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ORIGINAL ARTICLE

THE INFLUENCE OF SENSORY INTEGRATION ON THE LEVEL OF MAINTAINING
BALANCE IN CHILDREN WITH MILD INTELLECTUAL DISABILITY

WPEYW INTEGRACJI SENSORYCZNEJ NA POZIOM UTRZYMANIA ROWNOWAGI
U DZIECI Z UPOSLEDZENIEM UMYSEOWYM W STOPNIU LEKKIM

Agata Adulal, Lewandowski Jacek?3

IDepartment of Physiotherapy, Collegium Medicum, University in Zielona Géra, Poland
2Department of Physiotherapy, Calisia University, Poland

3Department of Physiotherapy, University School of Physical Education, Poland

ABSTRACT

Introduction

The ability to maintain balance is one of the important factors in measuring a person's
physical fitness.

Aim

Analysis of the influence of Sensory Integration therapy on maintaining balance in children.
Comparison of the study group with the control group of children who performed the author’s
general development exercises.

Material and methods

The study involved 36 children. The study group consisted of 7 girls and 11 boys who attended
Sensory Integration classes. The control group consisted of eight girls and ten boys who
performed the author’s general development exercises. The age was determined, and the
children's weight and height were measured. As part of the study, tests were conducted to
assess static balance: the Romberg test with eyes open and closed and the one-legged stance
test. Dynamic balance was assessed with a straight-line walking test. All children attended
classes once a week for 4 months, and the tests were repeated afterward.

Results

In the study group, after 4 months of therapy, the average results of the tests assessing
the vertical body posture in statics and dynamics indicated a significant improvement in
maintaining balance (p <0.05). In the control group, after 4 months, the results of the one-
legged standing test and the straight-line walking test indicated a significant improvement
(p<0.0002, p<0.0003).

Conclusion
The use of Sensory Integration therapy improved the children’s balance. Children with normal

muscle tone have the best level of balance.

Keywords: balance, sensory integration, general development exercises
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STRESZCZENIE

Wstep

Zdolnosé¢ do utrzymania rownowagi jest jednym z waznych czynnikéw pomiaru sprawnosci
fizycznej cztowieka (Wang et al. 2022).

Cel

Analiza wptywu terapii Integracji Sensorycznej na poziom utrzymania réwnowagi u dzieci.
Poréwnanie grupy badanej z grupa kontrolng dzieci, ktére wykonywaty autorski zestaw
¢wiczen ogélnorozwojowych.

Materiat i metody

W badaniach udziat wzieto 36 dzieci. Grupa badana skladata sie z 7 dziewczynek 11 chtopcow,
ktére uczeszczaly na zajecia Integracji Sensorycznej. Grupa kontrolna liczyla 8 dziewczy-
nek 10 chtopcédw, ktére wykonywaty autorski zestaw ¢wiczen ogélnorozwojowych. Przed
przystagpieniem do terapii, okreslono wiek, dokonano pomiaru masy oraz wysokosci ciata.
Przeprowadzono testy oceniajgce rownowage statyczna: probe Romberga, test postawy jed-
nonoznej. Rbwnowage dynamiczng oceniono testem chodzenia po linii prostej. Wszystkie
dzieci uczeszczaty na zajecia raz w tygodniu przez okres 4 miesiecy, po tym czasie ponownie
przeprowadzono testy.

Wyniki

W grupie badanej po uptywie 4 miesiecznej terapii, srednie wyniki testéw oceniajgcych pio-
nowg postawe ciata w statyce i dynamice wskazywaty istotng poprawe utrzymania réwnowagi
(p<0,05). W grupie kontrolnej po uptywie 4 miesiecy, wyniki testéw stania na jednej nodze
oraz testu chodzenia w linii prostej wskazywaly znaczacg poprawe (p <0,0002, p <0,0003).
Préba Romberga przy oczach otwartych data w obu grupach jednakowe wyniki w badaniu
poczatkowym oraz brak zmiany po uptywie 4 miesiecy.

Whnioski

Pod wptywem zastosowania terapii Integracji Sensorycznej nastgpita poprawa utrzymania
rownowagi u dzieci. Dzieci o prawidlowym napieciu mieéniowym charakteryzowaty najlepszym
poziomem réwnowagi. Chtopcy wykazywali sie lepszym poziomem utrzymania réwnowagi
w poréwnaniu do dziewczynek.

Stowa kluczowe: integracja sensoryczna, r6wnowaga, ¢wiczenia ogélnorozwojowe

Introduction

The upright position of the human body is
defined as the vertical positioning of the body
about the support plane (Blaszczyk, 2004).
This is possible thanks to the equalization
of forces and their moments acting on the
body; it is a given state of the postural system
(Blaszczyk, 2004). Maintaining a vertical
posture is possible thanks to the nervous
system, which provides tension to the anti-
gravity and postural muscles (Jacobson et al.,

2016). As aresult of the verticalization of the
human body, a complex sensory-reflex process
called balance is formed, which develops in
the sixteenth week of fetal life (Mucha et al,,
2016). The balance system controls sensory
impressions between the brain and the human
body (Mraz et al., 2010). The main task in
maintaining a vertical posture is maintain-
ing the body’s center of gravity both in the
resting position and in movement (Mucha

Issues of Rehabilitation, Orthopaedics, Neurophysiology and Sport Promotion - IRONS
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et al.,, 2016). The most important element of
the balance system is the vestibular organ,
vision, and deep sensation receptors located
in muscles, skin, and tendons. Any disorders
within these systems cause dysfunctions in
maintaining a vertical body posture (Pyda-
Dulewicz et al. 2016; Gos et al. 2019).

The study’s main objective was to analyze
the effect of Sensory Integration (SI) therapy
on the balance of children aged 6-8. Addition-
ally, the effect of SI therapy on children’s
balance was compared to the control group,
which, for various reasons, did not attend
classes and, at that time, performed an origi-
nal set of general development exercises.

Methodology

Atotal of 36 children (21M, 15F) permanently
residing in the Care and Treatment Facility
in Jaszkotle participated in the study. SI was

used in the study group (11M, 7F), while

original general development exercises were

implemented in the control group. Children

from the control group were excluded from

SI mainly due to medical contraindications.
In both groups, classes were held once a week
for 4 months. The conditions for inclusion

in the study were age (6-8 years), balance

disorders observed by a physiotherapist, the

ability to walk, and mild mental retardation.
The conditions for exclusion from the group

were: balance disorders caused by diseases

or permanent neurological damage, general

poor health, lack of cooperation with the child,
and mental retardation other than mild. Exer-
cises and tests were performed in an exercise

room and a special room for SI therapy in

the Children’s Care and Treatment Facility in

Jaszkotle. Before starting the study, written

consent was obtained from the children’s legal

guardian. Based on medical documentation,
the degree of muscle tone was determined

among the examined infants. Body weight
and height were measured. The static balance

was assessed in the studies using:

Romberg tests (eyes open, eyes closed — T1a,
T1b, respectively) (Goddard et al., 2015).
The following scoring (points) was used:

0 -nochangesin posture, the child maintains
balance; 1-slight deviation in any direction;
2 -strong swaying and deviation of the upper
limbs; 3 — clear loss of balance, raising the
arms; 4 — positive test, loss of balance with
open and closed eyes, but also when the child
maintains balance with open eyes but loses
it with closed eyes.
One-legged stance test (T2). According to
Goddard Blythe, the scoring (points) was
adopted depending on seconds (sec.) below
the age norm: 0 points - no abnormalities,
1 point - up to 2 sec., 2 points — up to 4 sec.,
3 points - up to 6 sec., 4 points — up to 8 sec.
(Goddard Blythe et al. 2015).
The Straight Line Walking Test (T3) (Goddard
Blythe, 2015) assessed dynamic balance. The
following scoring system was used: 0 — no
abnormalities, 1 —slight difficulties in main-
taining balance, hand and arm movements,
change in facial expression, looking down,
two symptoms as above (intensity), 3 —body
sway, the child is very close to losing balance,
4 — complete loss of balance.

The study group’s classes took place in
a room adapted for SI therapy. Group 18
was divided into six subgroups of 3 people.
The classes took place in an obstacle course
containing, among other things, hammocks,
suspensions, beams, a climbing wall, and
a platform. During the research, an attempt
was made to follow the child and not repeat
similar task patternsin a short period of time.
The exercises in the control group took place in
arehabilitation room. The children performed
their general development exercises, and
all the classes were held in the form of play.
The group of 18 children was also divided
into six groups of 3 people each. Each time,
the classes had the same pattern: a warm-
up, the main part in which the difficulty of
the exercises was graded over time, and the
final part — a cool-down. In the first month,
exercises were performed in sitting and quad-
ruped positions. In the second month, exer-
cises were performed in a standing position,
while in the third month, more challenging
exercises were used in a standing position;

www.ironsjournal.org
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additionally, an unstable surface was included.
In the last month, the children performed
balance exercises using an unstable surface,
and additionally, exercises with closed eyes
were included. After 4 months of therapy, the
same tests were performed again to assess the
level of maintaining balance in the children.

Results

Main correlations: Basic data and patient
characteristics are presented in Table 1. The
ages of the children studied ranged from 6
to 9 years. The age distribution in the study
and control groups did not differ significantly
(p fort test Student is 0.866). Similarly, in the
gender structure, body mass, and height of
both groups, no statistical significance was
observed.

Table 1. Baseline characteristics.

groups based on the therapy implemented (SI

vs. general development exercises). Children

in both groups performed the Romberg test

with open eyes (T1a) flawlessly before and

after the implemented therapies (p = 1.00). The

mean values of balance improvement assessed

in tests T1 and T2 did not differ statistically
significantly in both groups. In contrast,
in test T3, a statistically significant differ-
ence was observed, i.e., a “more pronounced”
improvement for the control group — general

development exercises (p <0.05).

Test results and muscle tone: Table 5 presents

the results of balance tests based on the

history of muscle tone collected from chil-
dren’s medical records from the neonatal

period. It was omitted from the table because

all children performed the T1a test without

Variable Study group Controls
Age (years):

Mean = SD 7.28+0.96 7.22+1.00
Sex:

Males, n (%) 11(61) 10 (56)
Females, n (%) 7(39) 8 (44)
Weight (kg)

MalesMean + SD 18.8+4.1 18.2+34
Female Mean + SD 21.0£3.3 20.1+£5.5
Height (cm)

Males Mean + SD 110.4+10.1 110.1+6.7
Female Mean + SD 118.1+7.2 113.9+10.5

SD - standard deviation; n - number, % - percent

Detailed results: The tests conducted in the
study group before and after the implemented
therapy are presented in Table 2, while for the
control group, they are presented in Table 3.
In the study group, for the remaining tests
(T1b, T2, T3) after 4 months of SI use, the aver-
age result showed a statistically significant
improvement p <0.05 (the average number of
points decreased). In the control group, after
4 months of general development exercises,
a statistically significant improvement was
foundin the tests T2 and T3 (p < 0.05), except
for the Romberg Test with closed eyes (T2)
(p>0.0679).

Comparison of therapies (intergroup analy-
sis): Table 4 compares test results between

errors. The measurement results refer to all
children and are not considered depending on
the intention to implement a given therapy.
It was found that in the group of 36 chil-
dren qualified for the study, 16 (44%) showed
correct muscle tone, and in 11 (31%), it was
increased, and in the remaining 9 (25%) - it
decreased. The T2 and T3 results were statis-
tically significant depending on the level of
muscle tone, with the best results achieved by
children with a history of correct muscle tone
and the poorest — with decreased muscle tone.

Discussion
Under the influence of 4 months of SI therapy,
there was an improvement in the process

Issues of Rehabilitation, Orthopaedics, Neurophysiology and Sport Promotion - IRONS
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Table 2. The results of examinations in the study group before (Test 1) and after the therapy (Test 2).

Test Result (pts.) Cases (n) Mean (pts.) Mean difference p (Wilcoxon)
Exam 1 Exam 2 Exam 1 Exam 2 (B2-Bl)

Tla 0 18 18 0.00 0.00 0 1.0000
0 12 17

T1lb 0.33 0.06 -0.28 0.0431
1 6 1
0 0 5
1 3 9

T2 2 8 4 2.28 0.94 -1.33 0.0002
3 6 0
4 1 0
0 0 1
1 1 6

T3 2 6 6 2.72 1.94 -0.78 0.0010
3 8 3
4 3 2

Tla- Romberg test (eyes open), T1b — Romberg test (eyes closed), T2 - UPST, T3 - Walking straight-line test, pts — points

Table 3. The results of examinations in the control group before (Test 1) and after the therapy (Test 2).

Cases (n) Mean (pts.) .
Test z’etssu)lt Exam 1 Exam 2 Exam 1 Exam 2 gezﬁgﬂlﬁerence B (Wilcoxon)
Tla 0 18 18 0.00 0.00 0 1.0000
0 12 16
Tlb 0.33 0.11 -0.22 0.0679
1 6 2
0 0 9
1 4 4
T2 2 7 4 222 0.83 -1.39 0.0002
3 6 1
4 1 0
0 0 5
1 2 8
T3 2 7 4 2.61 1.11 -1.50 0.0003
3 5 0
4 4 1

Tla-Romberg test (eyes open), T1b - Romberg test (eyes closed), T2 — UPST, T3 — Walking straight-line test, pts - points

of maintaining balance in children. Reha-
bilitation using SI methods stimulates the
vestibular system and the sense of deep sensa-
tion, positively improving children’s balance
(Przyrowski et al. 2013). SI therapy is one
of the possible ways of improving children
with balance disorders. During classes, there
is a massive influx of sensations, especially
vestibular and proprioceptive ones, which
the child receives, then sorts and triggers

afeedback reaction (Pierchata et al. 2008). In
2012, very similar studies were conducted on
a group of 21 children attending SI classes
once a week. Also, after 4 months, balance
improved during the exercises, and coor-
dination and accuracy were noted (Shum-
way-Cook et al. 2007). Analysis shows that
children with normal muscle tone have the
best level of maintaining balance. Children
with reduced muscle tone demonstrated the

www.ironsjournal.org
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Table 4. Comparison of the test results between the groups dependent on the therapy.

