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Informacje dla autorów
Informacje ogólne

„Lekarz Wojskowy” jest czasopismem ukazującym się nieprzerwanie od 1920 r., obecnie jako kwartalnik 
wydawany przez Wojskowy Instytut Medyczny w Warszawie.
1.	 „Lekarz Wojskowy” zamieszcza prace oryginalne (doświadczalne i kliniczne), prace poglądowe, donie-

sienia dotyczące zagadnień wojskowych, opracowania deontologiczne, opracowania ciekawych przy-
padków klinicznych, artykuły z historii medycyny, prace dotyczące aspektów prawa medycznego, opisy 
wyników racjonalizatorskich, wspomnienia pośmiertne, listy do Redakcji, oceny książek, streszczenia 
(przeglądy) artykułów z czasopism zagranicznych, szczególnie dotyczących wojskowej służby zdrowia, 
sprawozdania ze zjazdów i konferencji naukowych, komunikaty o zjazdach. Publikacja oryginalna może 
mieć także formę krótkiego doniesienia wstępnego.

2.	 Każda praca przed przyjęciem do druku jest oceniana przez dwóch niezależnych recenzentów, z zacho-
waniem anonimowości. Czas na odpowiedź na zaproszenie do recenzji wynosi 7 dni, czas na recenzję 
30 dni, czas na recenzję poprawionej pracy 14 dni.

3.	 Przesyłając pracę kliniczną, należy zadbać o jej zgodność z wymogami Deklaracji Helsińskiej, w szczegól-
ności o podanie w rozdziale „Materiał i metody” informacji o zgodzie Komisji Bioetycznej, jak również 
o świadomej zgodzie chorych na udział w badaniu. W przypadku wykorzystania wyników badań z innych 
ośrodków należy to zaznaczyć w tekście lub podziękowaniu.

4.	 Autorzy badań klinicznych dotyczących leków (nazwa międzynarodowa) i procedur medycznych powinni 
przedstawić opis finansowania badań i wpływu sponsora na treść publikacji.

5.	 Autor ma obowiązek dostarczyć Redakcji zgodę właściciela ilustracji na ich użycie w artykule.
6.	 Prace należy nadsyłać przez Editorial System.
7.	 Redakcja zwraca się z prośbą do wszystkich autorów pragnących zamieścić swe prace na łamach „Leka-

rza Wojskowego” o dokładne zapoznanie się z niniejszymi zasadami i ścisłe ich przestrzeganie. Niestoso-
wanie się do wymagań Redakcji utrudnia redagowanie, zwiększa koszty i opóźnia ukazywanie się prac. 
Prace napisane niezgodnie z niniejszymi zasadami nie będą publikowane, a przygotowane niewłaściwie, 
będą zwracane autorom w celu ich ponownego opracowania.

Maszynopis wydawniczy
1.	 Artykuły należy przygotować w edytorze tekstu WORD i przesłać przez Editorial System. Tekst musi 

być napisany czcionką Times New Roman 12 pkt, z podwójnym odstępem między wierszami (dotyczy 
to też piśmiennictwa, tabel, podpisów itd.). Nowy akapit zaczyna się od lewego marginesu, bez wcięcia 
akapitowego. Nie wstawia się pustych wierszy między akapitami lub wyliczeniami.

2.	 Liczba stron maszynopisu (łącznie z tabelami, rycinami i piśmiennictwem) nie może przekraczać w przy-
padku prac oryginalnych – 30, poglądowych – 20, kazuistycznych – 10, z historii medycyny – 20, racjonali-
zatorskich – 15 stron. Streszczenia ze zjazdów, kongresów itp. powinny być zwięzłe (do 5 stron) i zawierać 
tylko istotne informacje. W każdym przypadku piśmiennictwo nie powinno zawierać więcej niż 35 pozycji.

3.	 Tekst główny (z  piśmiennictwem) umieszcza się w  odrębnym pliku. Prace oryginalne powinny być 
przygotowane zgodnie z układem: wstęp, cel pracy, materiał i metody, wyniki, omówienie, wnioski, piś
miennictwo; prace kazuistyczne: wstęp, opis przypadku, omówienie, podsumowanie (wnioski), piśmien-
nictwo. Skróty i akronimy powinny być objaśnione w tekście przy pierwszym użyciu, a potem konse-
kwentnie stosowane.

4.	 W tekście głównym należy zaznaczyć miejsca włamania rycin i tabel, np.: „na rycinie 1”, „(tab. 1)”. 
5.	 Tabele, ryciny i zdjęcia załącza się w osobnych plikach. Liczbę tabel należy ograniczyć do minimum. Zdję-

cia cyfrowe powinny mieć min. rozdzielczość 300 dpi.
6.	 Prace powinny być przygotowane starannie i zgodnie z zasadami pisowni polskiej, ze szczególną dbało-

ścią o komunikatywność i polskie mianownictwo medyczne. Teksty niespełniające tych kryteriów będą 
odsyłane do poprawy.

7.	 Informacje afiliacyjne: imię i nazwisko autora lub autorów (maks. 10 osób), z tytułami naukowymi, 
pełną nazwę zakładu (zakładów) pracy umieszcza się w programie Editorial System. Należy wskazać 
także autora do korespondencji. Nie należy zamieszczać tych informacji bezpośrednio w wysyłanym 
manuskrypcie.

8.	 Streszczenie (do 250 słów) w języku polskim lub angielskim, ze słowami kluczowymi w języku polskim 
i angielskim, także należy załączyć w programie Editorial System. Nie należy umieszczać streszczenia 
dodatkowo w pliku manuskryptu.

9.	 Piśmiennictwo powinno być ułożone zgodnie z kolejnością pojawiania się odsyłaczy w tekście. Jeśli ar-
tykuł ma nie więcej niż czterech autorów, należy podać nazwiska wszystkich, jeśli autorów jest więcej –  
trzech pierwszych, z dopiskiem „et al.” Numerację piśmiennictwa należy wprowadzać z klawiatury, nie 
korzystając z możliwości automatycznego numerowania. Przykłady cytowań:

 Artykuły z czasopism:
Calpin C, Macarthur C, Stephens D, et al. Effectiveness of prophylactic inhaled steroids in childhood 
asthma: a systemic review of the literature. J Allergy Clin Immunol, 1997; 100: 452–457. doi: 10.1016/
s0091-6749(97)70134-9
 Książki:
Rudzki E. Alergia na leki: z uwzględnieniem odczynów anafilaktycznych i idiosynkrazji. Lublin, Wydaw-
nictwo Czelej, 2002

 Rozdziały książki:
Wantz GE. Groin hernia. In: Cameron JJ, ed. Current surgical theraphy. St Louis, Mosby, 1998: 557–561
W wykazie piśmiennictwa należy uwzględnić tylko te prace, z których autor korzystał, a ich liczbę należy 
ograniczyć do 35. W tekście artykułu należy się powołać na wszystkie wykorzystane pozycje piśmiennic-
twa, a numer piśmiennictwa umieścić w nawiasie kwadratowym. Tytuły należy kopiować z medycznych 
baz danych w celu uniknięcia pomyłek.

10.	Przesłany artykuł musi spełniać kryteria zgody na publikację zgodnie z zasadami przyjętymi w jed-
nostce afiliacyjnej autora. Do pracy należy dołączyć: oświadczenie, że praca nie została wcześniej 
opublikowana i nie jest złożona do innego czasopisma, oświadczenie o konflikcie interesów oraz 
ewentualne podziękowanie.

11.	Redakcja zastrzega sobie prawo poprawienia mianownictwa i  usterek stylistycznych oraz dokonanie 
skrótów bez uzgodnienia z autorem.

12.	W przypadku nieprzyjęcia pracy do publikacji Redakcja poinformuje autora pisemnie o takiej decyzji.

Zasady etyki publikacyjnej
1.	 Czasopismo „Lekarz Wojskowy” stosuje zasady etyki publikacyjnej mające na celu przeciwdziałanie nie-

uczciwym praktykom.
2.	 Materiały zgłoszone Redakcji „Lekarza Wojskowego” do publikacji są weryfikowane pod kątem zgodno-

ści z zasadami etyki wydawniczej, opisanymi m.in. w następujących dokumentach:
1)	 wytyczne Komitetu ds. Etyki Publikacyjnej (Committee on Publication Ethics – COPE), „Kodeks etyki 

pracownika naukowego” (opracowany przez Komisję ds. Etyki w Nauce, wydanie drugie, PAN, War-
szawa 2017);

2)	 „Dobre praktyki w procedurach recenzyjnych w nauce” (opracowane przez Zespół ds. Etyki w Nauce, 
który doradzał Ministrowi Nauki i Szkolnictwa Wyższego w latach 2009–2010);

3)	 „Rzetelność w  badaniach naukowych oraz poszanowanie własności intelektualnej” (Warszawa, 
2012, MNiSW).

3.	 Redakcja „Lekarza Wojskowego” w szczególności:
1)	 przeciwdziała zjawiskom ghostwritingu oraz guest authorshipu, które są przejawem nierzetelności  

naukowej;
2)	 przestrzega przepisów prawa autorskiego zgodnie z ustawą z dnia 4 lutego 1994 r. o prawie autor-

skim i prawach pokrewnych (Dz. U. z 2021 r. poz. 1062, z późn. zm.);
3)	 dokłada należytej staranności, by zapobiegać plagiatom i autoplagiatom poprzez stosowanie syste-

mu antyplagiatowego Crossref Similarity Check, przy użyciu oprogramowania iThenticate;
4)	 ma prawo wycofać tekst (nawet po opublikowaniu), jeśli istnieją dowody świadczące o braku wiary-

godności wyników badań i/lub fałszowaniu danych i/lub praca nosi znamiona plagiatu albo narusza 
zasady etyki wydawniczej;

5)	 z chwilą wykrycia nieuczciwych praktyk jest zobowiązana: 
a) skierować sprawę do Rzecznika Dyscyplinarnego WIM, jeśli dotyczy utworu pracownika naukowego; 
b) �w uzasadnionych przypadkach niezwłocznie informować o tych praktykach stosowne instytucje 

naukowe, jak również odpowiednie organy ścigania;
6) 	 zapewnia profesjonalny proces wydawniczy;
7) 	 zapewnia poufność i bezpieczeństwo przetwarzania danych osobowych zgodnie z obowiązującymi 

przepisami (m.in. RODO).

Information for the authors
General information

“Military Physician” has been published continuously since 1920, currently as a quarterly of the Military 
Institute of Medicine in Warsaw, Poland.
1.	 “Military Physician” publishes original (experimental and clinical) articles, reviews, reports on military 

issues, deontological papers, interesting case reports, articles on the history of medicine, descriptions 
of rationalisation results, posthumous memoirs, letters to the editor, book reviews, article (reviews) 
summaries from international journals particularly on military health service, reports on meetings and 
scientific conferences, and announcements of events. An original publication may also have the form of  
a short temporary report.

2.	 Before publication, each article is reviewed by 2 independent reviewers while maintaining anonymity. 
The time to respond to a review invitation is 7 days, the time to complete a review is 30 days, and the 
time to complete the review of a corrected article is 14 days.

3.	 A clinical article for submission should be in accordance with the requirements of the Declaration of 
Helsinki, and the “Material and methods” section should contain both information on the approval of the 
Bioethical Committee and the patients’ informed consent to participate in the study. In the case of using 
the results of studies conducted by other centres, such information should appear either in the text or 
in the acknowledgements.

4.	 Authors of clinical studies on medications (international name) and medical procedures should provide 
a description of the research funding and the influence of the sponsor on the content of the publication.

5.	 The author must provide the editorial board with the consent of the owner of an image to use the im-
age in an article.

6.	 Please submit your article using the Editorial System.
7.	 All authors who wish to publish their papers in Military Physician are asked to carefully read and strictly 

follow the guidelines listed below. Failure to follow the requirements of the Editorial Board makes editing 
more difficult, increases costs and delays publication. Manuscripts not meeting the requirements will not 
be published, and those considered inadequately prepared will be returned to the authors for revision.

Manuscript
1.	 Articles should be in MS Word and sent by Editorial System. The text must be written in Times New Ro-

man 12 point font, double spaced (this also applies to references, tables, captions, etc.). A new paragraph 
should be started from the left margin without paragraph indentation. Please do not insert blank lines 
between paragraphs or enumerations. 

2.	 The number of pages of the manuscript (including tables, figures and references) cannot exceed 30 pages 
for original articles, 20 for review articles, 10 for reports, 20 for articles on the history of medicine and 15 
for rationalisation articles. Reports on meetings and conferences should be concise (up to 5 pages) and 
discuss only significant issues. The number of references should never exceed 35.

3.	 Text (with references) should be uploaded as a separate file. Original articles should be prepared according 
to the following structure: introduction, aim, material and methods, results, discussion, conclusions, refe-
rences; case reports: introduction, case description, discussion, summary (conclusions), and references. 
Abbreviations and acronyms should be defined when first mentioned in the text and consequently used 
in the paper.

4.	 Figures and tables should be referenced in the body of the text as follows: “in Figure 1”, “(Tab. 1)”. 
5.	 Tables, figures and images should be saved in a separate file. The number of tables should be reduced to 

a minimum. Digital images should have a resolution of 300 dpi.
6.	 Papers should be prepared carefully, in accordance with Polish spelling and with special attention to 

communicativeness and Polish medical nomenclature. Manuscripts that do not meet the criteria will be 
sent back to the authors for revision.

7.	 Affiliation information: author’s or authors’ (max. 10 people) first and last names, including academic 
degrees, full name of affiliated institute (institutes) should be introduce in the Editorial System. Please 
indicate the corresponding author. Please do not include this information directly in the manuscript.

8.	 An abstract (up to 250 words) in Polish or English with keywords in Polish and English should also be 
saved in the Editorial system. Please do not also include the abstract in the manuscript.

9.	 References should be presented according to the order in which they appear in the text. If the article 
has up to four authors then all of them should be named, while if there are more, then name only the 
first three, followed by “et al.”. References should be numbered using the keyboard, please do not use 
automatic numbering.

	 Examples of citations: 
Journal articles:
Calpin C, Macarthur C, Stephens D, et al. Effectiveness of prophylactic inhaled steroids in childhood 
asthma: a systemic review of the literature. J Allergy Clin Immunol, 1997; 100: 452–457 . doi: 10.1016/
s0091-6749(97)70134-9 
Books:
Rudzki E. Alergia na leki: z uwzględnieniem odczynów anafilaktycznych i idiosynkrazji. Lublin, Wydawnic-
two Czelej, 2002 
Chapter of a book:
Wantz GE. Groin hernia. In: Cameron JJ, ed. Current surgical therapy. St Louis, Mosby, 1998: 557–561
The list of references should include only those publications that were used by the author and should be 
reduced to 35. All references should be cited in the text and the numbers of references should be put in 
square brackets. In order to avoid errors, titles should be copied from medical databases.

10.	The submitted article must comply with the criteria for consent to publication adopted in the author’s 
institution. The paper should be accompanied by: a declaration that the article has not been published 
before or simultaneously submitted to any other journal, Declaration of Conflict of Interest and acknowl-
edgements, if applicable.

11.	The Editorial Board reserves the right to correct nomenclature and stylistic errors as well as to introduce 
abbreviations without consultation with the author.

12.	If the manuscript is not accepted for publication, the Editorial Board will inform the author in writing 
about the decision.

Principles of publication ethics
1.	 The journal ‘Lekarz Wojskowy’ applies principles of publication ethics aimed at preventing unfair publi-

cation practices.
2.	 Materials submitted to the editorial board of ‘Lekarz Wojskowy’ for publication are reviewed for compli-

ance with the principles of publication ethics described in the following documents:
1)	 the guidelines of the Committee on Publication Ethics (COPE), the ‘Code of Ethics for a Scientific 

Employee’ (developed by the Commission on Ethics in Science, second edition, PAN, Warsaw 2017);
2)	 ‘Good practices in review procedures in science’ (developed by the Team for Ethics in Science, which 

advised the Minister of Science and Higher Education in 2009–2010);
3)	 ‘Reliability in scientific research and respect for intellectual property’ (Warsaw, 2012, Ministry of 

Science and Higher Education).
3.	 The editorial board of ‘Lekarz Wojskowy’ in particular:

1)   �counteracts the phenomena of ghostwriting and guest authorship, which are manifestations of 
scientific unreliability;

2)   �observes the provisions of copyright law in accordance with the Act of 4 February 1994 on Copy-
right and Related Rights (Journal of Laws of 2021, item 1062, as amended);

3)   �exercises due diligence to prevent plagiarism and self-plagiarism through the use of the Crossref 
Similarity Check anti-plagiarism system using the iThenticate software;

4)   �has the right to withdraw a text (even after publication) if there is evidence of unreliability of research 
results and/or falsification of data and/or the work shows signs of plagiarism or breaches the rules 
of publishing ethics;

5)   �as soon as it discovers unfair practices, it is obliged to:
a) refer the matter to the Disciplinary Ombudsman of the WIM, if it concerns the work of a researcher; 
b) �in justified cases, immediately inform the relevant scientific institutions, as well as the appropri-

ate law enforcement authorities about these practices;
6)   �ensure a professional publishing process;
7)   �ensure confidentiality and security of personal data processing in accordance with applicable regula-

tions (including GDPR).
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Dear Readers,
Modern medicine is evolving at a dynamic pace. We continue to witness the emergence of 

novel therapeutic approaches, new healthcare challenges, and increasingly complex scenarios 
that call for cross‑disciplinary collaboration. 

It is particularly gratifying to note that the papers published in this issue are the result of joint 
efforts by researchers and clinicians from diverse academic and medical centres. This diversity 
of perspectives remains one of the greatest strengths of contemporary science, enabling the 
development of solutions that address the real needs of both patients and the healthcare system.

The second issue of Lekarz Wojskowy (Military Physician) this year features papers exploring 
innovative therapeutic avenues, including the application of platelet-rich plasma in oral surgery 
and current trends in oncological treatment. Our contributors also address essential topics such 
as the paediatric microbiome, nosocomial infections, cardiovascular diseases, and the impact of 
physical activity on cognitive function in older adults.

Crucially, this issue also places a strong emphasis on military medicine and health security.  
It presents comprehensive studies on the impact of military service in extreme conditions on 
soldiers’ health, civil-military cooperation during mass-casualty incidents, and the medical 
consequences of modern armed conflicts – themes that carry profound significance in today’s 
world.

I would like to express my sincere gratitude to the Authors for their trust and for choosing our 
journal to share their research findings. My thanks also go to the Reviewers for their unwavering 
commitment, and to you, our Readers, for your continued engagement and for helping shape  
the professional community around Lekarz Wojskowy.

I wish you an inspiring read and a well-deserved respite from your daily responsibilities during 
the summer season.

With best regards

Prof. Bolesław Kalicki, MD, PhD

Letter from the Editor-in-Chief
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Abstract

Introduction: Over the past decades, significant advancements have been made in understanding oral wound heal-
ing mechanisms, which are increasingly being integrated into clinical practice. Tooth extraction remains one of the 
most common procedures in dental practice, underscoring the need for continued investigation into strategies that 
promote optimal regeneration of both soft and hard oral tissues. Ascorbic acid (vitamin C) is a water-soluble micro-
nutrient essential for physiological functions, including collagen synthesis and immune modulation, both critical for 
efficient wound healing. Unlike most animals, humans are unable to endogenously synthesize vitamin C due to the 
absence of the enzyme L-gulonolactone oxidase, and therefore require its dietary intake. In post-extraction care, 
vitamin C supplementation may serve as a valuable adjunct to conventional dental management, offering a readily 
accessible means of enhancing tissue repair and improving clinical outcomes. Aim: This study aimed to assess the 
role of vitamin C in tissue regeneration, focusing on alveolar socket healing following tooth extraction. We performed 
a review of scientific literature addressing the impact of vitamin C on wound healing and bone regeneration pro-
cesses to provide evidence-based recommendations for its application in dental practice. Materials and methods: 
The data presented in this study were derived from peer-reviewed scientific publications available in the PubMed 
database. The analysed studies spanned various countries and included populations diverse in age, geography, and 
socioeconomic status. Conclusions: Vitamin C promotes alveolus healing post-tooth extraction by accelerating tis-
sue regeneration, reducing inflammation, and alleviating pain. Supplementation with doses of 600–2000 mg/day, as 
well as local application (including nanotechnology and submucosal injections), enhances healing and reduces the 
risk of alveolar osteitis. Vitamin C therapy can complement standard post-extraction care, especially in patients with 
impaired healing.

Streszczenie 

Wprowadzenie: W ciągu ostatnich dziesięcioleci poczyniono znaczące postępy w zrozumieniu mechanizmów goje-
nia ran w jamie ustnej, które coraz częściej są wdrażane do praktyki klinicznej. Ekstrakcja zębów pozostaje jednym 
z  najczęściej wykonywanych zabiegów w  gabinetach dentystycznych, co podkreśla potrzebę dalszych badań nad 
strategiami wspomagającymi regenerację tkanek miękkich i twardych jamy ustnej. Kwas askorbinowy (witamina C) 
to rozpuszczalny w wodzie mikroskładnik odżywczy, niezbędny do wielu funkcji fizjologicznych, w tym syntezy ko-
lagenu i modulacji układu odpornościowego, które są kluczowe dla efektywnego gojenia ran. W przeciwieństwie do 
większości zwierząt, ludzie nie mogą endogennie syntetyzować witaminy C z powodu braku enzymu oksydazy L-gu-
lonolaktonowej, co wymaga jej dostarczania wraz z dietą. W opiece poekstrakcyjnej suplementacja witaminą C może 
stanowić cenny dodatek do tradycyjnego leczenia stomatologicznego, oferując łatwo dostępne narzędzie wspoma-
gające naprawę tkanek i poprawiające wyniki kliniczne. Cel pracy: Celem niniejszego opracowania jest analiza roli 
witaminy C w procesach regeneracji tkanek, ze szczególnym uwzględnieniem gojenia zębodołu po ekstrakcji zęba. 
Badanie opiera się na przeglądzie literatury naukowej dotyczącej wpływu witaminy C na mechanizmy gojenia ran oraz 
procesy odbudowy kostnej i ma na celu opracowanie rekomendacji opartych na dowodach naukowych w zakresie jej 
zastosowania w praktyce stomatologicznej. Materiały i metody: Dane zaprezentowane w niniejszej pracy pochodzą 
z recenzowanych publikacji naukowych dostępnych w bazie PubMed. Analizowane badania zostały przeprowadzone 
w różnych krajach i obejmowały populacje zróżnicowane pod względem wieku, lokalizacji geograficznej oraz uwarun-
kowań społeczno-ekonomicznych. Wnioski: Witamina C wspomaga gojenie zębodołu po ekstrakcji, przyspieszając 
regenerację tkanek, redukując stan zapalny oraz łagodząc ból. Suplementacja w dawkach 600–2000 mg/dobę oraz 
miejscowa aplikacja (w tym z wykorzystaniem nanotechnologii i iniekcji) poprawiają gojenie i zmniejszają ryzyko zapa-
lenia kości zębodołowej. Terapia witaminą C może stanowić uzupełnienie standardowego postępowania, zwłaszcza 
u pacjentów z trudnościami w gojeniu.

THE EFFECT OF VITAMIN C ON ALVEOLAR 
HEALING  FOLLOWING TOOTH EXTRACTION

Wpływ witaminy C na gojenie zębodołu  
po ekstrakcji zęba
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Introduction

The past few decades have witnessed a substantial ex-
pansion of knowledge of oral wound healing mecha-
nisms, which are being increasingly introduced into mod-
ern clinical practice [1]. Tooth extraction remains one of 
the most common dental procedures, underscoring the 
need for ongoing research into regenerative potential of 
hard and soft oral tissues [2, 3].

Ascorbic acid (vitamin C) is essential for human life; it is 
water-soluble and obtained through the diet [4]. It can be 
synthesized from D-glucose by most animals, but not by 
humans, other primates, or some animal species such as 
guinea pigs, fruit bats, certain species of fish, insects, and 
birds. Vitamin C synthesis relies on the enzyme L-gulono-
lactone oxidase, which is absent in these animals [5], there-
fore it must be supplied exogenously. The recommend-
ed daily intake is 75 mg for women and 90 mg for men.  
Deficiency typically develops following long-term (sever-
al weeks) intake of less than 10 mg per day [6] (Tab. 1).  
Vitamin C deficiency can lead to scurvy, symptoms of 
which include gingival hyperplasia and bleeding, impaired 
wound healing, altered dentin structure, bone deminerali-
sation, abnormal tooth mobility, and tooth loss [7].

In the context of tooth extraction, postoperative vitamin 
C supplementation may serve as an important adjunct 
to standard dental care. It is a readily available and po-
tentially effective approach that supports tissue regen-
eration and enhances healing, which may translate into 
more favourable clinical outcomes [8].

The aim of this study was to assess the role of vitamin C 
in tissue regeneration, particularly in alveolar socket repair 
following tooth extraction, and to present evidence-based 
recommendations for its use in dental practice. The study 
was based on a review of scientific literature addressing 
the effects of vitamin C on wound healing and bone re-

generation. It further evaluated the efficacy of vitamin C 
supplementation in improving clinical outcomes following 
tooth extraction, taking into account its potential role in 
accelerating tissue healing, reducing inflammation, and 
minimizing the risk of complications.

Materials and methods

The data presented were derived from peer-reviewed 
publications retrieved from the PubMed database.  
The studies analysed were conducted across multiple 
countries and encompassed populations diverse in terms 
of age, geographic location, and socioeconomic back-
ground. The literature search was conducted between 
January and May 2025. Only articles published in En-
glish or Polish and available full-text online were includ-
ed. The following keywords were employed in the litera-
ture search: vitamin C, tooth socket, ascorbic acid, tooth 
extraction, and healing process. Only papers published 
in peer-reviewed journals directly related to the topic of 
the study were included in the analysis.

Physiological alveolar socket healing

The process of alveolar bone regeneration begins im-
mediately after tooth extraction and can last up to six 
months [9]. Nevertheless, literature data indicate that 
alveolar modelling and remodelling are considerably 
longer, often extending beyond one year following the  
procedure [10, 11].

Following tooth extraction, the alveolar socket is immedi-
ately filled by a blood clot, initiating spontaneous healing. 
The clot subsequently undergoes progressive transfor-
mation into granulation tissue, typically within 2–7 days. 
Reepithelialisation is initiated within the first 24 hours fol-
lowing the procedure and is generally completed within 
1–4 weeks [12]. Socket healing occurs in several stages,  
comprising four distinct yet temporally overlapping 
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Group RDA 
 (mg/day)

Deficiency 
(mg/day)

Symptoms  
of deficiency

Excess  
(mg/day) Symptoms of excess

Female adults 
(≥18 years) 75 <10

Scurvy, gingival 
bleeding, impaired 

wound healing, fatigue
>2000 Diarrhoea, nausea, abdominal 

pain, risk of kidney stones

Male adults  
(≥18 years) 90 <10 As above >2000 As above

RDA – recommended dietary allowance

Table 1. Daily vitamin C intake – RDA, deficiency, and excess (by sex)
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phases: haemostasis and coagulation, the inflammatory 
phase, the proliferative phase, and the remodelling phase. 
The development of lamellar bone and marrow facilitates 
the relatively rapid progression of the early stages of heal-
ing in humans; however, remodelling of the newly formed 
bone proceeds considerably more slowly and may contin-
ue for many years following tooth extraction [11, 13].

Haemostasis and coagulation

The socket healing process begins immediately after 
tooth extraction, with the first step being haemostasis, 
which aims to stop bleeding and stabilize the wound. 
Bleeding activates the coagulation cascade, leading to 
platelet aggregation on the exposed vascular surface. 
Platelets subsequently interact with the extracellular ma-
trix and endothelial cells, giving rise to a fibrin clot [14].

In addition to its role in arresting bleeding, the clot 
serves as a biological scaffold, facilitating the attachment 
and migration of cells involved in the subsequent phases 
of tissue repair, including fibroblasts, mesenchymal cells, 
and leukocytes [15]. Platelets aggregate at the site of 
injury and release growth factors, including platelet-de-
rived growth factor (PDGF) and vascular endothelial 
growth factor (VEGF), as well as proinflammatory cyto-
kines, collectively initiating inflammatory and regenera-
tive processes [14, 15]. A fibrin clot is formed, serving as 
a temporary scaffold and protective barrier that prevents 
further bleeding and facilitates the migration of cells in-
volved in tissue repair [16].

During the first 7 days after the procedure, the clot 
gradually degrades and is replaced by well-vascularized 
granulation tissue, consisting mainly of young connec-
tive tissue containing multiple blood vessels, mesenchy-
mal cells and leukocytes [11, 13]. In a histological study 
by Trombelli et al. (2008) [11], biopsies retrieved from 
alveolar sockets 2–4 weeks following extraction con-
tained predominantly mesenchymal cells and a  small 
number of red blood cells, suggesting that the primary 
clot undergoes complete transformation within the first 
week of the healing process. This early clot transforma-
tion lays the foundation for the initiation of subsequent 
repair phases, including the inflammatory and prolifera-
tive phases, during which further tissue maturation and 
structural alveolar socket remodelling occur [11, 14].

Inflammation

The inflammatory phase begins almost simultaneously 
with haemostasis and typically lasts 24 to 72 hours. Neu-
trophils, followed by monocytes and macrophages, infil-
trate the extraction site, clearing dead cells, tissue debris, 
and microorganisms. Macrophages also play a regulatory 
role, by secreting cytokines and growth factors (including 
TGF-β, IL-1, IL-6), which initiate further repair processes.  
Although inflammation represents a  physiological re-
sponse, excessive inflammation may disrupt or delay 
healing [17, 18].

Proliferation

The proliferative phase begins within a few days follow-
ing tooth extraction and may persist from several days 

to several weeks, depending on local and systemic con-
ditions. A key role in this phase is played by the intensive 
proliferation of fibroblasts, which synthesize collagen 
and other components of the extracellular matrix, there-
by facilitating tissue reconstruction [18]. Simultaneously, 
angiogenesis occurs, ensuring an adequate supply of ox-
ygen and nutrients to the regenerating tissues.

According to research, the proliferative process occurs in 
two stages. The first, fibroplasia, involves the formation 
of granulation connective tissue, which gradually replac-
es the blood clot and remnants of the periodontal liga-
ment. The resulting provisional matrix consists primarily 
of densely distributed mesenchymal cells embedded in 
a collagenous extracellular matrix, which is abundant in 
blood vessels and contains a small number of mononu-
clear leukocytes [10, 11]. 

The second stage involves the formation of woven bone, 
which represents the primary form of bone tissue depos-
ited around the newly formed blood vessels by osteo-
blasts residing within the matrix [10, 14].

Woven bone becomes detectable approximately two 
weeks following extraction and progressively displaces 
the granulation connective tissue. It is believed that a sub-
stantial portion of granulation tissue is replaced by woven 
bone during the 6–8 week healing process [14, 19].

