, kao neparametarski ekvivalent,
primenjen je u 33,7% studija, dok je Vilkoksonov test
koris¢en u manjem broju radova (5,3%). Medu dru-
gim testovima, hi-kvadratni i Fiserov test su koris¢eni
u 46,3%, odnosno 36,8% radova, dok je MekNemarov
test bio najrede primenjivan (2,1%). Ovi rezultati poka-
zuju razlicit pristup izboru statistickih metoda u analizi-

ysis of neurosurgical abstracts found that only 23% of
studies clearly displayed p-values. On the other hand, a
study by Ginsel et al. [20] indicates that as many as 82%
of reported p-values in analyzed medical articles were
statistically significant, which may suggest selective re-
porting of results.

Inthe analyzed neurology articles, 67.4% presented
results in tables or graphs, while correct and consistent
labeling of tables and graphs was recorded in 93.7%
of cases. Similar findings regarding the presentation of
results were recorded by Blakley et al. [15]. In a sample
of otorhinolaryngology articles, they found that about
70% of studies adequately presented and described ta-
bles and graphs, confirming a general trend in medical
literature. In a study reviewing the quality of reporting
in experimental studies on animals, Kilkenny et al. [14]
report that between 60% and 75% of articles present
results clearly and consistently, which is in keeping
with our results.

In the analysis of the use of statistical tests in the
examined articles, it has been observed that the t-test
was the most frequently applied parametric test, used
in 36.8% of the studies. The Mann-Whitney test, as a
non-parametric equivalent, was applied in 33.7% of
studies, while the Wilcoxon test was used in a smaller
number of articles (5.3%). Among other tests, the chi-
square and Fisher’s tests were used in 46.3% and 36.8%
of papers, respectively, while McNemar’s test was the
least frequently applied (2.1%). These results show a
different approach to the selection of statistical meth-
ods in the analyzed papers. Similar trends in the appli-
cation of statistical methods have been reported by
Parsons et al. [17], who determined that the t-test was
used in about 40% of papers, the Mann-Whitney test
in about 30%, and the chi-square test in 45%-50% of
studies. These data indicate that both parametric and
non-parametric tests have significant applications, but
that there is a significantly higher application of tests
for independent samples compared to tests for testing
dependent samples. This can also be explained by the
nature of the disease, where many medical emergen-
cies do not allow for research to develop over a longer
time frame, where repeated measurements would be
performed.

In this study, the association between reporting
the assessment of data distribution normality and the
choice of statistical test was analyzed. Although at first
glance it may be concluded that many articles (70.5%)
did not report normality testing, a more detailed analy-
sis reveals that in cases where normality was reported,
the choice of test shows a conscious adjustment of the
analysis to the data, which indicates responsible sta-
tistical practice. The t-test was applied in 35 articles, of
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ranim radovima. Sli¢ne trendove u primeni statistickih
metoda navode Parsons i saradnici [17], koji su utvrdili
da je t-test koris¢en u oko 40% radova, Man-Vitnijev
test u oko 30%, a hi-kvadratni test u 45%-50% studija.
Ovi podaci ukazuju da i parametarski i neparametarski
testovi imaju znacajnu primenu, ali znacajno je ucesta-
lija primena testova za nezavisne uzorke u odnosu na
testove za testiranje zavisnih uzoraka. To se moze obja-
sniti i prirodom bolesti, gde mnoga urgentna stanja
ne dozvoljavaju da se razvije istrazivanje u duzem vre-
menskom okviru gde bi se vrsila ponovljena merenja.

U ovoj studiji analizirana je povezanost izmedu pri-
kazivanja procene normalnosti raspodele podataka i
izbora statistickog testa. lako se na prvi pogled moze
zakljuciti da veliki broj radova (70,5%) nije prijavio pro-
veru normalnosti raspodele, detaljnija analiza otkriva
da u slucajevima kada je normalnost prikazana, izbor
testa pokazuje svesno prilagodavanje analize poda-
cima, Sto ukazuje na odgovornu statisticku praksu.
Primena t-testa zabeleZena je u 35 radova, od toga u
71,4% studija sa navedenom procenom normalne dis-
tribucije podataka. Upotreba neparametrijskih testova
je takode bila povezana sa prisustvom procene raspo-
dele. Man-Vitnijev test je koris¢en u 60,7% studija sa
navedenom procenom normalnosti i u 22,4% studija
gde ona nije bila navedena, dok je Vilkoksonov test bio
manje zastupljen, ali prisutan uglavhom u radovima sa
navedenom procenom raspodele.