Mean [pts.] Mean improvement [pts.]
Test Study group Controls Study p (Mann-Whitney)
Controls
Exam 1 Exam 2 Exam 1 Exam 2 group
Tla 0.00 0.00 0.00 0.00 0.00 0.00 1.0000
Tlb 0.33 0.06 0.33 0.11 0.28 0.22 0.7880
T2 2.28 0.94 2.22 0.83 1.33 1.39 0.8002
T3 2.72 1.94 2.61 1.11 0.78 1.50 0.0046

Tla- Romberg test (eyes open), T1b — Romberg test(eyes closed), T2 - UPST, T3-Walking straight-line test, pts - points

weakest balance. Muscle tone disorders are
characterized by difficulties in holding the
body against the force of gravity (Matyja et al.
1997). A child with reduced muscle tone is
characterized by a disorder of the sense of
integration between the group of flexors and
postural extensors (Matyja et al. 1997; Matyja
et al. 2009). As aresult, compensation occurs:
the support plane is widened by tilting the
pelvis forward (shifting the center of gravity),
the feet and knees become valgus, and the
spine curves become deeper (Matyja et al.
1997; Matyja et al. 2009). The entire change in
body position causes impairment of postural
stability. Thirty-six children participated in
our research, of which the average age in the
research group was 7.28 years.

In contrast, in the control group, it was 7.22
years, corresponding to intensive psychomo-
tor development. The age distribution in the
research and control groups did not differ
significantly. The age of 7 is very intensive in
terms of development. It is called the golden
age of human motor skills (Mraz et al. 2010).
At the age of 6-7, children reach their first
peak of motor skills (Ostrowska et al. 1993).
At the age of 7-8, the child’s body posture
is similar to that of an adult; thanks to the
growth of the limbs, the abdominal muscles
are strengthened, and the body’s center of
mass is lowered (Kasperczyk, 2000; Kasperc-
zyk, 2004). The studies show that compared
to girls, boys achieved resultsin the T2 and
T3 tests, thus demonstrating a better level of
maintaining an upright body position. Differ-
encesin external structure and gender in chil-
dren aged 5-12 years, there is no significant
relationship between gender and movements

of individual body parts during a standing
position (Lebiedowska et al. 1994; Przyrowski
et al. 2013). During walking, there was also
no difference between the boys and girls
aged 5-18 years (Lebiedowska et al. 1994;
McEvoy et al. 2005).

Study limitations

The main limitation of the work is the small
number of the study group. Studies should
be conducted on a more significant number
of people. Additionally, children should be
examined for posture defects.

Conclusions

1. The 4-month SI therapy improved the
maintenance of balance in children aged
6-8.

2. After 4 months, children achieved better
results in the test assessing dynamic bal-
ance because of the use of general devel-
opment exercises.

3. Children with proper muscle tone have
the best level of balance.

4. Boys showed a better level of maintaining
balance compared to girls.
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ABSTRACT

Introduction

Mobile phones have become integral to daily life, increasing screen time and contributing to
cervical spine pain, possibly due to non-ergonomic posture during smartphone use.

Aim
The study aimed to examine the relationship between cervical spine pain and phone usage
time, considering respondents’ physical activity levels.

Materials and methods

The survey included 70 respondents (average age 22.4 years). The questions concerned their
occupation, cervical spine pain occurrence and intensity (Numerical Rating Scale), physical
activity duration and intensity (Modified Borg Rating of Perceived Exertion). Additionally,
respondents completed the Neck Disability Index and reported the daily phone usage over
the past 14 days according to smartphone system data.

Results

70% of the respondents reported cervical spine pain (average intensity 3.6). Participants used
their phones for 5 hours daily on average. 85.7% of the respondents were physicaly activie
for 4.6 hours weekly on average, with an average intensity of 2.8. The average Neck Disability
Index score was 6.1. No correlation was found between the pain intensity and the phone usage,
nor between physical activity duration and intensity. No correlation was found between
the Neck Disability Index score and phone usage or physical activity duration and intensity.

Conclusion

Cervical spine pain affects many young people. No relationship was found between phone
usage time and pain intensity, but a tendency for longer smartphone usage was observed
among individuals with higher Neck Disability Index scores. No impact of physical activity on
pain was found. Further studies are needed on a larger group, considering additional factors.

Keywords: pain, mobile phone, cervical spine

Author responsible for correspondence: Authors reported no source of funding

Marta Wisniewska Authors declared no conflict of interest
Student Scientific Association in the Department of Spine Disorders

and Pediatric Orthopedics Date received: 06th February 2025
Poznan University of Medical Sciences, Poznan, Poland Date accepted: 11th May 2025

Email: martal wisniewska@onet.pl
https://orcid.org/0009-0009-2017-1564

15



16

Daria Eukasiewicz et al.: Impact of smartphone usage on cervical spine pain complaints

STRESZCZENIE

Wprowadzenie

Telefony komérkowe staty sie nieodtgcznym elementem codziennoéci, co spowodowato wydtu-
zenie czasu spedzanego przed ekranem, a tym samym wzrost dolegliwosci bélowych w odcinku
szyjnym kregostupa. Przyczyna tego zjawiska moze by¢ nieergonomiczna pozycja ciata podczas
uzytkowania smartfona.

Cel
Celem badania byto zbadanie zaleznoéci pomiedzy bélem odcinka szyjnego kregostupa oraz
czasem uzywania telefonéw, uwzgledniajac poziom aktywnosci fizycznej respondentéw.

Materiat i metody

Ankieta zostata wypetniona przez 70 respondentéw, Srednia wieku wynosita 22,4 lata. Pytania
dotyczyly wykonywanej pracy, wystepowania i intensywnosci bélu odcinka szyjnego kregostupa
(Numerical Rating Scale), czasu i intensywnosci (Zmodyfikowana Skala Borga) aktywnosci
fizycznej. Ponadto ankietowani wypetnili Neck Disability Index oraz podali dzienny czas ko-
rzystania z telefonu z ostatnich 14 dni zgodnie z danymi systemowymi smartphona.

Wyniki

70% respondentéw zglosito bole odcinka szyjnego kregostupa o $redniej intensywnoéci 3,6.
Uczestnicy uzywali telefonu Srednio 5 godzin dziennie. 85,7% ankietowanych uprawiato ak-
tywno$éé fizyczna $rednio 4,6 godzin w tygodniu ze érednia intensywnoscia 2,8. Sredni wynik
kwestionariusza Neck Disability Index wynosit 6,1. Nie wykazano korelacji pomiedzy inten-
sywnoécig bélu, a czasem uzytkowania telefonu oraz intensywno$cia i czasem wykonywania
aktywnosci fizycznej. Nie wykazano takze korelacji pomiedzy wynikami kwestionariusza Neck
Disability Index, a czasem uzytkowania telefonu oraz intensywnoscia i czasem wykonywania
aktywnosci fizyczne;j.

Whioski

Béle odcinka szyjnego kregostupa dotyczg znaczgcej czesci mtodych ludzi. Nie wykazano zwigzku
pomiedzy czasem uzywania telefonu, a odczuwaniem bélu, jednakze zauwazono tendencje do
dtuzszego korzystania ze smartfonéw przez osoby z wyzszymi wynikami kwestionariusza Neck
Disability Index. Nie wykazano takze wpltywu aktywnosci fizycznej na dolegliwosci bélowe.
Konieczne sg kolejne badania na wiekszej grupie, uwzgledniajgce dodatkowe czynniki.

Stowa kluczowe: bdl, telefon komérkowy, odcinek szyjny kregostupa

Introduction

Mobile phones have become an inseparable
part of our lives. The multitude of functions
and available applications, along with quick
access to information, increases the time spent
using smartphones. In recent years, cervical
spine pain complaints have become one of
the most common musculoskeletal issues
(Cevik et al.,, 2020). More and more young
people are suffering from these conditions.

Students using smartphones most commonly
report cervical spine pain (Cevik et al., 2020).
Pain results in poorer well-being, decreased
quality of life, discourages physical activ-
ity, and complicates work tasks (Cevik et al.,
2020). While using a phone, the body adopts
a non-ergonomic position, with the cervical
spine consistently bent forward. Long-term
static positions contribute to muscle overload
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and the onset of pain, putting significant

pressure on spinal structures and causing

micro-damages to tissues (Cevik et al., 2020,
Alsalameh et al., 2019). Furthermore, cervical

lordosis isreduced (Maayah et al., 2023). Some

structures are stretched, while antagonis-
tic muscles are contracted. This can lead to

postural abnormalities, which may overload

other spinal segments and even cause issues

with temporomandibular joints (Foltran-
Mescollotto et al., 2023). An improper cervical

spine position can result in concentration and

memory problems, along with headaches (Jung

et al,, 2024, Delen et al., 2023, Fernandez-de-
Las-Pefas et al., 2023). Despite the prevalence

of pain complaints and frequent smartphone

use among young people, there is still a lack
of information regarding the relationship

between these two factors.

Aim

The aim of the study was to investigate whether

there is arelationship between cervical spine

pain complaints and smartphone usage time.
An additional objective was to explore whether

the respondents’level of physical activity influ-
ences their perception of cervical spine pain.

Materials

70 respondents (54 women and 16 men, aged
34 + 2.64 years, range: 19-34) participated in the
study. The table below contains data related to
the respondents’ type of work and/or studies.

Table 1. Characteristics of respondents.

(available on both Android and iOS). Respond-
ents were asked to provide the “screen time” for
the last 14 days. Physical activity was deter-
mined through a survey, with questions about
the type of physical activity and the hours
spent engaging in sports. Activity intensity
was defined using the Modified Borg Rating
of Perceived Exertion (Scherr et al., 2013). To
assess pain intensity, respondents completed
the Neck Disability Index, validated in Polish
(Guzy et al., 2013). Based on the results of the
questionnaire, their level of disability was
evaluated, as shown in Table 2. Respondents
were also asked to describe the nature and
frequency of cervical spine pain. Pain intensity
was rated using the Numerical Rating Scale
from O to 10.

Statistical analysis
The Statistica (13.1) program was used for
data analysis.

Shapiro-Wilk's test was used to check for
normal distribution. For normally distributed
variables, Student’s t-test was used, while
the Mann-Whitney U test was used for non-
normally distributed variables.

The statistical significance threshold was
set at p<0.05.

Results

Aggregated analysis of the sample group
According to the survey, respondents spent an
average of 5 hours per day using their mobile

Declared professional activity and/or studies Amount of people

Work 9

Study 29

Work and study 32

Methodology phones. The minimum reported phone usage

Respondents completed an anonymous survey
that included sections analyzing phone usage
time, physical activity level, and cervical spine
pain complaints.

Daily phone usage time was defined based
on the “screen time” function of smartphones

time was 1.5 hours per day,and the maximum
was 9 hours per day. Respondents’ average
physical activity time was 4.6 hours per week,
with a minimum of 0 hours per week and
amaximum of 14 hours per week. The average
Neck Disability Index score was 4.1 points,

www.ironsjournal.org
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Table 2. Level of disability based on the number of points scored on the Neck Disability Index questionnaire.

Level of disability The amount of points scored in the Neck Disability Index questionnaire
No disability 0-4

Mild disability 5-14

Moderate disability 15-24

Severe disability 25-34

Complete disability 35-50

Figure 1. Average time spent using the telephone, time
spent being physically active, Numerical Rating Scale
subjective pain score and Neck Disability Index ques-

tionnaire score among respondents

with a minimum of 0 and a maximum of 16.
Pain was rated on average 2.6 on the NRS
scale, with scores ranging from 1 to 8.

Respondents' level of disability

Based on the Neck Disability Index results,
26 respondents reported no disability, 42
had mild disability, and 2 had moderate
disability. None of the respondents scored
in the severe or complete disability range.

Gender variation in results

The time spent using the phone was similar
for men and women. Men reported engag-
ing in sports 1.5 hours more per week than
women, though this difference was not
statistically significant (p =0.2371). Women
reported twice as much pain on the Numer-
ical Rating Scale compared to men, and
this difference was statistically significant
(p=0.007). Women also scored higher on the
Neck Disability Index.

Variation in results by duration of phone use
No statistically significant differences in Neck
Disability Index scores or Numerical Rating

Scale scores were found between respond-
ents who used their phones for less than
4 hours per day and those who used them for
4 hours or more. However, there was a trend
towards a higher Neck Disability Index score
among those using their phones for more than
4 hours per day.

Variation in results by duration of physical
activity

No significant differences were observed
between respondents who reported engag-
ing in physical activity for less than 5 hours
per week and those who engaged in more
than 5 hours per week, either in the Neck
Disability Index or Numerical Rating Scale
scores.