Bone modelling and remodelling

The final phase, comprising modelling and remodel-
ling, may persist from several months to over a  year 
following tooth extraction. During this period, granu-
lation tissue is resorbed and replaced by mature bone. 
Osteoblasts synthesize new bone, while osteoclasts 
are responsible for modelling and removing structural 
excess. Woven bone is replaced by mature bone tis-
sue, including bone marrow and lamellar bone [10, 20].  
Remodelling leads to the final development of the al-
veolar process architecture, while also being associated 
with a physiological loss of bone volume, both vertical-
ly and horizontally [14, 21]. Alveolar healing following 
tooth extraction is a  complex, multiphase biological 
process. Each phase follows precisely regulated cellular 
and molecular mechanisms that lead to the reconstruc-
tion of both soft tissue and osseous structures. Mesen-
chymal cells, inflammatory mediators, growth factors, 
as well as the processes of angio- and osteogenesis play 
a key role in this process. Nevertheless, the progressive 
modelling and remodelling of alveolar bone frequently 
result in a physiological loss of bone volume, which car-
ries significant clinical implications for prosthetic and 
implant treatment planning [20, 22].

The role of vitamin C in the wound healing

Ascorbic acid, the biologically active form of vitamin C, 
plays a  key role in tissue regeneration, particular-
ly in wound healing and connective tissue repair [23].  
As a potent antioxidant, it neutralizes free radicals and 
reactive oxygen species generated during oxidative 
stress induced by tissue injury or host immune respons-
es. This helps reduce cell damage arising from excessive 
oxidative activity within the affected area [24].
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Vitamin C is essential for the proper immune function, 
particularly in patients with open wounds. Its mechanism 
of action further involves supporting the regeneration of 
other antioxidants, such as vitamin E, and supporting en-
zymatic activity in collagen biosynthesis [25]. Ascorbic 
acid participates in the hydroxylation of proline and ly-
sine during collagen biosynthesis, acting as a cofactor for 
the enzyme prolyl hydroxylase in procollagen [26].

Collagen represents a fundamental structural component 
of bone, cartilage, teeth, ligaments, gingival tissue, and 
blood vessels. Owing to its tensile strength conferred by 
ascorbic acid, newly synthesized collagen is capable of 
withstanding mechanical deformation without disrup-
tion. Ultimately, the initial protective layer of type III col-
lagen is replaced within the extracellular matrix by a fully 
functional layer of type I collagen. Without ascorbic acid, 
the collagen structure becomes unstable, resulting in the 
formation of defective protein during synthesis [27]. 

Furthermore, vitamin C influences the functioning of im-
mune cells, particularly macrophages, which play a piv-
otal role in clearing cellular debris from affected areas 
and regulating inflammatory processes. Furthermore, 
ascorbic acid supports angiogenesis, the process of cre-
ating new blood vessels, thereby ensuring the delivery of 
essential nutrients to regenerating tissues [28].

Discussion

Evidence from studies conducted across multiple coun-
tries demonstrates that vitamin C, administered system-
ically and topically, significantly enhances bone and soft 
tissue regeneration, which are critical determinants of 
clinical success. A study conducted by the International 
Institute of Nutrition and Stress in Florida demonstrated 
that oral vitamin C administered at a dose of 500 mg three 
or four times daily (1,500  mg/day and 2,000  mg/day)  
accelerates the healing of post-extraction wounds [29]. 

Nusgens et al. noted several significant changes follow-
ing topical administration of vitamin C, including an in-
creased number of fibroblasts, leading to the formation 
of more prominent collagen fibres. Furthermore, the for-
mation of several newly developed small capillaries was 
also observed [27]. These changes consistently occur as 
new connective tissue forms in the healing wound.

Vitamin C is essential for neutrophil apoptosis and sub-
sequent clearance during the inflammatory phase. As 
a  cofactor in the hydroxylation of proline and lysine 
during collagen synthesis, vitamin C plays a  role in the 
biosynthesis, maturation, secretion, and degradation of 
collagen during the proliferative phase. It is further as-
sociated with fibroblast proliferation, which in turn influ-
ences angiogenesis and capillary integrity [26].

In 2018–2019, researchers from the Department of Oral 
and Maxillofacial Surgery at the Faculty of Dentistry,  
Chulalongkorn University, conducted a  study in which 
placebo or vitamin C (600 mg or 1,500 mg) was admin-
istered to patients for 10 days following extraction. The 
intervention was randomly assigned to each patient in 
a blinded manner. The most significant improvements in 
wound healing parameters, including a reduction in me-
siodistal socket length and probing depth, reduction of 
pain and inflammation, as well as enhanced bone regen-
eration, were observed following administration of the 
600 mg preparation [30].

In contrast, other in vitro studies have shown that rinsing 
with a low doses of vitamin C (20 μg/mL) improves gingi-
val wound healing, fibroblast migration, and proliferation 
compared to higher doses (50 μg/mL). In oral fibroblast 
cultures, elevated doses of vitamin C have also been ob-
served to compromise the viability of these cells [8, 31].

Another study, conducted at the Department of Oral and 
Maxillofacial Surgery, Saveetha University in Tamil Nadu, 

Study/source Route of 
administration Dose Study duration Primary clinical outcomes

International Institute 
of Nutrition and Stress, 
Florida (1993) [29]

Oral 1500–2000 mg/day 
(500 mg 3–4 × day) 21 days Accelerated healing 

 of post-extraction wounds

Chulalongkorn 
University, Bangkok 
(2019) [30]

Oral 600 mg/day  
(3 × 200 mg) 10 days

Reduced postoperative pain and 
accelerated mesiodistal wound 

closure
Chulalongkorn 
University, Bangkok 
(2020) [31]

Local (rinsing) 20 µg/ml vs 50 µg/mL 3 and 7 days
20 µg/ml improves fibroblast 
migration and proliferation;  

50 µg/ml reduces fibroblast survival

Saveetha University, 
Tamil Nadu (2021) [32]

Submucosal 
injection 200 mg 3 and 7 days

Improved healing outcomes on 
day 7; no significant effect on pain 

reduction
Complutense 
University,  
Madrid (2021) [33]

Local 
(nanoemulsion) Intra-socket gel 3 × day 7 days

Reduced incidence of alveolar 
osteitis and postoperative 

discomfort
Chulalongkorn 
University,  
Bangkok (2021) [34]

Oral 600 mg 21 days
Reduced postoperative pain, 

enhanced bone regeneration, and 
increased radiographic bone density

Army Medical College, 
Rawalpindi (2023) [35] Oral 500 mg (2 × day) 7 days

Decreased C-reactive protein, 
indicating limited systemic 

inflammation

Table 2. Therapeutic vitamin C dosage and healing outcomes following tooth extraction
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India, evaluated the effect of submucosal injection of 
vitamin C (L-ascorbic acid) on wound healing following 
tooth extraction. Patients were divided into two groups: 
a vitamin C group and a control group. Signs of healing 
were assessed in the extraction sockets on days 3 and 
7 following surgery. No significant differences were ob-
served on day 3. On post-operative day 7, healing rates in 
the vitamin C group were significantly superior to those 
observed in controls. No significant reduction in pain 
was noted on days 3 or 7. The study authors concluded 
that L-ascorbic acid injection promotes favourable post-
operative healing but does not significantly reduce post-
operative discomfort [32].

Other researchers evaluated topical application of 
propolis extract, nanovitamin C, and nanovitamin E 
for the prevention of alveolar osteitis following the 
extraction of an impacted mandibular third molar.  
The study demonstrated the efficacy of nanovitamin C 
in reducing the incidence of alveolar osteitis and the 
associated discomfort [33].

Other studies have demonstrated that vitamin C signifi-
cantly enhances soft tissue healing and increases radio-
graphic bone density 21 days following extraction com-
pared to controls [34]. Patients receiving vitamin C were 
also found to have decreased C-reactive protein levels 
compared to controls [35]. Table 2 summarizes the re-
viewed studies, stratified by vitamin C dose and route of 
administration.

Conclusions

Available evidence indicates that vitamin C plays an im-
portant role in alveolar socket healing following tooth 
extraction, supporting all critical stages of tissue regen-
eration. Vitamin  C supplementation, both systemically 
and topically, may accelerate fibroblast proliferation, col-
lagen biosynthesis, and angiogenesis, while also reducing 
inflammation and postoperative pain.

Oral administration of vitamin C at doses of 600–
2,000 mg/day has been shown to exert a beneficial ef-
fect on healing dynamics, reduce postoperative pain, 
and improve regenerative parameters such as socket 
depth and radiographic bone density. Local application 
of vitamin C, including nanotechnology-based prepara-
tions and submucosal injections, has also been shown 
to yield beneficial clinical outcomes, including a reduced 
risk of alveolar osteitis. Based on the available evidence, 
adjunctive vitamin C therapy should be considered as 
a complement to standard post-extraction care, partic-
ularly in patients with impaired healing, nutritional defi-
ciencies, or an elevated risk of postoperative complica-
tions. Nevertheless, further randomized controlled trials 
are required to establish the optimal dosage, duration of 
therapy, and most efficacious route of vitamin C admin-
istration across different patient populations.
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Abstract 

The armed conflict in Ukraine, ongoing since 2014 and escalating in 2022, represents one of the most serious chal-
lenges to the international order since the end of the Cold War. Its protracted nature and intensity have led to severe 
geopolitical, economic, humanitarian, and health-related consequences. This paper analyses Russia’s accountability 
for war crimes in the context of international humanitarian law, highlighting the challenges related to enforcing 
accountability before international tribunals. It also presents the differing approaches of European Union member 
states to the conflict, stemming from varying perceptions of their relations with Russia, the United States, and China, 
as well as the war’s impact on European security and transatlantic cooperation. From a socio-economic perspec-
tive, the conflict has resulted in regional recession, an energy crisis, disruption of supply chains, and mass refugee 
migration, particularly to Poland. Special attention is also given to the long-term health consequences for victims of 
military operations, including physical injuries and the burden placed on healthcare systems. The article constitutes 
an attempt at a multifaceted assessment of the conflict and its implications for the future of the international order.

Streszczenie 

Konflikt zbrojny na Ukrainie, trwający od 2014 roku i eskalujący w 2022 roku, stanowi jedno z najpoważniejszych 
wyzwań dla międzynarodowego ładu po zakończeniu zimnej wojny. Jego długotrwałość i  intensywność prowadzą 
do poważnych konsekwencji o charakterze geopolitycznym, gospodarczym, humanitarnym i zdrowotnym. Niniejszy 
artykuł analizuje odpowiedzialność Rosji za zbrodnie wojenne w kontekście międzynarodowego prawa humanitarne-
go, wskazując na wyzwania związane z egzekwowaniem odpowiedzialności przed trybunałami międzynarodowymi. 
Przedstawiono również różnice w podejściu państw Unii Europejskiej do konfliktu, wynikające z odmiennego po-
strzegania relacji z Rosją, Stanami Zjednoczonymi i Chinami, a także skutki wojny dla europejskiego bezpieczeństwa 
i współpracy transatlantyckiej. W ujęciu społeczno-gospodarczym konflikt doprowadził do recesji w regionie, kryzysu 
energetycznego, załamania łańcuchów dostaw oraz masowej migracji uchodźców, zwłaszcza do Polski. Szczególną 
uwagę poświęcono również długofalowym skutkom zdrowotnym dla ofiar działań zbrojnych, w tym urazów i obcią-
żeń systemów opieki medycznej. Artykuł stanowi próbę wieloaspektowej oceny konfliktu i jego implikacji dla przy-
szłości ładu międzynarodowego.

WAR CRIMES AND RUSSIA’S ACCOUNTABILITY 
FOR MILITARY ACTIONS IN UKRAINE: 

CHALLENGES FOR INTERNATIONAL JUSTICE AND 
MEDICAL CONSEQUENCES FOR INJURED VICTIMS

Zbrodnie wojenne i odpowiedzialność Rosji  
w kontekście działań militarnych na Ukrainie: wyzwania 

dla międzynarodowego wymiaru sprawiedliwości  
oraz skutki medyczne dla ofiar urazów

© 2026 Military Institute of Medicine – National Research Institute. This is an open access article distributed under the terms of the CC BY-NC-SA 4.0 (Attribution-NonCommercial-ShareAlike 4.0 Interna-
tional) license (https://creativecommons.org/licenses/by-nc-sa/4.0/), which permits use, distribution, and reproduction in any medium for non-commercial purposes, provided the original work is properly 
cited. Any derivative works must be distributed under the same license.
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Introduction

The nature of the war in Ukraine, differing in many re-
spects from previous armed conflicts, poses a significant 
challenge to the current jus in bello. It is also subject to 
assessment in the context of possible future conflicts, 
both conventional and unconventional (hybrid, cyber, 
and economic). International conventions and protocols 
governing the conduct of warfare are frequently igno-
red by the conflicting parties. The use of force dispro-
portionate to the threat, resulting in widespread human 
suffering, including mass displacement of populations 
and the destruction of residential properties and civilian 
infrastructure, is one of the most prevalent violations. 
The conflict in Ukraine, as an example of violations of 
the laws of war, raises fundamental questions for the in-
ternational community concerning the effectiveness and 
enforceability of these laws in contemporary conflicts, 
where competition extends beyond direct armed con-
frontation and encompasses the media and information 
space, including information operations (INFOOPS) and 
psychological operations (PSYOPS).

Conflict duration and its consequences

The war in Ukraine has far-reaching geopolitical, econo-
mic, and humanitarian consequences. The armed conflict 
has highlighted divergences in how Eastern and Western 
member states of the European Union (EU) perceive the 
strategic situation. These divergences pertain to the rela-
tions of the EU and its individual member states with the 
United States, the Russian Federation, and the People’s 
Republic of China, and, more broadly, to the EU’s strate-
gic positioning within the international order at a supra-
-regional level [1].

At the outset of the 21st century, two principal geopoliti-
cal visions emerged within the European Union. France 
and Germany sought to establish a geostrategic centre 
independent of the United States, while simultaneously 
pursuing economic rapprochement with the Russian Fe-
deration. The second concept was represented primarily 
by the United Kingdom, certain Central European states, 
and the Baltic states. Its foundations rested upon strong 
transatlantic relations and US military presence in Eu-
rope, perceived as a key element guaranteeing security 
against the threat posed by the Russian Federation [1].

The policies of individual EU member states towards 
Ukraine, with respect to both aid and relations, varied 

considerably. Central European countries regarded the 
defence of Ukrainian independence as a crucial element 
in safeguarding their own sovereignty. Western Europe-
an countries, by contrast, were predominantly concerned 
with the potential adverse consequences of a prolonged 
conflict, both for their national economies and for the 
growing geopolitical influence of the United States and 
its allies within EU structures [1]. This translated into 
a  desire to end the hostilities in Ukraine as quickly as 
possible and to ease or lift sanctions against the Russian 
Federation.

The conflict in Ukraine highlighted the need to streng-
then the defence capabilities of EU member states, but 
in close cooperation with the North Atlantic Treaty Orga-
nization (NATO) and the United States.

Beyond its political and military dimensions, the war in 
Ukraine has given rise to profound humanitarian and 
economic consequences. It has dramatically worsened 
living conditions and the economic situation in Ukraine 
and Russia, with its effects indirectly impacting Central 
Europe and other world regions. The war should further 
be seen as a contributing factor to inflation and the slo-
wdown of economic growth, particularly in countries 
bordering Ukraine and Russia. Within Russia itself, the 
imposed financial sanctions have significantly compro-
mised the stability of the banking sector and the state’s 
capacity to meet its fiscal obligations. The massive in-
flux of refugees represents a  further significant factor 
affecting the economies of the region. According to data 
from the United Nations High Commissioner for Refuge-
es (UNHCR), several million individuals have fled Ukra-
ine, the majority of whom sought refuge in Poland [2].  
Rapidly escalating inflation and rising prices, particularly 
in fuel and energy sectors, emerged as a key trigger for 
Europe’s 2022 energy crisis. The armed conflict has also 
caused major disruptions to industrial production and si-
gnificant impediments to global supply chain operations. 
The imposition of economic sanctions on Russia and its 
allied countries since March 2022 is yet another factor 
intensifying the scale of the aforementioned economic 
downturn [3].

War crimes in the context of the conflict in Ukraine

Ukrainian authorities and international observers have 
collected evidence showing that Russia is perpetrating 
numerous war crimes on Ukrainian territory, including 
assaults on civilian populations and the intentional de-
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struction of civilian infrastructure. Even when conside-
ring collateral damage typical of armed conflict, from 
operational errors or military technology limitations, 
some of these attacks clearly reflect the aggressor’s fru-
stration and represent a deliberate effort to break Ukra-
inian society’s will to resist. 

Violations of the core principles of international hu-
manitarian law, such as targeting civilian infrastructu-
re (including telecommunications, water, heating, gas, 
electricity, and even agricultural infrastructure), medi-
cal personnel, and humanitarian aid workers, as well as 
launching indiscriminate attacks on both military and 
civilian targets (e.g., residential buildings, hospitals, re-
ligious sites, educational and cultural institutions, com-
mercial establishments, and other public utilities), re-
present a blatant violation of international law and may 
qualify as war crimes. Russian forces have also been 
documented perpetrating acts of murder, rape, looting, 
abduction, including forcible removal of children, tortu-
re, and the use of civilians as human shields. Evidence 
of these acts is being collected by Ukrainian law en-
forcement agencies and, internationally, by the United 
Nations (UN), the International Committee of the Red 
Cross (ICRC), the United Nations High Commissioner for 
Refugees (UNHCR), Amnesty International, as well as by 
accredited war correspondents [4]. Ongoing Ukrainian 
and international investigations continue, with verdicts 
and arrest warrants being issued. However, enforcing 
these warrants poses a major challenge [4].

Russia’s responsibility for war crimes

Currently, the International Criminal Court (ICC) remains 
the sole body with universal jurisdiction over interna-
tional criminal matters, functioning complementarily to 
national criminal justice systems. This indicates that in-
ternational criminal law does not aim to replace national 
justice systems, but can only be effected when a given 
case falls within the jurisdiction of a state that unwilling 
or unable to carry out effective criminal proceedings. 
The ICC’s jurisdiction covers four core aspects: substan-
tive, territorial, subjective, and temporal [5].

The ICC’s subject-matter jurisdiction covers the he-
aviest international crimes listed in the Rome Statute 
of the International Criminal Court dated 17 July 1998 
(hereinafter the Statute), namely genocide, crimes aga-
inst humanity, war crimes, and the crime of aggression  
(Article 5) [6].

Following the principle of territorial jurisdiction, the ICC 
holds authority over international crimes committed on 
the territory of States Parties to the Statute (Article 14).

State Party to the Statute or the Security Council ac-
ting under Chapter VII of the United Nations Charter 
(Article 13) is an entity authorized to refer a situation 
indicating one or more international crimes to the ICC 
Prosecutor [6].

The ICC has jurisdiction over crimes committed by natio-
nals of states that are parties to the Statute. The principle 
that no individual shall be exempt from criminal liability 
under the Statute, a concept known as the principle of ir-

relevance of official capacity, is of fundamental importan-
ce. The position held by the accused, or any immunity they 
may enjoy, is irrelevant to the proceedings (Articles 25  
and 26) [6].

Temporal jurisdiction means the ICC has jurisdiction 
solely over crimes committed after the Statute’s entry 
into force, specifically after 1 July 2002. Nevertheless, if 
a state accedes to the Statute after its entry into force, 
the Court’s jurisdiction will generally be limited to crimes 
committed after the Statute’s entry into force for that 
state (Article 11) [6].

When considering the jurisdiction of the ICC with regard 
to crimes committed during the Russo-Ukrainian war, the 
starting point is to note that the Russian Federation is not 
a State Party to the Rome Statute, whereas Ukraine, after 
having previously accepted the jurisdiction of the ICC by 
declaration, became a State Party to the Rome Statute on 
1 January 2025. This does not mean, however, that the 
earlier criminal jurisdiction of the ICC over crimes com-
mitted on the territory of Ukraine was entirely excluded.  
The Statute provides for the possibility for a state that is not  
a party to the Statute to accept the jurisdiction of the Co-
urt by means of a declaration lodged with the Registrar, 
thereby recognizing the jurisdiction of the ICC with re-
spect to a given crime (Article 12) [6].

Ukraine’s first declaration referred to crimes committed 
during the Maidan protests, which occurred between 
21 November 2013 and 22 February 2014 [7]. The se-
cond declaration, submitted in September 2015, ad-
dressed all crimes committed since 15 February 2015. 
Through this declaration, Ukraine provided its forward-
-looking consent to the investigation, prosecution, and 
judgment of all crimes committed on Ukrainian territory 
[8]. Following the declarations, the ICC conducted a pre-
liminary examination of its jurisdiction and the factual 
occurrence of the crimes identified by Ukraine. After 
completing this examination, the statutory criteria for 
launching a formal investigation on the Ukraine situation 
were found to be met [9].

Following the outbreak of war in February 2022, the 
ICC issued a statement confirming a reasonable basis to 
launch an investigation, including suspicions that alleged 
war crimes and crimes against humanity had been com-
mitted in Ukraine. At the same time, given the expansion 
of the conflict, the investigation was set to encompass 
all crimes committed by any party to the conflict across 
Ukraine’s entire territory [10]. Granting the Court’s juris-
diction over a specific state means that, irrespective of 
nationality, any person who committed an ICC jurisdic-
tional crime on that state’s territory may be held crimi-
nally accountable under the Statute [11].

Challenges for international justice

Under customary international law, the highest-ran-
king representatives of a  state enjoy absolute immu-
nity from jurisdiction of other states’ domestic courts, 
even when accused of international crimes. Neverthe-
less, Article 27 of the Rome Statute explicitly states 
that immunities and other privileges stemming from 
official functions, regardless of their domestic or in-
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ternational origin, do not prevent the International 
Criminal Court from exercising jurisdiction over such 
an individual. Obligations to prevent, investigate, and 
punish crimes under ICC jurisdiction apply erga omnes. 
Accordingly, the Court may require any State Party 
to the Statute to execute an arrest warrant, including 
one issued against a sitting Head of State who is not 
a Party to the Statute. This provision guarantees that 
individuals responsible for the most serious interna-
tional crimes cannot escape accountability merely due 
to their position [11].

On 17 March 2023, the ICC issued arrest warrants 
against Russian President Vladimir Putin and the Com-
missioner for Children’s Rights, Maria Lvova-Belova. 
The charges concern the alleged unlawful deportation 
of Ukrainian children from occupied territories to the 
Russian Federation. These acts are alleged to have ta-
ken place on Ukrainian territory under Russian occupa-
tion, starting no later than the date the invasion began  
(24 February 2022) [12]. States Parties are obligated to 
detain Vladimir Putin and Maria Lvova-Belova if they 
enter their jurisdiction and subsequently surrender 
them to ICC. However, it should be noted that States 
Parties to the Statute may exploit legal uncertainties 
about detaining Vladimir Putin to avoid fulfilling their 
international obligations.

Beyond the legal implications of the ICC arrest war-
rants against Vladimir Putin and Maria Lvova-Belova, 
 it is worth noting their considerable political dimen-
sion. These warrants help internationally isolate the 
Russian president, carrying major implications for po-
tential diplomatic efforts concerning the Ukraine situ-
ation and other Russian Federation actions [13]. 

Medical consequences of war injuries for victims  
and health protection in the context of violations  
of international humanitarian law

The war in Ukraine has caused widespread destruction 
of civilian infrastructure, including medical facilities, re-
presenting a blatant violation of international humanita-
rian law, particularly the Geneva Conventions. According 
to current international humanitarian law, attacks on ho-
spitals, ambulances, and medical personnel are explici-
tly prohibited [14]. Despite this, numerous reports from 
international organizations, including the World Health 
Organization (WHO), UNHCR, and Amnesty Internatio-
nal, document cases of deliberate attacks on healthcare 
infrastructure in Ukraine. The missile struck on Kyiv’s 
Okhmatdyt Children’s Hospital, along with recorded ca-
ses of blocking access to injured civilians, is a particularly 
dramatic case [4, 15, 16].

These actions have two primary consequences. They 
involve direct physical injuries such as craniocerebral 
trauma, limb amputations, burns, and internal organ da-
mage [17]. They have also triggered an escalating public 
health crisis. With the severely overburdened healthca-
re system, critically limited access to medications and 
medical equipment, and substantially reduced capacity 
to evacuate patients from combat zones, thousands of 
injured individuals, both civilians and combatants, re-
main without adequate medical care.

Deliberate attacks on medical facilities and the obstruc-
tion of humanitarian aid represent a clear violation of 
international law, including the core provisions of the 
Geneva Conventions, which protect civilians, medical 
personnel, and civilian infrastructure during armed con-
flict. Victims of these actions suffer not only physical 
injuries, but also severe psychological trauma stemming 
from war’s brutality and the blatant disregard of core 
international humanitarian law principles.

There has been a  marked rise in mental health disor-
ders, especially post-traumatic stress disorder (PTSD), 
depression, and acute anxiety. Children, the elderly, and 
individuals with prior war experiences are particularly 
vulnerable [18–20].

The rising number of refugees and internally displaced 
persons (IDPs), putting significant strain on Ukraine’s ne-
ighbouring countries, especially Poland, which hosts the 
largest number of refugees and thus bears primary re-
sponsibility for providing medical care to those affected, 
is yet another consequence of this conflict [19, 21, 22].

In this context, it is essential not only to enhance health 
protection mechanisms in conflict zones, but also to 
consistently enforce accountability for attacks on me-
dical personnel and facilities as war crimes. Throughout 
the ongoing conflict, serious violations of international 
law, particularly those concerning the protection of he-
althcare workers, have been occurring with increasing 
frequency. Physicians, nurses, and paramedics, all gran-
ted full protection under the Fourth Geneva Conven-
tion and its Additional Protocols, are increasingly be-
coming targets of direct armed attacks [14, 23]. Cases 
of medical personnel being detained, intimidated, and 
subjected to physical violence while performing their 
professional duties have been documented. Particularly 
concerning are the documented attacks on ambulan-
ces and medical convoys displaying the Red Cross em-
blem – a symbol explicitly protected under international 
law. One example is the tragic incident on September 
12, 2024, in Viroliubivka (Donetsk Oblast), when an In-
ternational Committee of the Red Cross convoy was at-
tacked by Russian artillery fire and Lancet drones. Three 
humanitarian workers were killed and two others were 
seriously injured. On April 10, 2025, a drone strike was 
reported in Donbas on an evacuation convoy whose ve-
hicles were clearly marked with the Red Cross symbol; 
the attack damaged an ambulance and injured two me-
dical workers [24, 25].

Such actions, targeting medical personnel, blatantly 
violate international humanitarian law norms and may 
constitute war crimes. While the international commu-
nity has repeatedly condemned such acts of violence, 
their persistence and scale raise serious concerns and 
necessitate a decisive, coordinated response.

Violation of the laws of war with weapons of mass 
destruction: humanitarian consequences  
and implications for healthcare systems

Modern armed conflicts, such as the war in Ukraine, are 
increasingly characterized not only by the use of conven-
tional weapons, but also by the escalation of threats as-
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sociated with weapons of mass destruction (WMD): che-
mical, biological, radiological, and nuclear (CBRN) [26]. 
The use of such weapons represents a blatant violation of 
the core international humanitarian law norms, including 
the Geneva Conventions and the Chemical Weapons Co-
nvention (CWC) [14, 27]. Reports of the potential use or 
preparations for such weapons by the Russian Federation, 
including possible attacks on nuclear power plant infra-
structure, as in the case of the Zaporizhzhia facility [28], 
nuclear weapon threats [26], and possible radiological 
attacks in combat zones [26, 29] raise serious concerns 
within the international community and may be classified 
as war crimes or state terrorism. CBRN weapons used in 
civilian environments not only result in immediate deaths 
among many victims, but also carry long-term health, 
environmental, and social consequences. This results in 
extreme strain on local healthcare systems, the shutdown 
of hospital operations, the inability to deliver proper care 
to victims, and, over time, the exhaustion of human and 
infrastructural resources of healthcare services [26]. The 
use of such agents in populated areas not only directly 
violates the ban on inhumane treatment, but also under-
mines the principle of distinction between military and 
civilian targets – a cornerstone of the law of armed con-
flict [30]. Given this risk, healthcare systems must urgen-
tly prepare for swift, coordinated responses to potential 
CBRN incidents. Critical priorities include readiness to 
identify and manage radiation sickness, chemical poiso-
ning, and biological infections affecting both combatants 
and civilians.

One of the most serious aspects of radiological we-
apons threat is their capacity to trigger mass panic 
alongside long-term somatic and psychological health 
effects [26]. Therefore, properly trained medical per-
sonnel play a key role not only in delivering first aid, but 
also in mitigating psychological effects, including com-
bat stress and PTSD [26]. In response to these chal-
lenges, the Military Institute of Medicine — National 
Research Institute has launched a collaborative project 
with Ukrainian medical services to exchange expertise, 
improve medical procedures, and conduct joint training. 
The current programme focuses on the rehabilitation of 
wounded individuals, as well as diagnosing and treating 
patients with war-related trauma [26]. Such initiatives 
are vital for ensuring comprehensive care, encompas-
sing both surgical and psychological support, for indivi-
duals injured during armed conflicts. The concurrently 
developing medical component within the Armed For-
ces aims to ensure a mobile, swift, and professional me-
dical response under battlefield conditions, including in 
the event of CBRN weapon deployment. These initia-
tives not only strengthen the defence capabilities of 
states supporting Ukraine, but also contribute to pro-
tecting the lives and health of civilians and combatants 
affected by the armed conflict.

Conclusions

The armed conflict in Ukraine, ongoing since 2014 and 
markedly escalating after Russia’s full-scale invasion in 
2022, exemplifies the challenges facing modern inter-
national law, particularly international humanitarian law 
and the Geneva Conventions. The choice of Ukraine as 

the subject of analysis is justified by the scale and na-
ture of violations by Russian forces, including attacks 
on civilian infrastructure and violence against civilian 
populations.

This conflict highlights deep geopolitical divisions within 
the EU, with Central and Eastern European countries 
strongly supporting Ukraine, and Western European co-
untries taking a more cautious approach due to economic 
and energy concerns. The conflict has further emphasized 
the need to reinforce the EU’s defence capabilities thro-
ugh close cooperation with NATO and the United States.

The consequences of the conflict are multifaceted, en-
compassing political, military, humanitarian, and econo-
mic aspects. These include a refugee crisis, rising infla-
tion, disruptions to global supply chains and industrial 
production, and an intensifying energy crisis in Europe. 
The sanctions against Russia have further deepened 
economic instability throughout the region.

Legally, particular focus falls on war crimes by Russian 
forces, including murder, rape, looting, attacks on civi-
lians and their use as human shields. Many internatio-
nal organizations are documenting evidence of these 
acts. Delivering comprehensive medical care, including 
adequate supplies and psychological support, to victims 
of armed conflict is critically important. Brutal hosti-
lities, often involving breaches of international conven-
tions, require not only immediate surgical intervention 
but also sustained care for trauma victims. Effective 
psychological support plays a  crucial role in reducing 
the long-term effects of armed conflict and aiding reco-
very for both combatants and civilians. The Military In-
stitute of Medicine — National Research Institute part-
ners with Ukrainian medical services, conducting joint 
training and victim rehabilitation, thereby enhancing 
medical response capabilities both at the front lines and 
within civilian healthcare systems.