U poredenju sa ovim rezultatima, studija Kumara i
saradnika [21], koja je analizirala 300 radova objavlje-
nih u vode¢im biomedicinskim ¢&asopisima, utvrdila
je da je test normalne distribucije podataka bio jasno
naveden u manje od 1,5% slucajeva, iako je t-test i da-
lije bio medu najce3ée primenjivanim analizama. Ovo
ukazuje da je u Sirem biomedicinskom kontekstu, kao
i kod nas, t-test Cesto primenjivan bez transparentne
dokumentacije o pretpostavkama, ali nasa analiza po-
kazuje bolji nivo izveStavanja i primene testova u skla-
du sa karakteristikama podataka. Rezultati studije Jina
i saradnika [22], koja je analizirala 2.913 kineskih medi-
cinskih radova, pokazuju da je viSe od polovine radova
sadrzalo statisticke greske, ukljucujuci nepravilnu pri-
menu t-testa.

Nasa studija pokazuje da, iako nije uvek navedena
procena normalnosti, izbor statistickih metoda u neuro-
loskim opservacionim studijama uglavnom prati osnov-
ne statisticke pretpostavke i daje nadu u kontinuirano
unapredenje metodoloskog pristupa u ovoj oblasti.

Rezultati naSe analize pokazuju da je primena
hi-kvadratnog i Fiserovog testa u opservacionim studi-
jama iz oblasti neurologije u velikoj meri u skladu sa
teorijskim preporukama ali i da postoje odredena od-
stupanja.

which 71.4% were studies with a reported assessment
of normal data distribution. The use of non-parametric
tests was also associated with the presence of a distri-
bution assessment. The Mann-Whitney test was used
in 60.7% of studies with a reported normality assess-
ment, as well as in 22.4% of studies where it was not
reported, while the Wilcoxon test was less represented,
but was present mainly in papers with a reported dis-
tribution assessment.

Compared to these results, the study by Kumar et al.
[21], which analyzed 300 papers published in leading
biomedical journals, determined that the test for nor-
mal data distribution was clearly reported in less than
1.5% of cases, although the t-test remained among the
most frequently applied analyses. This indicates that in
the wider biomedical context, as was the case in our
study, the t-test is often applied without transparent
documentation of assumptions, but our analysis shows
a better level of reporting and application of tests in
accordance with data characteristics. The results of the
study by Jin et al. [22], which analyzed 2,913 Chinese
medical articles, show that more than half of the stud-
ies contained statistical errors, including incorrect ap-
plication of the t-test.

Our study shows that, although the assessment of
normality is not always reported, the choice of statisti-
cal methods in neurological observational studies gen-
erally follows basic statistical assumptions, indicating
continuous improvement of the methodological ap-
proach in this field.

The results of our analysis show that the applica-
tion of the chi-square and Fisher’s tests in neurological
observational studies is largely in keeping with theo-
retical recommendations, but also that certain devia-
tions are present.

Studies included in our research that used the chi-
square test for data analysis had a significantly larger
sample, as compared to studies where the test was not
used. This indicates that the chi-square test, as recom-
mended by statistical rules, is more often used in stud-
ies with larger samples, where expected frequencies
are large enough for the reliable application of this test.

A similar conclusion was presented by Campbell
[23], who showed that the chi-square test can yield
unreliable results when the expected frequencies are
below 5, and that in such situations the application of
Fisher’s test is recommended. The author emphasizes
that the choice between these two tests is conditioned
not only by the total number of participants but also
by the distribution of data in contingency tables, and
recommends that Fisher’s test be used whenever at
least one expected frequency falls below 5, regardless
of the total sample size.
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Studije u okviru naseg istrazivanja, koje su kao me-
tod analize podataka koristile hi-kvadratni test, imale
su znacajno vedi uzorak u odnosu na studije u kojima
test nije koriS¢en. Ovo ukazuje na to da se hi-kvadratni
test, kao Sto i statisticka pravila preporucuju, cesce ko-
risti u studijama sa ve¢im uzorcima, gde su oc¢ekivane
frekvencije dovoljno velike za pouzdanu primenu ovog
testa.