Relationship of complaints to time of phone
use and physical activity

According to the collected data, no correla-
tion was found between cervical spine pain
intensity and time spent using the phone or
physical activity time.

Issues of Rehabilitation, Orthopaedics, Neurophysiology and Sport Promotion — IRONS
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Table 3. Telephone usage time, physical activity time, Numerical Rating Scale subjective pain score and Neck Disability Index

questionnaire score among men and women.

Daily %poneh Repondents whose time using Repondents whose time using
Factor usage time [h] the phone was less than 4 hours the phone was more than 4 hours Value p
mean min. - max. mean min. - max.
Numerical Rating Scale result | 2.1 0-7 2.9 0-8 0.1765
Neck Disability Index result 4.2 0-16 6.6 0-15 0.0904

The table shows the mean value, standard deviation (SD) and p-value.

Table 4. Comparison of subjective pain scores according to the Numerical Rating Scale and Neck Disability Index questionnaire
scores between those using the phone less than 4 hours a day and respondents using the phone for longer or equally 4 hours a day.

Gender Women Men
Factor Value p
mean SD mean SD
Daily phone usage time [h] 49 1.6 5.1 2.1 0.6420
Time of physical activity weekly [h] 43 2.9 5.9 4.3 0.2371
Numerical Rating Scale result 3 2.1 15 2.2 0.007
Neck Disability Index result 6.8 4 5 2.4 0.0161

The table shows the mean, minimum, maximum and p-value.

Table 5. Comparison of subjective pain scores according to the Numerical Rating Scale and the results of the Neck Disability Index
questionnaire between those who are physically active less than 5 hours per week and respondents who are physically active equally

or more than 5 hours per week.

Time of physical Respondents whose time doing Respondents whose time doing
activity weekly[h] | physical activity was less than physical activity was more than
Factor 5 hours 5 hours Value p
mean min. - max. mean min. - max.
Numerical Rating Scale result 2.8 0-8 2.6 0-7 0.5888
Neck Disability Index result 6.5 1-16 5.6 0-4 0.3282

The table shows the mean value, the range from minimum to maximum value and the p-value.

Table 6. Correlation between time of phone use and physical activity and intensity of cervical spine pain.

Factor Pain intensity
Correlation valuer value p
Phone usage time 0.0411 0.7357
Time of physical activity 0.117 0.3344

The table shows the r-value and the p-value.

Table 7. Correlation between phone use time and physical activity and Neck Disability Index questionnaire scores.

Factor Neck Disability Index
Correlation valuer value p
Phone usage time 0.0511 0.6743
Time of physical activity 0.2020 0.0937

The table shows the r-value and the p-value.

No correlation was found between Neck
Disability Index scores and time spent using
the phone or physical activity time.

For parametric data, Pearson’s r correlation
coefficient was used, and for non-parametric
data, Spearman’s rank correlation coefficient
was applied.

Discussion
Aggregated analysis of the sample group
This study aims to determine the impact of
smartphone use on cervical spine pain among
young people.

The average time spent using a phone daily
is concerning, amounting to nearly 20% of
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the day (5 hours daily). After subtracting
sleep time, it approaches 30%. The study by
Ayhualem et al. showed similar time of phone
usage daily (Ayhualem et al., 2021). Young
people spend a similar number of hours a day
in front of a screen daily as they do on sports
activities for an entire week.

Respondents’ level of disability

It is surprising that 60% of young, healthy
people report a Neck Disability Index score
indicative of mild disability. Almost identi-
cal results were obtained in the study by
Czepinska et al. (Czepinska et al., 2024).

Gender variation in results

The literature shows that women are more
likely to report complaints of pain than men
(Ayhualem et al,, 2021, Salameh et al., 2024).
Interestingly, our study conduct that women
reported twice as much pain as men, despite
having similar phone usage times and slightly
lower physical activity levels.

Variation in results by duration of phone use
Contrary to expectations, no correlation was
found between cervical spine pain intensity
and phone usage duration. These results align
with other studies (Cevik et al., 2020, Maayah
et al., 2023, Foltran-Mescollotto et al., 2021,
Alsalameh et al., 2019).

A study of 867 medical students by Maayeh
et al. found that the number of hours spent
using a phone while studying was one of
factors that caused cervical spine pain. In
addition, it has been shown that the most
important factor which influence the expe-
rience of cervical spine pain while using
the telephone was past trauma to this area
(Maayah et al., 2023). It can be assumed that,
due to the young age of the respondents
and therefore better recovery, the unfa-
vourable position did not have a signifi-
cant impact on the onset of the complaints
(Maayah et al., 2023). In the study by Cevik
et al. the study group was of a similar age
to the above study. They performed MRIs of
the cervical spine on all examined patients.

The presence of degenerative changes, Modic
changes, protrusions or extrusions were
assessed and the angle of cervical lordosis was
measured. It was shown that people who use
the phone for more than three hours a day
had statistically significantly more degenera-
tive and Modic-type lesions than those who
use the phone for less than three hours a day.
Furthermore, prolonged smartphone use
was associated with a reduction in cervical
lordosis of the spine. These negative changes
can be associated with the onset of pain in
the cervical spine, increased muscle tension
and the occurrence of headaches. Although
our study did not show a correlation between
the incidence of cervical spine pain and the
duration of phone use there was a trend
towards a higher disability score according
to the Neck Disability Index questionnaire
among those using the phone longer. The
authors state that degenerative changes of
the spine begin to appear after the age of 20 so
the age of the respondents may be relevant to
the results of the above study, as the majority
of respondents are students. Although similar
studies have been carried out in different age
groups majority of them refer to people of
university age. More and more middle-aged
and older people use mobile phones and
therefore there is a need for more research
in higher age groups (Maayah et al., 2023).

In a study of 20 students, there was no
correlation that excessive time spent in front
of a screen was directly related to the occur-
rence of cervical spine pain. Despite taking
up a position with a flexed cervical spine and
head protraction which is negative for joints
and soft tissues among young people as in
the study conducted there is no effect on the
reporting complaints of cervical spine pain
(Foltran-Mescollotto et al., 2021).

In a study conducted on a group of medi-
cal students, the most common complaint
reported in relation to phone use was cervical
spine pain. It was shown that students who did
not report cervical spine pain were not depend-
ent on phone use (Alsalameh et al., 2019).
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Relationship of complaints to time of phone
use and physical activity
Our study did not demonstrate an effect of
systematic sports activity on the reduction
of cervical spine pain. Other studies, despite
an age-similar study group, have shown an
effect of physical activity on the likelihood of
cervical spine pain. They showed that regular
exercise reduces the risk of neck discomfort
(Salameh et al.,, 2024, Ayhualem et al., 2021).
Study by Ayhualem et al. found a significant
effect of breaks during smartphone use on
cervical pain. A lack of breaks during phone
use increases the likelihood of neck discomfort
by as much as 3 times (Ayhualem et al., 2021).

Prevention of pain during phone usage
Nowadays it is impossible to give up the
conveniences of mobile phones. It is likely
that the time spent in front of the phone
will increase so it is important to educate
the patient and implement the prevention of
cervical spine overload. Changing positions
and taking short breaks putting the phone
away will be a good recommendation for
people who spend a lot of time in front of
the screen. In addition, ergonomic principles
such as supporting the forearms on a table
and positioning the device as close to the eye
line as possible can reduce the risk of cervical
spine pain (Maayah et al., 2020).

We believe that our results do not prove that
there is no effect of the duration of phone use,
but reflect the high compensatory capacity of
young people. We believe that changes may
have a cumulative effect the body increasing
the risk of degenerative changes, while this
requires a study on an older group as well as
long-term prospective studies.

Conclusions
Cervical spine pain is prevalent among a signif-
icant portion of young people.

No direct correlation was found between
phone usage duration and cervical spine pain,
although there was a trend toward higher
Neck Disability Index scores among those
who used smartphones longer.

Physical activity had no significant impact
on cervical spine pain or complaint intensity.

Further research with a larger sample size
and consideration of additional factors is
necessary.
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ABSTRACT

Introduction

Epigenetic mechanisms regulating the level of BDNF gene expression correlate with achiev-
ing remission in the course of Major Depressive Disorder in adults. Studies in this area may
contribute to individualization of antidepressant pharmacotherapy and increasing its
effectiveness, but the amount of data on this subject in the pediatric population is limited.
To date, no study has prospectively investigated changes in the BDNF gene methylation level
following antidepressant treatment in adolescents.

Aim

Therefore, we aimed to examine the BDNF gene exon IV promoter methylation status in the
group of adolescents treated for the first-lifetime depressive episode. Moreover, we aimed
to verify the usefulness of BDNF methylation status as a predictor of treatment outcome.

Material and methods

Our study included 30 female inpatients diagnosed with depression who underwent anti-
depressant treatment. Before starting treatment and after a minimum of 6 weeks, the level
of methylation of the BDNF gene exon IV promoter was examined. Results. No statistically
significant difference in the level of BDNF gene methylation before or after treatment was
observed, and the usefulness of BDNF gene methylation as a prognostic factor for treatment
response was not proven.
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Conclusions

Further studies on a larger group of patients are necessary to verify whether the dynamics
of methylation changes in the BDNF gene mirrors the results obtained in adults. Studies on
this subject are essential to increase the effectiveness of depression treatment in adolescent
patients.

Keywords: mood disorders, depression, adolescence, brain-derived neurotrophic factor, DNA
methylation, antidepressant treatment

STRESZCZENIE

Wstep

Mechanizmy epigenetyczne regulujace poziom ekspresji genu BDNF koreluja z osiagnieciem
remisji w przebiegu zaburzen depresyjnych w populacji os6b dorostych. Badania w tym obszarze
moga przyczyni¢ sie do indywidualizacji leczenia przeciwdepresyjnego i zwiekszenia jego
skutecznosci, jednakze ilo$¢ danych na ten temat jest ograniczona, szczegélnie w odniesieniu
do populacji pediatrycznej. Do tej pory nie badano prospektywnie zmian w poziomie metylacji
genu BDNF w trakcie leczenia przeciwdepresyjnego u nastolatkéw.

Cel

Celem niniejszego badania jest ocena metylacji promotora egzonu IV genu BDNF w grupie
nastolatkéw leczonych z powodu pierwszego w zyciu epizodu depresyjnego oraz wery-
fikacja przydatnosci poziomu metylacji BDNF jako predyktora odpowiedzi na leczenie
przeciwdepresyjne.

Materiat i metody

Do badania witgczono 30 pacjentek hospitalizowanych z rozpoznaniem epizodu depresji,
ktére poddano leczeniu przeciwdepresyjnemu. Przed rozpoczeciem leczenia i po co najmniej
6 tygodniach, oznaczono poziom metylacji promotora egzonu IV genu BDNE.

Wyniki

Nie zaobserwowano statystycznie istotnej réznicy w poziomie metylacji genu BDNF przed lub
po leczeniuy, a przydatno$¢ metylacji genu BDNF jako czynnika prognostycznego odpowiedzi
na leczenie nie zostata udowodniona.

Whnioski

Konieczne sg dalsze badania na wiekszej grupie pacjentéw, aby zweryfikowa¢, czy dynamika
zmian metylacji genu BDNF odzwierciedla wyniki uzyskiwane w badaniach os6b dorostych.
Badania w tym obszarze wydaja sie niezbedne do zwiekszenia skutecznosci leczenia przeci-
wdepresyjnego nastolatkéw.

Stowa kluczowe: zaburzenia nastroju, depresja, nastolatki, neurotroficzny czynnik pochodze-
nia mézgowego, metylacja DNA, leczenie przeciwdepresyjne

Introduction

Major Depressive Disorder (MDD) is a signifi- ~ Health Organization, 14% of the 10-19-year-
cant phenomenon among adolescents and old experience mental health conditions such
adults worldwide. According to the World as MDD, anxiety disorders, and behavioral
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disorders, which are the main root of disa-
bilities and sickness in this age group (WHO,
2021). MDD might lead to suicide attempts
which constitute one of the leading causes
of death among youth (WHO, 2021). Impor-
tantly, meta-analyses show that mental health
problemsin childhood are strong indicators
of mental illness in adulthood (Mulraney
et al., 2021). Despite the significant socio-
economic implications of MDD, its patho-
genesis is still uncertain, and the treatment
outcomes remain unsatisfying. Studies point
to therole of gene-environment interactions
mediated by epigenetic mechanisms as core
mechanisms underlying the emergence of
psychiatric disorders, including MDD (Tara-
pati Rana et al., 2021).

Among many hypotheses addressing the
etiopathogenesis of depression, the neuro-
trophic theory of depression is one of the most
frequently investigated. It assumes that envi-
ronmental stress leads to structural changes
in the brain through epigenetic alterations
in neurotrophic factors’ genes, such as the
brain-derived neurotrophic factor (BDNF)
gene. Physiologically, brain-derived neuro-
trophic factor (BDNF) plays a part in both
developing and mature brains as it stimulates
neurogenesis and eliminates unnecessary
neurons (Bathina and Das, 2015). BDNF's
low levels are associated with decreased
neuroplasticity observed in patients with
affective disorders and neurodegenerative
diseases. BDNF is mainly expressed in the
hippocampus, prefrontal cortex, amygdala,
and hypothalamus, which are the brain areas
responsible for the emotional and cognitive
functions (Bruno Perosa Carniel et al, 2021).
In support of the neurotrophic theory of
depression, researchers report MDD to be
associated with diminution of relevant limbic
structures, with decreased post-mortem
BDNF levels in these brain areas (Duman
and Li, 2012).