The International Criminal Court, operating under the 
Rome Statute, is responsible for the prosecution of the 
most serious international crimes. The ICC has jurisdic-
tion over, among other things, war crimes and crimes 
against humanity committed after July 1, 2002. The Co-
urt may hold individual perpetrators accountable regar-
dless of their official position, and may exercise jurisdic-
tion over nationals of States Parties or via UN Security 
Council referral.
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Abstract 

Introduction: Contemporary oral surgery focuses on minimally invasive techniques and methods that support tissue 
healing and regeneration. One of the modern approaches involves the use of platelet-rich plasma (PRP), a concen-
trated plasma fraction containing platelets and growth factors such as PDGF, TGF-β, and VEGF, which play key roles 
in regenerative processes and angiogenesis. PRP has wide applications in oral surgery, including procedures such as 
tooth extractions, implant placements, bone augmentations, and soft tissue regeneration. Due to its pro-regenerative 
and anti-inflammatory properties, PRP contributes to shorter recovery times, reduced pain, and improved quality of 
newly formed tissue. Materials and methods: A systematic review of the literature from the PubMed database was 
conducted to analyse publications on the use of PRP in dental surgery. Conclusions: PRP is a promising tool support-
ing tissue regeneration in dental surgery due to the presence of multiple growth factors that play an essential role 
in angiogenesis, cellular proliferation, and extracellular matrix remodeling. In the context of tooth extraction, PRP 
helps reduce pain, swelling, and the risk of complications, while also accelerating soft tissue regeneration. For bone 
augmentation procedures, it supports osteogenesis, particularly when combined with bone substitute materials, al-
though its effectiveness depends on several factors, such as the quality of the biomaterial and surgical technique. 
PRP used in sinus lift and implantology has shown moderate outcomes, and its efficacy in promoting peri-implant 
tissue regeneration remains a subject of debate. In periodontology, PRP supports soft tissue and periodontal regen-
eration, accelerating wound healing and the restoration of connective tissue attachment. PRP represents a valuable 
adjunct in oral surgery; however, given the lack of clear evidence on its efficacy in bone regeneration, further clinical 
studies and standardization of PRP preparation and application methods are needed. 

Streszczenie 

Wprowadzenie: Współczesna chirurgia stomatologiczna koncentruje się na technikach minimalnie inwazyjnych oraz 
metodach wspomagających procesy gojenia i regeneracji tkanek. Jednym z nowoczesnych podejść jest zastosowanie 
osocza bogatopłytkowego, które stanowi skoncentrowaną frakcję osocza zawierającą płytki krwi i czynniki wzrostu, 
takie jak PDGF, TGF-β i VEGF, odpowiedzialne za procesy regeneracyjne i  angiogenezę. Osocze bogatopłytkowe 
znajduje szerokie zastosowanie w chirurgii stomatologicznej, w tym w procedurach takich jak ekstrakcje zębów, za-
biegi implantologiczne, leczenie ubytków kostnych oraz regeneracja tkanek miękkich. Dzięki swoim właściwościom 
proregeneracyjnym i przeciwzapalnym przyczynia się do skrócenia czasu rekonwalescencji, zmniejszenia dolegliwości 
bólowych oraz poprawy jakości nowo tworzonej tkanki. Materiał i metody: W badaniu przeprowadzono systematycz-
ny przegląd literatury dostępnej w bazie PubMed, analizując publikacje dotyczące zastosowania osocza bogatopłyt-
kowego w chirurgii stomatologicznej. Wnioski: Osocze bogatopłytkowe jest obiecującym narzędziem wspomagają-
cym regenerację tkanek w chirurgii stomatologicznej dzięki obecności licznych czynników wzrostu, które odgrywają 
istotną rolę w angiogenezie, proliferacji komórkowej oraz przebudowie macierzy pozakomórkowej. W przypadku eks-
trakcji zębów pomaga w redukcji bólu, obrzęku i ryzyka powikłań, a także przyspiesza regenerację tkanek miękkich. 
W  zabiegach augmentacyjnych wspiera osteogenezę, szczególnie w  połączeniu z  materiałami kościozastępczymi, 
jednak zależy to od wielu czynników, takich jak jakość biomateriału i technika chirurgiczna. Wyniki zastosowania PRP 
w zabiegach podniesienia dna zatoki szczękowej oraz implantologii są umiarkowane, a jego skuteczność w regene-
racji tkanek otaczających implanty jest wciąż przedmiotem debat. W periodontologii wspomaga regenerację tkanek 
miękkich i przyzębia, przyspieszając gojenie ran i odbudowę przyczepu łącznotkankowego. Osocze bogatopłytkowe 
stanowi wartościowe wsparcie w chirurgii stomatologicznej, ale ze względu na brak jednoznacznych dowodów na 
skuteczność w regeneracji kostnej, konieczne są dalsze badania kliniczne i standaryzacja metod jego przygotowania 
i aplikacji. 

THE USE OF PLATELET-RICH PLASMA  
IN ORAL SURGERY

Zastosowanie osocza bogatopłytkowego w chirurgii 
stomatologicznej
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Introduction

Modern dental surgery is rapidly evolving toward minimally 
invasive techniques and approaches that promote tissue 
healing and regeneration. One such approach involves the 
use of autologous blood concentrates, particularly plate-
let-rich plasma (PRP). PRP is a plasma fraction enriched in 
platelets, which serve as a source of many growth factors, 
including platelet-derived growth factor (PDGF), trans-
forming growth factor beta (TGF-β), and vascular endothe-
lial growth factor (VEGF). These agents play a key role in 
regenerative processes and angiogenesis [1, 2].

PRP is used in dental surgery across a wide range of pro-
cedures, including tooth extractions, implantology, bone 
defect treatment, and the promotion of healing following 
soft tissue procedures [3]. Owing to its pro-regenerative 
and anti-inflammatory properties, PRP may shorten re-
covery time, reduce postoperative pain, and improve the 
quality of newly formed tissue [4].

The aim of this paper was to review the available scientific 
evidence regarding the mechanism of action of PRP and 
its clinical efficacy in dental surgery. Both in vitro findings 
and clinical reports were analysed to evaluate the thera-
peutic potential of this approach in dental practice.

Materials and methods

Data were sourced from scientific publications indexed 
in the PubMed database. A systematic literature review 
was conducted encompassing studies on the use of PRP 
across various domains of dentistry, with particular em-
phasis on oral surgery. The literature search was con-
ducted between February and May 2025. Only scien-
tific articles published in English or Polish and available 
as full-text online publications were included. Systemic 
diseases affecting the healing process or platelet count, 
smoking, and pregnancy were the exclusion criteria. The 
following keywords were used for literature search: PRP, 
healing process, tooth extraction, dental implants, bone 
augmentation, periodontology, and soft tissue. Studies 
published in peer-reviewed scientific journals with di-
rect relevance to the topic of the present review were 
included in the analysis.

Characteristics of PRP – mechanism of action, impact  
on the wound healing process and methods of preparation

The regenerative properties of PRP are primarily at-
tributable to the high concentration of platelets, which 

constitute the principal mediators of this preparation’s 
biological activity. The standard normal platelet count in 
healthy adults is 150 to 300 × 10⁹/L. Their average lifes-
pan is 8–10 days. Beyond their haemostatic function, 
platelets play a  critical and indispensable role in tissue 
regeneration and wound healing, particularly during the 
initial inflammatory phase. Wound healing typically oc-
curs in a pro-inflammatory environment, where elevated 
proteolytic enzyme activity restricts the availability of 
endogenous growth factors essential for tissue regener-
ation. To counteract these unfavourable conditions, PRP 
provides a  concentrated exogenous source of growth 
factors, supporting tissue regeneration through its mito-
genic, angiogenic, and chemotactic properties [5]. Plate-
lets contain three main types of granules: alpha granules, 
dense (delta) granules, and lysosomes, with each group 
harbouring a  distinct set of mediators that coordinate 
the repair process. Alpha granules are of particular rel-
evance in the regenerative context, serving as a principal 
source of numerous growth factors, cytokines, adhesion 
molecules, and signalling proteins. These include, among 
others, PDGF (αα, ββ, and αβ isoforms), VEGF, insulin-
like growth factor (IGF), TGF-β1, TGF-β2, epidermal 
growth factor (EGF), interleukin-1, osteocalcin, osteo-
nectin, as well as structural proteins such as fibrinogen, 
vitronectin, fibronectin, and thrombospondin [2, 6, 7]. 
In addition to platelets, PRP also contains leukocytes, 
plasma, and erythrocyte remnants [2]. The effects of 
PRP derive in part from the activity of PDGF, which has 
been identified as a key mediator in the healing of both 
hard and soft tissues. PDGF has been shown to stimu-
late chemotaxis, mitogenesis, and stem cell replication 
at sites of wound and tissue damage. This induces bone 
matrix formation and angiogenesis through the upregu-
lation of VEGF, which may consequently accelerate soft 
tissue healing via neovascularization. PDGF additionally 
stimulates the synthesis of fibronectin, a  cell adhesion 
molecule involved in cell proliferation and migration dur-
ing the healing process, including osteoconduction of 
hyaluronic acid, and contributes to wound contraction 
and remodelling [8].

PRP represents an autologous product as it is prepared 
from the patient’s own venous blood. The preparation 
procedure involves isolating plasma fractions and con-
centrating platelets to levels substantially exceeding 
those observed in peripheral circulation under physio-
logical conditions. This is typically achieved through cen-
trifugation of the collected venous blood. Evidence sug-
gests that a platelet concentration approximately 2.5–5 
times higher than baseline levels is optimal for maximiz-
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ing regenerative effects [9, 10]. In clinical practice, PRP is 
obtained through centrifugation of peripheral blood. Fol-
lowing centrifugation of anticoagulant-treated blood, the 
sample separates into three distinct layers: a dense bot-
tom layer of red blood cells, an intermediate “buffy coat” 
containing platelets and leukocytes, and an upper plasma 
layer [11]. Further processing of the plasma and buffy 
coat layer through additional centrifugation allows for 
the isolation of PRP. Commercially available PRP prepa-
ration kits are also widely used, incorporating separation 
gels that facilitate platelet isolation during centrifugation 
and enabling standardized, reproducible outcomes. PRP 
gel is produced by combining platelet-rich plasma with 
thrombin or calcium chloride, typically at a concentration 
of 10%. The addition of thrombin and calcium chloride 
induces automatic activation of alpha granules, trigger-
ing the release of biologically active growth factors [7]. 
Numerous protocols and techniques for PRP preparation 
have been described in the literature, alongside a wide 
range of therapeutic applications. However, method-
ological variability and inconsistent nomenclature across 
studies complicate the interpretation and comparison of 
results, often introducing ambiguity and limiting the gen-
eralizability of conclusions [11, 12].

PRP derived from the patient’s own venous blood elimi-
nates the risk of viral pathogen transmission associated 
with allogeneic blood products. The autologous origin of 
PRP likewise precludes the risk of prion contamination 
and virtually eliminates the possibility of allergic or other 
immune-mediated adverse reactions. It should be noted, 
however, that the use of bovine thrombin as an exog-
enous activator in PRP preparation may be associated 
with acquired coagulopathies due to cross-reactivity of 
antibodies directed against bovine factor V with its hu-
man counterpart [13]. To date, no evidence of carcino-
genic effects associated with the clinical use of PRP has 
been reported [14, 15].

Results

During the selection process, 305 publications were 
initially identified, of which 142 were excluded at the 
preliminary stage. The remaining 163 papers underwent 

abstract review, following which a further 121 were ex-
cluded. Forty-three papers were considered for further 
analysis, of which three were excluded upon verification 
of detailed exclusion criteria. Ultimately, 40 papers were 
included in the systematic review, comprising seven 
comparative studies, five clinical trials, and nine random-
ized controlled trials.

Discussion

Autologous PRP concentrates represent a valuable ad-
junct that supports regenerative processes in dental 
surgery, demonstrating the potential to modulate tissue 
repair through the activity of multiple bioactive growth 
factors. The mechanism of action of PRP is based on the 
induction of angiogenesis, stimulation of mesenchymal 
cell proliferation, promotion of extracellular matrix com-
ponent synthesis, and enhancement of bone mineraliza-
tion. These preparations are employed across a  broad 
range of dental procedures, including the management 
of extraction sockets, augmentation procedures, implant 
therapies, sinus lift procedures, and soft tissue regenera-
tion. Despite numerous reports documenting beneficial 
clinical effects of PRP, its therapeutic efficacy remains 
under ongoing investigation. Outcomes may be substan-
tially influenced by variations in preparation protocols, 
platelet concentrations, and individual patient clinical 
characteristics.

PRP preparation protocols varied across the analysed 
studies. The results and a  summary of the parameters 
employed for PRP preparation are presented in Tables 
1–4.

Extraction sockets

Tooth extraction is among the most frequently performed 
surgical procedures in dentistry. Despite its routine na-
ture, it may give rise to numerous complications that can 
substantially impair the healing process. The most com-
mon complications include pain, oedema, trismus, infec-
tion, and dry socket. In some cases, tissue regeneration 
may be delayed, adversely affecting treatment outcomes 
and patient comfort [16, 17].

Study
Parameters

Activator used Outcomes
First centrifugation Second centrifugation

Biomet, Indiana, 
USA [16]

1000 rpm  
for 10 minutes

1000 rpm 
 for 10 minutes 10% CaCl2

More rapid soft tissue healing, reduced 
rates of local complications such as 

dry socket, diminished postoperative 
pain, and improved trabecular bone 
structure on radiographic imaging in 

PRP-treated areas
Haydarpaşa 
Training Hospital, 
Istanbul [19]

1200 rpm  
for 10 minutes

1000 rpm  
for 10 minutes -

No significant differences in new bone 
formation between PRP-treated and 

control groups
Dental Services 
Department, 
Nigeria [20]

1200 rpm  
for 10 minutes

1000 rpm  
for 10 minutes

10% CaCl2 and 
1000 U of bovine 

thrombin 
Reduced pain and oedema, improved 

range of mouth opening

Duquesne 
University [21]

1150 rpm  
for 10 minutes - -

Increased radiographic bone density 
in PRP-treated areas; no significant 

observations regarding postoperative 
pain or bleeding severity

Table 1. Platelet-rich plasma (PRP) preparation protocols and research findings regarding its effect on post-extraction sockets



2026 NR 2 VOL. 104

99

In response to these challenges, research into methods 
for accelerating post-extraction regeneration has fo-
cused on the use of autologous platelet concentrates, 
which, by virtue of their high concentration of growth 
factors such as PDGF, TGF-β, and VEGF, have the poten-
tial to favourably modulate the healing environment [18].  

PRP preparations are capable of stimulating angiogen-
esis, fibroblast and osteoblast proliferation, and extracel-
lular matrix reconstruction, thereby potentially contrib-
uting to accelerated regeneration of both soft and hard 
tissues. PRP is therefore regarded as a promising thera-
peutic tool with the potential to prevent complications 

Study
Parameters

Activator used OutcomesFirst  
centrifugation

Second 
centrifugation

Maharishi 
Markandeshwar 
College of Dental 
Sciences and Research, 
Mullana [26]

200 × g  
for 20 minutes

400 × g  
for 10 minutes -

No significant differences were 
identified for osseointegration or  
the quality of newly formed bone 

tissue

Yeditepe University, 
Istanbul [27]

2,400 rpm  
for 10 minutes

3,600 rpm  
for 15 minutes 10% CaCl2

Superior efficacy of PRP combined 
with xenograft material relative  

to standard augmentation procedures 
has not been confirmed

Kenia Dental College, 
Nepal [28]

2000 rpm  
for 15 minutes

3000 rpm  
for 10 minutes 10% CaCl2

Autologous PRP is biocompatible 
and significantly improves soft tissue 
healing, bone regeneration, and bone 

density in extraction sockets

King Saud University, 
Saudi Arabia [29]

200 × g  
for 20 minutes

400 × g  
for 10 minutes 10% CaCl2

Improved healing of soft tissues, faster 
bone regeneration in the socket  

with the use of PRP

Table 2. Platelet-rich plasma (PRP) preparation protocols and research findings regarding its effect on bone augmentation

Study
Parameters

Activator used OutcomesFirst  
centrifugation

Second 
centrifugation

King Saud University, 
Saudi Arabia [29]

200 × g  
for 20 minutes

400 × g  
for 10 minutes 10% CaCl2

Improved healing of soft tissues, faster 
bone regeneration in the socket with 

the use of PRP

Biotechnology 
Institute, Vitoria [30]

460 × g  
for 8 minutes - 10% CaCl2

Coating of the implant surface elicits 
a more dynamic tissue response 
and promotes accelerated bone 

mineralization
University of Rome 
Tor Vergata, Italy [31]

1100 rpm  
for 10 minutes - 10% CaCl2

Faster regeneration of soft  
and hard tissues

Bapuji Dental College 
and Hospital,  
India [32]

3000 rpm  
for 10 minutes - - Minimizing delayed integration  

of implants into hard and soft tissues

School of Dentistry 
Sao Paulo, Brazil [34]

1200 rpm  
for 10 minutes

1200 rpm  
for 15 minutes -

The use of PRP in the treatment  
of peri-implant bone defects does not 
yield significant improvement in bone 

tissue regeneration

Table 3. Platelet-rich plasma (PRP) preparation protocols and research findings regarding its effect on implants

Study
Parameters

Activator used OutcomesFirst  
centrifugation

Second 
centrifugation

Cairo University,  
Egypt [36]

160 × g  
for 16 minutes - 10% CaCl2

No significant differences were 
observed in the quality of newly 

formed bone or the efficiency  
of osseointegration

Medical University 
of Vienna, Austria [37]

1800 rpm  
for 10 minutes

3000 rpm  
for 10 minutes

10% CaCl2 and 
bovine thrombin

Potential synergistic effects of PRP 
and synthetic bone substitutes

Table 4. Platelet-rich plasma (PRP) preparation protocols and research findings regrading its effect on sinus lift
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and optimize the healing process following tooth extrac-
tion [19].

A 2010 study by Alissa et al. found that PRP significantly 
accelerated soft tissue healing in extraction sockets com-
pared to controls. Patients who did not receive PRP ex-
hibited a higher incidence of local complications, including 
dry socket and acute alveolitis. Although these differences 
were of borderline statistical significance, they suggest 
a preventive potential for PRP. Radiographic evaluation of 
healed sockets additionally revealed a  marked improve-
ment in trabecular bone structure in PRP-treated areas, al-
though statistically significant differences were observed 
only in sockets exhibiting dense and homogeneous bone 
structure. Furthermore, patients treated with PRP report-
ed lower levels of postoperative pain, particularly during 
the first three days following surgery [16].

Similar observations were reported by researchers as-
sessing the effect of PRP on the healing process fol-
lowing surgical extraction of impacted third molars. The 
PRP-treated group demonstrated a significant reduction 
in pain and oedema, as well as improved mouth opening. 
Differences in radiological parameters, including bone 
density and trabecular bone structure, were observable, 
yet did not reach statistical significance [20].

Clinicians from Duquesne University employed digital 
radiography and computed tomography (CT) to assess 
changes in bone density within the extraction socket. 
Their analysis revealed a statistically significant increase 
in radiographic density in PRP-treated areas, suggesting 
a beneficial effect on early mineralisation. However, no 
significant effect of PRP on postoperative pain or bleed-
ing was observed [21].

Despite numerous positive reports demonstrating the ef-
ficacy of PRP in improving soft tissue healing and reduc-
ing post-extraction complications, evidence regarding its 
effect on bone regeneration remains more ambiguous. 
Some studies have failed to confirm significant differences 
in new bone formation between PRP-treated and control 
groups, underscoring the need for further well-designed 
clinical trials and standardized PRP preparation protocols. 
Given the available evidence, PRP may be assumed to ex-
ert a beneficial effect primarily during the initial phase of 
post-extraction wound healing, supporting early osteo-
genesis. However, the magnitude of this effect may dimin-
ish in later stages of tissue remodelling [22].

Bone augmentation

Augmentation procedures intended to restore mandibu-
lar bone may utilize PRP to provide biological support 
to enhance osteogenesis. Used alone or in combination 
with bone substitutes, PRP can modulate the local heal-
ing environment by activating progenitor cells and initi-
ating bone remodelling. Consequently, PRP may contrib-
ute to increased volume and improved quality of newly 
formed bone tissue. Its mechanisms of action have been 
confirmed at the cellular level: as early as day 3 post ap-
plication, increased osteoblast and fibroblast prolifera-
tion, enhanced neovascularization, and accelerated bone 
mineralisation have been observed [23]. These process-
es form the basis for the application of PRP in implan-

tology and guided bone regeneration (GBR), particularly 
in cases of significant alveolar process atrophy requiring 
augmentation prior to planned implant treatment [24].

The osteogenic potential of PRP is supported by both 
experimental and clinical evidence. For example, Daif 
(2012) demonstrated that direct application of PRP 
along mandibular fracture lines may support the healing 
process by accelerating bone tissue regeneration [25].  
A 2007 study comparing bone marrow mononuclear cell 
transplants containing the CD34+ population with PRP 
preparations demonstrated that PRP stimulated new al-
veolar bone formation more effectively than stem cells 
alone. These findings suggest that the growth factors 
contained in PRP may positively modulate the osteogen-
ic microenvironment [26].

Although numerous studies indicate a  beneficial effect 
of PRP on bone regeneration, the available evidence 
remains inconclusive. Some comparative studies com-
paring platelet concentrates against synthetic alloplasts 
(such as PerioGlass) and bioresorbable xenografts (e.g., 
Bio-Oss) failed to demonstrate significant differences in 
osseointegration or the quality of newly formed bone tis-
sue [27]. Similarly, Cabbara et al. did not confirm superior 
efficacy of combining PRP with xenograft material com-
pared to standard augmentation procedures [28]. At the 
same time, other clinical reports demonstrate a statisti-
cally significant increase in bone density in areas treated 
with PRP, particularly at longer follow-up intervals of 1, 
4, and 12 months, suggesting a positive effect of PRP on 
the rate and quality of long-term bone regeneration [29, 
30].

Discrepancies in the reported results may be attributable 
to numerous confounding factors, including the absence 
of standardized protocols for PRP preparation and ap-
plication, the heterogeneous physicochemical properties 
of biomaterials used as carriers, and variability in surgical 
techniques. These factors substantially complicate the 
definitive assessment of PRP efficacy relative to conven-
tional bone augmentation approaches.

Implantology

Modern implantology seeks to optimize the early stages 
of osseointegration with the aim of achieving predictable 
and durable treatment outcomes. One promising approach 
involves the use of autologous PRP as a biological adjunct 
supporting regenerative peri-implant processes [18].  
PRP contains high concentrations of growth factors 
capable of supporting the differentiation of osteopro-
genitor cell differentiation, stimulating angiogenesis, and 
initiating extracellular matrix remodelling [18, 30]. The 
application of PRP, both to implant surfaces and within 
the bone bed, may accelerate healing, enhance primary 
and secondary implant stability, and reduce the risk of 
postoperative inflammatory complications. Given its bio-
logically active properties, PRP may positively modulate 
the microenvironment at the implant site, creating con-
ditions that promote effective and durable implant-bone 
integration [24].

Experimental studies have demonstrated that PRP-coat-
ed implants exhibit a higher degree of bone integration. 
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Anitua confirmed that biological implant coating elicits  
a  more dynamic tissue response and promotes more 
rapid mineralisation [31]. Similar observations were re-
ported by researchers from the University of Rome Tor 
Vergata, who, in the context of maxillary reconstruction 
and post-extraction tissue regeneration, documented  
a beneficial effect of PRP on the healing process as well 
as high patient tolerability of this intervention [32].  
Furthermore, innovative techniques proposed by Anand 
et al., involving the application of PRP to the implant 
surface within immediate loading protocols, suggest the 
potential for improved treatment outcomes through bio-
logical tissue stimulation while minimising delays in the 
integration of hard and soft tissue structures [33].

Available evidence also suggests that PRP may improve 
bone density indices and reduce marginal bone loss, pa-
rameters that are critical for long-term implant stability 
and functionality. Taschieri et al. observed that implants 
placed in fresh extraction sockets demonstrated improved 
soft tissue integration with PRP, potentially attributable to 
its angiogenic properties and its impact on collagen ex-
pression and extracellular matrix remodelling [34].

It should be noted, however, that the results of clinical 
trials remain ambiguous. Casati et al. reported that PRP 
alone failed to yield significant improvement in bone 
tissue regeneration in the management of peri-implant 
bone defects [35]. Discrepancies in research findings 
may be partially explained by the absence of standard-
ized PRP harvesting and activation procedures, biologi-
cal variability among patients, and heterogeneity in study 
designs.

Sinus lift 

Sinus lift surgery is an important preparatory step for im-
plant placement in the posterior maxilla with insufficient 
alveolar ridge height. The use of PRP in this procedure 
aims to enhance angiogenesis and osteogenesis at the 
graft site. As a biologically active carrier of growth fac-
tors, PRP may support bone remodelling and improve 
treatment outcomes with respect to both the quality of 
newly formed bone and implant survival.

The use of PRP in combination with bone substitutes, 
particularly β-tricalcium phosphate (β-TCP), has been 
assessed as moderately beneficial [36]. Some studies 
have demonstrated that combining PRP with β-TCP 
may yield approximately 8–10% greater new bone for-
mation compared to β-TCP monotherapy, without af-
fecting the rate of biomaterial resorption. These find-
ings suggest a  potential synergistic effect of PRP and 
synthetic bone substitutes; however, the efficacy of 
this approach depends on multiple variables, including 
the composition and preparation method of the con-
centrate, the quality of the biomaterial, and the surgical 
technique employed [37, 38].

It is also noteworthy that not all comparisons of PRP with 
other graft materials have yielded favourable results. 
Several studies comparing PRP with alloplastic materials 
(e.g., PerioGlass) or bioresorbable xenografts (e.g., Bio-
Oss) have failed to demonstrate significant differences in 
the quality of newly formed bone or the efficacy of os-

seointegration. Such discrepancies may be attributable 
to inconsistent methodologies, differences in the ma-
terials employed, and the absence of standardized PRP 
preparation protocols [37, 38].

Periodontology and oral soft tissues

Autologous PRP represents a valuable adjunct support-
ing regenerative processes, with particular relevance 
to the treatment of periodontal disease and the recon-
struction of oral soft tissues. Its therapeutic potential 
stems from its high concentration of growth factors and 
bioactive molecules that modulate the local inflamma-
tory response, initiate angiogenesis, and stimulate the 
proliferation of cells integral to the healing process, in-
cluding fibroblasts and keratinocytes [29, 37]. These 
mechanisms promote accelerated epithelial and mucosal 
regeneration, enhancing the predictability of clinical out-
comes in interventions such as gingival recession man-
agement, autogenous grafting, and postoperative tissue 
regeneration.

In periodontology, PRP is employed as an adjunctive bio-
logical agent in procedures aimed at reconstructing peri-
odontal structures, including root cementum, the peri-
odontal ligament, and alveolar bone [29]. PRP has the 
capacity to stimulate progenitor cell migration and dif-
ferentiation as well as extracellular matrix remodelling, 
supporting graft integration and the restoration of lost 
attachment. It has further been documented to promote 
fibrin clot formation, which translates into increased col-
lagen production and fibroblast proliferation within the 
wound [21].

Systematic reviews indicate that PRP may improve the 
healing of periodontal defects, particularly when used in 
combination with graft materials. Del Fabbro et al. demon-
strated a potentially beneficial effect of PRP in the manage-
ment of intraosseous defects, although no clear benefit was 
identified in the treatment of gingival recession [3]. Two 
controlled clinical trials demonstrated that combining PRP 
with bone graft material yielded superior clinical outcomes 
compared to graft material alone [39, 40].

Regarding soft tissue healing, three of the four analysed 
studies reported a  statistically significant acceleration 
of the regeneration process (p < 0.05), as confirmed by 
wound assessments performed at 7–14 day intervals fol-
lowing the procedure [29, 30, 37, 39]. Similar findings 
were reported by Gawai et al., who demonstrated sig-
nificantly superior healing outcomes in patients receiving 
PRP compared to controls [41].

Conclusions

Platelet-rich plasma (PRP) represents a  promising ad-
junct for supporting tissue regeneration in dental sur-
gery, owing to its high platelet concentration and the 
presence of growth factors such as PDGF, TGF-β, VEGF, 
and EGF, which play a central role in angiogenesis, cell 
proliferation, and extracellular matrix remodelling. PRP 
is employed across a broad range of clinical interven-
tions, including extraction socket management, bone 
augmentation, sinus lift, implantology, and periodontal 
surgery.
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In the context of tooth extraction, PRP has the po-
tential to reduce pain, oedema, and the risk of com-
plications such as dry socket. Clinical studies indicate 
accelerated soft tissue regeneration and improved ra-
diographic parameters, although evidence regarding 
bone regeneration remains inconclusive. In augmenta-
tion procedures, PRP may support osteogenesis, par-
ticularly when used in combination with bone substi-
tutes, although the efficacy of this approach depends 
on many factors, including biomaterial quality, surgical 
technique, and the lack of standardized PRP prepara-
tion protocols. PRP demonstrates moderate potential 
for improving regenerative parameters in sinus lift, al-
though research findings remain inconsistent. In im-
plantology, PRP may accelerate osseointegration and 
enhance implant stability, primarily through its angio-
genic properties and stimulation of peri-implant tissue 
regeneration. Despite encouraging experimental data, 
clinical trials remain inconsistent. In periodontology, 
PRP is employed as an adjunct supporting the re-
generation of soft tissues and periodontal structures. 
PRP has demonstrated a  beneficial effect on wound 
healing, progenitor cell migration, and connective tis-
sue attachment restoration, particularly when used in 
combination with graft materials. 

In summary, PRP represents a valuable adjunct to sur-
gical procedures in dentistry, particularly during the 
initial stages of healing. However, given the insuf-
ficient evidence regarding its efficacy in bone regen-
eration and the considerable variability in reported 
outcomes, further well-designed clinical trials and 
standardisation of preparation and application proto-
cols are warranted.