Sli¢an zaklju¢ak izneo je Kembel [23], koji je poka-
zao da hi-kvadratni test moZze da daje nepouzdane re-
zultate ako su ocekivane frekvencije manje od 5, ida je
u takvim situacijama preporucena primena Fiserovog
testa. Autor naglasava da je izbor izmedu ova dva te-
sta uslovljen ne samo ukupnim brojem ispitanika, ve¢
i distribucijom podataka u tabelama kontigencije, te
preporucuje da se FiSerov test koristi uvek kada naj-
manje jedna ocekivana frekvencija padne ispod 5, bez
obzira na ukupnu veli¢inu uzorka.

FiSerov test je u nasoj studiji primenjen u 35 slu-
Cajeva. lako razlika nije statisticki znacajna, uocCava se
da je FiSerov test bio metoda izbora kod studija sa ma-
njom veli¢inom uzorka u poredenju sa hi-kvadratnim
testom. Ovo je u skladu sa rezultatima Oliveire i sarad-
nika [24], koji su zakljucili da je FiSerov test konzerva-
tivniji u proceni znacajnosti u odnosu na hi-kvadratni
test, posebno u studijama sa manjim uzorcima. Autori
su uporedili vise statistickih testova (ukljucujudi hi-kva-
dratni, FiSerov, Jejtsovu korekciju i druge) na simulira-
nim podacima sa malim uzorcima. Njihovi rezultati su
pokazali da je FiSerov test davao najstabilnije p-vred-
nosti, dok je hi-kvadratni test u vise od 20% slucajeva
davao lazno znacajne rezultate, posebno u tabelama
sa disbalansiranim raspodelama. Autori su istakli da
upotreba hi-kvadratnog testa bez procene ocekivanih
vrednosti predstavlja zna¢ajan metodoloski propust.

Sera i saradnici [25] su sproveli simulacionu analizu
i pokazali da hi-kvadratni test daje statisticki znacajan
rezultat u ve¢em procentu slucajeva (23,29%) u odno-
su na FiSerov test (17,72%). Ova razlika ukazuje na to
da hi-kvadratni test ima vecu osetljivost ali i vecu ve-
rovatnocu lazno pozitivnih rezultata u uslovima malih
ocekivanih frekvencija. Ovi rezultati potkrepljuju nas
rezultat da se FiSerov test koristi u studijama sa manjim
brojem ispitanika, jer je u takvim uslovima pouzdaniji.

lako je u nasoj analizi medijana uzorka u studijama
koje su koristile Fiserov test relativno visoka nije moguce
sa sigurnoscu zakljuciti kakve su bile ocekivane frekven-
cije u tabelama. Moguce je da je Fiserov test bio prime-
njivan i u slu¢ajevima malog broja dogadaja, uprkos ve-
likom ukupnom uzorku. Ovo ukazuje na potrebu da se,
prilikom izbora statistickog testa, ne oslanjamo samo na
ukupnu veli¢inu uzorka, ve¢ i na konkretnu distribuciju
podataka u okviru kategorija posmatranih obeleZzja.

Fisher’s test was applied in 35 cases in our study.
Although the difference is not statistically significant,
it has been noted that Fisher’s test was the method of
choice in studies with a smaller sample size, as com-
pared to the chi-square test. This is in accordance with
the results of Oliveira et al. [24], who concluded that
Fisher's test was more conservative in assessing signif-
icance compared to the chi-square test, especially in
studies with smaller samples. The authors compared
several statistical tests (including chi-square, Fisher’s,
Yates’s correction, and others) on simulated data with
small samples. Their results showed that Fisher’s test
gave the most stable p-values, while the chi-square
test gave falsely significant results in more than 20%
of cases, especially in tables with unbalanced distri-
butions. The authors pointed out that the use of the
chi-square test without assessment of expected values
represented a significant methodological oversight.

Serra et al. [25] conducted a simulation analysis and
showed that the chi-square test gave a statistically sig-
nificant result in a higher percentage of cases (23.29%),
as compared to Fisher’s test (17.72%). This difference
indicates that the chi-square test has higher sensitivity
but also a higher probability of false-positive results in
the case of small expected frequencies. These results
support our finding that Fisher’s test is used in stud-
ies with a smaller number of participants because it is
more reliable in such conditions.

Although the median sample size in studies that
used Fisher’s test in our analysis is relatively high, it is
not possible to conclude with certainty what the ex-
pected frequencies were in the tables. It is possible
that Fisher’s test was also applied in cases with a small
number of events, despite the large total sample. This
indicates the need, when choosing a statistical test,
not to rely only on the total sample size, but also on
the specific distribution of data within the categories
of observed characteristics.