Nowadays, psychiatry is increasingly striv-
ing to personalize treatment methods, which
would enable a more effective selection of
drugs and, consequently, higher remission

rates and a shorter recovery process. The
analysis of epigenetic modifications related
to neuroplastic processes, such as the meth-
ylation of the BDNF gene, is a promising
direction in the studies examining biomark-
ers in MDD (Bathina and Das, 2015). For
instance, Kanget al. (2013) observed increased
BDNF promoter methylation to be associated
with the history of suicide attempts among
MDD patients (Kang et al., 2013). Addition-
ally, higher methylation status was related
to a worse prognosis of the disease course
(Kanget al., 2013).

The BDNF gene expression is controlled by
nine promoters, each regulating the expres-
sion of distinct BDNF transcripts contribut-
ing to a region-specific BDNF effect in the
brain. BDNF exon IV is expressed differently
throughout the development, with transcripts
gradually increasing during embryonic and
postnatal development and slightly reducing
in the adult brain (Aid et al., 2007). Stud-
ies on adults show that methylation of the
BDNF gene exon IV promoter changes signifi-
cantly with antidepressant treatment and
might serve as a potential predictor of anti-
depressant treatment response (Molendijk
etal., 2011) (Maryna Polyakova et al., 2015)
(Webb et al., 2020). To date, no study has inves-
tigated changes in the BDNF gene methyla-
tion level following antidepressant treatment
in adolescents.

Aim

We aimed to analyze prospectively the
changes in BDNF gene exon IV promoter
methylation status in adolescents treated for
the first-lifetime depressive episode. Secondly,
we aimed to verify the usefulness of BDNF
methylation status as a predictor of treat-
ment outcome.

Material and methods

Ethical Declaration

The study was performed in line with the
Declaration of Helsinki and was verified
and approved by the Bioethics Committee of
the Poznan University of Medical Sciences.
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We received written consent to participate in
the study from the participants’ legal guard-
ians and patients over 13 years of age.

Participants

We recruited patients of the Child and Adoles-
cent Psychiatry Clinic in Karol Jonscher

Clinical Hospital in Poznan between January
2021 and April 2023. The inclusion criteria

involved age 11-17, admitted with the initial

diagnosis of the first episode of depression,
no history of psychiatric disease or treatment,
no other ongoing somatic disease or medical

treatment, no history of addiction or previous

organic causes of depressive symptoms. The

exclusion criteria involved mental retardation,
substance abuse, consent withdrawal, failure

to continue treatment throughout the six

weeks, and failure to collect blood samples

at any of the time points. To qualify for the

study, at least a moderate level of depression

symptoms must have been present according

to ICD-10 which was still an applicable clas-
sification in Poland during the recruitment
time. According to these criteria, moderate

depression requires the presence of at least
two core symptoms and at least 3 of the

remaining symptoms (Table 1.) for a minimum

of 2 weeks (WHO, 1992). The recruitment
process has already been described in detail

in our previous publication that was based

on the same sample of patients (Zwolinska

et al. 2024).

Table 1. Depression criteria according to ICD-10.

The diagnosis was established through the
patient’s examination by the child psychia-
trist, weekly observation, and interview with
the parent. Participation in the study did
not influence the decision-making process
regarding the initiation of pharmacotherapy
or the type of SSRI. The additional low-dose
sedative was introduced among patients with
irritability, severe anxiety, and/or insomnia.

Clinical assessment

Patients were qualified and monitored using
the Children’s Depression Inventory-2 (CDI-2)
short form and Hamilton Depression Rating
Scale (HDRS). These scales are used both in
diagnosing and controlling remission of MDD.
The CDI-2 is a self-report used in clinical
assessment of depression symptoms in chil-
dren and adolescents (age 7-17). Results are
standardized by the age and sex of patients
(Kovacs, 2015). The HDRS is an objective
scale that is performed by the psychiatrist.
We used HDRS17, which includes 17 assess-
ments about symptoms of depression in the
past week, yielding a minimum total score
of 0 (least severe) and a maximum score of
52 (most severe). A final score between 0-7
indicates clinical remission (Hamilton, 1960).

BDNF methylation analysis

5 ml of peripheral blood from each fasting
participant was collected into EDTA tubes
between 7 and 10 a.m. to assess the BDNF

Core symptoms Remaining symptoms

Loss of confidence or self-esteem

Unreasonable feelings of self-reproach or guilt

Depressed mood
Loss of interest

Reduction in energy
Sleep disturbance

Recurrent thoughts of death or suicide
Diminished ability to think/concentrate or indecisiveness

Change in psychomotor activity with agitation or retardation

Change in appetite with weight change

Treatment with selective serotonin reup-
take inhibitor (SSRI) - sertraline or fluoxetine —
was introduced based on clinical indications
included in the NICE guidelines (NICE, 2019).

exon IV promoter methylation using quan-
titative methylation-specific real-time PCR
(gMS-PCR). Two versions of the primers were
created based on DNA sequence regions that
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obtained the promoter region of exon IV
(27.722.850-27.723.477 Homo sapiens chro-
mosome 11, GRCh37.p13). The primers were

designed with Methyl Primer Express™ Soft-
ware v1.0 (Applied Biosystems, Waltham, MA,
USA). We performed the analysis using the

primer described in Table 2. Isolated genomic

DNA and CpGenome Human Methylated &
Non-Methylated DNA Standard Set (Sigma-
Aldrich, Merck KGaA, Darmstadt, Germany)

was converted using a sodium bisulfite kit.
Chemical modification of 500 ng of genomic

DNA and standards was performed using

an EZ DNA Methylation Gold Kit™ (Zymo

Research, Irvine, CA, USA). After sodium

bisulfite conversion, the percentage of meth-
ylation index (MI) was assessed by gPCR with

two pairs of primers for the methylated and

unmethylated promoter region of the BDNF
gene with FastStart Essential DNA SYBR
Green Master (Roche, Basel, Switzerland).
The MI, expressed as a percentage of gene

methylation (MI — %), was calculated for
each sample using the following formula:
MI=[1/(1 +2-(CtU-CtM))] x 100%, where CtM
and CtU are derived from qMSP with primers

for the methylated and unmethylated gene

sequences, respectively.

Table 2. Primers sequence (the 5" to 3’ direction).

Statistical analysis

Statistical analysis was executed using
PQStat Software version 1.8.2.238. The distri-
bution of the variables was studied using
the Shapiro-Wilk Test. Since our data did not
follow normal distribution, the Wilcoxon Test
was performed to compare paired samples,
and the Mann-Whitney Test was used for
independent groups. The nominal variables
were compared through the Chi-Squared
Test. The logistic regression was performed
to analyze the correlation between initial
MI and treatment outcome, including the
potential confounding factors (age, BMI,
depression severity, time of treatment). The
significance level was set at a<0.05 for all
analyses.

Results

Recruitment and clinical characteristics
Forty-nine patients met the inclusion criteria.
Fifteen patients were excluded due to lack
of consent to participate in the study/lack
of compliance in taking the medication/lack
of follow-up assessment after treatment.
Finally, thirty-four patients were included in
the study: thirty girls and four boys. Given
the significant gender disproportion, only

Forward Methylated DNA  Reverse Methylated DNA Forward Unmethylated DNA Reverse Unmethylated DNA

(ME) (MR) (UE)

(UR)

AGCGAGAGTAGTTTTTTTCGC CATATAACAACGCACGTCAAA GGTAGTGAGAGTAGTTTTTTTTGT TCATATAACAACACACATCAAAAC

Study protocol

The clinical (CDI-2 and HDRS) and molecu-
lar (BDNF exon IV promoter MI) analyses
were conducted twice: before introducing
antidepressant treatment (t0) and after
a minimum of six weeks after initiation
(tl). Based on the CDI and HDRS results at
t1, the patients were classified as, respond-
ers’ or, non-responders’. To be classified as
a, responder, a minimum 50% reduction in
symptoms in both HDRS and CDI-2 must
have been present or HDRS result < 7.

female patients were finally accepted in the
analysis as a studied group.

The characteristics of the patients are
presented in Table 3. All of them were
females, aged 11-16, of Caucasian origin. The
period of antidepressant treatment ranged
from six to eleven weeks. 57% of partici-
pants received sertraline, and 43% fluoxetine.
17 patients required additional sedative treat-
ment with quetiapine/chlorprotixene/trazo-
done/hydroxyzine /risperidone/melatonin.
13 individuals responded to the introduced
treatment and were classified as responders’.
There was no statistical difference between

www.ironsjournal.org
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responders and non-responders regarding
age, BMI, initial CDI-2/HDRS, treatment time,
type of SSRI chosen, and additional sedative
use. As expected, responders had significantly
lower levels of HDRS and CDI-2 at t1 when
compared with non-responders.

Table 3. Studied group characteristics.

time of treatment, initial level of depressive
symptoms, and treatment outcome (Table 4).

Discussion
We found no significant difference between
the pre- and post-treatment methylation

Whole Group (t0) Responders t(1) Non-responders t(1) szsponders
n=30 n=13 n=17 Non-responders
Age [years] 13.07 (+1.26) 12.85(+0.99) 13.24 (x1.44) p=0.4105
Sex females females females -
BMI [kg/m?] 20.89 (£3.47) 21.51 (+2.44) 20.41 (x4.10) p=0.1487
HDRS

« t(0) 20[13-30] 20[14-30] 20[13-28] p=0.4445

(1) 8.5[1-24] 4[1-9] 12 [8-24] p<0.0001*
CDI-2

« t(0) 74.5[60-79] 74 [66-79] 75 [60-79] p=0.9830

- (1) 68 [47-79] 54 [47-68] 74 [60-79] p<0.0001*
Time of treatment [weeks] 7.27 (x1.41) 7.46 (+1.39) 7.12 (+1.45) p=0.5125
SSRI type p=0.6377

« Fluoxetine [n] 13 8 -

« Sertraline [n] 17 9 -
Additional sedative [n] 17 11 p=0.3095
BDNF promoter MI [%]

- t(0) 0.21 (0.06) 0.23 (0.08) 0.20 (0.05) p=0.3900

(1) 0.22 (x0.07) 0.22 (+0.06) 0.21 (0.07) p=0.6293

Continuous variables are presented as the mean and standard deviation; ordinal variables are presented as the median and range,
t0 —on admission to the hospital before treatment, t1 —after minimum six weeks of antidepressant therapy, BMI - body mass index,
HDRS - Hamilton Depression Rating Scale, CDI-2 — Children’s Depression Inventory, BDNF - brain-derived neurotrophic factor,
MI - methylation index, SSRI - selective serotonin reuptake inhibitor, * - statistically significant.

Molecular results
The analysis did not demonstrate any signifi-
cant changes in MI between t0 and tl in the
whole studied group. No significant differ-
ences in MI were observed after stratify-
ing the group according to the SSRI chosen
(Figure 1a). Regardless of whether the patients
clinically responded to treatment, there were
no significant shifts in MI (Figure 1b).
Responders and non-responders did not
differ regarding initial/final MI within BDNF
exon IV promoter at t0 and t1 (Table 3). The
univariate logistic regression analysis revealed
no significant association between initial M1
and remission status at t1 (Table 4). There
were no visible associations between age, BM],

index in the BDNF gene exon IV promoter and
no correlation between initial methylation
and the antidepressant treatment outcome in
our studied group of adolescents treated for
the first-lifetime depressive episode. Accord-
ing to the research performed on adults by
Tadi¢ et al. (2014), hypomethylation in the
BDNF gene was a predictor of worse response
to antidepressant treatment regardless of
antidepressant class. Still, similarly to our
results, methylation levels did not change
significantly following the 6-week therapy
(Tadi¢ et al., 2014). On the other hand, Chen
et al. (2011) reported an increase in BDNF
exon IV promoter methylation during treat-
ment while also confirming the predictive
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Figure 1. The results of the Wilcoxon test of the BDNF gene exon IV promoter
Methylation Index (MI) before (t0) and after (t1) the treatment in the studied
group stratified according to the type of SSRI (a) and treatment response (b)

Table 4. Results of the association between analyzed variables and positive treatment outcome in univariate logistic regression

models for the whole sample.

Analyzed variable b 95% CI p-value
Age -0.0101 -0.0621-0.0420 0.7035
BMI 0.1790 -0.3484-0.7064 0.5060
Time of treatment 0.0276 -0.0475-0.1027 0.4711
CDI (t0) 0.0112 -0.1552-0.1777 0.8948
HDRS (t0) -0.0313 -0.2145-0.1518 0.7371
BDNF MI (t0) 6.5499 -5.9334-19.0332 0.3038

value between the level of the methylation
and the occurrence of remission (Chen,
Ernst and Turecki, 2011). Similar conclu-
sions were reached by Lopezet al. (2013) and
Wang et al. (2018), who in their prospective
studies analyzing eight weeks of SSRI therapy;
noticed an increase in responders’ methyla-
tion results (Wang et al., 2018) (Lopez et al.,
2013). Therefore, our results do not reflect
the outcomes obtained in most of the studies
performed on the adult population. Attempts
to explain the above discrepancies should be
sought in many aspects.