References

1.	 Marx RE. Platelet-rich plasma (PRP): what is PRP and what 
is not PRP? Implant Dent, 2001; 10(4): 225–228. doi: 
10.1097/00008505-200110000-00002

2.	 Dohan Ehrenfest DM, Rasmusson L, Albrektsson T. Clas
sification of platelet concentrates: from pure platelet-rich 
plasma (P-PRP) to leucocyte- and platelet-rich fibrin 
(L-PRF). Trends Biotechnol, 2009; 27(3): 158–167. doi: 
10.1016/j.tibtech.2008.11.009

3.	 Del Fabbro M, Bortolin M, Taschieri S, Weinstein R. Is plate-
let concentrate advantageous for the surgical treatment of 
periodontal diseases? A systematic review and meta-analy-
sis. J Periodontol, 2011; 82(8): 1100–1111. doi: 10.1902/
jop.2010.100605

4.	 Anitua E, Andia I, Ardanza B, et al. Autologous platelets 
as a  source of proteins for healing and tissue regenera-
tion. Thromb Haemost, 2004; 91(1): 4–15. doi: 10.1160/
TH03-07-0440

5.	 Koltai K, Kesmarky G, Feher G, et al. Platelet aggregometry 
testing: molecular mechanisms, techniques and clinical im-
plications. Int J Mol Sci, 2017; 18(8): 1803. doi: 10.3390/
ijms18081803

6.	 Barrientos S, Stojadinovic O, Golinko MS, et al. Growth factors 
and cytokines in wound healing. Wound Repair Regen, 2008; 
16(5): 585–601. doi: 10.1111/j.1524-475X.2008.00410.x

7.	 Alissa R, Esposito M, Horner K, Oliver R. The influence of 
platelet-rich plasma on the healing of extraction sockets: an 
explorative randomised clinical trial. Eur J Oral Implantol, 
2010; 3(2): 121–134

8.	 Yang D, Cheng J, Jing Z, Jin D. Platelet-derived growth fac-
tor (PDGF)-AA: a self-imposed cytokine in the proliferation 
of human fetal osteoblasts. Cytokine, 2000; 12(8): 1271–
1274. doi: 10.1006/cyto.2000.0707

9.	 Cole BJ, Seroyer ST, Filardo G, et al. Platelet-rich plasma: 
where are we now and where are we going? Sports Health, 
2010; 2(3): 203–210. doi: 10.1177/1941738110366385

10.	Graziani F, Ivanovski S, Cei S, et al. The in vitro effect of 
different PRP concentrations on osteoblasts and fibro-
blasts. Clin Oral Implants Res, 2006; 17(2): 212–219. doi: 
10.1111/j.1600-0501.2005.01203.x

11.	Sánchez-González DJ, Méndez-Bolaina E, Trejo-Bahena 
NI. Platelet-rich plasma peptides: key for regeneration. Int 
J Pept, 2012; 2012: 532519. doi: 10.1155/2012/532519

12.	Landesberg R, Moses M, Karpatkin M. Risks of using plate-
let rich plasma gel. J Oral Maxillofac Surg, 1998; 56(9): 
1116–1117. doi: 10.1016/s0278-2391(98)90286-5

13.	Andia I, Abate M. Platelet-rich plasma: underlying biology 
and clinical correlates. Regen Med, 2013; 8(5): 645–658. 
doi: 10.2217/rme.13.59

14.	Alves R, Grimalt R. A  review of platelet-rich plasma: 
history, biology, mechanism of action, and classifica-
tion. Skin Appendage Disord, 2018; 4(1): 18–24. doi: 
10.1159/000477353

15.	Croisé B, Paré A, Joly A, et al. Optimized centrifugation 
preparation of the platelet rich plasma: literature review.  
J Stomatol Oral Maxillofac Surg, 2020; 121(2): 150–154. 
doi: 10.1016/j.jormas.2019.07.001

16.	Woodell-May JE, Ridderman DN, Swift MJ, Higgins J. 
Producing accurate platelet counts for platelet rich plasma: 
validation of a hematology analyzer and preparation tech-
niques for counting. J Craniofac Surg, 2005; 16(5): 749–
756. doi: 10.1097/01.scs.0000180007.30115.fa

17.	Antonello Gde M, Torres do Couto R, Giongo CC, et al. 
Evaluation of the effects of the use of platelet-rich plasma 
(PRP) on alveolar bone repair following extraction of impact-
ed third molars: prospective study. J Craniomaxillofac Surg, 
2013; 41(4): e70–e75. doi: 10.1016/j.jcms.2012.11.003

18.	Arenaz-Búa J, Luaces-Rey R, Sironvalle-Soliva S, et al. 
A  comparative study of platelet-rich plasma, hydroxyapa-
tite, demineralized bone matrix and autologous bone to 
promote bone regeneration after mandibular impacted 
third molar extraction. Med Oral Patol Oral Cir Bucal, 2010; 
15(3): e483–e489. doi: 10.4317/medoral.15.e483

19.	Gürbüzer B, Pikdöken L, Urhan M, et al. Scintigraphic evalua-
tion of early osteoblastic activity in extraction sockets treat-
ed with platelet-rich plasma. J Oral Maxillofac Surg, 2008; 
66(12): 2454–2460. doi: 10.1016/j.joms.2008.03.006

20.	Ogundipe OK, Ugboko VI, Owotade FJ. Can autologous 
platelet-rich plasma gel enhance healing after surgical ex-
traction of mandibular third molars? J Oral Maxillofac Surg, 
2011; 69(9): 2305–2310. doi: 10.1016/j.joms.2011.02.014

21.	Rutkowski JL, Johnson DA, Radio NM, Fennell JW. Platelet 
rich plasma to facilitate wound healing following tooth ex-
traction. J Oral Implantol, 2010; 36(1): 11–23. doi: 10.1563/
AAID-JOI-09-00063

22.	Albanese A, Licata ME, Polizzi B, Campisi G. Platelet-rich 
plasma (PRP) in dental and oral surgery: from the wound 
healing to bone regeneration. Immun Ageing, 2013; 10(1): 
23. doi: 10.1186/1742-4933-10-23

23.	Grassi FR, Ciccolella F, D’Apolito G, et al. Effect of low-level 
laser irradiation on osteoblast proliferation and bone for-
mation. J Biol Regul Homeost Agents, 2011; 25(4): 603–
614. Erratum in: J Biol Regul Homeost Agents, 2012; 26(1): 
3 p following 163. Dipalma, M [corrected to Dipalma, G]



2026 NR 2 VOL. 104

103

24.	Carlson NE, Roach RB Jr. Platelet-rich plasma: clinical ap-
plications in dentistry. J Am Dent Assoc, 2002; 133(10): 
1383–1386. doi: 10.14219/jada.archive.2002.0054

25.	Daif ET. Effect of autologous platelet-rich plasma on bone 
regeneration in mandibular fractures. Dent Traumatol. 
2013; 29(5): 399–403. doi: 10.1111/edt.12021

26.	Wojtowicz A, Chaberek S, Urbanowska E, Ostrowski K. 
Comparison of efficiency of platelet rich plasma, hema-
topoieic stem cells and bone marrow in augmentation of 
mandibular bone defects. N Y State Dent J, 2007; 73(2): 
41–45

27.	Tomar N, Dahiya S, Sharma PK, et al. A Comparative clinical 
evaluation of effectiveness of platelet-rich plasma, synthet-
ic allograft, and bioresorbable xenograft during immediate 
implant placement. Cureus, 2022; 14(12): e32121. doi: 
10.7759/cureus.32121

28.	Cabbar F, Güler N, Kürkcü M, et al. The effect of bovine 
bone graft with or without platelet-rich plasma on maxil-
lary sinus floor augmentation. J Oral Maxillofac Surg, 2011; 
69(10): 2537–2547. doi: 10.1016/j.joms.2011.03.040

29.	Dutta SR, Singh P, Passi D, Patter P. Mandibular third 
molar extraction wound healing with and without 
platelet rich plasma: a  comparative prospective study.  
J Maxillofac Oral Surg, 2015; 14(3): 808–815. doi: 10.1007/
s12663-014-0738-1

30.	ArRejaie A, Al-Harbi F, Alagl AS, Hassan KS. Platelet-rich 
plasma gel combined with bovine-derived xenograft for the 
treatment of dehiscence around immediately placed con-
ventionally loaded dental implants in humans: cone beam 
computed tomography and three-dimensional image evalu-
ation. Int J Oral Maxillofac Implants, 2016; 31(2): 431–438. 
doi: 10.11607/jomi.3859

31.	Anitua EA. Enhancement of osseointegration by generating 
a  dynamic implant surface. J Oral Implantol, 2006; 32(2): 
72–76. doi: 10.1563/736.1

32.	Gentile P, Bottini DJ, Spallone D, et al. Application of plate-
let-rich plasma in maxillofacial surgery: clinical evaluation. 
J Craniofac Surg, 2010; 21(3): 900–904. doi: 10.1097/
SCS.0b013e3181d878e9

33.	Anand U, Mehta DS. Evaluation of immediately loaded den-
tal implants bioactivated with platelet-rich plasma placed 
in the mandibular posterior region: A  clinico-radiographic 
study. J Indian Soc Periodontol, 2012; 16(1): 89–95. doi: 
10.4103/0972-124X.94612

34.	Taschieri S, Lolato A, Ofer M, et al. Immediate post-extrac-
tion implants with or without pure platelet-rich plasma: 
a 5-year follow-up study. Oral Maxillofac Surg, 2017; 21(2): 
147–157. doi: 10.1007/s10006-017-0609-2

35.	Casati MZ, de Vasconcelos Gurgel BC, Gonçalves PF, et 
al. Platelet-rich plasma does not improve bone regenera-
tion around peri-implant bone defects – a  pilot study in 
dogs. Int J Oral Maxillofac Surg, 2007; 36(2): 132–136. doi: 
10.1016/j.ijom.2006.06.004

36.	Wiltfang J, Schlegel KA, Schultze-Mosgau S, et al. Sinus 
floor augmentation with beta-tricalcium phosphate (beta-
TCP): does platelet-rich plasma promote its osseous in-
tegration and degradation? Clin Oral Implants Res, 2003; 
14(2): 213–218. doi: 10.1034/j.1600-0501.2003.140212.x

37.	Khairy NM, Shendy EE, Askar NA, El-Rouby DH. Effect 
of platelet rich plasma on bone regeneration in maxillary 
sinus augmentation (randomized clinical trial). Int J Oral 
Maxillofac Surg, 2013; 42(2): 249–255. doi: 10.1016/j.
ijom.2012.09.009

38.	Poeschl PW, Ziya-Ghazvini F, Schicho K, et al. Application 
of platelet-rich plasma for enhanced bone regeneration in 
grafted sinus. J Oral Maxillofac Surg, 2012; 70(3): 657–664. 
doi: 10.1016/j.joms.2011.04.027

39.	Menezes LM, Rao J. Long-term clinical evaluation of 
platelet-rich plasma in the treatment of human peri-
odontal intraosseous defects: a  comparative clinical trial. 
Quintessence Int, 2012; 43(7): 571–582

40.	Saini N, Sikri P, Gupta H. Evaluation of the relative effica-
cy of autologous platelet-rich plasma in combination with 
β-tricalcium phosphate alloplast versus an alloplast alone 
in the treatment of human periodontal infrabony defects: 
a clinical and radiological study. Indian J Dent Res, 2011; 
22(1): 107–115. doi: 10.4103/0970-9290.80008

41.	Gawai KT, Sobhana CR. Clinical evaluation of use of platelet 
rich plasma in bone healing. J Maxillofac Oral Surg, 2015; 
14(1): 67–80. doi: 10.1007/s12663-013-0605-5



104

REVIEW ARTICLE

Robert Dorian Wołowiec1, Mariusz Goniewicz2

1.	 Medical Sustainment Team, Major Eugeniusz Gedymin Kaszyński 10th Świętokrzyska Territorial Defense Brigade „Nurt”, Poland
2.	 Department of Emergency Medicine, Medical University of Lublin, Poland

Robert Dorian Wołowiec –  0009-0007-2994-3212
Mariusz Goniewicz –  0000-0002-3004-6195

Abstract 

The paper discusses the importance of civil-military cooperation during mass events between 2013 and 2024.  
We analysed the COVID-19 pandemic, the 2024 Olympic Games in Paris, and the Boston Marathon bombing, high-
lighting various forms of armed force involvement in supporting civil institutions. We found that the effectiveness 
of civil-military cooperation depends on a clear division of responsibilities, mutual trust, training, and coordinated 
procedures. The paper further underscores the need to formalize this cooperation as an inherent component of the 
national security system.

Streszczenie 

Praca omawia znaczenie współpracy cywilno-wojskowej podczas zdarzeń masowych w latach 2013–2024. Analizuje 
przypadki, takie jak pandemia COVID-19, igrzyska olimpijskie w Paryżu (2024) oraz zamach podczas Maratonu Bo-
stońskiego (2013), ukazując różnorodne formy zaangażowania sił zbrojnych we wsparcie instytucji cywilnych. Wska-
zuje, że efektywność współpracy cywilno-wojskowej zależy od jasnego podziału kompetencji, wzajemnego zaufania, 
szkoleń oraz wspólnych procedur. Praca podkreśla również potrzebę formalizacji tej współpracy jako stałego elemen-
tu systemu bezpieczeństwa narodowego.
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Introduction

Civil-military cooperation (CIMIC) has become an inte-
gral part of successful crisis management in the current 
geopolitical context. Given the growing frequency and 
scale of mass incidents, including pandemics, natural and 
anthropogenic disasters (including chemical, industrial, 
ecological, and construction emergencies, terrorism, 
armed conflicts, biological or chemical threats, and cy-
berattacks), close coordination between civilian sector 
and the armed forces is essential.

The boundaries between military and civilian operational 
domains are becoming increasingly blurred. The armed 

forces no longer exist merely for defence purposes in-
tended to protect state sovereignty and territorial integ-
rity, but they are also expected to support public admin-
istration and relief efforts during emergencies.

The role of CIMIC has considerably expanded over the 
past decade, particularly where security-related activi-
ties like handling disasters, terrorism, and search-and-
rescue missions are concerned. The COVID-19 pan-
demic exposed significant deficiencies in civilian systems 
while simultaneously underscoring the value of military 
resources and capabilities, including logistics, organi-
zational capacity, rapid mobilization, and the ability to 
operate under crisis conditions. Similarly, organisation 
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of large-scale international events such as the Olympic 
Games, as well as addressing natural disasters, including 
fires and floods, have demonstrated that effective crisis 
management without military involvement is often chal-
lenging and, sometimes, impossible. Our paper attempts 
to analyse civil-military cooperation in the context of 
selected mass events held in the past decade, with par-
ticular focus on practical and legal aspects, as well as de-
velopmental barriers and opportunities in this domain.  
We also assessed cross-national differences in approach-
es to CIMIC and lessons learned from past experiences.

Legal framework for CIMIC

Civil-military cooperation is governed by certain legal reg-
ulations that defining the extent to which military activity 
can be conducted during crises within particular countries. 
Depending on the national context, this framework may 
be statutory, constitutional, or executive (acts, regula-
tions, or bylaws). A state of natural disaster or emergency, 
or decisions made by executive authorities in relation to 
an emergency, serve as a legal basis for engaging military 
forces in operations supporting civilian administration in 
most European countries, including Poland [1].

Poland

In Poland, the legal framework for civil-military coopera-
tion is defined, among others, by:

	Q The Act of 21 November 1967 on universal obliga-
tion to defend the Republic of Poland, which allows 
for directing the armed forces to actions other than 
defence tasks, including support in crisis situations 
(Articles 3 and 11);

	Q The Act of 26 April 2007 on Crisis Management, 
which establishes a crisis management system in Po-
land and designates the armed forces as one of the 
institutions responding to crisis;

	Q Act of 18 April 2002 on the state of natural disas-
ter, regulating circumstances under which the armed 
forces may be deployed to provide assistance during 
natural disasters and threats to the life and health of 
the population;

	Q Regulations of the Minister of National Defence and 
internal regulations of the Polish Armed Forces, in-
cluding the Operational Doctrine of the Polish Armed 
Forces [2, 3].

Furthermore, specialized units and cells responsible for 
CIMIC have been established within Polish Armed Forces,  
most notably the Territorial Defense Forces Component 
Command, which plays a key role in aid operations, par-
ticularly at the local level.

NATO and the European Union

The following international frameworks are also of rel-
evance:

	Q NATO documents, including Allied Joint Publica-
tion 3.4.9 (AJP-3.4.9) “Civil-Military Cooperation 
(CIMIC)”, which outline the principles for planning 
and implementing civil-military cooperation in Allied 
operations [1];

	Q The Treaty of Lisbon (2007), which introduced the 
“solidarity clause” (TFEU Article 222), obliging EU 

Member States to collaborate in the event of disas-
ters and terrorist attacks, including the use of mili-
tary resources [4].

Limitations and controversies

Finding a proper balance between civilian supremacy over 
the armed forces and their effective performance remains 
one of the major legal challenges. Excessively rigid regula-
tions may impede the timely response in an emergency, 
whereas overly broad regulations can give rise to misuse of 
power and, in extreme cases, overstepping the boundaries 
of competences. Some states, like Germany, have strict con-
stitutional limitations on the domestic use of armed forces, 
while other, such as France or Poland, allow for a more flex-
ible participation of the military in crisis operations.

Examples of civil-military cooperation

COVID-19 pandemic

The COVID-19 pandemic prompted armed forces to un-
dertake unprecedented public health protection efforts. 
The Polish Armed Forces supported the state’s logistical 
and organizational activities, including: 

	Q Coordination of hospital logistics and delivery of 
personal protective equipment, respirators, beds, full 
hospital room equipment, etc.;

	Q Supporting civilian facilities through screening and 
testing done by military paramedics and Military 
Centers of Preventive Medicine (WOMP);

	Q Establishing and running swab testing sites and field 
hospitals (for instance at the National Stadium);

	Q Providing support to organise and operate the vac-
cination stations, especially in smaller communities;

	Q Involvement in transportation services to enable the 
elderly and disabled individuals access to the vacci-
nation stations;

	Q Delivering masks, disinfectants and medical equip-
ment to residents and public institutions;

	Q Organising convoys and providing support for the 
Material Reserves Agency;

	Q Cooperation with Border Guard and Police in carry-
ing out border and sanitary epidemiological control 
activities;

	Q Monitoring of individuals under quarantine condi-
tions conducted by Military Police officers;

	Q Conducting educational campaigns and providing 
telephone aid for isolated individuals and those ex-
periencing crisis situations (the so-called WOT Sup-
port Telephone) by the Territorial Defence Forces.

In response to the COVID-19 pandemic, the United 
Kingdom launched Operation Rescript in March 2020, 
representing the largest peacetime military operation 
in the country’s history, which gave rise to the COVID 
Support Force (CSF), comprising up to 23,000 soldiers 
and reservists. The CSF provided support to the National 
Health Service (NHS) and local authorities across many 
dimensions of the pandemic response.

Some of the CSF activities included:
	Q constructing temporary NHS Nightingale hospitals;
	Q distribution of personal protective equipment (PPE), 

with over 1.18 billion items delivered to NHS facilities;
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	Q aiding the transport of patients and medical personnel;
	Q participation in the vaccination programme, includ-

ing planning and logistics.​ 

Operation Rescript was carried out according to the 
Military Aid to the Civil Authorities (MACA) procedure, 
which enables the armed forces to support civilian au-
thorities in crisis situations [5–7]. These actions demon-
strated the flexibility and adaptability of military struc-
tures when facing non-traditional threats.

Paris 2024 Olympic Games – International Mobilization  
of Security Forces

Preparing for the 2024 Olympic Games in Paris, France 
undertook extensive measures to ensure the safety of 
both participants and spectators. Approximately 15,000 
soldiers, 45,000 police officers, and 20,000 private se-
curity personnel were deployed daily to support security 
operations. Additionally, support from 46 countries was 
requested, seeking military and police assistance for spe-
cialized operations.

These activities included, among others:
	Q night patrols using night vision and drones;
	Q patrols with sniffer dogs;
	Q securing the port of Ivry by combat divers;
	Q deployment of troops near the Olympic venues at 

a scale similar to Operation Sentinelle.

Operation Sentinelle was launched in France in January 
2015 following the attacks against the Charlie Hebdo 
editorial office. Its objective was to prevent terrorist at-
tacks and protect civilian population from these attacks 
through a permanent military presence across the coun-
try. As part of the operation, several thousand to over 
ten thousand soldiers are deployed to support police 
forces in patrolling public spaces, critical infrastructure, 
and symbolic objects.

Operation Sentinelle is an example of civil-military coop-
eration where:

	Q the armed forces support civil services (police, pre-
fectures, civil protection);

	Q rapid deployment of armed patrols is possible;
	Q soldiers fulfil preventive and deterrent functions, 

protecting key locations.

This extensive mobilization of security forces was aimed 
at counteracting potential terrorist threats and ensuring 
an unimpeded conduct of sporting events [8, 9].

2013 Boston Marathon Bombing – Limited Military 
Involvement

Following the 2013 Boston Marathon bombing, the pri-
mary rescue and investigative efforts were run by civilian 
agencies, including local police and emergency medical 
services. Military involvement was limited and included:

	Q approximately 1,000 members of the Massachusetts 
National Guard who had already been deployed to 
secure the event;

	Q three Navy explosive ordnance disposal teams, who 
provided support in neutralizing potential explosives.

The response to the attack showed that effective crisis 
management can be achieved primarily with the use of 
civilian services, with minimal military support [5, 6].

Benefits of civil-military cooperation

Enhancement of crisis response capabilities

The armed forces have access to unique logistical and 
organizational resources, including transportation, com-
munication, medical facilities, and personnel trained to 
operate under extreme conditions. Their involvement 
significantly enhances the capacity to respond to mass 
events such as natural disasters, pandemics, and terrorist 
attacks [10–12].

Example: During the COVID-19 pandemic, the armed 
forces across many countries assumed responsibility for 
transport, organized vaccination sites, and supported 
field hospitals, the scale of which exceeded the capabili-
ties of the civilian system.

Increasing social trust

In crisis situations, the presence of the armed forces can 
positively impact citizens’ sense of security, particularly 
when operations are coordinated and transparent. Mili-
tary personnel are often perceived as neutral and effec-
tive, which helps legitimize state actions.

Example: In Poland, the activities of the Territorial De-
fence Forces during the pandemic (e.g. assisting elderly 
citizens and supporting hospital operations) were met 
with wide public recognition.

Synergy of experience and structures

The military and civilian administration operate under 
different principles and procedures. The integration of 
their experiences allows for developing more effective 
crisis management and scenario planning frameworks.

Increasing interoperability and combat readiness

CIMIC exercises and real-world operations are also ben-
eficial from a military perspective; they allow for hands-
on improvement of operational capabilities in a civilian 
setting, which is also important in foreign deployments, 
including stabilization, as well as humanitarian and 
peacekeeping missions.

Barriers and challenges in civil-military cooperation

Cultural and structural differences

Civilian and military administrations differ in their organi-
zational cultures: civilians operate according to the logic 
of consensus and public administration, while the military 
relies on hierarchy, discipline, and rapid decision-making. 
These differences can give rise to misunderstandings, re-
duced efficiency, and competence conflicts [11].

Example: In some EU countries (e.g. Germany), consti-
tutional constraints and cultural differences hinder the 
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effective integration of the armed forces into crisis man-
agement [10, 11].

Legislative deficiencies and inconsistent regulations

The lack of a coherent legal framework (e.g. clear delimi-
tation of competencies, procedures for activating armed 
forces, command responsibility) may cause delays or pre-
vent smooth cooperation.

Example: The need for prior parliamentary approval for 
military involvement significantly increases the response 
times in some NATO countries (e.g. Germany, Denmark, 
Italy, the Netherlands, Poland, Great Britain, the United 
States, France).

Many NATO countries have developed carefully de-
signed mechanisms to ensure parliamentary oversight of 
military involvement in civilian operations during crisis 
situations. The scope of this oversight varies from coun-
try to country, ranging from mandatory parliamentary 
consent to the requirement to notify parliament after 
the decision has already been made. The common goal of 
these mechanisms is to ensure democratic oversight of 
military actions in crisis and emergency situations [13]. 

Fear of militarization of civilian space

Democratic societies show a  natural distrust of exces-
sive military presence in public life. There may be a risk 
that a prolonged military presence will be interpreted as 
a violation of civilian autonomy or even a pretext for au-
thoritarianism [11].

Logistical and communication challenges

The lack of interoperable communication systems, dif-
ferences in documentation, and unsynchronized infor-
mation management protocols are frequently reported 
barriers during joint civil-military operations.

Suggestions for improvement:
	Q establishment of permanent civil-military coordina-

tion centres at the national and regional levels;
	Q regular exercises involving civil services and armed 

forces;
	Q integration of databases and IT systems;
	Q introduction of a  civilian cooperation component 

into military education and, conversely, incorpora-
tion of CIMIC and disaster medicine training into 
public administration curricula [10, 11].

Theoretical analysis of civil-military cooperation

The concept and theoretical assumptions of CIMIC

Civil-military cooperation is defined by NATO as “a mil-
itary joint function that integrates the understanding 
of the civil factors of the operating environment and 
that enables, facilitates and conducts civil-military in-
teraction to support the accomplishment of missions 
and military strategic objectives in peacetime, crisis 
and conflict” [1].

From a theoretical perspective, CIMIC lies at the inter-
section of three research areas:

	Q security and defence studies;
	Q theory of public management and administration;
	Q sociology of organizations and intersectoral manage-

ment.

This cooperation requires an integrated approach among 
military, civilian, local, and international structures.  
Reconciling the often conflicting logics of these systems 
poses particular challenge.

Conflict of roles and organizational culture

In her article, “NATO Civil-Military Cooperation: Expec-
tations and Role Conflict,” Agata Mazurkiewicz identifies 
a key problem stemming from the dual role of soldiers 
engaged in CIMIC. On the one hand, they remain part 
of the armed forces; on the other hand, they perform 
quasi-diplomatic, administrative, and civilian assistance 
functions [14].

The role conflict manifests, among others, in:
	Q the need to reconcile the orders of superiors with 

the expectations of local authorities and the civilian 
population;

	Q limited decision-making autonomy of CIMIC soldiers 
in unstable settings;

	Q ambiguity of status – being both “soldiers” and “civil-
ian helpers”, which creates ethical and practical ten-
sions.

Mazurkiewicz notes that contemporary operations re-
quire soldiers to possess soft skills (empathy, intercul-
tural communication), which were not traditionally part 
of the military professional identity [14].

CIMIC as a stabilization tool

In his extensive work on CIMIC, Dariusz Kozerawski in-
vestigates, among other topics, the activities of the Pol-
ish Military Contingent in Iraq (2003–2008). He argues 
that the success of stabilization operations depends not 
solely on military superiority, but also on:

	Q the ability to build trust with the local community;
	Q understanding the cultural and religious context;
	Q implementing infrastructure and educational proj-

ects in cooperation with local authorities.

Kozerawski stresses that in the case of Iraq, the CIMIC 
concept is seen as a “soft power” tool intended to mini-
mize social opposition and generate civilian approval for 
the military presence [15].

It was a key challenge to maintain consistency of messag-
ing between CIMIC soldiers and operational command 
to ensure that actions are seen as supportive rather than 
a tool of domination [15].

CIMIC models: classical versus integrated approach

Cottey and Forster identify two principal models of civil-
military cooperation:
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	Q The classical model – separation of military and civil-
ian structures, cooperation restricted to what is nec-
essary for mission accomplishment;

	Q The integrated model – full coordination of tasks, 
e.g. joint planning, implementation of operations and 
evaluation of outcomes.

NATO and the EU are striving for an integrated model, as 
evidenced, among others, by operations in the Balkans 
and EU missions (e.g. European Union Force (EUFOR), 
European Union Monitoring Mission (EUMM)) [16].

CIMIC as a concept of “humanitarian intervention”?

Some researchers (e.g. Duffield [17], Barnett [18]) criti-
cize CIMIC as a  tool for military expansion of Western 
influence in unstable states. In their opinion, CIMIC ac-
tivities may, despite their intentions, serve as a “civilian 
wrapper” for occupation, ultimately undermining local 
sovereignty.

This theory brings the focus on the asymmetry of power 
between the armed forces and local populations, as well 
as to the risk of humanitarian aid being instrumentalized 
for geopolitical reasons [17, 18].

Summary of the theoretical analysis

CIMIC is not merely a technical instrument, but a com-
plex social process in which the interests, values, and 
operational logics of various aspects of cooperation 
between civilian and military communities intersect. It 
requires continuous adaptation of military structures to 
the dynamic civilian environment and reflection on the 
military role in modern democracies.

Conclusions

The past decade has shown that civil-military cooperation 
is becoming increasingly relevant in dealing with large cri-
ses, both natural and man-made. Cases of the coronavirus 
epidemic, massive global events such as the Olympics, and 
acts of terrorism highlight the need for a dynamic, inte-
grated, and flexible state response, of which the participa-
tion of armed forces is an integral part.

CIMIC as a component of contemporary crisis management

Contemporary crises are complex and multidimensional, 
often exceeding the capabilities of a single institution or 
sector. In this context, CIMIC emerges not only as a sup-
port tool, but also as an indispensable element of the 
state’s crisis response structure [19]. The effectiveness 
of such cooperation depends on pre-defined procedures, 
competencies, and mutual trust between civilian and 
military partners [19].

As pointed out by NATO experts (AJP-3.4.9), the imple-
mentation of CIMIC should be based on the principles of 
reciprocity, coordination and synergy of actions rather than 
on hierarchical subordination of one of the parties [1].

The importance of flexibility and interoperability

Flexibility of structures and the ability to cross traditional 
institutional boundaries are key to the success of CIMIC 
operations. 

During the COVID-19 pandemic, many countries were 
forced to improvise – the United Kingdom, for instance, 
stood up NHS support structures within a  matter of 
weeks [7]. This experience shows that effective response 
requires:

	Q prior preparation of armed forces for non-kinetic op-
erations (logistics, transport, evacuation, engineering);

	Q cross-sectoral training and CIMIC scenario exercises, 
e.g. “DEFENDER-Europe” [7].

Building trust and soft skills

Civil-military cooperation is not based solely on equip-
ment, command structures and military capability – soft 
skills such as communication, negotiation, understand-
ing the cultural and social context are crucial [14]. 

Especially in foreign environments (e.g. Iraq, Afghanistan), 
where local communities may be distrustful of the armed 
forces, the ability to build dialogue and relationships 
proves more important than combat capabilities [14].

The need to develop a common doctrine  
and legal framework

Cultural, institutional, and operational differences be-
tween civilians and the military lead to friction and mis-
understandings. It is necessary to create a common doc-
trine for civil-military cooperation that:

	Q will account for the characteristics of 21st century 
threats (epidemics, migrations, terrorism);

	Q precisely defines competences, responsibilities and 
coordination mechanisms;

	Q will ensure compatibility between local, national and 
international levels (e.g. NATO, EU, UN).

Reports from the European Centre of Excellence for Ci-
vilian Crisis Management (CoE) show that there is still 
a lack of harmonised CIMIC procedures in the EU, which 
limits the effectiveness of joint operations [20].

Strategic conclusions and the future of CIMIC

	Q A modern army must be able to operate in the social, 
informational and humanitarian dimensions rather 
than only kinetic ones.

	Q  CIMIC should become an integral part of internal 
security policy rather than merely a tool for expedi-
tionary missions abroad.

	Q Civilian training for soldiers and military training for 
civilian crisis management structures should be the 
norm rather than an exception.

	Q It is necessary to implement early response systems 
and cross-sectoral planning, including digitalization 
and common information platforms.
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Abstract 

Catheter-associated urinary tract infections are a major healthcare concern, particularly in hospitals and intensive care 
units (ICUs), despite significant educational and preventive efforts. They remain a significant concern in intensive care 
units settings due to factors such as prolonged catheterization, compromised immunity, and underlying medical condi-
tions. Symptoms of catheter-associated urinary tract infections in intensive care unit patients can vary and may include 
fever, dysuria, haematuria and lower abdominal discomfort. Escherichia coli, Klebsiella pneumoniae, and Candida albicans 
are the primary pathogens responsible for catheter-associated urinary tract infections. Catheterized intensive care unit 
patients are at increased risk of developing catheter-associated urinary tract infections, which contribute to higher mor-
bidity, mortality, and extended hospital stays. Early diagnosis and appropriate treatment are crucial to prevent complica-
tions associated with untreated urinary tract infections.