In essence, the results support the recommenda-
tions from the literature: the chi-square test is more
appropriate for larger samples and large frequencies,
while Fisher’s test is recommended for small expected
values.

Although the study provides significant insight
into the application of statistical methods in observa-
tional neurological studies, it is necessary to highlight
several limitations. First, the analysis was limited to ar-
ticles indexed in the PubMed database, which poten-
tially excludes relevant publications from other sourc-
es. Second, the analysis focuses only on observational
studies, which limits the possibility of comparison
with experimental research, which often uses different
methodological approaches.
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U sustini, dobijeni rezultati podrzavaju preporu-
ke iz literature: hi-kvadratni test je primereniji za vece
uzorke i velike frekvencije, dok se Fiserov test preporu-
Cuje kod malih ocekivanih vrednosti.

lako studija pruzaznacajan uvid u primenu statisti¢-
kih metoda u opservacionim neuroloskim radovima,
potrebno je istadi nekoliko ogranicenja. Prvo, analiza je
bila ograni¢ena na radove indeksirane u bazi podataka
PubMed, sto potencijalno iskljucuje relevantne studije
iz drugih izvora. Drugo, istrazivanje je usmereno samo
na opservacione studije stoga se ograni¢ava mogu¢-
nost poredenja sa eksperimentalnim istrazivanjima,
koja Cesto koriste drugacije metodoloske pristupe.

ZAKLJUCAK

Na osnovu analize 95 opservacionih studija iz obla-
sti neurologije, utvrdeno je da je primena statistickih
metoda u vecini radova zadovoljavajuca i u skladu sa
karakteristikama obradenih podataka. Najcesce su ko-
ris¢eni hi-kvadratni test, t-test, Fiserov test tacne ve-
rovatnoce i Man-Vitnijev test, pri ¢emu je njihov izbor
najcesce bio prilagoden rezultatima provere normal-
nosti raspodele i uskladen sa veli¢cinom uzorka.

Rezultati pokazuju da su istrazivaci u vecini sluca-
jeva pravilno prepoznavali statistiCcke pretpostavke i
odabirom odgovarajucih testova adekvatno prilagodili
analizu, $to svedocdi o dobrom nivou znanja i primene
statistickih metoda u neuroloskim studijama. Izvesta-
vanje o koris¢enim metodama bilo je pretezno jasno i
precizno, $to doprinosi transparentnosti i mogucnosti
reprodukcije rezultata.

Medutim, i pored ovog pozitivnog trenda, pre-
porucuje se da se posveti dodatna paznja temeljnijoj
proveri pretpostavki i planiranju veli¢ine uzorka radi
daljeg unapredenja pouzdanosti i kvaliteta istraziva-
nja. PoboljSanje standarda izvestavanja i kontinuirana
edukacija istrazivac¢a u oblasti statistike predstavljaju
vazne korake ka unapredivanju naucne vrednosti i pri-
menljivosti rezultata u klinickoj praksi.

Rezultati pokazuju da se u neuroloskim opserva-
cionim studijama statisticke metode primenjuju na
adekvatan i profesionalan nacin, sto predstavlja dobru
osnovu za dalji razvoj i napredak naucnih istrazivanja u
ovoj oblasti.

Sukob interesa: Nije prijavljen.

CONCLUSION

Based on the analysis of 95 observational studies in
neurology, it was determined that the application of
statistical methods in the majority of papers is satis-
factory and consistent with the characteristics of the
processed data. The most frequently used tests were
the chi-square test, t-test, Fisher’s exact test, and the
Mann-Whitney test, with their selection generally be-
ing adapted to the results of normality distribution
testing and aligned with the sample size.

The results show that, in most cases, researchers
correctly recognized statistical assumptions and ade-
quately adapted their analysis by selecting appropri-
ate tests, which testifies to a good level of knowledge
and application of statistical methods in neurological
studies. Reporting on the methods used was predomi-
nantly clear and precise, thus contributing to transpar-
ency and the reproducibility of results.

However, despite this positive trend, it is recom-
mended that additional attention be paid to more
thorough verification of assumptions and sample size
planning so as to further improve the reliability and
quality of research. Improving reporting standards and
the continuous education of researchers in statistics
represent important steps toward enhancing the sci-
entific value and applicability of results in clinical prac-
tice.

The results show that statistical methods are ap-
plied in an adequate and professional manner in
neurological observational studies, which provides
a sound foundation for the further development and
progress of scientific research in this field.
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