BDNE, as a factor directly related to
neurogenesis, is an essential element in the
development of the nervous system. There-
fore, its gene expression might differ in the
developmental population (Lee et al., 2022)
(Rodriguez-Carrillo et al., 2023). It has been
proven that its level in the blood decreases
with age, which may be associated with
increased neurodegeneration processes (Erick-
son et al., 2010) (Molinari et al., 2020) (Ted
Kheng Siang Ng et al., 2019). These processes
have also been observed in adults with MDD

(Webb et al., 2020) (Bakusic et al., 2021). BDNF
values are more challenging to interpret in
children and adolescents due to the physi-
ologically increased secretion of this neuro-
trophin in the natural process of nervous
system development, typical for this age
group. A significant increase in peripheral
BDNF and a decrease in methylation of the
BDNF gene are observed particularly in early
adolescence (Dincheva, Lynch and Lee, 2016)
(Miguez et al.,, 2020) (Zwolifiska et al., 2024).

Another aspect that may explain the lack
of differences in MI before and after the
treatment is the course of the disease among
adolescents, which is known to differ from
the presentation of the symptoms observed
in adults. For instance, anhedonia and concen-
tration disorders in MDD are more specific
to older patients, while vegetative symp-
toms (appetite and weight change, loss of
energy, and insomnia) are typical among youth
(Rice et al., 2019). Moreover, early depres-
sion is often characterized by acts of self-
aggression, irritability or rebellious attitude
(Gijzenetal,, 2021) (Richard G. Wight et al., 2004)
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(Tatsiopoulou et al., 2020). It might be possible
that different manifestations of symptoms
in child depression result from different neu-
robiological underpinnings when compared
with adults.

Remarkably, MDD among youth is signifi-
cantly influenced by environmental factors
(Stefanie Nelemans et al., 2021). Yet, the
number of studies in the adolescent popula-
tion investigating epigenetic changes occur-
ring as a response to environmental stressors
is limited (Ochi and Dwivedi, 2023). Animal
models have proven that severe stress in
the early stages of life is associated with
an increase in peripheral BDNF and the
occurrence of epigenetic changesin its gene
(Suri et al.,, 2013). Interestingly, in the study
performed on adults by Unternaehrer et al.
(2015), there was a significant association
between the history of low maternal care in
childhood and greater DNA methylation in
the BDNF gene (Unternaehrer et al.,, 2015).

For the present research, the predictive
value of the methylation level as a prognos-
tic indicator of treatment response was not
proven. In this context, it is worth considering
theresearch of Lieb et al. (2018), which showed
a correlation between the occurrence of remis-
sion in adults with MDD and the hypermeth-
ylation in the specific region of exon IV of the
BDNF gene. However, that correlation char-
acterized specifically the group of patients
who suffered from severe depression before
the treatment (Lieb et al., 2018). It is assumed
that younger patients are also more likely
to respond to therapy when they present
with severe depressive symptoms. Still, the
relationship with epigenetic changes in the
BDNF genein this group of patients remains
unknown (Kirsch et al., 2008). Our study
found no significant correlation between
initial depressive symptoms severity and
the treatment outcome.

Although the results of our work require an
extended analysis, possibly on larger groups
of patients, they demonstrate the impor-
tance of addressing depression in adults and
youth separately. Further prospective studies

should be designed to evaluate the associa-
tion between antidepressant treatment and
BDNF methylation status in order to expand
our knowledge of depression pathophysiology
across the lifespan and develop personalized
treatment strategies. Further attempts to
understand the relationship between epige-
netic changes and MDD remission should
combine molecular and clinical markers.

When interpreting the results of the fore-
going study, certain limitations should be
considered. Firstly, our research had a moder-
ate study group size, which may have resulted
in the insufficient statistical power for some
tests. Therefore, potential statistical errors
should be taken into account due to unsat-
isfactory analytical sensitivity. Secondly, the
study group was limited to female patients,
which may be considered both an advantage
and disadvantage since the research on BDNF
suggests sex-specific differences in BDNF
gene expression, particularly during puberty
(Ochi and Dwivedi, 2023) (Bath, Schilit and
Lee, 2013) (Carbone and Handa, 2013).

Furthermore, we did not analyze the history
of trauma, while studies emphasize a signifi-
cant relationship between BDNF gene meth-
ylation and environmental stress (Ochi and
Dwivedi, 2023) (Jo Wrigglesworth et al., 2019).
Another factors that could considerably impact
our results include the family history of the
disease, perinatal and intergenerational factors
(Braithwaite et al., 2015) (Provenzi et al., 2022)
(Labaut et al., 2024). Moreover, certain envi-
ronmental factors, such as diet or exposure to
pollution, constitute significant limitations in
methylation research (Kageyama et al., 2022)
(Rodriguez-Carrillo et al., 2022) (Vicente
Mustieles et al., 2022).

Although the results of our work require an
extended analysis, possibly on larger groups
of patients, they demonstrate the impor-
tance of addressing depression in adults and
youth separately. Further prospective studies
should be designed to evaluate the associa-
tion between antidepressant treatment and
BDNF methylation status in order to expand
our knowledge of depression pathophysiology
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across the lifespan and develop personalized
treatment strategies. Further attempts to
understand the relationship between epige-
netic changes and MDD remission should
combine molecular and clinical markers.

Conclusions

We found no significant difference between
the pre- and post-treatment methylation
index in the BDNF gene exon IV promoter and
no correlation between initial methylation
and the antidepressant treatment outcome in
our studied group of adolescents treated for
the first-lifetime depressive episode. Continu-
ation of research on larger study groups
seems essential to verify the dynamics of
epigenetic changesin the BDNF gene during
antidepressant treatment in adolescence.
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ABSTRACT

Introduction

Dementia represents one of the greatest challenges of modern medicine related to the
ageing of the global population. The growing number of elderly people is contributing to
an increase in the number of patients with dementing diseases, creating significant public
health implications. The pathogenesis of diseases such as Alzheimer’s disease (AD), fronto-
temporal dementia (FTD), dementia with Lewy bodies (DLB) or vascular dementia (VaD) is
not fully understood. Recent theories suggest a possible involvement of microorganisms in
the development of dementia.

Aim

The aim of this review is to assess the current knowledge of the likely contribution of
microorganisms to the manifestation of dementia and their potential role as diagnostic and
prognostic factors in the future.

Material and methods

Our review involved freely accessible databases: PubMed, Google Scholar, ScienceDirect,
using keywords such as: dementia, microbes, virulent factors, neuroinflammation, neurode-
generative disorders.

Results

This review highlights the likely relationship between microorganisms such as Porphyromonas

gingivalis and Helicobacter pylori and the development of dementing diseases such as Alzhei-
mer’s disease, frontotemporal dementia, dementia with Lewy bodies and vascular dementia.

Conclusions

Microorganisms including Porphyromonas gingivalis and Helicobacter pylori and their viru-
lent factors are most likely to be involved in the pathogenesis of dementia diseases. Among
these are lipopolysaccharide (LPS), gingipains and cytotoxin-associated protein A (CagA).
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STRESZCZENIE

Wstep

Otepienie stanowi jedno z najwiekszych wyzwan wspoélczesnej medycyny zwigzanych ze
starzeniem sie populacji ogélnoswiatowej. Rosngca ilos¢ oséb starszych przyczynia sie do
zwiekszenia ilosci pacjentéw z chorobami otepiennymi, co stwarza istotne implikacje dla
zdrowia publicznego. Patogeneza choréb takich jak choroba Alzheimera (AD), otepienie czo-
towo-skroniowe (FTD), otepienie z ciatami Lewy'ego (DLB) czy otepienie nacznyniowe (VaD)
nie jest do kofica poznana. Najnowsze teorie sugerujg mozliwy udziat mikroorganizméw
w powstawaniu otepienia w tych chorobach.

Cel

Celem niniejszego przegladu jest ocena aktualnej wiedzy na temat prawdopodobnego udziatu
mikroorganizméw w ujawnieniu sie otepienia oraz ich potencjalnej roli jako czynnikéw dia-
gnostycznych i prognostycznych w przysztosci.

Materiat i metody

Nasz przeglad obejmowat ogélnodostepne bazy danych: PubMed, Google Scholar, ScienceDirect,
przy uzyciu stéw kluczowych takich jak: otepienie, mikroorganizmy, czynniki wirulentne,
neurozapalenie, choroby neurodegeneracyjne.

Wyniki

W niniejszym przegladzie zwrécono uwage na prawdopodobng zalezno$¢ miedzy mikroor-
ganizmami takimi jak Porphyromonas gingivalis i Helicobacter pylori a rozwojem choréb
otepiennych takich jak: choroba Alzheimera, otepienie czolowo-skroniowego, otepienie
z cialami Lewy'ego i otepienie naczyniowe.

Whnioski

Mikroorganizmy m.in. Porphyromonas gingivalis i Helicobacter pylori oraz ich czynniki wi-
rulentne najprawdopodobniej uczestniczg w patogenezie choréb otepiennych. Wéréd nich
wymienia sie: lipopolisacharyd (LPS), gingipainy oraz biatko A zwigzane z cytotoksyna (CagA).

Stowa kluczowe: porphyropmonas gingivalis, helicobacter pylori, czynniki wirulentne,
choroby neurodegeneracyjne

Introduction

Dementia is a significant public health chal-
lenge and an escalating burden due to the
aging global population. It is a syndrome
characterized by progressive impairment
of cognitive functions, including memory,
reasoning, and executive abilities. Rather
than a single disease, dementia is best under-
stood as a syndrome encompassing several
subtypes, including Alzheimer's disease (AD),

frontotemporal dementia (FTD), dementia
with Lewy bodies (DLB), and vascular demen-
tia (VaD) (Guerreiro et al. 2020). The etiol-
ogy of dementia is multifactorial, involving
primary neurological, neuropsychiatric, and
systemic medical conditions. It is frequently
the case that multiple underlying pathologies
converge in a single patient to produce the
clinical manifestations of dementia (Btaszczyk
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2022). In earlier years, research on dementia

has focused on genetic predispositions - such

as mutationsin the APP, PSEN1,and PSEN2

genes, and on pathophysiological mechanisms,
including the deposition of beta-amyloid

plaques (AB) and tau protein aggregates in

the brain (Van Cauwenberghe et al. 2016).
However, a growing body of evidence high-
lights the critical role of microorganisms,
both pathogenic and symbiotic, in the initia-
tion and progression of neurodegenerative

processes. Recent studies have increasingly
emphasized the gut-brain axis (GBA), which

underscores the multidimensional interplay

between the gut microbiota and the central

nervous system (CNS) (Seo and Holtzman

2024). The gut microbial communities play
essential roles in maintaining physiologi-
cal homeostasis and regulating metabolic

processes, including immune system devel-
opment, nutrient absorption, and vitamin

synthesis (Bain and Cerovic 2020). Emerging

evidence indicates that alterationsin the gut

microbiota, known as dysbiosis, are associ-
ated with dementia (Stadlbauer et al. 2020).
Dysbiosis has been linked to chronic systemic

inflammation, which may influence the brain

via several mechanisms, including the release

of proinflammatory cytokines (e.g. interleukin

6 (IL-6), tumor necrosis factor (TNF-a)), bacte-
rial metabolites, and neural pathways such as

the vagus nerve (Figure 1) (Anand et al. 2022).
Furthermore, studies investigating bacterial

pathogens Porphyromonas gingivalis have

suggested their involvement in the patho-
genesis of neurodegenerative diseases such

as AD (Zhao et al. 2024).

The aim of this review is to analyze and
synthesize current evidence regarding the
role of microorganisms in the pathogenesis
of dementia. Considering microorganisms
as factors involved in the development of
dementia opens new research opportunities
and potential therapeutic pathways that
could reduce the burden of neurodegenera-
tive diseases in aging societies.

Clinical features of dementia
Dementia is characterized by an acquired,
chronic loss of cognitive function caused
by brain injury or disease, contributing to
progressive impairments in thinking, memory;,
and behavior, often combined with emotional
and language difficulties, hindering occupa-
tional or social function (Arvanitakis et al.
2019). According to the currently valid fifth
edition of the American Psychiatric Asso-
ciation's Diagnostic and Statistical Manual
(DSM-5), the diagnosis of dementia, defined
as major neurocognitive disorder (MND),
requires substantial impairment in at least
one cognitive domain. The cognitive domains
include complex attention, social cognition,
language, learning and memory, perceptual-
motor/visuospatial function, and execu-
tive functioning. Furthermore, to diagnose
dementia, the clinician needs to ensure that it
cannot be better explained by another mental
disorder and that the cognitive impairment
does not present exclusively in the context
of delirium. Another important factor is the
determination of the underlying etiology. On
the other hand, a diagnosis of mild cognitive
impairment (MCI) is established when there
ismodest impairment in at least one cognitive
domain. In contrast to patients with dementia,
individuals affected by MCI are still able to
perform everyday activities individually but
with great difficulties (Emmady et al. 2024).
Studies have demonstrated that healthcare
professionals do not diagnose dementia or
cognitive impairment properly enough. On
the other hand, screening cognitive tests
are useful tools to assess patients’ cognitive
status. One of the most commonly used is
the Mini-Mental State Examination (MMSE),
however, there are also other tests avail-
able: Montreal Cognitive Assessment (MoCA),
ACE-R, Abbreviated Mental Test, Clock Draw-
ing Tests, GPCOG, IQCODE, Mini-Cog test,
Memory Impairment Screen, verbal fluency
test, and others (Tsoi et al. 2015). Recent
developments in nuclear medicine have
provided other possibilities for dementia
diagnosis. Positron emission tomography
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Figure 1. Mechanisms linking microorganisms with dementia. Illustration of the mechanisms linking mie
croorganisms with dementia. It presents processes such as dysbiosis of the intestinal microbiota, damage
to the gut-brain barrier, direct infections, neuroinflammation and the formation of beta-amyloid deposits.