Streszczenie 

Odcewnikowe zakażenia układu moczowego stanowią istotny problem zdrowotny, szczególnie w  szpitalach 
i  na oddziałach intensywnej terapii. Pomimo wdrażania działań profilaktycznych i  edukacyjnych, ich częstość 
pozostaje wysoka, co wiąże się m.in. z  długotrwałym cewnikowaniem, osłabieniem układu odpornościowego 
oraz współistniejącymi chorobami. Objawy odcewnikowych zakażeń układu moczowego mogą być zróżnicowane 
i  obejmować gorączkę, dyzurię, krwiomocz oraz dyskomfort czy ucisk w  podbrzuszu. Do głównych patogenów 
odpowiedzialnych za te zakażenia należą Escherichia coli, Klebsiella pneumoniae oraz Candida albicans. Pacjenci 
cewnikowani na oddziałach intensywnej terapii są obarczeni zwiększonym ryzykiem rozwoju tych zakażeń, co 
prowadzi do wyższej zachorowalności, śmiertelności oraz wydłużonego czasu hospitalizacji. Wczesna diagnostyka 
i odpowiednie leczenie mają kluczowe znaczenie w zapobieganiu powikłaniom związanym z nieleczonymi zakażeniami 
układu moczowego.
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Introduction

Catheter-associated urinary tract infections (CAUTIs) rep-
resent the most commonly reported nosocomial infections 
among intensive care unit patients. They typically develop 
as a  consequence of indwelling urinary catheters, which 
play an instrumental role in monitoring patients’ fluid 
balance  [1]. It is estimated that these infections account 
for approximately 9% of all hospital-acquired infections, 
impacting an estimated 150 million individuals annual-
ly worldwide [2, 3]. According to the latest report from 
the European Centre for Disease Prevention and Control 
(ECDC), urinary tract infection (UTI) developed in 2% of 
patients remaining in the Intensive Care Unit (ICU) for 
more than 48 hours. A noteworthy finding is that 98% of 
these infections were associated with urinary catheters, 
underscoring their pivotal role in the occurrence of UTIs 
in intensive care settings [4]. Healthcare-associated infec-
tions (HAIs), including CAUTIs, are more prevalent in ICU 
patients compared to other wards, which is due to various 
factors, such as prolonged catheterization, diabetes, frail-
ty, increased age, malnutrition and antimicrobial therapy 
[5]. The risk of infection increases with the duration of ICU 
stay [1]. A study conducted in the ICU at one of the Med-
ical University Teaching Hospital (Poland) demonstrated 
a strong correlation between hospital-acquired infections 
and prolonged length of stay (LOS). The findings indicated 
that patients who developed at least one hospital-acquired 
infection had a median LOS three times longer compared 
to those who did not acquire any infections. Furthermore, 
the impact of multiple infections was found to be even 
more pronounced, with patients who experienced more 
than one infection exhibiting a sixfold increase in their me-
dian ICU stay. These results underscore the considerable 
impact of nosocomial infections on critically ill patients, 
highlighting the need for rigorous infection prevention and 
control measures to mitigate their effects on patient out-
comes and healthcare resource utilisation [6].

This review focuses on the causes, most common patho-
gens, symptoms, risk factors, diagnostic approaches and 
current treatment options for ICU patients with CAUTIs.

Definition

Catheter-associated urinary tract infection is defined as 
a UTI occurring in a patient with an indwelling urinary 
catheter that has been in place for at least 48 hours pri-
or to the onset of symptoms, with no other identifiable 
cause of infection [7, 8].

The classification of UTIs is refined based on their ana-
tomical location. Lower UTIs, commonly known as cysti-
tis, primarily affect the bladder and are characterised by 
symptoms such as frequent urination, painful urination 
(dysuria), and lower abdominal discomfort, which are sel-
dom expressed in the ICU population due to the specific 
characteristics of these patients stemming from many 
factors, such as limited ability to communicate as a re-
sult of critical illness. Upper UTIs, medically termed py-
elonephritis, involve the kidneys and often present with 
more severe symptoms, including fever, flank pain, and 
systemic signs of infection. Accurate diagnosis, effective 
treatment and prevention of recurrent infections depend 
on recognising this distinction [9].

Pathogens

UTIs can be caused by a variety of microorganisms, in-
cluding Gram-negative and Gram-positive bacteria, as 
well as certain fungal species. Their development is typ-
ically associated with the formation of biofilms on the 
internal (intraluminal) or external (extraluminal) surfac-
es of urinary catheters, creating an environment that 
promotes bacterial adhesion and proliferation  [7, 9].  
The primary uropathogens responsible for these infec-
tions often originate from faecal contamination or skin-re-
siding populations, which are part of the patient’s natural 
or transient microflora. These microorganisms colonize 
the periurethral region and, over time, can ascend into 
the urinary tract, giving rise to infection. According to sci-
entific evidence, Escherichia coli and Klebsiella pneumoniae 
were the most frequently isolated pathogens. Other mi-
crobes included Candida spp., Proteus mirabilis, Enterococ-
cus faecalis, Staphylococcus saprophyticus, Acinetobacter 
baumannii, Pseudomonas aeruginosa and Staphylococcus 
aureus. The presence of a pathogen in a urine sample, in 
the absence of additional signs of infection, should not be 
considered sufficient for diagnosis or used as a basis for 
initiating antibiotic therapy, given the high likelihood that 
the organism reflects catheter colonization rather than 
true infection [7, 9, 10].

Symptoms

Urinary tract infections can present with a  range of 
non-specific symptoms in patients with indwelling uri-
nary catheters, posing a  diagnostic challenge. Common 
clinical manifestations include lower abdominal and pelvic 
discomfort or pain, as well as systemic symptoms such as 
fever, chills, nausea, and vomiting. In cases with upper uri-
nary tract involvement, flank pain and tenderness in the 
costovertebral angle may be experienced, indicating kid-
ney involvement. Critically ill individuals often have limited 
ability to communicate due to the severity of their condi-
tion, impaired or fluctuating levels of consciousness, en-
dotracheal intubation, or complete loss of verbal contact. 
As a  result the symptoms may not be clearly expressed 
by these patients, which can pose a diagnostic challenge. 
In such cases, medical personnel should rely on indirect 
indicators. These include changes in urine appearance, 
such as discoloration or turbidity, reduced urine output in 
the catheter bag, and a general decline in clinical status. 
In intubated patients, worsening of mechanical ventilation 
parameters may also serve as an early warning sign. The 
presentation of symptoms in catheterised patients can be 
subtle or atypical, underscoring the importance of thor-
ough clinical assessment and timely symptom recognition 
to enable prompt diagnosis and appropriate treatment, 
thereby preventing further complications [3, 7].

Risk factors

ICU patients are at increased risk of developing CAU-
TIs due to a combination of patient- and treatment-re-
lated factors, including corticosteroid therapy, immuno-
suppression, antibiotic exposure, and baseline immune 
impairment resulting from critical illness. Additional 
risk factors include prolonged catheterization, diabetes, 
a  history of prior catheterization, as well as extended 
hospital and ICU stays [11, 12].
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Diagnostic methods

The U.S. Centers for Disease Control and Prevention 
(CDC) has established a  set of diagnostic criteria for 
CAUTIs. In order to meet these criteria, a patient must 
have had an indwelling urinary catheter in place for a pe-
riod of more than two consecutive days in an inpatient 
setting. Furthermore, the catheter must either remain in 
situ on the day the infection is identified or have been 
removed no more than one day prior. In addition to the 
catheterization requirements, the patient must exhibit at 
least one clinical symptom indicative of infection, such 
as fever exceeding 38.0°C, suprapubic tenderness, cos-
tovertebral angle pain or tenderness, urinary urgency, 
increased urinary frequency, or dysuria. Microbiological 
confirmation is also required, with urine culture identi-
fying no more than two microbial species, at least one 
of which must be a bacterial strain present at a concen-
tration of ≥105 colony-forming units (CFU) per millilitre. 
To confirm the presence of CAUTI, all diagnostic criteria 
must be fulfilled within a defined timeframe known as 
the Infection Window Period (IWP).

Accurate identification of CAUTI is essential for ensur-
ing appropriate antimicrobial therapy, implementing in-
fection control measures, and minimising the burden of 
catheter-related infections in hospitalized patients [8].

Urine collection for microbiological analysis should be 
performed via a  newly inserted catheter. The sample 
must be obtained into a  sterile container, adhering to 
strict aseptic technique, and the catheter port membrane 
should be disinfected prior to puncture. Disconnecting 
the catheter from the collection bag or obtaining urine 
directly from the bag is not recommended. In clinical 
practice, closed drainage systems are preferred, as they 
minimize the risk of infection. To ensure a representative 
sample, approximately 30 mL of urine should be collect-
ed immediately after catheter replacement [13].

Various diagnostic methods are employed to identify 
UTIs, including traditional techniques such as phenotypic 
biochemistry or culture-based identification. However, 
the latter modality can be time-consuming due to the 
time required for bacterial growth. Alternatively, PCR 
or immunoassay techniques offer rapid results; howev-
er, PCR may be affected by background contamination 
from external sources of DNA. Quantitative urine culture 
is considered the gold standard, yet results typically re-
quire approximately 24 hours, with antibiotic susceptibil-
ity testing requiring an additional 24 hours. Surface-en-
hanced Raman spectroscopy (SERS) is a  promising tool 
for pathogen detection and identification. However, its 
current application is limited by restricted availability and 
insufficient number of reference Raman spectra of known 
bacterial species. Further research of a  more extensive 
spectral library is needed before SERS can be routinely 
implemented in the clinical diagnosis of UTIs [14].

Treatment

In the treatment of CAUTI, the initial step involves re-
moval of the urinary catheter alongside the initiation of 
antibiotic therapy. Catheter use should be minimized and 
discontinued as soon as it is no longer clinically necessary.  

For patients who continue to require a catheter, intermit-
tent catheterization is recommended to help reduce mi-
crobial colonization prior to commencing antibiotic thera-
py. It is essential to obtain a urine culture before initiating 
antibiotics, particularly if the catheter has been in place 
for over two weeks [3, 7]. The initial empirical treatment 
of CAUTI should include broad-spectrum antibiotics se-
lected on the basis of local antimicrobial susceptibility 
patterns. This approach is crucial for addressing a  wide 
range of potential pathogens while awaiting definitive 
culture results. Once urine culture findings are available,  
it is essential for clinicians to promptly adjust the antibi-
otic regimen to target the identified microorganism and 
its resistance profile, thereby ensuring treatment efficacy.

It is well-established that the commencement of therapy 
with inappropriate broad-spectrum antibiotics can lead 
to an increased risk of adverse outcomes, including high-
er rates of complications and mortality. It is therefore 
important to carefully consider local resistance patterns 
and make timely therapy modifications based on culture 
results to ensure effective clinical management of this 
patient population [15].

For first-line treatment of complicated UTIs, fluoro-
quinolones such as ciprofloxacin or levofloxacin (IV), as 
well as ceftriaxone (IM or IV) or cefotaxime (IV), are rec-
ommended. Once antibiogram becomes available, the 
therapy should be adjusted according to the susceptibil-
ity profile of the isolated pathogen. In cases of clinical 
non-response or if antibiogram results are unavailable, 
second-line therapy includes piperacillin-tazobactam (IV)  
or aminoglycosides, such as gentamicin or amikacin (IV).  
Third-line treatment, reserved for severe or multi-
drug-resistant infections, involves the administration of 
carbapenems [16, 17].
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Abstract 

Background: Population aging poses significant challenges in the context of cognitive function maintenance. This re-
view aims to compare the effectiveness of various forms of physical activity, including aerobic, resistance, and mind–
body exercise, in improving key cognitive domains, with a particular focus on the older adult population. Methods: 
A systematic review of recent scientific literature was conducted, focusing on meta-analyses and systematic reviews 
available in Google Scholar and PubMed, using keywords related to physical exercise, cognitive functions, aging, 
and forms of physical activity. Results: The analysis revealed that each training modality has a specific benefit pro-
file. Mind–body exercises (e.g., Tai Chi) showed the greatest positive impact on global cognitive function in healthy 
seniors (Cohen’s Effect Size d = 0.48), surpassing both purely aerobic or resistance forms. Aerobic exercises strongly 
correlated with improved executive functions (planning, attention), while resistance training effectively supported 
memory and showed the potential to attenuate cognitive decline in clinical populations. Recent evidence indicates 
that combined (multimodal) training, especially a combination of aerobic and resistance exercises, leads to synergistic 
and superior benefits for executive functions, which are further enhanced by the integration of cognitive training 
elements. Conclusions: Physical activity represents a  critical non-pharmacological intervention. Combined train-
ing, which promotes both physical endurance and cognitive coordination, appears to be the most optimal strategy 
for maximizing and expanding cognitive benefits. Given the persistent knowledge gaps regarding optimal protocols 
(dose-response relationships) and underlying mechanisms, further high-quality research investigating the synergistic 
effects of multimodal interventions is needed.

Streszczenie

Wprowadzenie: Proces starzenia się populacji stwarza istotne wyzwania w zakresie utrzymania funkcji poznawczych. 
Niniejszy przegląd ma na celu porównanie skuteczności różnych form aktywności fizycznej – aerobowej, oporowej 
(siłowej) oraz integrującej ciało i umysł – w poprawie kluczowych domen poznawczych, ze szczególnym uwzględnie-
niem populacji osób starszych. Metody: Przeprowadzono systematyczny przegląd literatury naukowej z ostatnich lat, 
koncentrując się na metaanalizach i przeglądach systematycznych dostępnych w bazach danych takich jak Google 
Scholar i PubMed, z wykorzystaniem słów kluczowych związanych z ćwiczeniami fizycznymi, funkcjami poznawczy-
mi, starzeniem się i rodzajami aktywności fizycznej. Wyniki: Analiza ujawniła, że każda modalność treningowa ma 
specyficzny profil korzyści. Ćwiczenia typu mind–body (np. Tai Chi) wykazały największy pozytywny wpływ na global-
ne funkcje poznawcze u zdrowych seniorów (wielkość efektu Cohena d = 0,48), przewyższając formy wyłącznie aero-
bowe lub oporowe. Ćwiczenia aerobowe były silnie związane z poprawą funkcji wykonawczych (planowanie, uwaga), 
podczas gdy trening oporowy skutecznie wspiera pamięć i ma potencjał spowolnienia regresji poznawczej w grupach 
klinicznych. Najnowsze dowody wskazują, że trening łączony (multimodalny), zwłaszcza kombinacja ćwiczeń aerobo-
wych i oporowych, prowadzi do synergicznych i maksymalnych korzyści dla funkcji wykonawczych, co jest dodatko-
wo wzmacniane przez integrację elementów poznawczych. Wnioski: Aktywność fizyczna jest kluczową, niefarmako-
logiczną interwencją. Optymalną strategią maksymalizacji i rozszerzenia korzyści poznawczych jest trening łączony, 
promujący zarówno wydolność fizyczną, jak i koordynację poznawczą. Ze względu na utrzymujące się luki w wiedzy 
dotyczące optymalnych protokołów (dawka–reakcja) i mechanizmów leżących u podstaw tych procesów, konieczne 
jest prowadzenie dalszych badań wysokiej jakości nad synergicznymi efektami interwencji multimodalnych.
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Introduction

Population aging represents one of the major challenges 
facing contemporary societies, with significant implica-
tions for the mental health and cognitive functions of old-
er individuals. As the proportion of older adults continues 
to grow, urgent adaptations and thorough research are 
needed across healthcare and academic domains.

Preserving the mental health and cognitive functions of 
older adults has become a  major priority. This encom-
passes a wide range of preventive approaches, including 
regular exercise, adequate nutrition, social engagement, 
and cognitive stimulation, alongside early detection, ac-
cess to specialized geriatric care, and the development of 
novel therapeutic and supportive strategies [1].

A  growing body of research has investigated the ben-
eficial effects of physical activity on cognitive functions, 
especially for older individuals. In the context of ageing 
societies, where cognitive functions like memory, atten-
tion, and information processing speed are progressively 
declining, physical activity plays an important role as 
both a preventive and therapeutic strategy.

Given the complexity of these issues and the rapid pace 
of new discoveries, a  review of the latest scientific lit-
erature discussing the effects of physical activity on 
cognitive functions in older adults is needed. Remaining 
abreast of the latest research is essential to understand 
the underlying mechanisms, identify optimal interven-
tion strategies, and develop effective policies to improve 
the quality of life of this population.

This review aims to determine which forms of exercise 
prove most beneficial for specific cognitive functions, 
like memory, attention, planning abilities, and processing 
speed, particularly in older adults.

Materials and methods

Our study is based on the analysis of domestic and foreign 
literature retrieved from “Google Scholar,” “PubMed,” and 
other scientific publications. The sources included in this 
work are limited to those published within the past few 
years to ensure the most up-to-date information. Data 
were collected using the following keywords: physical 
exercise, cognitive functions, elderly, aging, and types 
of physical activity. All co-authors contributed equally to 
the literature search, data analysis and interpretation.

Artificial intelligence (AI)

The sole purpose of using artificial intelligence was to im-
prove the scholarly English of the manuscript. The tool as-
sisted in enhancing clarity, consistency, and adherence to 
scientific writing standards by refining the language, gram-
mar, and style, and ensuring clear presentation of the re-
sults. It should be emphasized that the AI tool was used 
solely as a supportive aid under human supervision. Its role 
was limited to improving linguistic precision and efficiency, 
while all data interpretation, analysis, and conclusions re-
mained exclusively under the judgment of human authors.

Results

Impact of aging on cognitive functions

Aging affects the brain through multiple different path-
ways, causing changes in its structure and chemicals that 
are critical for cognitive function. These changes can 
lead to cognitive slowing. Recent research has shown 
that older adults tend to lose brain volume, particularly 
in the hippocampus, which plays an important role in 
episodic memory. A  study using magnetic resonance 
imaging (MRI) in non-demented individuals found that 
the extent of brain volume loss is age-dependent and 
significantly associated with cognitive performance [2]. 
Furthermore, studies show that hippocampal atrophy ac-
celerates around 60 years of age, and is associated with 
declining episodic memory [3].

Age-related changes in brain chemicals also play a  sig-
nificant role. For example, dopamine, a  neurotransmit-
ter linked to focus and decision-making, is progressively 
reduced in older adults, contributing to deficits in atten-
tion and planning abilities [4]. Other studies have found 
that dysregulation of dopaminergic, noradrenergic, and 
cholinergic neurotransmitter systems is associated with 
impaired memory and information processing in older 
adults [5]. A drop in acetylcholine levels, manifesting as 
reduced acetylcholine receptor responsiveness, is often 
associated with deficits in new memory and sustained 
attention [6]. More recent studies combining positron 
emission tomography (PET) and MRI have found that 
progressive reductions in neurotransmitter activity are 
linked to declining memory performance in individuals 
with early memory loss or dementia [7].

However, these changes do not occur in isolation.  
The trajectory of brain aging depends on many different 
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factors, including genes, lifetime cognitive engagement, 
and lifestyle choices, which can collectively modulate 
the extent to which these changes influence behaviour. 
Although these changes unfold over time, the effects 
vary from person to person, as demonstrated by recent 
research [4].

Forms of physical activity

Physical activity is generally classified into the following 
well-established categories [8]:

	Q Aerobic (Endurance) Activity – this category en-
compasses activities such as brisk walking, running, 
swimming, cycling, and dancing, which are character-
ized by increased respiratory demand and elevated 
heart rate.

	Q Resistance (Strength) Training – this category en-
compasses exercises designed to build muscle 
strength, often using weights, resistance bands, or 
body weight.

	Q “Mind–Body” Exercises (e.g., Tai Chi, Yoga) (Flexibility 
and Neuromotor – Balance, Agility, Coordination) –  
these activities integrate movement with mental fo-
cus, breathing, and meditation.

Impact of specific forms of activity on cognitive functions

Aerobic activity

Regular aerobic exercise has been shown to enhance 
cognitive abilities in older adults, particularly across do-
mains such as memory, executive functions, and over-
all mental sharpness. Recent evidence shows that these 
benefits extend to individuals with early signs of memory 
deficits, known as mild cognitive impairment (MCI).

A study by Zhang et al. found that six months of aerobic 
exercises improved memory and attention in older adults 
with MCI [9]. Huang et al. reached similar conclusions, 
showing that regular aerobic activity improves cognitive 
functions in individuals with mild to moderate memory 
impairment [10]. A  review by Lu et al. further demon-
strated that physical activities, including aerobic exercise, 
can improve cognitive function in older adults with type 2 
diabetes mellitus (T2DM), particularly in the domains 
of memory and executive function [11]. Aghjayan et al. 
found that aerobic exercise enhances memory in non-de-
mented adults over 55 years of age, with the magnitude 
of benefits depending on age and exercise modality [12].

In addition to cognitive benefits, regular aerobic exercise 
has been shown to improve mood and overall well-being, 
which may further support cognitive functions. Yang et 
al. reported that aerobic exercise beneficially impacts pa-
tients with Alzheimer’s disease by improving both their 
cognitive function and quality of life [13].

Resistance training

Resistance training also exerts a strong impact on cogni-
tive functions in older adults, particularly in the domains 
of memory, executive functions, and mental health.

Research shows that these benefits extend to individuals 
with mild cognitive impairment. Li et al. found that reg-

ular resistance training helps improve overall cognitive 
skills in older adults and those with Alzheimer’s disease, 
enhancing memory, focus, and attention [14]. Similar 
findings were reported by Zhang et al., showing that re-
sistance training helps maintain cognitive health, partic-
ularly in older adults and those in medical settings [15].  
A review by Han et al. found that regular resistance train-
ing significantly boosts cognitive function in older indi-
viduals, especially in the domain of inhibitory control. The 
most optimal results were seen with training frequency 
of twice a  week for 45 minutes over 12 weeks [16].  
Jerez-Salas et al. found that resistance training improves 
working memory and attentional performance in non-
demented adults over 65 years of age, with the magni-
tude of benefits depending on age and the type of ex-
ercise [17]. Wu et al. showed that combining online and 
in-person resistance training is safe and effective for old-
er adults with cognitive impairment, yielding moderate 
improvements in executive function, attention, physical 
strength, and overall well-being [18].

Mind–body exercise

Mind–body exercises, such as Tai Chi and yoga, are also 
linked to improved cognitive performance in older adults. 
Liu et al. found that Qigong Baduanjin exercises en-
hance cognitive functions in community-dwelling older 
adults, though the exact mechanisms are not fully under-
stood [19]. A review by Han et al. (2025) suggested that 
mind–body exercises exert the greatest impact on mem-
ory among different forms of physical activity. The most 
optimal outcomes were achieved through high-frequen-
cy sessions (at least three times a week) of moderate (45 
to 60 minutes) and longer periods (12 to 24 weeks) [16]. 
Cai et al. and Barney reported that mind–body exercises 
improve memory, reduce depressive symptoms, and im-
prove balance, while also increasing levels of a  neuro-
protective protein and lowering a protein implicated in 
Alzheimer’s disease [20, 21].

Comparison of the effectiveness of different forms  
of physical activity

When comparing different forms of physical activ-
ity, mind–body exercises often demonstrate superior 
outcomes. A  comprehensive review published in 2023 
showed that mind–body exercises exerted the great-
est positive effect on global cognitive function in adults 
aged 55 years and older [22]. The cumulative effect size 
(measured by Cohen’s Effect Size, d  =  0.48) was sub-
stantially greater than that of general physical exercise 
(d = 0.22), suggesting that combining movement with fo-
cused attention and breathing can bring significant neu-
roprotective benefits. Other studies confirm that mind–
body exercises enhance executive function, learning, 
and memory in individuals aged 60 years and older [23].

Resistance training is also highly effective. Research 
comparing resistance and aerobic training shows that 
both modalities improve global cognitive function, 
memory, and mental abilities in older adults [24]. While 
some studies suggest that resistance training might be 
more effective at slowing cognitive decline, the overall 
evidence shows that its efficacy is comparable to that of 
aerobic exercise [25]. The latest reviews strongly suggest 
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that combining aerobic and resistance exercises (known 
as concurrent training, CT) is more beneficial for cog-
nitive health than either modality alone, particularly in 
older adults  [15]. This is attributable to the synergistic 
mechanisms of the two forms of exercise – aerobic ex-
ercises improve blood flow and neurogenesis, while re-
sistance training increases brain-friendly chemicals asso-
ciated with muscle strength, which collectively support 
cognitive function.

Traditionally, aerobic exercise has been recognised for its 
pronounced effects on tasks that involve planning and 
attention [26]. These benefits are well-supported by sci-
entific evidence, as aerobic activity enhances cerebral 
blood flow and upregulates the levels of brain-derived 
neurotrophic factor (BDNF), thereby promoting neuronal 
growth and connections [22].

In conclusion, while mind–body exercises may have the 
greatest impact on the global cognitive function in older 
adults, optimal outcomes are achieved through the in-
tegration of multiple exercise modalities, such as resis-
tance and aerobic training, as shown by Gavelin et al. in 
their review [27].

Discussion

This review demonstrates that physical activity repre-
sents a  key and multifaceted strategy for the preven-
tion and attenuation of age-related cognitive decline.  
The purpose of the review, which was to determine 
which forms of exercise are optimal for different aspects 
of cognitive function, was met by comparing the evi-
dence for aerobic, resistance, and mind–body exercises.

The main insight emerging from this discussion concerns 
the optimal implementation of these interventions.  
Our findings suggest that while each form of exercise of-
fers certain benefits, combining aerobic and resistance 
training represents the most effective approach for use 
in real-world settings. This is corroborated by a  2024 
meta-analysis [26], which demonstrated that concurrent 
aerobic and resistance exercises have a greater positive 
effect on executive function than either modality alone. 
This synergistic effect is attributable to a broader spec-
trum of physical benefits, such as enhanced cerebral 
blood flow and improved neuromuscular communica-
tion, which allows for more effective neuroplasticity.

Furthermore, when physical activity is paired with cogni-
tive tasks, as in mind–body exercises involving complex 
movement sequences, additional benefits are observed. 
One study [27] found that combining physical and cogni-
tive activities is more effective at supporting executive 
functions than physical activity alone, underscoring the 
value of attentional engagement during movement.

However, there are some challenges. A  substantial pro-
portion of the research, especially when comparing differ-
ent forms of exercise, is characterized by inconsistency.  
For example, exercise protocols differ in terms of frequency,  
intensity, and duration. Study groups also vary, ranging 
from healthy older adults to those with mild cognitive im-
pairment. For instance, optimal outcomes for resistance 

training were seen with a  protocol of two sessions per 
week for 45 minutes over a 12-week period [16], whereas 
mind–body exercises may require longer periods. These 
differences make it difficult to determine the optimal 
amount of exercise (dose-response) for each group.

Despite these limitations, the primary finding remains 
unequivocal: a combination of different forms of physi-
cal activity is recommended to support global cognitive 
health in older adults. This includes regular aerobic and 
resistance exercises, which offer the greatest physi-
ological benefits, alongside activities that integrate at-
tentional engagement and motor coordination, such as 
mind–body or cognitive-physical exercises, which yield 
the most pronounced cognitive benefits.

Conclusion

In conclusion, our review confirms that physical activity 
represents a key, non-pharmacological strategy for sup-
porting cognitive function in older adults. While mind–
body exercises exert the greatest effect on the global 
cognitive function in healthy seniors, other exercise 
modalities remain equally important. Aerobic exercise is 
particularly beneficial for executive functions, whereas 
resistance training supports memory. The optimal ap-
proach for maximizing the benefits of physical activity is 
to integrate different exercise modalities. Combining en-
durance and resistance training with cognitive elements 
yields the greatest improvements in executive function. 
The impact of physical activity on cognitive function is 
an important and promising field of inquiry, and further 
high-quality research is needed, especially to better un-
derstand the optimal design of exercise protocols and 
the underlying mechanisms responsible for the cognitive 
benefits of multimodal training.
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Abstract 

Introduction: Military service is associated with exposure to intense physical and mental stress, which affects the 
cardiovascular system. It remains unclear whether the combination of exertion, operational stress, and extreme en-
vironmental conditions can lead to cardiac arrhythmias and hypertension. Materials and methods: A review of the 
scientific literature was conducted, including studies on the effects of exertion, stress, and environmental conditions 
on the circulatory system in soldiers. Sources included PubMed and Google Scholar. State of knowledge: Prolonged 
exercise leads to cardiac adaptation, whereas excessive exercise may give rise to exercise-induced cardiac fatigue. 
Mental stress activates the sympathetic nervous system and the hypothalamic–pituitary–adrenal axis, thereby in-
creasing blood pressure and heart rate. High ambient temperature and dehydration increase the risk of arrhythmias 
and myocardial damage. Conclusions: Military service places considerable strain on the circulatory system. Preventive 
measures, including regular medical screening, risk factor control, and adaptation programmes, are essential. Further 
research is needed to identify effective strategies for safeguarding the cardiovascular health of military personnel.

Streszczenie

Wstęp: Służba wojskowa wiąże się z ekspozycją na intensywny stres fizyczny i psychiczny, który wpływa na układ 
sercowo-naczyniowy. Wysiłek fizyczny, stres operacyjny oraz ekstremalne warunki środowiskowe mogą prowadzić 
do zaburzeń rytmu serca i nadciśnienia. Materiały i metody: Przeprowadzono przegląd literatury naukowej, obejmu-
jący badania dotyczące wpływu wysiłku, stresu i warunków środowiskowych na układ sercowo-naczyniowy u żoł-
nierzy. Przeszukano bazy PubMed i Google Scholar. Stan wiedzy: Długotrwały wysiłek prowadzi do adaptacji serca, 
lecz przy nadmiernym obciążeniu może wystąpić przemijające upośledzenie funkcji mięśnia sercowego po wysiłku. 
Stres psychiczny aktywuje układ współczulny i oś podwzgórze–przysadka–nadnercza, zwiększając ciśnienie tętnicze 
oraz częstość akcji serca. Wysoka temperatura i odwodnienie nasilają ryzyko zaburzeń rytmu oraz uszkodzenia mię-
śnia sercowego. Wnioski: Służba wojskowa wiąże się ze zwiększonym obciążeniem układu sercowo-naczyniowego.  
Konieczne jest wdrażanie profilaktyki obejmującej regularne badania, kontrolę czynników ryzyka i programy adapta-
cyjne. Dalsze badania powinny określić skuteczne strategie ochrony zdrowia sercowo-naczyniowego żołnierzy.
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Introduction

Military service entails exposure to extreme physical 
and mental challenges, compelling the body to mobi-
lize its adaptive reserves [1]. Modern battlefield de-
mands, intensive training regimens, and deployments 
across diverse climate zones place a  substantial 
physiological burden on the military personnel [1].  
The cardiovascular system plays a key role in main-
taining homeostasis under these conditions. Expo-
sure to multifactorial stressors (intense exercise, 
sleep deprivation, extreme temperatures, combat 
stress) initiates a  cascade of neurohormonal re-
sponses [2]. These include activation of the hypotha-
lamic–pituitary–adrenal axis (HPA) and the sympa-
thetic nervous system (increased catecholamine and 
cortisol levels) [2,  3]. While these mechanisms are 
essential for short-term adaptation, their chronic ac-
tivation may cause cardiovascular dysregulation [2].  
A growing body of evidence points to a link between 
military service and cardiovascular risk, particularly 
among veterans [4] and individuals with post-trau-
matic stress disorder (PTSD) [5]. Clinical observa-
tions indicate an increased incidence of acute cardiac 
events, including sudden cardiac arrest [6], Takot-
subo cardiomyopathy [7], and long-term sequelae 
such as hypertension (HT) [5], coronary artery dis-
ease (CAD), and insulin resistance [8]. Understand-
ing these interactions is fundamental for the devel-
opment of effective preventive strategies in military 
medicine. This paper reviews the current knowledge 
on the cardiovascular effects of military service un-
der extreme conditions.

Aim

The primary aim of this paper is to synthesize and 
critically analyse the available literature on the car-
diovascular effects of military service under extreme 
conditions. The article is a  narrative review. Specific 
objectives include:

	Q Analysis of key pathophysiological mechanisms 
underlying the cardiovascular response to physical 
and psychological stressors; 

	Q Characterization of acute clinical manifestations 
and cardiac events during exposure to extreme  
conditions; 

	Q Assessment of the long-term cardiovascular con-
sequences of military service, including the risk of 
chronic diseases; 

	Q Review of available prevention, monitoring, and in-
tervention strategies aimed at protecting the car-
diovascular health of military personnel.

Materials and methods

This literature review used PubMed and Google Scholar 
databases to investigate the cardiovascular effects of 
military service. Publications were selected and ana-
lyzed with respect to physiological and pathological 
cardiovascular changes arising from stress, environ-
mental conditions, adaptive mechanisms, and preven-
tive interventions.

State of knowledge

Mechanisms underlying the cardiovascular effects  
of extreme environmental conditions 

Autonomic response and the role of stress and hormones

The autonomic nervous system (ANS) maintains homeo-
stasis through the interaction between the sympathetic 
nervous system (SNS) and parasympathetic nervous sys-
tem (PNS) [9, 10]. In military service, the balance shifts 
towards SNS (responsible for elevated heart rate and 
blood pressure) with simultaneous PNS inhibition. This is 
manifested by reduced heart rate variability (HRV), con-
firming the predominance of sympathetic activation and 
reduced adaptive capacity [9, 10]. The ANS response is 
linked to stress hormones (cortisol, catecholamines) [11]. 
During prolonged stress associated with military service, 
their elevated levels increase blood pressure and heart 
rate. Field studies have shown a correlation between el-
evated cortisol and impaired physical performance and 
decreased HRV, particularly in the context of sleep de-
privation. These levels normalise following recovery [11].

Haemodynamic and metabolic changes and oxidative stress

Under extreme conditions, haemodynamic changes are 
observed, such as reduced circulating blood volume and 
diminished venous return (reduction of preload) [12].  
High physical loads increase heart rate and blood pres-
sure, thereby elevating the cardiac workload [12].  
These changes are associated with metabolic distur-
bances and oxidative stress (increased lipolysis and 
fatty acid oxidation) [13]. Oxidative stress, resulting 
from the imbalance between free radicals and defence 
mechanisms, can lead to cellular damage and cardio-
vascular deterioration [13]. Dehydration, sleep depriva-
tion, and caloric deficit further exacerbate chronic sym-
pathetic activation and haemodynamic and metabolic 
disturbances [12, 13]. Adaptation involves upregulation 
of metabolic efficiency and antioxidant mechanisms. 
Monitoring haemodynamic and metabolic parameters 
is crucial, as uncompensated changes may progress to 
myocardial dysfunction. Training and nutritional inter-
ventions may contribute to improved performance and 
health in military personnel [13].

Inflammation and immune response

Exposure to extreme conditions (hypoxia, hyperthermia, 
oxidative stress, physical exercise) triggers robust activa-
tion of the immune system and inflammatory pathways. 
This leads to increased production of proinflammatory 
cytokines (IL-6, TNF-α), activation of NF-κB, and migra-
tion of immune cells to the vascular endothelium [14]. 
This sterile inflammatory response promotes endothelial 
dysfunction, increases oxidative stress, and may lower 
the threshold for myocardial and vascular damage [14].

Coagulation disorders and the risk of thrombosis

Extreme conditions shift haemostatic balance in a  pro-
thrombotic direction. Hyperthermia (heat stroke) activates 
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the coagulation cascade (tissue factor release, platelet ag-
gregation, inhibition of fibrinolysis), which increases the 
risk of microthrombosis and disseminated intravascular 
coagulation (DIC) [15]. Dehydration and haemoconcen-
tration increase blood viscosity, promoting turbulent flow, 
endothelial injury, and blood stasis, shifting haemostasis 
toward a prothrombotic state [16].

The impact of individual factors: age, chronic conditions, 
and lifestyle

Advancing age is associated with a  lower cardiovascu-
lar adaptive reserve and impaired thermoregulation, in-
creasing susceptibility to circulatory failure under heat 
stress. Population studies have shown that each 1°C rise 
in ambient temperature above the optimal value is asso-
ciated with an approximately 2.1% increase in the risk of 
cardiovascular death (RR = 1.021; 95% CI: 1.020–1.023), 
while in individuals over 65 years of age, a  short-term 
1°C temperature increment may elevate the risk of a car-
diovascular event by up to 33% [17]. Individuals with pre-
existing chronic conditions (e.g., hypertension, diabetes) 
already exhibit chronic inflammation, and therefore are 
particularly vulnerable to decompensation under ad-
ditional environmental stress. Studies involving military 
exposure to toxic environments (e.g., smoke from oil well 
fires) showed that the risk of coronary artery disease was 
nearly three times higher (OR = 2.95; CI: 1.40–6.19) com-
pared to unexposed individuals [14]. Lifestyle factors, in-
cluding chronic sleep deprivation and smoking, further 
promote a pro-inflammatory and pro-thrombotic profile, 
thereby compromising adaptive capacity. Cohort stud-
ies have shown that individuals consuming ≥5 glasses of 
water daily had more than a two-fold lower risk of CAD 
mortality compared to those consuming ≤2 glasses [18].  
The individual profile thus constitutes the basis for risk 
stratification

Acute clinical sequelae

Serving under extreme conditions is associated with 
complex physical, mental, and environmental stress, giv-
ing rise to dynamic cardiovascular disturbances, includ-
ing arrhythmias, coronary events, and cardiomyopathy. 
Overactivation of the HPA axis and the sympathetic ner-
vous system constitutes a key mechanism [2].

Arrhythmias and sudden cardiac arrest

Arrhythmias and sudden cardiac death (SCD) represent 
serious acute consequences of military service. A 25-year 
study among military recruits found SCD to be the most 
common non-traumatic cause of death accounting for 
42% of fatalities, with hypertrophic cardiomyopathy and 
myocarditis accounting for 33% and 20%, respectively [6]. 
Intense physical exertion and mental stress upregulate 
sympathetic activity and catecholamine levels, thereby 
increasing the risk of ventricular arrhythmias [2]. Neuro-
endocrine studies have demonstrated alterations in corti-
sol and DHEA-S levels that correlate with stress response 
and may modulate susceptibility to arrhythmias [3].  
Continuous monitoring of physiological parameters has 
confirmed that extreme conditions (temperature, dehy-
dration) give rise to clinically significant fluctuations in 
heart rate [1].

Acute coronary events (including myocardial infarction)

Stress and physical overload can trigger acute coronary 
events. A  meta-analysis by Padhi et al. showed that 
PTSD increases the risk of myocardial infarction (MI) by 
approximately 30% [5]. Veterans with PTSD are more 
likely to meet the diagnostic criteria for metabolic syn-
drome, including obesity, dyslipidaemia, and HT, which 
further increases the cardiovascular risk [8]. Acute stress 
can also lead to transient coronary vasoconstriction and 
an imbalance between myocardial oxygen supply and de-
mand (type II MI) [2].

Acute heart failure and stress-induced cardiomyopathy 
(Takotsubo syndrome)

Takotsubo syndrome represents a common complication 
of acute stress. Kahili et al., who enrolled 3,248 patients 
in their study, showed a 38% increase in the incidence of 
this syndrome during periods of increased social stress, 
such as armed conflicts [7]. The mechanism underlying 
Takotsubo syndrome involves a  rapid release of cate-
cholamines, leading to transient left ventricular systolic 
dysfunction, with a  clinical presentation mimicking MI, 
yet without significant coronary artery stenosis [2].

Blood pressure disorders in extreme situations

Blood pressure fluctuations are common among military 
personnel. Data from the Veterans Health Administra-
tion indicate that hypertension (HT) is one of the most 
common chronic conditions in this population (71%) [4].  
Field studies have documented episodes of both tran-
sient HT (sympathetic activation) and hypotension (de-
hydration, hyperthermia). Continuous physiological 
monitoring allows for early detection of cardiovascular 
overload [1].

Extreme environmental conditions

Military personnel are exposed to dynamic fluctuations 
in temperature, atmospheric pressure, and oxygen levels. 
Adaptation to such conditions requires intense activa-
tion of regulatory systems (HPA axis, SNS), which may 
contribute to chronic circulatory dysregulation [2].

High ambient temperature and dehydration

Elevated ambient temperatures prompt blood redis-
tribution to the skin and increase fluid loss, leading to 
hypovolemia and increased cardiac workload [1]. De-
hydration further exacerbates tachycardia and can ul-
timately lead to circulatory collapse. Activation of the 
HPA axis in response to heat stress (elevated corti-
sol and catecholamines) may promote arrhythmia [2]. 
Chronic exposure carries the risk of heat overload syn-
dromes [1]. A 25-year review of military recruit autopsy 
findings identified 126 non-traumatic sudden deaths, 
with structural cardiac abnormalities present in 51% 
of cases. These were most commonly coronary artery 
anomalies (61%), myocarditis (20%), and hypertrophic 
cardiomyopathy (13%) [6]. Hyperthermia and dehydra-
tion are both factors contributing to sudden cardiac 
death in individuals with previously undiagnosed car-
diac defects [6].
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Low ambient temperatures

Cold exposure triggers cutaneous vasoconstriction and 
increased peripheral vascular resistance, raising blood 
pressure and left ventricular workload, which is particu-
larly dangerous for hypertensive individuals [4]. Cold is 
a potent stressor that stimulates the SNS and may, similarly 
to emotional stress, give rise to Takotsubo syndrome [7].  
Extremely low temperatures can reduce coronary blood 
flow and impair myocardial repolarization, thereby pro-
moting arrhythmias and endothelial dysfunction [5].

Altitude and hypoxia

Hypobaric conditions induce tissue hypoxia, with early 
responses including increased heart rate and cardiac 
output. Prolonged exposure results in increased haema-
tocrit and blood viscosity (risk of thrombosis and pul-
monary hypertension). Hypoxic stress further activates 
the HPA axis (increased cortisol) [2] and affects DHEA-S 
levels, which may serve an adaptive function [3]. Morgan 
et al. showed that exposure to severe military survival 
stress was associated with an increase in DHEA-S from 
27.8 µg/dL (± 11.1) to 60.1 µg/dL (± 26.2) and cortisol 
from 8.6  µg/dL (± 3.8) to 31.1  µg/dL (± 5.8). A  higher 
DHEA-S to cortisol ratio under these conditions corre-
lated with better task performance (r = 0.61) and low-
er dissociation (r = –0.63)  [3]. Real-time monitoring of 
physiological parameters enables early detection of mal-
adaptive responses under hypoxic conditions [1].

Long-term consequences of military service

Hypertension, coronary artery disease, heart failure

Prolonged exposure to stress leads to activation of the 
HPA axis and SNS, resulting in stress hyperactivation 
and disruption of homeostasis. Persistently elevated cor-
tisol and catecholamine levels contribute to raised blood 
pressure and vascular remodelling [2]. Combat veterans 
exhibit a higher incidence of HT compared to the general 
population [4], and exposure to combat trauma increases 
the risk of CAD and HF. A meta-analysis of over 335,000 
participants showed that PTSD was associated with 
a  significantly increased risk of cardiovascular disease 
(HR = 1.417; 95% CI: 1.313–1.522), including MI (HR = 
1.415; 95% CI: 1.331–1.500) and stroke (HR = 2.074; 
95% CI: 1.165–2.982) [5].

Cardiac remodelling

The long-term impact of military service on cardiac re-
modelling remains the subject of intensive research. 
Structural changes, such as left ventricular hypertrophy, 
are observed in response to haemodynamic and neuro-
hormonal stress [19]. A 2021 study by Charton et al. en-
rolled 20 soldiers from special forces units and 38 cadets 
from a non-elite military unit. In special forces soldiers, 
intense physical exertion was associated with significant 
morphological and functional changes in all four heart 
chambers, including transient impairment of both ven-
tricular and atrial systolic function, as assessed by the 
2D-strain method – an advanced echocardiographic 
technique that quantifies systolic and diastolic myocar-
dial deformation based on 2D image analysis.

Chronic exposure to stress factors, including sleep 
deprivation, may result in both systolic and diastolic 
dysfunction [19].

Insulin resistance as a mediator in the relationship  
between PTSD and metabolic conditions

Metabolic dysregulation, including insulin resistance, is 
a  key mediating mechanism. Chronic activation of the 
HPA axis leads to increased cortisol and glucose levels 
and visceral fat accumulation. Veterans with PTSD are 
more likely to meet the diagnostic criteria for metabolic 
syndrome [8]. An analysis of 253 veterans (women and 
men) assessed five key diagnostic factors for metabolic 
syndrome, including blood pressure, waist-to-hip ratio, 
as well as fasting HDL, triglyceride, and glucose levels. 
Metabolic syndrome criteria were met by 40% of sub-
jects, including 43% in the PTSD group. Logistic regres-
sion analysis showed a  significant correlation between 
PTSD severity and the prevalence of metabolic syn-
drome (p = 0.03), suggesting that chronic activation of 
stress-related pathways may play a central role in the de-
velopment of metabolic disorders in this population [8]. 
Insulin resistance is a mediator between neurohormonal 
dysregulation and endothelial injury and CAD progres-
sion [20]. Changes in DHEA-S and cortisol levels in in-
dividuals exposed to combat stress have been shown to 
correlate with impaired glucose metabolism [3], further 
increasing long-term cardiovascular risk.

Changes in risk factors associated with military service

Alterations in metabolic and cardiac risk factors have 
been observed during military service. Low dietary fibre 
intake correlated with higher total and LDL cholesterol 
levels, as evidenced by a significant positive correlation 
between changes in fibre intake and variations in total  
(r = –0.36, p = 0.033) and LDL cholesterol (r = –0.39,  
p = 0.019).

The study further demonstrated that body fat percent-
age (BF%) and fat mass were positively correlated with 
total (r = 0.51; p = 0.002) and LDL cholesterol (r = 0.53; 
p = 0.001). Mean total cholesterol ranged from 4.64 to 
4.71 mmol/L, while LDL cholesterol ranged from 2.27 to 
2.87  mmol/L over the six-month follow-up, with body 
fat percentage remaining stable at approximately 13.5%. 
These findings highlight the role of diet and body com-
position in shaping cardiovascular risk profile during mili-
tary service [21].

Cardiovascular prevention and monitoring among military 
personnel

Selection and screening

Prior to deploying military personnel to extreme envi-
ronments, screening tests, encompassing medical his-
tory and physical examination, are essential. Soldiers 
assigned to high-altitude, desert, or polar operations re-
quire extensive diagnostic screening, including electro-
cardiography (ECG). Modern ECG interpretation stan-
dards, such as the Seattle Criteria, were developed to 
improve diagnostic accuracy in highly active individuals, 
including soldiers  [22]. These criteria enable clinicians 
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to distinguish physiological changes typical of training 
adaptations that require no further diagnosis, such as 
sinus bradycardia ≥30/min, first-degree atrioventricular 
block (PR ≤400 ms), or incomplete right bundle branch 
block (QRS <120 ms), from actual pathologies that may 
lead to sudden cardiac arrest, including ST segment 
depression ≥0.5 mm, pathological Q waves (>40 ms or 
≥3 mm), T wave inversion in at least two adjacent leads, 
or QTc prolongation ≥470/480 ms [23]. The use of the 
Seattle criteria and automated ECG analysis algorithms 
based on them significantly reduced the false positive 
rate (to 3.7%) while maintaining 100% sensitivity in de-
tecting life-threatening conditions [22]. This approach 
is of particular importance in the military population, 
where rapid and reliable cardiac assessment is crucial 
for personnel safety. Extended diagnosis (echocar-
diography, cardiac stress test) is essential for military 
personnel at risk (positive family history, syncope, HT, 
diabetes, etc.) [22]. Soldiers aged 35 years or older and 
those returning to active duty following a  prolonged 
absence also require special attention due to their in-
creased risk of asymptomatic CAD. Exposure to ex-
treme conditions may reveal previously undiagnosed 
cardiovascular disorders.

Adaptive training and acclimatization — heat and altitude

Heat acclimatization represents a fundamental strategy  
for reducing cardiac risk. A  two-week programme of 
progressive high-temperature training (conducted in 
accordance with NATO guidelines) reduces the need 
for compensatory increases in cardiac output [24]. Iso-
thermal conditioning has been shown to produce more 
pronounced cardiac adaptations (average heart rate re-
duction of 11 beats/min) than traditional training (reduc-
tion of 4 beats/min) [25]. Altitude acclimatization (above 
1,500 m) is an adaptative response to hypobaric hypoxia. 
Exposure to low partial pressure of oxygen (PO₂) initiates 
sympathetic nervous system activation (increased heart 
rate) [26]. Acute mountain sickness (AMS) represents the 
primary threat (38% incidence at 3,500  m). Preventive 
strategies include gradual ascent (altitude limit <305 m 
per day) and staging (acclimatization at intermediate  
altitudes) [26].

Risk management: hydration, supplementation

Dehydration-related body weight loss exceeding 2% 
leads to a 5–10% decline in physical performance, un-
derscoring the critical importance of adequate hydra-
tion [24]. Guidelines recommend intake of beverages 
containing 20–30 mEq/L sodium, 2–5 mEq/L potassium, 
and 5–10%  carbohydrate to prevent fluid, electrolyte, 
and glycogen depletion. Sodium plays a key role in water 
absorption and compensation for sweat losses [27].

Post-exposure procedures (rehabilitation, post-event 
monitoring)

Return to duty following a cardiac event requires an indi-
vidualized assessment, including cardiac stress test and 
haemodynamic parameters, conducted under cardiologi-
cal supervision. Comprehensive cardiac rehabilitation 
has been shown to reduce mortality by 20–30% and im-
prove exercise tolerance by 25–35% [28].

Psychological interventions to reduce stress and PTSD 
severity

Meta-analyses indicate that psychological interven-
tions, including trauma-focused cognitive behavioural 
therapy (TF-CBT) and eye movement desensitization 
and reprocessing therapy (EMDR), effectively reduce 
PTSD symptoms in veterans, though the effect is small-
er and less durable than that observed in the general 
population [29].

Special aspects

Gender differences

Female military personnel, female recruits in particular, 
are exposed to greater cardiovascular strain than their 
male counterparts during intense physical exercise, as 
evidenced by higher heart rates and blood pressure 
during load-bearing marches [30]. Field studies have 
shown that these differences are particularly visible 
during long marches (over 8 km), highlighting the need 
for individualized training programmes, gradually in-
creased load, and continuous physiological monitoring 
in female recruits [30].

In a cohort of 60 recruits (30 women and 30 men, mean 
age 20 ± 2  years), women exhibited heart rate higher 
by a mean of 12–15 beats/min and systolic blood pres-
sure higher by 6–8 mmHg during 8–10 km load-bearing 
marches, confirming the greater cardiovascular burden 
experienced by female personnel [30].

Age: young recruits vs older veterans

The MIL-SCORE study, which enrolled 6,487 Polish 
professional soldiers (mean age 38 ± 9  years, women 
accounting for 7.8%), identified age as one of the key 
factors differentiating the health profile of military per-
sonnel [31]. Older veterans (>50 years of age) exhibit-
ed significantly higher rates of HT (45.2%) and obesity 
(58.7%) compared to young recruits (<35 years of age), 
in whom the prevalence of these disorders was 18.9% 
and 21.4%, respectively [31]. These findings underscore 
the need to implement cardiometabolic preventive mea-
sures already in the early stages of military service [31].

The specificity of international missions compared  
to national exercises

Soldiers deployed on foreign missions are exposed to 
significantly greater environmental and psychophysical 
stress than during domestic exercises [32]. The most fre-
quently mentioned contributing factors include opera-
tional stress, prolonged exposure to extreme tempera-
tures, sleep deprivation, and limited capacity for physical 
recovery [32].

Studies among Polish soldiers have shown that a  high 
prevalence of cardiovascular risk factors, including HT, 
obesity, and hypercholesterolaemia, may increase sus-
ceptibility to the adverse effects of these conditions [31].  
Analyses involving 82,341 US soldiers (mean age 27 ± 
6 years) demonstrated a 27% higher incidence of new-
onset HT and a 19% higher incidence of new-onset hy-
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percholesterolaemia among those serving on overseas 
deployments compared with those participating in do-
mestic exercises [32]. Therefore, it is recommended to 
implement preventive and monitoring programmes tai-
lored to the specific mission and the climate of the op-
erational area [32].

The perspective of the Polish Armed Forces

Polish epidemiological studies confirm the growing bur-
den of cardiovascular risk among both recruits and veter-
ans [31]. Analyses of military populations have identified 
HT, overweight, and dyslipidaemia as the most prevalent 
risk factors [31]. At the same time, international studies 
have shown that similar trends are also observed in the 
armed forces of other NATO member states, confirming 
the global nature of the cardiovascular health problem 
among professional soldiers [32].

Data from national and international programmes indi-
cate that over 40% of professional soldiers across the 
surveyed armed forces meet the criteria for at least 
one major cardiovascular risk factor (HT, obesity, or 
dyslipidaemia) [31, 32]. These findings highlight the 
need for regular screening, health education, and the 
implementation of comprehensive preventive mea-
sures, particularly among individuals returning from 
overseas deployments [31, 32].

Conclusions

Military service imposes substantial physiological and 
psychosocial demands. Multifactorial stress, including 
combat exposure, physical exertion, thermal stress, and 
sleep deprivation, activates the HPA axis and sympa-
thetic nervous system. These responses, while adaptive 
in the short term, may lead to haemodynamic dysregu-
lation, arrhythmias, and increased risk of cardiovascular 
disease when chronically activated. Excessive neurohor-
monal stimulation, oxidative stress, and inflammatory 
processes contribute to endothelial damage, vascular 
dysfunction, and cardiac remodelling. Extreme environ-
mental conditions, including temperature, hypoxia, and 
dehydration, exacerbate this process, increasing the risk 
of acute cardiovascular events, including sudden cardiac 
death. In the military population, both acute manifesta-
tions (cardiac arrhythmias, left ventricular systolic dys-
function) and long-term consequences (HT, coronary 
artery disease, metabolic disorders) have been observed. 
The intensity of these changes depends on individual 
factors, such as genetic predisposition, training level, and 
the body’s adaptive capacity, which modulate individual 
resistance to stress. Early risk identification and com-
prehensive prevention, encompassing cardiac screen-
ing, monitoring of exercise capacity, metabolic control, 
thermal adaptation, hydration, and recovery, are crucial. 
Further research is needed to develop personalized diag-
nostic and preventive models for populations exposed to 
extreme stress.
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Abstract 

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) and tirzepatide are primarily used in the treatment of type 2 
diabetes and obesity. Beyond correcting metabolic imbalance, these agents modulate the tumor microenvironment, 
enhance apoptosis, downregulate pro-inflammatory signaling, and impair metastatic potential in cancer cells. The pri-
mary objective of this review is to evaluate the impact of incorporating incretin-based therapies into the management 
of gynecologic malignancies, including endometrial, ovarian, and cervical cancers. In endometrial cancer, GLP-1RAs and 
tirzepatide promote apoptosis, reverse chemoresistance, enhance progesterone receptor signaling, and demonstrate 
synergy with hormonal therapies. In ovarian cancer, GLP-1RAs have been shown to suppress tumor-promoting path-
ways, reduce inflammation, and inhibit metastatic processes. In cervical cancer, particularly among patients with type 2 
diabetes, GLP-1RAs may offer protective effects by counteracting the pro-inflammatory and tumor-promoting effects 
of hyperglycemia. GLP-1RAs and tirzepatide target metabolic dysregulation and directly modulate signaling pathways 
involved in tumorigenesis, which may help redefine existing clinical approaches in gynecologic oncology by combining 
metabolic control with antineoplastic activity.

Streszczenie

Agoniści receptora glukagonopodobnego peptydu 1 (analogi GLP-1) oraz tirzepatyd są lekami zarejestrowanymi do 
leczenia cukrzycy typu 2 i otyłości. Oprócz wpływu na regulację zaburzeń metabolicznych, wykazują również działanie 
na mikrośrodowisko guza, nasilają apoptozę, zmniejszają sygnalizację prozapalną i ograniczają zdolność komórek nowo-
tworowych do tworzenia przerzutów. Głównym celem niniejszej pracy jest ocena potencjalnych korzyści wynikających 
z dołączenia leków inkretynowych do terapii nowotworów ginekologicznych, w szczególności endometrium, jajnika oraz 
szyjki macicy. W nowotworach endometrium analogi GLP-1 oraz tirzepatyd indukują apoptozę, odwracają lekoopor-
ność na chemioterapię, wzmacniają sygnalizację receptora progesteronowego oraz działają synergistycznie z terapiami 
hormonalnymi. W leczeniu nowotworów jajnika analogi GLP-1 hamują szlaki sprzyjające progresji nowotworu, zmniej-
szają stan zapalny oraz ograniczają powstawanie przerzutów nowotworowych. U  pacjentek z  rakiem szyjki macicy, 

© 2026 Military Institute of Medicine – National Research Institute. This is an open access article distributed under the terms of the CC BY-NC-SA 4.0 (Attribution-NonCommercial-ShareAlike 4.0 Interna-
tional) license (https://creativecommons.org/licenses/by-nc-sa/4.0/), which permits use, distribution, and reproduction in any medium for non-commercial purposes, provided the original work is properly 
cited. Any derivative works must be distributed under the same license.
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Introduction

Gynecologic cancers represent a significant global health 
issue, with a substantial increase in incidence and mor-
tality across various regions [1]. Cervical cancer is consid-
ered the most frequent gynecologic malignant neoplasm 
worldwide, independent of socioeconomic status, and 
uterine cancer follows as the second most common [2]. 
Endometrial carcinoma (EC) accounts for more than 90% 
of uterine malignancies. The prevalence of EC has been 
increasing [1], and the underlying causes are likely fac-
tors including rising rates of obesity and diabetes, and 
changes in reproductive health, such as decreasing birth 
rates and delayed childbearing [3]. In particular, obesity 
significantly increases the risk of developing EC. It re-
sults in extended estrogen exposure without sufficient 
counteraction by progestins [4]. Lifestyle modifications 
or bariatric surgery can lead to weight loss, which has 
been demonstrated to substantially decrease the risk  
of EC [5].

Ovarian cancer remains the most lethal gynecologic ma-
lignancy [6]. Its incidence has been decreasing in some 
regions, for example, in the United States of America, 
since 1990 [7], yet survival rates remain persistently low 
as a result of advanced-stage diagnosis [6].

Cervical cancer has shown a  decline in both incidence 
and mortality in developed countries over the past 50 
years, due to extensive screening programs and HPV 
vaccination [8]. However, it continues to be a  leading 
contributor to cancer mortality in developing coun-
tries  [9]. Cervical adenocarcinoma is associated with 
particular challenges in early detection and is influenced 
by estrogen-related risk factors, with recent studies indi-
cating increasing incidence [10]. 

In Poland, the mortality rate from gynecologic cancers 
ranks among the highest in Europe [11]. Between 2000 
and 2022, both incidence and mortality from endome-
trial and ovarian cancers increased, with the highest oc-
currence and number of deaths demonstrated for endo-

metrial cancer. At the same time, cervical cancer rates 
have shown a declining trend [12].

Considering the increasing impact of gynecologic can-
cers, novel therapeutic strategies are urgently needed. 
The function of GLP-1 receptor agonists (GLP-1RAs) and 
tirzepatide, agents primarily used to treat type 2 diabetes 
and obesity, is a growing focus of research on antineo-
plastic effects. In addition to their roles in metabolism, 
these agents have been shown to regulate cell prolifera-
tion, apoptosis, and inflammation. Preclinical and early 
clinical studies suggest that GLP-1RAs and tirzepatide 
may influence tumorigenesis in endometrial, ovarian, 
and cervical cancers. This positions them as potentially 
viable adjunctive treatment modalities [13, 14].

This review summarizes current evidence on the pro-
spective roles of GLP-1 receptor agonists and tirzepatide 
in gynecologic oncology, concentrating on their mecha-
nisms of action and therapeutic relevance in endome-
trial, ovarian, and cervical cancers.

Materials and methods

This narrative review aims to evaluate the influence of GLP-1  
receptor agonists (GLP-1RAs) and the dual GIP/GLP-1 re-
ceptor co-agonist tirzepatide on pathogenic mechanisms 
involved in gynecological malignancies, including endome-
trial, ovarian, and cervical cancers, based on an extensive 
review of the literature from the PubMed, Web of Science, 
Scopus, and Google Scholar databases. Record extraction 
was performed using the search terms: [GLP-1RAs OR 
“glucagon-like peptide-1 receptor agonists” OR tirzepatide] 
AND [“endometrial cancer” OR “ovarian cancer” OR “cervi-
cal cancer” OR “gynecologic cancers”]. The initial screen-
ing of studies was conducted by the authors based on titles 
and abstracts to determine their relevance and alignment 
with the review objectives. Relevant records were selected 
for full-text evaluation, after which eligible studies were in-
cluded in a qualitative synthesis. Given that this was a nar-
rative review rather than a  meta-analysis, no statistical 
methods were employed.

szczególnie ze współistniejącą cukrzycą typu 2, analogi GLP-1 wykazują działanie ochronne poprzez redukcję stanu 
zapalnego i normalizację glikemii, której podwyższony poziom sprzyja rozwojowi nowotworów. Analogi GLP-1 oraz  
tirzepatyd wpływają na wyrównanie zaburzeń metabolicznych i bezpośrednio modulują szlaki sygnałowe odpowiedzial-
ne za proces nowotworzenia. Mechanizmy te mogą stanowić podstawę do opracowania nowych strategii terapeutycz-
nych w ginekologii onkologicznej, łączących kontrolę metaboliczną z działaniem przeciwnowotworowym.
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Mechanisms of action of glucagon-like peptide-1 
receptor agonists (GLP-1RAs) and tirzepatide 

GLP-1 receptor agonists (GLP-1RAs) can be classified 
into two categories: short-acting (exenatide adminis-
tered twice per day, lixisenatide) and long-acting forms 
(liraglutide, exenatide administered once weekly, dula-
glutide, semaglutide). Short-acting GLP-1RAs primarily 
affect postprandial glucose levels and delay gastric emp-
tying, while long-acting agents provide sustained recep-
tor activation and superior fasting glucose control [15].  
Meta-analyses report that all GLP-1RAs significantly 
lower HbA1c levels and promote weight loss through 
long-term central appetite inhibition [15].