(PET) plays an important role in the early and
specific diagnosis of dementia, contributing
to suitable medical management and clinical
prognostication (Burkett et al. 2022). Since
dementia is characterized by neuronal cell
loss, currently, there is no curative treatment
for this disorder. Nevertheless, therapeutic
interventions are used to alleviate the behav-
ioral and cognitive consequences of dementia
(Hafiz et al. 2023). Indeed, patients affected
by dementia often suffer from neuropsychi-
atric symptoms, which include depression,
apathy, aggression, anxiety, irritability, sleep
disorders, aberrant motor behaviors, delu-
sions, and others (Radue et al. 2019). A 2024
Lancet Commission report provided recom-
mendations for people with dementia stating
that neuropsychiatric symptoms should be
treated using activity and care-coordinated
multicomponent interventions (Livingston
et al. 2024). Moreover, patients suffering
from AD or DLB should use cholinesterase
inhibitors and memantine. Interestingly, the
Commission determined fourteen risk factors
for developing dementia and proposed vari-
ous actions to reduce dementia risk, such as
cognitively stimulating activities, education,

hypertension prevention, depression treat-
ment, reduction of air pollution, alcohol
consumption, and cigarette smoking. These
actions might be promoted by healthcare
professionals, contributing to a decrease in
dementia prevalence.

Dementia biomarkers

In the early stages of dementia, symptoms
may be subtle and inconspicuous, often
not becoming apparent until they begin to
significantly impair the patient’s quality of
life. Initially, these symptoms can be misat-
tributed to normal aging processes, thereby
delaying the recognition and diagnosis of the
condition. As a result, the early diagnosis of
dementia remains a major challenge in the
field of neurology. For this reason, the identi-
fication of reliable diagnostic and prognostic
biomarkers has been a focal point of research
worldwide for many years.

One of the leading theories of AD patho-
genesis suggests that the aggregation of A
plays a central role in the development of the
disorder. As aresult, A has been extensively
studied as a potential biomarker in brain
imaging, cerebrospinal fluid (CSF) and blood
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analysis. PET imaging enables the quanti-
fication and localization of AB deposits in
the brain through the selective binding of
the Pittsburgh Compound-B (PiB) ligand.
The AB40/ AB42 ratio in CSF can serve as
a valuable diagnostic tool, as it is a highly
effective predictor of amyloid positivity in
PET imaging. However, there is high costs and
invasiveness associated with imaging and CSF
analysis. Recent studies have demonstrated
that the ratio of plasma APP669-711/AB1-42
and AB1-40/AB1-42 can effectively reflect
beta-amyloid burden in the brain (Nakamura
et al. 2018). Another critical biomarker of
AD is neurofibrillary tangles (NFTs), which
are composed of hyperphosphorylated tau
(p-tau) protein. These intracellular aggregates
disrupt microtubule stability, compromise
axonal transport, and contribute to neuronal
dysfunction and degeneration. P-tau is a rela-
tively specific biomarker for AD, asits concen-
tration in CSF correlates with the extent
of NFTs pathology. However, elevations in
total tau levels in CSF may reflect not only
NFT accumulation but also neuronal and
synaptic damage, which occurs in various
neurodegenerative disorders as well as in
traumatic brain injuries.

FTD is a heterogeneous disorder with
different clinical phenotypes, considering
the behavioural form (bvFTD) and primary
progressive aphasia (PPA). Due to the aggrega-
tion of specific proteins, FTD can be divided
into: FTLD-TDP (frontotemporal lobar degen-
eration associated with TDP-43), FTLD-TAU
(frontotemporal lobar degeneration associ-
ated with TAU protein) and FTLD-FUS (fronto-
temporal lobar degeneration associated with
FUS protein). The most common subtype of
FTDis FTDL-TDP. The pathogenesis of FTLD-
TDP is characterized by the accumulation
of hyperphosphorylated and ubiquitinated
TDP-43, which forms toxic, insoluble aggre-
gates. TDP-43 aggregates in the brain are
characteristic of FTLD-TDP, however, the use
of TDP-43 as a biomarker is challenging, as it
predominantly aggregates in neurons and is
not always released in significant amounts

into the CSF and blood (Katisko et al. 2022).
The potential marker for all subtypes of FTD
is neurofilament light chain (NfL), which is
released into the extracellular space as a result
of neuronal damage, from where it can enter
both the CSF and bloodstream. Serum levels
of NfL have consistently been found to be
elevated in patients with FTD with higher
levels in patients with FTLD-TDP than with
FTLD-TAU. (Abu-Rumeileh et al. 2018, Wein-
traub et al. 2021). Furthermore, NfL levels also
correlate with disease severity, with higher
concentrations reflecting a more advanced
clinical phenotype. An additional advantage
of NfL as a biomarker is its ability to detect
the disease up to 15 years prior to the onset
of clinical symptoms (Gifford et al. 2023).

The pathogenesis of DLB is primarily driven
by the pathological aggregation of a-synuclein
which forms insoluble structures known as
Lewy bodies, suggesting that a-synuclein
could have potential as a biomarker for the
disease. However, while total a-synuclein
levelsin CSF are typically reduced in patients
with DLB, these levels can overlap with those
observed in control groups and individuals
with other neurodegenerative conditions,
which reduces the specificity of a-synuclein
as a definitive diagnostic marker for DLB
(Hanson 2021). Nevertheless, recent stud-
ies have shown that oligomeric a-synuclein,
when measured in combination with tau
protein, holds more promise as a specific
biomarker in differentiating DLB from AD
(van Steenoven et al. 2018).

In case of VaD, its pathogenesis has been
linked to malabsorption of cobalamin lead-
ing to elevated levels of homocysteine (Hcy),
an amino acid whose excessive accumula-
tion contributes to vascular endothelial
dysfunction and increased cerebrovascular
risk. Hyperhomocysteinemia has been impli-
cated in promoting atherosclerosis, oxidative
stress, and neuroinflammation, all of which
may exacerbate cerebrovascular pathology
and cognitive decline (Nillson et al. 2013).
Furthermore, clinical studies suggest that
elevated Hcy levels are associated with an
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Figure 2. Detailed mechanisms linking microorganisms with AD, FTD, DLV and VaD. LPS - lipopolysaccharide,
CagA - cytotoxin-associated protein A, SIBO - small intestinal bacterial overgrowth, ROS —reactive oxygen species,
Hcy —homocysteine, AB - beta-amyloid plaques, NETs — neurofibrillary tangles, TDP-43 — TAR DNA-binding protein 43,
NfL - neurofilament light chain, AD - Alzheimer’s disease, FTD - frontotemporal dementia, DLB — dementia with

Lewy bodies, VaD - vascular dementia.
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increased risk of progression from MCI to
dementia (Zuliani et al. 2024).

Emerging research also highlights the
potential role of infectious markers in
the pathogenesis and progression of vari-
ous neurodegenerative diseases. Evidence
suggests that microbial infections, viral
pathogens, and associated inflammatory
responses may contribute to neurodegen-
erative processes by triggering immune acti-
vation, promoting protein misfolding, and
exacerbating neuronal damage.

Virulent factors and the development of
dementia

Virulence factors are molecules produced by
pathogenic microorganisms that are crucial
for the initiation and progression of many
diseases. They include toxins, adhesins, and
other molecules that facilitate attachment
to, invasion of, and evasion of host immune
defenses. These factors allow pathogens to
colonize host tissues, overcome the natural
resistance of the microbiome, and adapt the
host environment to their advantage (Peters-
son et al. 2023). These molecules are not only
critical for the pathogenicity of microorgan-
isms but also represent potential targets for
therapeutic interventions. Understanding
their mechanisms is crucial for developing
innovative strategies to combat infectious
diseases and address challenges like antimi-
crobial resistance. Virulence factors have been
implicated in mechanisms such as chronic
inflammation, disruption of neuronal homeo-
stasis, and amyloid pathology. The comple-
ment system, a critical component of innate
immunity, becomes overactivated in response
to certain bacterial and viral virulence factors,
which leads to neuronal damage and synaptic
loss. Pathogens expressing adhesins and other
virulence factors can compromise blood-
brain barrier (BBB), facilitating their entry
into the CNS. Certain microbial virulence
factors stimulate the production and aggre-
gation of AB, a key pathological hallmark of
AD. This process activates the complement
system and promotes glial cell-mediated

inflammation, further damaging neuronal
networks. Microglia, the brain’s immune
cells, are activated in response to microbial
virulence factors. While acute activation
is protective, chronic stimulation leads to
sustained neuroinflammation and neuronal
injury. Persistent infections or continuous
exposure to virulence factors exacerbate this
microglial overactivation, creating a feedback
loop that accelerates neurodegeneration
(Shinjyo et al. 2021).

Virulence factors represent a significant
but underexplored contributor to dementia
pathogenesis. Through chronic neuroinflam-
mation, BBB disruption and AB aggregation,
these microbial components exacerbate
neurodegenerative processes. Future research
should focus on elucidating these interac-
tions and developing targeted interventions
to address this critical aspect of dementia
etiology.

Porphyromonas gingivalis, can it cause the
development of dementia?

Porphyromonas gingivalis is a gram-negative
anaerobic bacterium that is one of the bacte-
rial species that causes periodontitis (Verma
et al. 2023). This disease is manifested by
gingival swelling, vascular congestion, redness,
the formation of periodontal pockets, and
the progressive destruction of the bone and
soft tissues that support the teeth (Fu et al.
2023). Periodontal disease is associated with
various other disorders including rheuma-
toid arthritis, cardiovascular disease, type II
diabetes and cognitive disorders such as early,
middle and/or late dementia and AD (Nara
et al., 2021). Emerging evidence indicates
a correlation between chronic periodontitis
and dementia or sporadic AD (Shinjyo and
Kita 2021; Verma et al. 2023).

Periodontal bacteria or bacterial particles
can enter the brain through the bloodstream
or peripheral nerves (Fu etal. 2023). Outer
membrane vesicles (OMVs) carry various
bacteria factors, such as gingipains and LPS,
facilitating their delivery to various tissues
within the host organism. Gingipains play
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a pivotal role in neuronal degeneration by
both indirectly activating microglia, thereby
inducing chronic neuroinflammation, and
directly damaging neurons through the over-
production of reactive oxygen species (ROS),
protein degradation, and the promotion of
apoptosis (Nara et al. 2021). The brain tissue
of patients with AD showed higher levels
of gingipains than non-AD subjects. A posi-
tive correlation was also found between the
presence of gingipains and tau load as well
as ubiquitin load (Dominy et al., 2019). LPS
stimulates cells to produce pro-inflammatory
cytokines and its presence has been detected
in the postmortem brains of AD patients,
whereas it was not found in the brains of
non-AD subjects (Poole et al. 2013; Verma et al.
2023). By activating microglia, LPS facilitates
the formation of AB, the presence of which
triggers a pathophysiological cascade that
culminates in the hyperphosphorylation of
tau and the accumulation of NFTs (Fu et al.
2023). P. gingivalis and its virulence factors
not only promote the production of proin-
flammatory molecules, such as IL-1B, IL-6 and
TNF-q, but also decrease the expression of
anti-inflammatory mediators including IL-10
and IL-4. Higher level of pro-inflammatory
cytokineslead to an increased level of inflam-
matory mediators in the brain, which directly
contributes to neurodegeneration. Therefore,
P. gingivalis and its virulence factor may have
an impact on the development of dementia.

Helicobacter pylori and dementia
development

Helicobacter pylori is a gram-negative bacte-
rium, commonly found in a human stomach
after being infected usually during childhood.
There are two ways for H. pylori infection
to occur - through ingestion or transmis-
sion from mother to fetus during pregnancy
(Erickson et al. 2023). Frequently it causes
chronic gastritis leading to pathological
conditions such as gastric cancer, peptic ulcer
disease or MALT lymphoma. Half of the world
human population is infected with H. pylori
(Malfertheiner et al. 2023). There are many

pathogens associated with increased risk
of developing dementia and H. Pylori is one
of them (Roubaud Baudron et al. 2013). H.
pylori infection pathomechanism is based on
inducing production of interleukins, c-reactive
protein (CRP), and TNF-a which promote
neuroinflammatory response (Piekut et al.
2022). In vitro studies about H. Pylori infec-
tion influence were carried out with use of
mouse neuroblastoma N2a cells —it turned out
that infected cells contributed to increasing
hyperphosphorylation of tau protein, which
is one of the dementia and AD causes. Those
cells produce enhanced amount of presenilin
2 and AB42 and above that they activated
glycogen synthase kinase-3p (Wang et al. 2015).

Another important mechanism in H. pylori
infection leading to dementia involve bacteria
OMVs, which are important in virulence as
they let bacteria release toxins and enzymes to
the host. Studies were carried out on Rosa26.
tdTomato mouse model using Crerecombi-
nase-labelled OMVs, that enabled detecting
the OMVs distribution in a mouse body. This
study has shown that OMVs reach not only
stomach, but also kidneys, liver and brain.
Cells with positive signal were found in brain
cortex and hippocampus (Xie et al. 2023). This
study also has shown increased amount of
AB in OMVs-treated AppNL-G-F mice brain
(mostly in CAl, CA2 and CA3 regions), which
is typical for AD.