Tirzepatide is a  dual GLP-1 and GIP receptor agonist 
that has shown greater effectiveness in improving gly-
cemic control and reducing body weight than GLP-1RAs  
alone [16]. Tirzepatide has been evaluated both as 
monotherapy and in combination with agents such  
as metformin, sulfonylureas, or insulin [17].

GLP-1RAs influence the biology of oncogenic pathways 
and exert pro-apoptotic and anti-proliferative effects. As 
a result, GLP-1RAs induce apoptosis in certain cancers and 
inhibit tumor growth in others [14]. These agents inter-
fere with key signaling pathways, including the phosphati-
dylinositol 3-kinase (PI3K)-Akt pathway and the extracel-
lular signal-regulated kinase 1/2 (ERK1/2) cascade, which 
are crucial for cancer cell survival and proliferation [18]. 
GLP-1RAs may activate downstream fibroblast growth 
factor 21 (FGF-21), an anti-inflammatory mediator [13]. 

In malignancies such as uterine corpus endometrial car-
cinoma and cervical squamous cell carcinoma, increased 
expression of GLP-1 receptors (GLP1R) has been as-
sociated with poorer survival outcomes. Conversely, in 
ovarian cancer, increased GLP1R expression has been 
associated with improved overall survival. The impact of 
GLP1R signaling therefore varies by tumor type [13]. 

Tirzepatide targets both GLP-1 and GIP receptors, which 
complicates its role in oncological treatment. Through its 
effects on insulin and blood glucose regulation, it poten-
tially inhibits tumor growth linked to insulin-responsive sig-
naling pathways [19]. Reports from the U.S. Food and Drug 
Administration Adverse Event Reporting System (FAERS) 
indicate a  higher likelihood of developing medullary thy-
roid carcinoma (MTC) after tirzepatide treatment [14].  
GLP-1RAs may be associated with a potential risk of MTC, 
although this has not yet been indisputably established [14].  
Reports indicate that tirzepatide use in patients results in 
a  13.67-fold increased risk of cancer compared to other 
medications [14]. Tirzepatide and other GLP-1RAs appear 
to have a comparable overall safety profile [20].

Effects of GLP-1RAs and tirzepatide on specific 
gynecologic cancers

Endometrial cancer

Obesity contributes to approximately 34% of endome-
trial cancer (EC) cases [21]. The traditional classification 
system specifies two clinicopathogenetic types of EC, 
type I and type II. Type I EC is strongly correlated with 

obesity, primarily due to increased estrogen levels re-
sulting from adipose tissue activity, which predisposes 
patients to the development of this malignancy  [22]. 
Increased adiposity stimulates aromatase activity, pro-
moting the conversion of androgens into estrone and 
estradiol and reducing progesterone levels, particularly 
among anovulatory women [23]. This estrogen-proges-
terone imbalance may be involved in the development of 
endometrial carcinogenesis. Sustained weight loss of 5% 
over three years leads to a 39% reduction in EC risk [5]. 
Fluctuations in weight may cause greater harm than per-
sistent obesity [21]. GLP-1 receptor agonists (GLP-1RAs) 
induce body weight loss through the regulation of insulin 
sensitivity, delayed gastric emptying, and appetite sup-
pression [15].

GLP-1 receptors (GLP-1Rs) have been identified in both 
non-cancerous and malignant endometrial cells [24]. 
Studies in murine EC models have suggested that exena-
tide suppresses tumor progression [25]. Exenatide possi-
bly exerts its effects by modulating GLP-1R signaling and 
downregulating the IGF-1R/PI3K/Akt/mTOR pathway. 
Exenatide and liraglutide promote autophagy and apop-
tosis in EC cells by stimulating the AMP-activated protein 
kinase (AMPK) pathway. AICAR, an AMPK activator, may 
potentiate this effect when co-administered with liraglu-
tide [22, 24]. Through AMPK activation, exendin-4 may 
reverse resistance to cisplatin chemotherapy induced by 
hyperglycemia [26].

Endometrial cancer tissues with increased GLP-1R ex-
pression correlate with longer progression-free survival, 
a more favorable hormone receptor profile (estrogen and/
or progesterone receptors), and low-grade histology [24].  
Stimulation of GLP-1R activates the cyclic AMP/pro-
tein kinase A  (cAMP/PKA) signaling pathway, regulat-
ing apoptosis, differentiation, and gene expression. This 
mechanism may inhibit tumor growth [27]. 

Through genomic and non-genomic mechanisms, in-
cluding activation of PI3K and mitogen-activated 
protein kinase (MAPK) signaling pathways, estrogen 
promotes cancer development. Progesterone exerts 
protective effects by enhancing differentiation, in-
ducing cell cycle arrest, and initiating apoptosis. In 
EC, epigenetic modifications commonly affect pro-
gesterone receptor (PR) expression and activity [23]. 
GLP-1RAs may augment PR signaling via interaction 
with membrane-associated proteins such as PGRMC1, 
stimulate downstream pathways [e.g., proto-oncogene 
tyrosine-protein kinase (Src) and Erk] that phosphory-
late PRB (PR receptor isoform), enhancing its activa-
tion and nuclear translocation, and PR gene transcrip-
tion [23]. Levonorgestrel, used for the prevention and 
treatment of EC, increases the expression of GLP-1R, 
PGRMC1, estrogen receptor (ER), androgen receptor 
(AR), mineralocorticoid receptor (MR), and PR [23]. 
In vitro analyses of EC cell lines and ex-vivo patient-
derived organoids show that dual treatment with levo-
norgestrel and GLP-1RAs (semaglutide or liraglutide) 
results in a significantly greater decrease in cell viabil-
ity compared with either agent alone [23]. Liraglutide 
leads to elevated progesterone receptor (PGR) levels, 
improving the efficacy of medroxyprogesterone ace-
tate (MPA), a hormone therapy for EC [28].
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Kong et al. (2024) conducted a  study involving tirzepa-
tide administered to two groups, obese and lean murine 
EC models, showing a greater than 60% reduction in EC 
tumor weight after treatment [19]. Tirzepatide also in-
duced significant weight loss, with a 20.1% reduction in 
body weight observed in obese mice and 16.8% in lean 
mice. Tirzepatide reduced the expression of the GLP-
1R in lean mice, which was higher in comparison to the 
obese group, without affecting GIP receptor levels in ei-
ther group. In both mice groups, tirzepatide treatment 
decreased the expression of tumoral Ki67, Bcl-xL, and 
phosphorylated S6, markers associated with tumor pro-
liferation and apoptosis. However, metabolic responses 
to treatment varied between the murine model groups. 
In obese mice, tirzepatide suppressed glycolytic and 
ErbB pathway gene expression, and enhanced fatty acid 
degradation and immune function. In lean mice, tirzepa-
tide affected alternative metabolic pathways, including 
phospholipase D signaling, and induced changes in lipid 
and energy metabolism [19]. 

Tirzepatide also lowered serum adiponectin, leptin, re-
sistin, and CRP levels, especially in obese mice, exerting 
systemic anti-inflammatory effects and improving insulin 
sensitivity [29].

Ovarian cancer

Approximately 95% of ovarian cancer histological sub-
types originate from epithelial cells, including high-grade 
serous, low-grade serous, endometrioid, clear cell, and 
mucinous types  [30]. Ovarian malignancy proliferation 
and invasion are primarily regulated by activation of the 
nuclear factor kappa-light-chain-enhancer of activated 
B cells (NF-κB) signaling pathway [31]. Tumor necrosis 
factor alpha (TNF-α) and Toll-like receptor 4 (TLR4) initi-
ate the IκB kinase complex, which phosphorylates and 
degrades IκB. Consequently, nuclear translocation of  
NF-κB is facilitated, and genes involved in cancer pro-
gression are induced [31].

The imbalance between matrix metalloproteinases 
(MMPs) and their tissue inhibitors (TIMPs) is one of the 
mechanisms contributing to ovarian cancer progression. 
Enhanced activity of MMP-9 in the microenvironment 
leads to extracellular matrix degradation [32], while de-
creased TIMP levels aggravate the invasive potential [33].  
Moreover, increased secretion of vascular endothelial 
growth factor (VEGF) promotes neoangiogenesis [32], 
leading to further cancer expansion.

Exendin-4, a GLP-1RA, modulates several key pathways 
involved in ovarian cancer progression. Exendin-4 reduc-
es the phosphorylation of IκB, thereby directly inhibiting 
activation of the NF-κB signaling pathway [33]. In vitro 
analyses have revealed that this GLP-1RA also suppress-
es the production of MMP-2 and MMP-9, while simulta-
neously increasing TIMP-1 and TIMP-2 levels. Addition-
ally, Exendin-4 decreases VEGF and TNF-α expression 
in ovarian cancer cells, protecting endothelial cells from 
TNF-α-induced apoptosis [33]. Treatment with GLP-1RA 
further reduces the expression of vascular cell adhesion 
molecule-1 (VCAM-1) and intercellular adhesion mole-
cule-1 (ICAM-1), thereby limiting extravasation and dis-
semination of tumor cells [33].

GLP-1RAs exhibit pleiotropic effects that modulate ovar-
ian cancer progression, leading to body weight reduction, 
restoration of hormonal balance, and anti-inflammatory 
activity. Moreover, GLP-1RAs target critical pathways in-
volved in ovarian cancer proliferation, which might offer 
potentially new strategies for treatment.

Cervical cancer

Cervical cancer is primarily driven by HPV infection. Squa-
mous cell carcinoma and adenocarcinoma represent the 
most frequently diagnosed histological subtypes of cer-
vical cancer [2]. A hyperglycemic microenvironment may 
exacerbate inflammation associated with malignancy 
progression [4]. Reports from The Cancer Genome Atlas 
(TCGA) show that expression of prostate-specific mem-
brane antigen 2 (PSMA2), an integral component of the 
proteasome complex, is significantly elevated in cervical 
cancer. Hyperglycemic conditions further promote en-
hanced PSMA2 expression in cervical cancer cell lines, 
while non-malignant cells show no significant changes [34]. 

Patients with type 2 diabetes have been found to exhibit 
upregulated GLP-1 receptors (GLP-1R) in cervical cancer 
tissues. In this group, GLP-1R and PSMA2 demonstrate 
enhanced co-expression, indicating a  positive correla-
tion between these molecules in cervical cancer [34]. 
Exendin-4, a GLP-1RA, mitigates the hyperglycemic mi-
croenvironment, acts as an anti-inflammatory agent, and 
suppresses PSMA2 expression [34].

Hyperglycemic conditions also increase phosphorylation 
of p65 and IκB, which activates the NF-κB pathway. Inter-
vention with Exendin-4 reduces phosphorylation of these 
proteins, thereby suppressing cancer progression [34].

Future perspective

There are ongoing clinical trials evaluating GLP-1 recep-
tor agonists (GLP-1RAs), including “Weight Loss Man-
agement in Endometrial Cancer Survivors (ECS Weight)” 
(NCT06877572), which is primarily focused on weight 
reduction and its impact on endometrial cancer out-
comes. Additional trials are investigating tirzepatide, in-
cluding “A Study of a Weight Loss Intervention in People 
With Endometrial Cancer” (NCT06751589), which also 
addresses the role of obesity in endometrial cancer, 
and “Weight-loss Drug for Fertility-Sparing Treatment 
of Atypical Hyperplasia and Grade 1 Cancer of the En-
dometrium (WE-FiERCE)” (NCT06073184), which aims 
to evaluate tirzepatide’s ability to improve complete re-
sponse rates to cancer treatment.

Triple-acting GLP-1, GIP, and glucagon receptor agonists, 
as well as small-molecule oral GLP-1 receptor agonists, 
are investigational agents, not yet commercially avail-
able. By modulating metabolism, inducing substantial 
body weight reduction, and potentially exhibiting anti-
neoplastic activity, these therapies have the potential to 
revolutionize therapeutic practices [35]. 

Conclusions 

This review demonstrates that GLP-1 receptor agonists 
(GLP-1RAs) and the dual GIP/GLP-1 receptor co-agonist 
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tirzepatide influence multiple pathogenic mechanisms 
involved in gynecologic cancers, including endometrial, 
ovarian, and cervical types. These incretin-based thera-
pies, despite being primarily designed to correct meta-
bolic dysregulation by improving insulin sensitivity and 
reducing adipose mass, also directly modulate signaling 
pathways involved in tumorigenesis, including PI3K/Akt/
mTOR, AMPK, and the NF-κB signaling pathways. The 
antineoplastic effects of GLP-1RAs and tirzepatide are 
manifested via modulating the tumor microenvironment, 
enhancing apoptosis, downregulating pro-inflammatory 
signaling, and inhibiting metastasis.

GLP-1RAs and tirzepatide may improve the effective-
ness of existing cancer treatment protocols, particularly 
among patients with obesity or type 2 diabetes. More-
over, combining GLP-1RAs with hormonal therapies in 
endometrial cancer (e.g., levonorgestrel or medroxypro-
gesterone acetate) has shown promise in improving the 
efficacy of current hormonal therapy, which could help 
redefine existing clinical approaches and promote more 
individualized treatment strategies.

Much of the current evidence is based on preclinical 
research conducted with murine models or in vitro ex-
periments, which may not fully reflect the complexity of 
human biological responses. The differential expression 
and oncologic relevance of GLP-1 receptors across tu-
mor types remain insufficiently understood at the molec-
ular level. Furthermore, the potentially elevated risk of 
particular cancers, such as medullary thyroid carcinoma, 
poses a safety concern during treatment with GLP-1RAs 
and tirzepatide, as suggested by pharmacovigilance data.

The effectiveness and oncological safety of supportive 
treatments with GLP-1RAs and tirzepatide in cancer pa-
tients should be evaluated in further long-term clinical 
trials.

In conclusion, GLP-1RAs and tirzepatide target meta-
bolic dysregulation, which may help reshape therapeutic 
approaches in gynecologic oncology by combining meta-
bolic control with antineoplastic activity.
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Abstract 

In recent years, isolated systolic hypertension (ISH) has been increasingly reported in young adults, particularly lean 
men. This phenomenon, traditionally associated with advanced age and arterial stiffness, is now more frequently di-
agnosed in individuals under 50 years of age, raising numerous controversies regarding both its clinical interpretation 
and therapeutic management. In contrast to the older population, where ISH constitutes a significant cardiovascular 
risk factor, young individuals often present with so-called “pseudo-ISH” – a  form of systolic hypertension resulting 
from physiological pulse-wave amplification, without accompanying pathological changes in the cardiovascular system.  
The aim of this review is to summarize the current state of knowledge on ISH in young adults, with particular empha-
sis on its pathophysiology, diagnostic tools (ambulatory blood pressure monitoring, home blood pressure monitoring, 
central blood pressure measurement, pulse wave velocity), prognostic significance, and therapeutic approach. Current 
controversies related to differentiating systolic–diastolic hypertension from its physiological variants are discussed, and 
the need for further research to unequivocally determine the risk and management strategies in this patient population 
is highlighted.

Streszczenie

W ostatnich latach coraz częściej obserwuje się występowanie izolowanego nadciśnienia skurczowego (ISH) wśród młodych 
dorosłych, szczególnie szczupłych mężczyzn. Zjawisko to, tradycyjnie kojarzone z podeszłym wiekiem i sztywnością tętnic, 
jest również częściej diagnozowane u osób poniżej 50. roku życia, co rodzi liczne kontrowersje dotyczące zarówno jego 
interpretacji klinicznej, jak i leczenia. W przeciwieństwie do starszej populacji, w której ISH stanowi istotny czynnik ryzyka 
sercowo-naczyniowego, osoby młode często prezentują tzw. „pseudo-ISH” – postać nadciśnienia skurczowego wynikającą 
z fizjologicznej amplifikacji fali tętna, bez towarzyszących patologicznych zmian w układzie sercowo-naczyniowym. Celem 
niniejszego przeglądu jest podsumowanie aktualnego stanu wiedzy na temat ISH u młodych dorosłych, ze szczególnym 
uwzględnieniem jego patofizjologii, narzędzi diagnostycznych (ambulatoryjnego monitorowania ciśnienia tętniczego, domo-
wego monitorowania ciśnienia tętniczego, pomiaru ciśnienia centralnego, prędkości fali tętna), znaczenia rokowniczego oraz 
podejścia terapeutycznego. Omówiono również aktualne kontrowersje związane z  różnicowaniem nadciśnienia skurczo-
wego i rozkurczowego od jego wariantów fizjologicznych, a także wskazano na potrzebę dalszych badań, mających na celu 
jednoznaczne określenie ryzyka i strategii postępowania w tej populacji pacjentów.

Keywords: cardiovascular risk; young adults; central blood pressure; isolated systolic hypertension; pseudo-ISH

Słowa kluczowe: ryzyko sercowo-naczyniowe; młodzi dorośli; ciśnienie centralne; pseudo-ISH; izolowane nadciśnienie  
skurczowe
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Introduction

In recent years, an increasing prevalence of cardiovas-
cular diseases and chronic kidney diseases has been ob-
served among young and middle-aged adults. Although 
this population was previously considered to be at rela-
tively low risk, current data suggest that adverse health 
trends are also affecting individuals under 40 years of 
age. One of the factors that may play a key role in this 
process is arterial hypertension, the rise of which is of-
ten associated with the obesity epidemic and unhealthy 
lifestyle patterns. Despite the growing scale of the prob-
lem, the management of hypertension in this age group 
remains controversial [1, 2].

Isolated systolic hypertension (ISH), an abnormality most com-
monly observed in older individuals in whom arterial stiffness 
and increased pulse pressure play a dominant role in its patho-
genesis, presents particular diagnostic and therapeutic chal-
lenges [1, 3]. However, in recent years, an upward trend in the 
incidence of ISH has also been observed in young individuals, 
particularly men. This phenomenon generates many contro-
versies, both in terms of diagnosis and therapy [2, 4]. In young 
adults, ISH may involve a different pathomechanism and is 
not always associated with increased cardiovascular risk [5, 6].  
Despite a  growing body of epidemiological evidence, the 
clinical significance of ISH at a younger age remains unclear. 
It is still debated whether it should be treated as an early 
marker of cardiovascular risk or rather as a physiological vari-
ant or “pseudo-hypertension” that does not require aggres-
sive treatment. This review aims to outline the current state 
of knowledge on ISH in young and middle-aged adults – con-
sidering its prevalence, pathophysiological mechanisms, risk 
of complications, and therapeutic approaches [7, 8].

Definition and diagnostic criteria

Isolated systolic hypertension in young adults, defined 
as individuals between 18 and 40 years of age, is, ac-
cording to the 2024 European Society of Hyperten-
sion (ESH) guidelines, characterized by systolic blood 
pressure (SBP) ≥140 mmHg with a concurrent diastolic 
blood pressure (DBP) <90 mmHg [8]. In this population, 
particularly among lean men, the phenomenon of pseu-
do-ISH (apparent arterial hypertension) is frequently 
observed. This refers to situations in which systolic 
blood pressure measured in an office setting is elevated, 
while central blood pressure remains within the normal 
range. This phenomenon results from an increase in ar-
terial stiffness and pulse-wave amplification within the 
vascular system, which causes values measured periph-
erally to be higher than in the aorta. It occurs more fre-
quently among younger, otherwise healthy individuals, 
and may therefore result in an erroneous diagnosis of 
arterial hypertension [9, 10].

In light of this, the latest 2024 ESH recommendations 
draw attention to the necessity of verifying blood pres-
sure measurement results, especially in young individuals 
presenting with isolated SBP elevation. More accurate di-
agnostic assessment enables differentiation between true 
systolic–diastolic hypertension and pseudo-ISH, which is 
of crucial importance for therapeutic decisions [8].

Pathophysiology

Isolated systolic hypertension in young adults often results 
from hemodynamic mechanisms that differ from those ob-
served in the older population. In younger patients, the main 
factor leading to ISH is pulse-wave amplification, a  phe-
nomenon in which systolic pressure measured in peripheral 
arteries (e.g., the brachial artery) is significantly higher than 
central aortic pressure. This amplification is a result of higher 
stiffness of peripheral arteries and variability in cardiac out-
put, which are characteristic of younger individuals, particu-
larly those leading an active lifestyle. Furthermore, younger 
individuals typically exhibit better vascular elasticity, which 
causes a  greater discrepancy between systolic pressure in 
the brachial artery and central pressure, potentially leading 
to an erroneous diagnosis of systolic hypertension [11–13].

In such patients, despite elevated systolic blood pressure 
measured peripherally, central aortic pressure remains within 
normal limits. This phenomenon, referred to as pseudo-ISH, 
does not result from pathological changes in the vessel walls 
(e.g., loss of arterial elasticity), as is the case in older individu-
als. Instead, it arises from pulse-wave amplification. Pseudo-
ISH thus reflects hemodynamic changes that do not indicate 
true pathological hypertension but rather an increased dif-
ference between central and peripheral pressure, which is 
a physiological phenomenon in many individuals [14, 15].

Diagnostic tools and differentiation

To improve the accuracy of ISH diagnosis in young pa-
tients, detailed blood pressure assessment using 24-hour 
ambulatory blood pressure monitoring (ABPM) is recom-
mended. This method provides a more complete picture 
of blood pressure variability throughout the day, which 
is crucial for differentiating systolic–diastolic hyperten-
sion from white-coat hypertension, which may occur as 
a result of stress associated with examination in clinical 
settings. Additionally, home blood pressure monitoring 
(HBPM) is recommended, as it enables blood pressure 
evaluation in the patient’s natural environment, eliminat-
ing the influence of stress-inducing factors associated 
with a visit to the doctor’s office [10, 8].

In recent years, increasing importance in ISH diagnostics 
has been attributed to the measurement of central blood 
pressure, which is obtained using specialized tonomet-
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ric or cuff-based devices, often supported by dedicated 
mathematical algorithms. Central blood pressure mea-
surement allows for the assessment of pressure in the 
main arterial vessels, including the aorta, providing more 
precise data than traditional peripheral measurements. 
Another important tool in ISH diagnostics is the evalua-
tion of arterial stiffness, which can be performed by mea-
suring pulse-wave velocity (PWV). Arterial stiffness is an 
important indicator of cardiovascular risk and can help dif-
ferentiate pseudo-ISH from true systolic–diastolic hyper-
tension. Finally, echocardiography remains a key method 
for assessing cardiac load, enabling a detailed analysis of 
changes in cardiac function and potential damage related 
to chronic hypertension. Collectively, these diagnostic 
methods allow for a more precise assessment of the pa-
tient’s hemodynamic condition and more reliable exclu-
sion of the pseudo-ISH phenomenon [8, 16, 17].

Prognostic significance

Epidemiological data on isolated systolic hypertension in 
younger individuals remain inconclusive, and study results 
vary depending on the length of the observation period, 
sex, and age group. Several studies indicate that in young 
men, ISH is not associated with a significant increase in 
cardiovascular risk in the short-term perspective. Such 
findings suggest that, in this group of patients, despite el-
evated systolic blood pressure, diastolic pressure remains 
normal, which in the short term may not result in a sig-
nificant increase in the risk of cardiovascular incidents 
compared with individuals with both systolic and diastolic 
hypertension [5, 6]. However, other studies indicate that 
in young women, ISH may be associated with a higher risk 
of developing cardiovascular disease than in individuals 
with high-normal blood pressure or isolated diastolic hy-
pertension, although the risk remains lower than in com-
bined systolic–diastolic hypertension [18].

A prospective study published in 2015 demonstrated that 
among younger adults with ISH, the risk of mortality from 
cardiovascular diseases, including ischemic heart disease, 
was higher compared with individuals with normal blood 
pressure. These findings suggest that although ISH may 
not lead to cardiovascular complications in the short term, 
it is associated with a greater risk of cardiac incidents in 
the long-term perspective [11]. Similar conclusions were 
reported in the MONICA/KORA cohort study (2021), 
which found that younger individuals who smoke regu-
larly, are obese, have dyslipidemia, and exhibit elevated 
blood pressure, are at higher risk of developing ISH. The 
study highlights that factors such as cigarette smoking 
and obesity have a significant impact on the occurrence of 
ISH, particularly in men, and also contribute to an increase 
in cardiovascular risk in this patient group [3].

Therapeutic approach

In young adult patients with isolated systolic hyperten-
sion and SBP values of 140–159 mmHg, in whom no 
hypertension-related organ damage is found and no ad-
ditional cardiovascular risk factors are present, a  non-
pharmacological approach is recommended in the first 
instance. This treatment should be applied for a period 
of 6 to 12 months, and its aim is to monitor the body’s 
response to lifestyle changes, such as weight reduction, 

limitation of salt intake, and increased physical activity, 
before a decision is made to implement pharmacother-
apy. In patients with SBP ≥160 mmHg, or in those with 
coexisting organ damage related to arterial hypertension 
and/or the presence of other cardiovascular risk factors, 
it is necessary to include pharmacotherapy to reduce the 
risk of cardiovascular complications [19].

Non-pharmacological interventions play a key role in the 
management of ISH, and their effectiveness is indepen-
dent of baseline blood pressure values. The most effec-
tive methods include lifestyle modification, particularly 
weight reduction, limitation of salt intake, and regular 
physical activity. Study results indicate that a weight loss 
of 5 kg, as well as an increase in the level of physical 
activity in individuals under 45 years of age, leads to a re-
duction in SBP by an average of 5 mmHg. Even a modest 
decrease in body weight has a significant impact on im-
proving blood pressure control, while regular physical ac-
tivity, including aerobic exercise, effectively lowers SBP 
and reduces the risk of future cardiovascular events [4].

Controversies and challenges

Isolated systolic hypertension in young adults remains 
a subject of active debate in the medical community, es-
pecially in the context of its association with cardiovascular 
risk. On the one hand, some researchers suggest that ISH 
in young individuals, particularly tall, physically active men, 
may result from pulse-wave amplification in peripheral 
blood vessels. This mechanism leads to so-called “spurious” 
systolic hypertension, which is not associated with an actu-
al increase in cardiovascular risk but may be misinterpreted 
as white-coat hypertension. In such cases, despite elevated 
systolic blood pressure values, there is no increased risk of 
cardiovascular events, although blood pressure monitoring 
outside the doctor’s office is still indicated for a more ac-
curate assessment of the patient’s condition [14].

On the other hand, a growing body of evidence suggests 
that ISH in younger patients may indeed be associated 
with elevated cardiovascular risk, particularly when ac-
companied by elevated central blood pressure or the 
presence of organ damage related to hypertension. Co-
hort studies, including the MONICA/KORA study, have 
shown that young adults with ISH exhibit a higher risk of 
cardiovascular mortality compared with individuals with 
normal blood pressure  [3]. These findings indicate the 
need for a more detailed assessment of patients with ISH 
to precisely distinguish individuals who require intensive 
monitoring and treatment from those who may be man-
aged with clinical observation alone, without the need to 
introduce pharmacological therapy.

In the context of ISH therapy and diagnostics, some ex-
perts advocate distinguishing true ISH based on central 
blood pressure measurements, while treating other cases as 
physiological variants that do not require intervention [20].  
However, ignoring ISH in the young adult population may 
lead to overlooking the early stages of arterial stiffness, 
which in the longer term can increase the risk of cardio-
vascular complications [21]. For this reason, there is an 
urgent need for further research to enable more precise 
determination of risk groups in this population and to 
establish optimal diagnostic and therapeutic strategies.
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Conclusions 

Isolated systolic hypertension in young adults constitutes 
a complex and not yet fully understood clinical issue. Un-
like older individuals, where ISH is unequivocally associ-
ated with reduced vascular elasticity and increased car-
diovascular risk, in younger patients, this phenomenon 
may have a different pathomechanism and, in many cas-
es, may not reflect true cardiovascular risk. In the younger 
population, particularly among lean and physically active 
men, ISH is often associated with a phenomenon termed 
pseudo-ISH. For this reason, advanced diagnostic meth-
ods, such as ABPM, HBPM, central blood pressure mea-
surement, and assessment of arterial stiffness (PWV), are 
of key importance, allowing for a more precise differen-
tiation of true ISH from physiological variants. Although 
some studies indicate that ISH in young men is not as-
sociated with increased short-term cardiovascular risk, 
others suggest that in young women and individuals with 
additional risk factors (obesity, tobacco smoking, dyslip-
idemia), ISH may lead to complications in the longer term. 
These observations underscore the importance of an in-
dividualized approach to risk assessment and therapeutic 
decisions. Currently, there are no definitive guidelines 
regarding the management of ISH in young adults. Con-
sequently, further well-designed cohort and randomized 
studies are needed to clarify the long-term clinical effects 
of ISH in this population and to optimize diagnostic cri-
teria and therapeutic indications. In light of the available 
evidence, both overtreatment and trivialization of this 
phenomenon should be avoided.
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Abstract 

The gut microbiome plays a fundamental role in child development, influencing metabolic regulation, immune matu-
ration, and neurodevelopment from early life onward. Increasing evidence links disturbances in gut microbial compo-
sition to pediatric disorders, including obesity, allergic diseases, autoimmune conditions, neurodevelopmental disor-
ders, and gastrointestinal pathologies. This review summarizes current knowledge on the developmental trajectory 
of the pediatric gut microbiome, the major environmental and biological factors shaping its composition, and key 
disease-related microbial patterns described in recent literature. Particular attention is given to mechanisms involving 
immune modulation, intestinal barrier function, microbial metabolites, and the microbiota–gut–brain axis. Finally, the 
potential role of probiotics as a microbiome-targeted strategy is discussed, emphasizing both their therapeutic prom-
ise and existing limitations. Overall, the pediatric gut microbiome emerges as a modifiable determinant of health, 
warranting further longitudinal and interventional research.