Those were some mechanisms that were
found out in studies on how H. pylori infec-
tion may influence dementia development.
There are also studies on humans that show
H. pylori infection could affect cognitive func-
tioning. Erickson et al. (2023) found out there
is possible association between H. pylori
seropositivity and dementia development
as there were statistically significant results
for H. pylori positive patients with worse
results on the Reasoning task, which is used
to measure cognitive functioning. There were
also studies on correlation between H. pylori
infection and Alzheimer disease. Douros et al.
(2024) found in their study that the risk of
AD after being infected with H. pylori was
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increased on 11% in patients at age 50 years

old or more. After a decade since H. pylori

infection onset occurred, the risk of develop-
ing AD surged to 24%. There are few possible

explanations for link between these two condi-
tions. H. Pylori infection can induce intestinal

dysbiosis, particularly small intestinal bacte-
rial overgrowth (SIBO), which disrupts the

gut-brain axis. This dysbiosis promotes the

production of pro-inflammatory cytokines and

activates pathological pathways that contrib-
ute to the development of neurodegenerative

disorders, including dementia. Cobalamin

malabsorption is commonly associated with

H. Pylori infection, resulting in elevated Hcy
levels that contribute to vascular endothelial

damage. This endothelial dysfunction subse-
quently triggers microglial activation, which,
through the release of pro-inflammatory
cytokines, promotes chronic neuroinflam-
mation. Furthermore, damage to the vascular

endothelium disrupts normal blood flow and

impairs oxygen delivery to neurons, leading

to neuronal hypoxia, subsequent neuronal

cell death and eventually to VaD. (Cardenas

etal. 2019).

Conclusion

The existing literature indicates a significant
correlation between microbial infections and
the pathogenesis of dementia, with particular
emphasis on Porphyromonas gingivalis and
Helicobacter pylori. Key mechanisms impli-
cated in this process include chronic inflam-
mation, protein degradation, and disruption
of the BBB, all of which may contribute to
disease progression. Consequently, the viru-
lence factors of these microorganisms hold
potential as biomarkers for the early detection
and monitoring of dementia. Further research
isrequired to elucidate the precise impact of
these infections on neurodegeneration and
to identify effective therapeutic strategies
for affected patients.
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Submitting text

Papers should be sent to Editorial Office
atredakcja@ironsjournal.org, monika.grygoro-
wicz@ironsjournal.org, agnieszka_wincek@

wp.pl

Author guidelines

All submissions should be prepared with the
following files:

= Cover letter

= Author's statement

» Main text with figures legends in the end

= Tables
= Figures

Cover letter

Manuscripts must be accompanied by a cover

letter from the author, who will be responsible

for correspondence regarding the manuscript

as well as for communications among authors

regarding revisions and approval of proofs.
The cover letter should contain the follow-

ing elements:

= the full title of the manuscript

= the category of the manuscript being sub-
mitted (e.g., Original Article — 2700-3000
words, Research Report —not less than 2000
words, Review Article — 2700-3000 words,
Short Communication —up to 1500 words,
Case Study — up to 2700 words)

= thestatement that the manuscript has not
been published and is not under considera-
tion for publication in any other journal

= the statement that all authors approved
the manuscript and its submission to the
journal.

Manuscript

Issues of Rehabilitation, Orthopaedics, Neuro-
physiology and Sport Promotion — IRONS
publishes Original Article — 2700-3000 words,
Research Report —not less than 2000 words,
Review Article — 2700-3000 words, Short
Communication — up to 1500 words, Case
Study - up to 2700 words and Guidelines in
English and Polish version. English version

WYTYCZNE DLA AUTOROW
Wysylanie pracy do redakcji:
Prace nalezy przesta¢ na adres e-mail Redakgji:
redakcja@ironsjournal.org, monika.grygoro-
wicz@ironsjournal.org, agnieszka_wincek@

wp.pl

Dla autorow

Wszystkie prace powinny skladac sie z na-

stepujacych plikow:

= List przewodni

» O$wiadczenie autoréw

= Tekst podstawowy z objasnieniami rycin
na koncu

= Tabele

= Ryciny

List przewodni

Do manuskryptu nalezy dotgczy¢ list prze-

wodni od autora, ktéry bedzie odpowiedzialny

za korespondencje dotyczgcg manuskryptu,

jak réwniez za komunikacje pomiedzy auto-

rami odno$nie korekt.
List przewodni powinien zawieraé naste-

pujace elementy:

= pelny tytul maszynopisu

= kategorie sktadanego manuskryptu (ory-
ginalny artykut - 2700-3000 stéw, raport
z badan — nie mniej niz 2000 stéw, artykut
przegladowy — 2700-3000 stéw, komunikat
o wynikach badan —do 1500 stéw, studium
przypadku - do 2700 stéw)

= o$wiadczenie, ze praca nie zostata opu-
blikowana i nie jest brana pod uwage do
publikacji w innym czasopiémie

= o$wiadczenie, ze wszyscy autorzy zatwier-
dzili manuskrypt i zaakceptowali przestanie
go do czasopisma.

Manuskrypt

Zeszyty Promocji Rehabilitacji, Ortopedii,
Neurofizjologii i Sportu — IRONS publikujg
artykutl oryginalne — 2700-3000 st6éw, raporty
z badan - nie mniej niz 2000 stéw, artykuty
przegladowe —2700-3000 stéw, komunikaty
o wynikach badan - do 1500 stéw, studium
przypadku — do 2700 stéw oraz Wytyczne/
Zalecenia w jezyku angielskim oraz polskim.
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and polish abstract are obligatory. They should
be organized as follows: Title page, Summary,
Introduction, Aim, Material and methods,
Results, Discussion, Conclusions, Acknowl-
edgments, Conflict of interest, References,
and Figure legends. All manuscripts should
be typed in Cambria font and single-spaced
with a 2.5 cm (1 inch) margin on all sides. They
should be saved in DOC or DOCX format.
Pages should be numbered consecutively,
beginning with the title page.

Authorship

According to the International Committee on
Medical Journal Ethics (ICMJE), an author
is defined as one who has made substantial
contributions to the conception and develop-
ment of a manuscript. Authorship should be
based on all of the following: 1) substantial
contributions to conception and design, data
analysis and interpretation; 2) article drafting
or critical advice for important intellectual
content, and 3) final approval of the version
to be published. All other contributors should
be listed as acknowledgments. All submis-
sions are expected to comply with the above
definition.

Contributors

Each author is required to declare his or her
individual contribution to the manuscript.
Additionally, the statement from all authors
about the approval of the final version of the
manuscript is mandatory: it should be true
and included in the electronic form of the
disclosure prepared by the corresponding
Author.

Conflict to interest

The manuscript should contain a conflict-of-
interest statement from each author. Authors
should disclose all financial and personal
relationships that could influence their work

Angielska wersja oraz polskie streszczenie
sg obowigzkowe. Powinny one by¢ zorga-
nizowane w nastepujgcy sposéb: Strona
tytutowa, Streszczenie, Wprowadzenie, Cel,
Materiat i metody, Wyniki, Dyskusja, Wnio-
ski, Podziekowania, Deklaracja konfliktu
intereséw, PisSmiennictwo oraz Objasnienia
rycin. Wszystkie prace powinny by¢ napisane
czcionkg Cambria z pojedynczym odstepem,
marginesy 2,5 cm (1 cal) ze wszystkich stron.
Dokumenty powinny by¢ zapisane w for-
macie DOC lub DOCX. Strony powinny by¢
ponumerowane kolejno, zaczynajgc od strony
tytutowej.

Autorstwo

Wedtug Miedzynarodowej Komisji Etyki Cza-
sopism Medycznych (International Committee
on Medical Journal Ethics - ICMJE) autor
jest zdefiniowany;, jako ten, ktéry w znaczny
sposoéb przyczynit sie do koncepcjiirozwoju
maszynopisu. Autorstwo powinno opieraé
sie na wszystkich z ponizszych kryteriow:
1) istotny wktad do koncepcji i projektowa-
nia badan, analizy i interpretacji danych;
2) przygotowanie artykutu lub krytyczna
rada dla istotnej zawartosci intelektualnej;
oraz 3) ostatecznej akceptacji wersji do opu-
blikowania. Powinni by¢ wymienieni wszyscy
pozostali wspétpracownicy. Oczekuje sie,
ze wszystkie zglaszane prace bedg zgodne
z powyzszg definicja.

Wspoéttworcy

Kazdy autor ma obowigzek zadeklarowacé
swéj indywidualny wktad do powstania pracy.
Dodatkowo obowigzkowe jest oSwiadcze-
nie wszystkich autoréw o zatwierdzeniu
ostatecznej wersji rekopisu: powinno by¢
prawdziwe, ujete w formie elektronicznej
i zalgczone przez Autora odpowiedzialnego
za korespondencje.

Konflikt interesow

Manuskrypt powinien zawiera¢ o$wiadcze-
nie o braku konfliktu intereséw od kazdego

autora. Autorzy powinni ujawni¢ wszystkie

finansowe i osobiste relacje, ktére mogg mieé¢
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or declare the absence of any conflict of inter-
est. The Author’s conflict of interest should be
included under Acknowledgements section.

Abbreviations

Abbreviations should be defined at first
mention by putting abbreviations between
brackets after the full text. Ensure consistency
of abbreviations throughout the article. Avoid
using them in the title and abstract. Abbre-
viations may be used in tables and figures if
they are defined in the table footnotes and
figure legends.

Trade names

For products used in experiments or meth-
ods (particularly those referred to by a trade
name), give the manufacturer’s full name and
location (in parentheses). When possible, use
generic names of drugs.

Title page

The first page of the manuscript should
contain the title of the article, authors’ full
names without degrees or titles, authors’
institutional affiliations including city and
country, and a running title, not exceeding
40 letters and spaces. The first page should
also include the full postal address, e-mail
address, and telephone and fax numbers of
the corresponding author.

Summary

The abstract should not exceed 250 words and
should be structured into separate sections:
Introduction, Aim, Material and Methods,
Results, and Conclusions. It should concisely
state the significant findings without refer-
ence to the rest of the paper. The abstract
should be followed by a list of 3 to 6 Keywords.
They should reflect the central topic of the
article (avoid words already used in the title).

wplyw naich prace i zdeklarowac brak jakie-
gokolwiek konfliktu intereséw. Informacja
o konflikcie intereséw autoréw powinna by¢
ujete pod sekcjg podziekowan.

Skroty

Skréty powinny by¢ zdefiniowane przy pierw-
szej wzmiance, umieszczajac skrét w nawia-
sie po pelnym tekécie. Nalezy utrzymywacé
spéjnosci skrétéw w catym artykule. Na-
lezy unikaé stosowania skrétéw w tytule
i streszczeniu. Skréty mogg by¢ stosowane
w tabelach i figurach, jesli sg one wyjasnione
w przypisach tabeli i rycinach.

Nazwy handlowe

W przypadku produktéw stosowanych w eks-
perymentach lub metod (szczeg6lnie te okre-
$lone przez nazwe handlowg), nalezy poda¢
pelng nazwe producenta oraz lokalizacje
(wnawiasach). Jesli to mozliwe, uzywaé nazw
rodzajowych lekéw.

Strona tytutowa

Pierwszej strona maszynopisu powinna
zawiera¢ tytul artykutu, peilne imiona
i nazwiska autoréw bez stopni i tytutdw,
afiliacje autoréw z miastem i krajem oraz
tytut skrécony nieprzekraczajacy 40 liter
wraz ze spacjami. Pierwsza strona powinna
réwniez zawiera¢ dane autora do korespond-
encji: pelny adres pocztowy, adres e-mail oraz
numery telefonu i faksu.

Streszczenie

Streszczenie nie powinno przekracza¢ 250
stéw i powinno by¢ podzielone na oddzielne
sekcje: Wprowadzenie, Cel, Materiat i metody;,
Wyniki i Wnioski. Powinno by¢ zwiezle oraz
wskazywaé znaczgce wyniki. Streszczenie
powinno zawiera¢ od 3 do 6 stéw kluczowych.
Powinny one odzwierciedla¢ gtéwny temat
artykutu (unika¢ stéw wykorzystanych juz
w tytule).
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The following categories of articles can be
proposed to Issue of Rehabilitation, Ortho-
paedics, Neurophysiology and Sport Promo-
tion - IRONS:

Original papers

Manuscripts in this category describe the
original results from the field of rehabilitation,
physiotherapy, orthopaedics, and neurophysi-
ology as well as topics dealing with diagnostic
and treatment of sport-related traumas. The
manuscript should be presented in the format
of Summary (250-word limit) and Main text
(Title page, Summary, Introduction, Aim,
Material and Methods, Results, Discussion,
Conclusions, Acknowledgments, Conflict of
Interest, References, and Figure Legends). In
the Discussion section, statements regarding
the importance and novelty of the study
should be presented. In addition, the limita-
tions of the study should be articulated. The
abstract must be structured and include Intro-
duction, Aim, Material and Methods, Results,
and Conclusions. Manuscripts cannot exceed
2700-3000 words in length (excluding title
page, abstract, and references) and contain
no more than a combination of 8 tables and/
or figures. The number of references should
not exceed 45. This type of article should
include statistical procedures.

Research reports

Manuscripts in this category may present
results of studies involving small sample

sizes, introduce new methodologies, describe

preliminary findings or replication studies.
The manuscript must follow the same format
requirements as full-length manuscripts. Brief
reports should be not less than 2000 words

(excluding title page, abstract, and references)

and can include up to 3 tables and/or figures.
The number of references should not exceed

25.This type of article should include statisti-
cal procedures.

Nastepujace kategorie artykutéw moga
zosta¢ zaproponowane do wydawania
w Zeszytach Promocji Rehabilitacji, Orto-
pedii, Neurofizjologii i Sportu - IRONS:

Oryginalny artykul naukowy

Manuskrypt w tej kategorii opisuje wyniki
badan przeprowadzonych w oryginalnym,
szerokim obszarze powigzanym z rehabili-
tacja, fizjoterapia, ortopedia i neurofizjologia
jak i dotyczace zagadnieni zwigzanych z dia-
gnostykg i leczeniem urazéw sportowych.
Manuskrypt powinien by¢ przedstawiony
w formie streszczenia (limit 250 stow) i tek-
stu gtbwnego (Strona tytutowa, Streszczenie,
Wprowadzenie, Cel, Materiat i metody, Wyniki,
Dyskusja, Wnioski, Podziekowania, Konflikt
intereséw, PiSmiennictwo oraz Objasnienia
rycin). W sekcji Dyskusja nalezy zaprezen-
towa¢ stwierdzenia dotyczace znaczenia
inowosci tych badan. Ponadto w pracy nalezy
zawrze¢ ograniczenia przeprowadzonych
badan. Streszczenie musi by¢ zrestruktu-
ryzowane i zawieraé: Wstep, Cel, materiat
imetody, wyniki i wnioski. Rekopis nie moze
przekroczy¢ dtugosci 2700-3000 stéw (bez
strony tytutowej, streszczenia i piSmiennic-
twa) i zawiera¢ nie wiecej niz 8 tabel i / lub
rycin. Ilo$¢ przypiséw nie powinna prze-
kracza¢ 45. Ten rodzaj artykutu powinien
zawiera¢ procedury statystyczne.

Raporty z badan

Manuskrypt w tej kategorii moze przedsta-
wiaé¢ wyniki badan z udziatem matej préby,
przedstawienie nowych metod, nalezy opisa¢
wstepne ustalenia lub badania replikacji.
Manuskrypt musi mie¢ tg samg forme co
pelnej dtugosci manuskrypt. Raport zbadan
nie powinien zaigra¢ mniej niz 2000 stow
(z wytaczeniem strony tytutowej, streszcze-
nia oraz pi$émiennictwa) i moze zawieraé
do 3 tabel i / lub rycin. Ilo$¢ przypiséw nie
powinna przekraczaé 25. Ten rodzaj artykutu
powinien zawiera¢ procedury statystyczne.
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Case studies

This guide examines case studies, a form of
qualitative descriptive research that is used

tolook at individuals, a small group of partici-
pants, or a group as a whole. Researchers

collect data about participants using partici-
pant and direct observations, interviews,
protocols, tests, examinations of records, and

collections of writing samples. Starting with

a definition of the case study, the guide moves

to a brief history of this research method.
Using several well-documented case stud-
ies, the guide then looks at applications and

methods, including data collection and analy-
sis. A discussion of ways to handle validity;,
reliability, and generalizability follows, with

special attention to case studies as they are

applied to composition studies. Finally, this

guide examines the strengths and weaknesses

of case studies. The manuscript must follow
the same format requirements as full-length

manuscripts. Case Studies should be up to

2700 words (excluding title page, abstract,
and references) and can include up to 3 tables

and/or figures. The number of references

should not exceed 25.

Review papers

These articles should describe recent advances
in areas within the Journal's scope. Review
articles cannot exceed 2700-3000 words in
length (excluding title page, abstract, and
references) and contain no more than a combi-
nation of 10 tables and/or figures. Authors
are encouraged to restrict figures and tables
to essential data that cannot be described in
the text. The number of references should
not exceed 60.

Guidelines

Guidelines should be up to 2000 words
(excluding title page, abstract, and refer-
ences) and can include up to 3 tables and/
or figures. The number of references should
not exceed 25.

Studium przypadku

Artykut ten analizuje studium przypadku,
forma jako$ciowych badan opisowych, ktéry
jest uzywany, aby przeanalizowa¢ pojedyncze
przypadki, mate grupy uczestnikéw, lub grupy,
jako catosci. Naukowcy zbierajg dane doty-
czace uczestnikéw badania i bezposrednich
obserwacji, wywiadéw, protokotéw testéow
oraz egzaminéw. Manuskrypt musi spetniaé
te same wymogi formatu jak pelnej dtugosci
rekopis. Studium przypadku powinno za-
wierac¢ do 2700 stéw (z wylgczeniem strony
tytutowej, streszczenia oraz piSmiennictwa)
imoze zawierac¢ do 3 tabeli/lub rycin. Liczba
piSmiennictwa nie powinna przekraczaé 25.

Artykutl przegladowy

Artykut ten powinien opisywa¢ najnowsze
postepy w dziedzinach nalezgcych do zakresu
czasopisma. Artykut przegladowy nie moze
przekraczac¢ 2700-3000 stéw (z wytgczeniem
strony tytutowej, streszczenia i piSmiennic-
twa) i zawiera¢ nie wiecej niz 10 tabeli/lub
rycin. Autorzy sg zachecani do ograniczenia
ilosci tabel i rycin do podstawowych danych,
ktoére nie mogg by¢ opisane w tekscie. Liczba
pi$miennictwa nie powinna przekraczaé 60.

Wytyczne/zalecenia

Wytyczne powinny by¢ do 2000 stéw (z wyta-
czeniem strona tytutowa, streszczenie oraz re-
ferencje) i moze zawierac do 3 stoty i/lub cyfr.
Liczba odniesiefi nie powinna przekraczaé 25.
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Acknowledgments

Under acknowledgments please specify
contributors to the article other than the
authors accredited. List here those individu-
als who provided help during the research
(e.g., providing language help, writing assis-
tance or proofreading the article, etc.). Also,
acknowledge all sources of support (grants
from government agencies, private founda-
tions, etc.). The names of funding organiza-
tions should be written in full.

References
All manuscripts should use the ‘Harvard’
style for References.

The order of authors in References list is
alphabetical, all authors of a single paper
are mentioned, Authors should be cited in
the text as they appear according to the year
of presented papers as follows (example)
(Boileau et al. 2009; Boileau et al 2010; Butt
and Charalambous 2012) in (round) brackets.
Please check in your list the proper fashion
of citation, including year (in a proper place),
pages from-to.

Example:

Elhassan, B., Bishop, A., Shin, A,, Spinner, R.
(2010), ‘Shoulder tendon transfer options for
adult patients with brachial plexus injury.’
J Hand Surg Am., 35 (7), pp.1211-1219.
Books:

Rang, H.P., Dale, M. M., Ritter, J. M., Moore,
P.K.Pharmacology. 5th Ed. Edinburgh: Chur-
chill Livingstone; 2003, Phillips, S.J., Whisnant,
J.P. Hypertension and stroke. In: Laragh JH,
Brenner BM, Editors. Hypertension: patho-
physiology, diagnosis, and management. 2nd
Ed. New York: Raven Press; 1995. pp. 465-478.

Tables

Tables should be typed on sheets separate
from the text (each table on a separate sheet).
They should be numbered consecutively with
Arabic numerals. Tables should always be

Podziekowanie

W ramach podziekowania prosze okresli¢
wspblpracownikéw przy artykule innych
niz autoréw pracy. Wyliczmy tutaj te osoby,
ktére udzielity pomocy podczas badan (na
przyktad udzielanie pomocy jezyka, pomoc
w pisaniu lub dowdéd czytania tego artykutu,
etc.). Nalezy potwierdzi¢ réwniez wszystkie
zrodta wsparcia (dotacje z agencji rzgdowych,
prywatnych fundacji, etc.). Nazwy organizacji
finansowania powinny by¢ napisane w catosci.

PiSmiennictwo
W manuskrypcie nalezy uzywac stylu cyto-
wania piSmiennictwa "Harvard”.

Porzadek zamieszczania w rozdziale Pi-
$miennictwo nazwisk autoréw, tytutu arty-
kutéw oraz nazwy czasopisma z podaniem
rocznika, wolumenu i stron jest alfabetyczny.
Nazwiska wszystkich autoréw pojedynczej
pracy sa wymieniane. Autorzy prac powinni
by¢ wymienieni w tekScie zgodnie z datg publi-
kowanej pracy w porzadku chronologicznym
(przyktad Boileau i wsp. 2009; Boileau i wsp.
2010; Butt i Charalambous 2012) w (okra-
glych) nawiasach. Nalezy sprawdzi¢ w liscie
prac w rozdziale Pis§miennictwo wtasciwy
porzadek cytowania pracy tgcznie z rokiem,
wolumenem, stronami od-do.

Przykiad:

Elhassan, B., Bishop, A., Shin, A, Spinner, R.
(2010), ‘Shoulder tendon transfer options for
adult patients with brachial plexus injury.’
J Hand Surg Am., 35 (7),s.1211-1219.
Ksigzki:

Rang, H.P., Dale, M. M., Ritter, J. M., Moore,
P.K.Pharmacology. 5th Ed. Edinburgh: Chur-
chill Livingstone; 2003, Phillips, S.J., Whisnant,
J.P. Hypertension and stroke. In: Laragh JH,
Brenner BM, Editors. Hypertension: patho-
physiology, diagnosis, and management. 2nd
Ed. New York: Raven Press; 1995. s. 465-478.

Tabele

Tabele powinny by¢ zamieszczone na oddzie-
lonych arkuszach od tekstu (kazda tabela na

oddzielnej kartce). Powinny one by¢ ponume-
rowane cyframi arabskimi. Tabele powinny
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cited in a text (e.g., Table 2) in consecutive
numerical order. Each table should include
a compulsory, concise explanatory title and
an explanatory legend. Footnotes to tables
should be typed below the table body and
referred to by superscript lowercase letters.
No vertical rules should be used. Tables should
not duplicate results presented elsewhere in
the manuscript (e.g, in figures).

Figures

All illustrations, graphs, drawings, or photo-
graphs are referred to as figures and must be
uploaded as separate files when submitting
amanuscript. Figures should be numbered in
sequence with Arabic numerals. They should
always be cited in a text (e.g., Figure 3) in
consecutive numerical order. Figures for
publication must only be submitted in high-
resolution TIFF or EPS format (minimum
300 dpi resolution). Each figure should be
self-explanatory without reference to the text
and have a concise but descriptive legend. All
symbols and abbreviations used in the figure
must be defined unless they are common
abbreviations or have already been defined
in the text. Figure legends must be included
after the reference section of the Main text.

Colour figures

Figures and photographs will be reproduced
in full colour in the online edition of the
journal. In the paper edition, all figures and
photographs will be reproduced as black-
and-white.

Submission preparation checklist

As part of the submission process, authors
are required to check off their submission’s
compliance with all of the following items,
and submissions may be returned to authors
that do not adhere to these guidelines.

1. All authors of this research paper have
directly participated in the planning, ex-
ecution, or analysis of this study.

zawsze by¢ cytowane w teks$cie (np. Tabela
2) w kolejnosci numerycznej. Kazda tabela
powinna zawiera¢ obowigzkowy, zwiezty
tytut wyjasniajgcy oraz legende objasniajaca.
Odsytacze do tabeli powinny by¢ wpisane
ponizej tabeli. Nie nalezy stosowa¢ zasady
pionowe. Tabele nie powinny powiela¢ wyni-
kéw prezentowanych gdzie indziej w tekscie
(np. na rycinach).

Ryciny

Wszystkie ilustracje, wykresy, rysunki lub fo-
tografie sg okre$lane, jako ryciny i muszg by¢
przestane, jako oddzielne pliki przy sktadaniu
rekopisu. Ryciny powinny by¢ ponumerowane
kolejno cyframi arabskimi. Powinny one by¢
zawsze cytowane w tekscie (np. rycina 3)
w kolejnosci numerycznej. Ryciny do publi-
kacji nalezy sktada¢ wytgcznie w wysokiej
rozdzielczo$ci TIFF lub EPS Format (minimum
300 dpi). Kazda figura powinna by¢ oczywista
bez odwotywania sie do tekstu z zwiezla, ale
jasng legendg. Wszystkie symbole i skréty
stosowane na rycinie muszg by¢ wyjasnione,
oile nie sg one powszechnymi skrétami albo
zostaty zdefiniowane w teks$cie. Opisy rycin
muszg by¢ zawarte Tekscie gtéwnym po
spisie literatury.

Kolory rycin

Ryciny i fotografie zostang odtworzone
w pelnym kolorze w internetowym wyda-
niu czasopisma. W wydaniu papierowym,
wszystkie dane i fotografie zostang odtwo-
rzone, jako czarno-biate.

Lista kontrolna

Jako cze$¢ procesu sktadania pracy, autorzy

sg zobowigzani do sprawdzenia zgodno$ci

ich sktadu zlistg kontrolng. Autorzy powinni
mieé na uwadze, ze nie spelnienie kryteriéw

z ponizszej listy moze skutkowa¢ odrzuce-

niem ich pracy.

1. Wszyscy autorzy zglaszanej pracy ba-
dawczej majg bezposredni udziat w pla-
nowaniu, realizacji i analizy niniejszego
opracowania.
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