Streszczenie 

Mikrobiom jelitowy odgrywa fundamentalną rolę w rozwoju dziecka, wpływając na regulację metabolizmu, dojrzewanie 
układu odpornościowego oraz rozwój układu nerwowego od najwcześniejszych etapów życia. Coraz więcej dowodów 
wskazuje, że zaburzenia składu mikrobioty jelitowej są powiązane z występowaniem chorób wieku dziecięcego, w tym 
otyłości, chorób alergicznych, schorzeń autoimmunologicznych, zaburzeń neurorozwojowych oraz patologii przewodu 
pokarmowego. Niniejszy artykuł podsumowuje aktualny stan wiedzy na temat rozwoju mikrobiomu jelitowego u dzieci, 
głównych czynników środowiskowych i biologicznych kształtujących jego skład, a także charakterystycznych wzorców 
mikrobiologicznych związanych z chorobami, opisanych w najnowszym piśmiennictwie. Szczególną uwagę poświęcono 
mechanizmom obejmującym modulację odpowiedzi immunologicznej, funkcję bariery jelitowej, rolę metabolitów bakte-
ryjnych oraz komunikację w osi mikrobiota–jelito–mózg. Na zakończenie omówiono potencjalną rolę probiotyków jako 
strategii terapeutycznej ukierunkowanej na mikrobiom, podkreślając zarówno ich obiecujące możliwości kliniczne, jak 
i ograniczenia. Ogólnie rzecz biorąc, mikrobiom jelitowy dzieci jawi się jako modyfikowalny czynnik warunkujący zdro-
wie, co uzasadnia potrzebę dalszych badań podłużnych i interwencyjnych.
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Słowa kluczowe: probiotyki; mikrobiom jelitowy; oś mikrobiota–jelita–mózg; rozwój układu odpornościowego

DOI 10.53301/lw/216734

Received: 22.12.2025

Accepted: 12.01.2026

Published: 30.06.2026

Corresponding author:
Magdalena Bukowska
Dr. Anna Gostyńska Wolski Hospital Ltd.
17 Marcina Kasprzaka St., 01-211 Warsaw
e-mail: magda12870@gmail.com

© 2026 Military Institute of Medicine – National Research Institute. This is an open access article distributed under the terms of the CC BY-NC-SA 4.0 (Attribution-NonCommercial-ShareAlike 4.0 Interna-
tional) license (https://creativecommons.org/licenses/by-nc-sa/4.0/), which permits use, distribution, and reproduction in any medium for non-commercial purposes, provided the original work is properly 
cited. Any derivative works must be distributed under the same license.



2026 NR 2 VOL. 104

137

Introduction 

The gut microbiome is increasingly recognized as a cen-
tral regulator of childhood development, influencing bio-
logical, cognitive, and emotional processes from birth 
through adolescence. Childhood encompasses four ma-
jor stages – infancy, early childhood, middle childhood, 
and adolescence – and deviations from expected devel-
opmental milestones at any of these stages may indicate 
emerging health concerns. These include conditions such 
as malnutrition, obesity, neurodevelopmental disorders, 
including autism spectrum disorder (ASD), food allergies, 
and asthma. Growing evidence indicates that alterations 
in gut microbiota composition and function contribute 
to the onset and progression of many of these disorders, 
positioning the microbiome as a  potentially modifiable 
determinant of pediatric health outcomes [1].

The pediatric gut microbiome is a  complex ecosystem 
composed of bacteria, viruses, fungi, archaea, and para-
sites, with bacteria constituting the most abundant and 
diverse group. Although microbial interactions shape 
health across the lifespan, their influence is particularly 
critical during infancy, when key physiological processes 
are established. Recent research demonstrates that ear-
ly-life microbial communities interact closely with nutri-
tion, host genetics, and immune system maturation, col-
lectively shaping both immediate and long-term health 
trajectories [2].

Environmental and physiological factors strongly influ-
ence the establishment and subsequent maturation of the 
gut microbiome. Although the existence of prenatal colo-
nization remains debated, there is broad consensus that 
extensive microbial colonization begins after birth. Early 
gut communities are dominated by facultative anaerobes, 
which are gradually replaced by obligate anaerobes as 
the intestinal environment stabilizes. Compared with the 
adult microbiota, the infant microbiome is less diverse 
and more dynamic [1]. Key determinants of early micro-
bial composition include delivery mode, feeding practices 
(breastfeeding versus formula feeding), antibiotic expo-
sure, and environmental conditions [1, 2]. The introduc-
tion of solid foods marks a  major ecological transition: 
populations such as Proteobacteria typically decline, while 
overall microbial diversity and functional stability increase. 
Throughout childhood, the microbiome becomes progres-
sively more complex and resilient, and by adolescence it 
shifts toward a more adult-like profile characterized by re-
duced aerobic and facultative anaerobic populations and 
an expansion of obligate anaerobes [1].

Studying the gut microbiota during childhood is particu-
larly important because it differs substantially from the 
adult microbiome and plays a  critical role in establish-
ing metabolic pathways that may persist throughout life. 
Disruptions in early microbial development have been 
linked to metabolic disorders such as pediatric obesity, 
suggesting that interventions targeting early-life micro-
bial dynamics may help prevent obesity and its associat-
ed comorbidities [3]. Understanding these mechanisms 
is essential not only for metabolic health but also for im-
mune and neurodevelopmental maturation, underscor-
ing the microbiome’s multidimensional role in shaping 
pediatric health outcomes [2, 3].

Given the interplay between microbial maturation, metab-
olism, immune function, and neurodevelopment, examin-
ing the pediatric gut microbiome offers a unique oppor-
tunity for early interventions and preventive strategies. 
This review synthesizes current knowledge on the devel-
opmental trajectory of the pediatric gut microbiome, the 
factors influencing its composition, and its implications 
for metabolic, immune, and neurodevelopmental health, 
while identifying key knowledge gaps that require further  
investigation.

Methodology 

This narrative review was based on a structured litera-
ture search conducted in PubMed, Scopus, and Google 
Scholar. The search focused on studies published with-
in the past five years to ensure inclusion of the most re-
cent and clinically relevant evidence reflecting current 
advances in microbiome research. Predefined keywords 
were used to identify publications related to pediatric 
gut microbiome development, disease associations, and 
probiotic interventions.

Approximately 50 articles were screened at the title 
and abstract level. Following full-text evaluation for rel-
evance, 24 publications were included in the final nar-
rative synthesis and are listed in the reference section. 
Eligible studies focused on pediatric populations and 
addressed microbiome-related mechanisms, disease as-
sociations, or therapeutic implications.

Given the narrative nature of this review, no formal risk-
of-bias assessment tool was applied. Instead, study selec-
tion prioritized peer-reviewed publications in reputable 
journals that provided clear methodological descriptions 
and reported biologically or clinically plausible associa-
tions between gut microbiome alterations and pediatric 
health outcomes.

Factors shaping the pediatric gut microbiome

The development of the pediatric gut microbiome is 
a dynamic and highly sensitive process that begins be-
fore birth and continues throughout early childhood.  
This complex ecosystem is shaped by a combination 
of prenatal influences, perinatal exposures, nutrition, 
environmental interactions, and medical interven-
tions. Because the gut microbiome plays a  critical 
role in metabolic programming, immune maturation, 
and neurodevelopment, understanding the factors 
that modulate its early assembly is essential for pro-
moting long-term health and preventing disease later 
in life [1].

Maternal influences and prenatal programming

The maternal gut microbiome plays a pivotal role in shap-
ing fetal immune development even before birth. During 
pregnancy, the maternal microbiota undergoes physi-
ological changes that parallel shifts in immune and meta-
bolic function. Microbial components and metabolites, 
including short-chain fatty acids (SCFAs), lipopolysaccha-
rides, bacterial DNA, and immune-active peptides, can 
cross the placental barrier and influence fetal immune 
programming [4].
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Evidence suggests that immune education begins in ute-
ro and is partly regulated by maternal microbiota-derived 
molecules that interact with fetal immune cells, pro-
moting immune tolerance and developmental priming.  
Although the existence of a  true fetal microbiome re-
mains debated, accumulating data support prenatal ex-
posure to microbial products. Moreover, maternal infec-
tions – even those occurring prior to conception – may 
modulate immune outcomes in offspring, highlighting 
the long-lasting biological consequences of maternal mi-
crobial signaling [4].

After birth, breast milk continues this biologically medi-
ated maternal microbial transfer by delivering live bac-
teria, metabolites, antibodies, and oligosaccharides that 
shape neonatal microbiota composition and immune 
maturation. Exclusive breastfeeding should therefore be 
regarded as a critical extension of maternal influence on 
early microbial assembly [4, 5].

Mode of delivery and initial colonization

The mode of delivery represents one of the earliest en-
vironmental determinants of microbial colonization.  
Vaginally delivered infants are exposed primarily to ma-
ternal vaginal and intestinal microbes, including species 
from the genera Lactobacillus, Prevotella, and Bacteroides. 
In contrast, infants born via cesarean section acquire 
a microbiota dominated by maternal skin and oral bacte-
ria, resulting in delayed colonization by beneficial obligate 
anaerobes such as Bacteroides and Bifidobacterium [1].

These early microbial differences are not merely tran-
sient but have lasting implications for microbiome sta-
bility and immune development. Cesarean-born infants 
frequently exhibit reduced microbial diversity, delayed 
establishment of commensal taxa, and increased abun-
dance of opportunistic pathogens such as Klebsiella and 
Enterococcus during infancy. Such alterations have been 
associated with an increased risk of immune dysregula-
tion and metabolic disorders later in life [1].

Infant nutrition and microbial maturation

Among all postnatal influences, infant feeding practices 
exert the strongest selective pressure on microbiome 
composition. Breastfed infants typically harbor microbi-
ota enriched in Bifidobacterium, Lactobacillus, and other 
species capable of metabolizing human milk oligosaccha-
rides (HMOs) – complex carbohydrates that selectively 
nourish beneficial microbes [2, 5].

In contrast, formula feeding is associated with greater 
microbial diversity and accelerated maturation toward 
an adult-like microbial profile. Although increased di-
versity is conventionally regarded as beneficial, pre-
mature microbial maturation may promote low-grade 
inflammation and metabolic dysregulation during 
a  critical developmental window [2, 5]. The duration 
and exclusivity of breastfeeding further shape microbial 
trajectories in a  dose-dependent manner [6]. Discon-
tinuation of breastfeeding induces a marked ecological 
shift characterized by increased representation of Fir-
micutes and fiber-fermenting taxa typical of the adult 
microbiome [2, 5].

Beyond taxonomic changes, the functional capacity 
of the microbiome evolves in parallel. Breastfeeding is 
associated with enrichment of metabolic pathways in-
volved in carbohydrate utilization, fatty acid synthesis, 
and vitamin production. In contrast, the microbiota of 
formula-fed infants is characterized by enhanced bile 
acid metabolism and amino acid turnover – features in-
dicative of microbial functional maturity [2, 5].

Antibiotic exposure and microbial disruption

Antibiotic administration during early life constitutes 
one of the most disruptive influences on microbiome 
development. Exposure is consistently associated with 
decreased microbial diversity and persistent structural 
changes in microbial communities. Broad-spectrum anti-
biotics, particularly macrolides and penicillins, dispropor-
tionately deplete beneficial taxa such as Bifidobacterium 
and Lactobacillus, thereby compromising SCFA produc-
tion and immune regulation [7].

Macrolide exposure – especially to azithromycin – has 
been linked to sustained loss of alpha diversity and de-
pletion of Akkermansia muciniphila, a  bacterium associ-
ated with intestinal barrier integrity and anti-inflamma-
tory effects. Antibiotic treatment is also associated with 
reductions in regulatory immune-inducing taxa, includ-
ing Clostridium clusters IV and XIVa, which contribute to 
regulatory T-cell induction [7].

In addition, early antimicrobial exposure promotes the 
emergence of antimicrobial resistance through selec-
tive pressure on microbial populations and perturbation 
of microbial gene expression. Among neonates treated 
empirically for suspected early-onset sepsis, alterations 
in microbiome composition and resistome persistence 
have been documented months after treatment cessa-
tion. Narrow-spectrum regimens, such as penicillin com-
bined with gentamicin, appear to exert fewer ecological 
effects and are increasingly favored when treatment is 
unavoidable [8].

Prematurity and hospital-associated colonization

The microbiome development of preterm infants dif-
fers fundamentally from that of term neonates. Instead 
of maternal microbial seeding, premature infants are 
predominantly colonized by microorganisms originating 
from the hospital environment, including opportunistic 
and antibiotic-resistant strains [7].

Distinct fungal colonization patterns also characterize 
this population, with Candida species dominating early 
development before transitioning toward Saccharomyces 
species following dietary diversification. Gastrointesti-
nal immaturity further compromises microbial establish-
ment. Structural abnormalities – including shortened villi 
and crypts, decreased mucus and antimicrobial peptide 
production, increased gut permeability, and impaired 
motility – foster an intestinal environment unfavorable 
to obligate anaerobes and susceptible to dysbiosis [7].

Collectively, these vulnerabilities increase the risk of 
infectious complications, necrotizing enterocolitis, and 
long-term metabolic and immunological consequences, 
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underscoring the need for targeted microbial interven-
tions in neonatal care settings [7].

Diet and environmental influences across childhood

Beyond infancy, diet remains a dominant force shaping 
microbial ecology. Diets high in saturated fat, refined 
sugar, and animal protein – the so-called Western diet –  
are associated with reduced microbial diversity and en-
richment of taxa linked to obesity, cardiovascular dis-
ease, and metabolic syndrome [3].

In contrast, carbohydrate-rich dietary patterns support 
a  Prevotella-dominant enterotype associated with im-
proved metabolic functions. Data from the Integrative 
Human Microbiome Project demonstrate that microbial 
composition shifts dynamically in disease states such as 
inflammatory bowel disease and diabetes, emphasizing 
the central role of nutrition in modulating microbial re-
silience [3].

Environmental exposures further influence microbial as-
sembly. Children raised in households with siblings or 
domestic animals exhibit greater microbial diversity, con-
sistent with increased microbial exchange and enhanced 
immune training through environmental contact [1].

Gut microbiome and childhood diseases 

Neurodevelopmental and neurological disorders  
(ASD and related conditions)

Both the gut microbiome and the central nervous system 
undergo rapid and dynamic development during early 
childhood. Accumulating evidence suggests that intes-
tinal microorganisms play a  fundamental role in shap-
ing neurodevelopmental trajectories during this critical 
period [9–13]. Communication between the gut and 
the brain is mediated by the microbiota–gut–brain axis 
(MGBA), a bidirectional network integrating neural, im-
mune, endocrine, and metabolic pathways [9, 12].

Several complementary mechanisms are involved in 
early-life gut–brain signaling. Microbial metabolites – 
particularly SCFAs and tryptophan-derived compounds 
– modulate blood–brain barrier integrity, microglial mat-
uration, and neuroinflammatory pathways. These me-
tabolites also influence systemic and intestinal immune 
tone, including cytokine production and T-cell differen-
tiation, thereby impacting neuroimmune development. 
Additionally, the vagus nerve and the enteric nervous 
system transmit neural signals from the gastrointestinal 
tract to brainstem and cortical regions, enabling rapid 
bidirectional communication between the gut and the 
central nervous system [9, 11, 12].

Dysregulation of the MGBA has been implicated in 
multiple neurodevelopmental, psychiatric, and neuro-
degenerative disorders. Disruption of gut–brain com-
munication has been associated with mood disorders, 
Alzheimer’s disease, and autism spectrum disorder (ASD) 
[13]. In children with ASD, recurring alterations in gut 
microbiota composition include an increased abundance 
of Clostridium species and reduced representation of Bi-
fidobacterium. Certain Clostridium species are capable of 

producing neurotoxic and pro-inflammatory metabolites 
that may enter systemic circulation and influence neuro-
logical function. Given the relative instability of the pe-
diatric microbiome, early childhood appears to represent 
a  sensitive window during which microbiota-targeted 
interventions may exert long-term neurodevelopmental 
effects [12].

Emerging evidence also links the MGBA to rare pediatric 
neurological disorders. In pediatric-onset leukodystro-
phies, microbiome disturbances may contribute to neu-
roinflammation, immune dysregulation, and altered met-
abolic signaling, thereby influencing disease progression 
and neurological outcomes [10]. Similarly, in neonates 
with necrotizing enterocolitis, disruption of gut–brain 
communication has been associated with subsequent 
neurodevelopmental impairment, potentially mediated 
through inflammatory signaling and altered microbial 
metabolite profiles [11].

Although much of the mechanistic insight originates 
from preclinical research, an increasing number of obser-
vational studies in pediatric cohorts support a clinically 
relevant role of the gut microbiome in neurodevelop-
ment. However, further longitudinal and interventional 
studies are required to determine causality and evalu-
ate the therapeutic potential of microbiome-modifying 
strategies in pediatric neurological and neurodevelop-
mental conditions [9–13].

While numerous studies report alterations in gut micro-
biota composition in children with neurodevelopmental 
disorders, most human data remain associative. Evidence 
is largely derived from cross-sectional or case–control 
studies, whereas causal relationships are primarily sup-
ported by preclinical models. Consequently, direct cau-
sality between microbiome alterations and neurodevel-
opmental outcomes in children has not yet been firmly 
established.

Importantly, findings across studies are not fully con-
sistent. Variability in reported microbial signatures may 
reflect differences in age at sampling, dietary patterns, 
gastrointestinal comorbidities, medication use, and ana-
lytical methodologies, complicating direct comparison 
between cohorts.

Key knowledge gaps remain regarding the temporal sta-
bility of microbiome alterations, critical developmental 
windows of vulnerability, and the long-term neurodevel-
opmental impact of microbiome-targeted interventions 
in pediatric populations.

Allergic diseases and atopic disorders

Disruption of the gut microbiome is increasingly rec-
ognized as a  significant contributor to allergic disease 
development in children [14–16]. Studies in atopic der-
matitis (AD) report pronounced differences in gut micro-
bial composition between affected and healthy children, 
characterized by reduced microbial diversity and shifts 
in dominant taxa [14]. In many cases, these alterations 
precede clinical manifestations, suggesting that dysbio-
sis may contribute to disease initiation rather than arise 
solely as a consequence of inflammation [14, 15].



LEKARZ WOJSKOWY 
MILITARY PHYSICIAN

The pediatric gut microbiome and its role in childhood diseases: from development to therapeutic potential
Magdalena Bukowska, Aleksandra Zagórska, Anna Jastrzębska140

The gut and skin microbiota function as interconnected 
ecosystems that modulate immune responses. Children 
with AD commonly exhibit reduced levels of Lactobacil-
lus and Bifidobacterium and increased abundance of Clos-
tridium species and Staphylococcus aureus. Experimental 
data support the immunoregulatory role of Lactobacillus 
species in attenuating allergic inflammation [14].

Across pediatric allergic conditions, gut dysbiosis fre-
quently involves an increased Firmicutes-to-Bacteroide-
tes ratio together with overrepresentation of Ruminococ-
cus gnavus. This species has been identified as a major 
contributor to allergic phenotypes. Disruption of intes-
tinal epithelial integrity associated with dysbiosis fa-
cilitates antigen translocation into systemic circulation, 
promoting abnormal immune activation and increasing 
allergic susceptibility [16].

Microbial metabolites, particularly SCFAs derived from 
dietary fiber fermentation, are critical for maintaining 
epithelial integrity and immune tolerance. Reduced fecal 
SCFA concentrations have been consistently reported in 
allergic children, and depletion of microbial genes related 
to fiber metabolism has been associated with an elevat-
ed risk of allergic sensitization [16].

Although most available evidence is associative, experi-
mental studies provide support for causality. Selected 
members of the Clostridia class have been shown to im-
prove gut barrier integrity and reduce allergen sensitiv-
ity, while microbiota transfer from healthy infants pro-
tects against allergic responses in animal models [16]. In 
contrast, increased abundance of Clostridium species has 
been reported in pediatric asthma, and early colonization 
with this genus has been associated with a higher risk of 
allergic disease development [17].

Most human studies linking gut microbiome alterations 
to pediatric allergic diseases are observational and there-
fore demonstrate associations rather than definitive cau-
sality. Experimental models provide supportive mecha-
nistic evidence; however, translation of these findings to 
human pediatric populations remains limited.

Conflicting results have been reported regarding the role 
of specific taxa, including members of the Clostridium 
genus, which have been associated with both protective 
and adverse immune effects depending on timing, strain 
specificity, and host context.

Further research is required to define strain-specific ef-
fects, optimal timing for microbial modulation, and the 
durability of microbiome-related immune programming 
across childhood.

Obesity and metabolic dysregulation

Growing evidence indicates that the gut microbiome 
plays a critical role in metabolic regulation, energy ho-
meostasis, and immune function, and that disturbances 
in microbial composition are strongly associated with 
the development of childhood obesity [3,18–19]. Ex-
perimental studies in animal models provide compel-
ling evidence for causality. Transplantation of fecal mi-
crobiota from obese donors into germ-free mice has 

been shown to induce metabolic traits characteristic of 
obesity, including increased adiposity and altered en-
ergy regulation. Similarly, gut microbiota derived from 
mice that developed obesity following early antibiotic 
exposure induced comparable metabolic alterations in 
recipient germ-free animals. Moreover, microbial com-
munities from obese hosts exhibit enhanced capacity 
for dietary energy extraction, and transfer of these com-
munities results in increased fat deposition in previously 
lean recipients [3].

The gut microbiome is also involved in endocrine regula-
tion and metabolic signaling. In children with obesity ac-
companied by central precocious puberty, gut microbial 
profiles differ significantly from those of normal-weight 
peers. These alterations include an increased abundance 
of Firmicutes and a  reduction of Bacteroidetes, as along 
with elevated levels of Alistipes, Klebsiella, and Sutterella, 
and decreased representation of beneficial genera such 
as Anaerostipes, Bacteroides, and Bifidobacterium. Such 
compositional changes have been linked to disruptions in 
inositol metabolism and SCFA production, contributing to 
impaired metabolic regulation and excess adiposity [19].

The microbiome further influences neuroendocrine reg-
ulation through its interaction with metabolic pathways. 
SCFAs produced by bacterial taxa such as Ruminococ-
cus and Roseburia modulate leptin gene expression via 
activation of free fatty acid receptors, thereby affecting 
hypothalamic signaling and pubertal timing. Notably, mi-
crobial profiles in girls with coexisting obesity and preco-
cious puberty differ from those observed in children with 
either condition alone, suggesting a  distinct microbial 
pattern associated with combined pathology [19].

Emerging evidence suggests that gut microbiota dysreg-
ulation may represent a biological link between obesity 
and asthma. Children with obesity-related asthma exhib-
it heightened immune dysregulation and persistent low-
grade inflammation, and both clinical and experimental 
studies have reported microbial disturbances in individu-
als affected by both conditions. However, disease-spe-
cific microbial signatures remain insufficiently character-
ized, and further clinical research is required to define 
precise associations [18].

Evidence for a causal role of the gut microbiome in obe-
sity is strong in experimental animal models; however, 
pediatric human studies remain predominantly associa-
tive. Although consistent microbial patterns have been 
described in children with obesity, causality cannot be 
inferred due to the observational nature of most avail-
able data.

Reported microbial signatures in pediatric obesity vary 
substantially across studies, likely reflecting differences 
in age, pubertal status, diet, ethnicity, and methodologi-
cal approaches, underscoring the heterogeneity of obe-
sity-associated microbiome profiles.

Major knowledge gaps include the identification of dis-
ease-specific microbial signatures, clarification of bidi-
rectional host–microbiome interactions, and determina-
tion of whether microbiome modulation can sustainably 
influence metabolic outcomes in children.
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Autoimmune diseases (T1D, celiac disease)

Type 1 diabetes (T1D) results from complex interactions 
between genetic predisposition and environmental fac-
tors, with the gut microbiome increasingly recognized as 
a major contributor to disease pathogenesis. Significant 
alterations in microbial composition and function have 
been observed in association with islet autoimmunity 
and progression to clinical disease [20].

Reported microbial changes include reduced SCFA pro-
duction, altered bile acid and tryptophan metabolism, 
and increased intestinal permeability, collectively pro-
moting immune dysregulation. Functional remodeling 
of the microbiome during disease progression is further 
characterized by decreased bile acid metabolism and in-
creased biosynthesis of inflammatory components such 
as lipopolysaccharides [20].

Defects in intestinal barrier proteins and alterations 
in exocrine pancreatic function have been identified 
in both individuals with T1D and in genetically predis-
posed children prior to disease onset, suggesting that 
intestinal dysfunction may precede autoimmune pro-
cesses. Moreover, gut microbiome structure has been 
associated with glycemic control, disease duration, and 
vascular complications, indicating that microbial vari-
ability contributes to interindividual differences in clini-
cal outcomes [20].

Gastrointestinal disorders (IBD, functional constipation)

Inflammatory bowel disease

The gut microbiome is a central factor in the pathogenesis 
of inflammatory bowel disease (IBD), including Crohn’s 
disease and ulcerative colitis [13, 21, 22]. Pediatric IBD is 
characterized by reduced microbial diversity, decreased 
Firmicutes, and increased Enterobacteriaceae [21, 22].

Loss of beneficial taxa, including Faecalibacterium praus-
nitzii and Bifidobacterium, is frequently observed, while 
pro-inflammatory bacteria including Escherichia coli are 
enriched. Microbiome composition varies with disease 
severity, with microbial profiles during remission more 
closely resembling those of healthy controls compared 
to those seen during active disease [21, 22].

Ruminococcus gnavus has been linked to severe disease 
phenotypes and increased inflammatory activity. Mecha-
nistic evidence suggests that this organism promotes in-
flammation through TLR4-mediated induction of tumor 
necrosis factor-α (TNF-α) [21]. Although establishing 
causality remains challenging, family and twin studies 
suggest that microbial profiles correlate more strongly 
with disease state than with shared genetic background. 
Inflammation itself may also perpetuate dysbiosis by al-
tering the intestinal metabolic environment [22].

Functional constipation

In functional constipation (FC), accumulating evidence 
suggests that gut microbiota dysregulation contributes 
to altered intestinal motility [23, 24]. SCFAs, particularly 

butyrate, have been proposed as modulators of bowel 
motility, although findings remain inconsistent and cau-
sality has not been established [23].

Comparative studies have demonstrated significant 
microbial differences between children with FC and 
healthy controls, including reduced Firmicutes and in-
creased abundance of Actinobacteria and Bifidobac-
terium in specific subgroups [24]. Although mecha-
nistic pathways remain incompletely defined, these 
findings support a  contributory role of dysbiosis in 
pediatric FC [23, 24].

Potential use of probiotics in pediatric disease 
management

Interest in probiotics has expanded substantially in re-
cent years, coinciding with increased recognition of the 
gut microbiome as an active regulator of immune, meta-
bolic, and neurodevelopmental processes in children. 
Although probiotics are often discussed as a heteroge-
neous group, clinical effects appear to be strain-specific, 
not class-wide. The most consistent evidence in pediat-
ric populations has been reported for selected strains, 
particularly Lactobacillus rhamnosus GG, Bifidobacterium 
infantis, Bifidobacterium breve, and Saccharomyces boular-
dii. In contrast, results for other strains and multi-strain 
formulations remain variable, underscoring the impor-
tance of strain-level characterization when interpreting 
clinical outcomes [12–24]. 

Currently, the strongest clinical evidence supports pro-
biotic use in the prevention and management of acute 
infectious diarrhea, antibiotic-associated diarrhea, and 
necrotizing enterocolitis in preterm infants. For other 
indications, including allergic diseases, obesity, autoim-
mune disorders, and neurodevelopmental conditions, 
available data remain limited and largely heteroge-
neous, with inconsistent clinical endpoints and modest 
effect sizes.

One of the most consistently reported effects of pro-
biotics is the stabilization of intestinal epithelial integ-
rity. Selected strains of Bifidobacterium, Lactobacillus, 
and specific members of the Clostridia class have been 
shown to strengthen tight junctions and reduce gut per-
meability, thereby limiting the systemic translocation of 
microbial products and dietary antigens. Preservation of 
mucosal barrier function is particularly relevant in condi-
tions characterized by chronic inflammation or immune 
dysregulation, such as allergic diseases, type 1 diabetes, 
and inflammatory bowel disease (IBD) [16, 20, 21, 23].

In addition to their barrier-related effects, probiotics ex-
ert immunomodulatory activity by influencing cytokine 
production, promoting regulatory T-cell differentiation, 
and attenuating pro-inflammatory pathways. Bacterial 
metabolites, most notably SCFAs such as butyrate, con-
tribute to immune tolerance and epithelial health. Impair-
ment in microbial metabolic activity has been reported 
across several pediatric disease states, including obesity, 
allergic disorders, and autoimmune diseases, indicating 
that functional restoration of the microbiome may repre-
sent a therapeutically relevant target [16,18–22].
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Neurodevelopmental and neurological disorders

The microbiota–gut–brain axis provides a  mechanis-
tic framework through which probiotics may influence 
neurodevelopmental outcomes. Microbial metabolites 
regulate neuroimmune crosstalk, blood–brain barrier 
integrity, and microglial maturation during critical win-
dows of early development. Altered abundance of Clos-
tridium and Bifidobacterium species has been reported 
in children with autism spectrum disorder and related 
neuropsychiatric conditions, supporting the hypothesis 
that targeted modulation of microbial composition may 
influence neurological function [9–13].

Allergic and immune-mediated diseases

In pediatric allergic disease, probiotics are being investi-
gated for their capacity to support immune maturation and 
promote oral tolerance. Reduced levels of Bifidobacterium 
and selected Clostridia have been associated with amplified 
allergic inflammation, whereas restoration of these taxa is 
linked to improved immune regulation [14–16]. Experimen-
tal studies further indicate that early-life microbial modula-
tion may influence long-term susceptibility to allergic dis-
ease through immune-programming mechanisms [16].

Obesity and metabolic regulation

Potential metabolic effects of probiotics include modula-
tion of energy extraction from the diet, regulation of lipid 
metabolism, and interaction with endocrine pathways. 
Gut microbial activity influences leptin signaling and 
SCFA production, both of which contribute to adiposity 
regulation and pubertal timing. Distinct microbial pat-
terns observed in children with coexisting obesity and 
precocious puberty suggest that microbiota composition 
may contribute to metabolic heterogeneity within pedi-
atric obesity and may inform individualized therapeutic 
approaches [18, 19].

Autoimmune diseases

In autoimmune conditions such as type 1 diabetes and 
pediatric IBD, probiotics may support restoration of 
disease-associated dysbiosis by enhancing colonization 
resistance and modulating inflammatory cascades. Al-
terations in bile acid metabolism, increased lipopolysac-
charide production, and disruption of epithelial defenses 
have been reported in both disorders, reinforcing the 
concept that microbial intervention may help re-estab-
lish intestinal homeostasis and immune balance [20–22].

Functional gastrointestinal disorders

In functional gastrointestinal disorders, including pediat-
ric functional constipation, modulation of the gut micro-
biota may influence motility patterns through fermenta-
tion processes and SCFA production. Distinct microbial 
signatures have been identified in constipated children 
compared with healthy controls, providing further ratio-
nale for microbiota-oriented therapeutic strategies in 
this population [23, 24].

Interpretation of probiotic efficacy in pediatric popula-
tions is complicated by substantial heterogeneity across 

studies. Variability in probiotic strains, dosing regimens, 
treatment duration, age at intervention, and clinical 
outcome measures limits comparability between trials.  
In addition, many studies involve small sample sizes, 
short follow-up periods, and lack mechanistic validation, 
collectively reducing the strength of clinical inference.

Translation of probiotic research into routine pediatric 
practice remains challenging. The absence of standard-
ized formulations, limited regulatory oversight, and in-
consistent reporting of strain-specific effects hinder 
clinical decision-making. Furthermore, interindividual 
variability in baseline microbiome composition may in-
fluence therapeutic response, suggesting that a uniform 
probiotic approach may not be universally effective.  
As a result, despite promising experimental and clinical 
findings, evidence-based implementation of probiotics in 
pediatric care remains limited.

Conclusion

The pediatric gut microbiome plays an essential role in 
shaping metabolic, immune, and neurodevelopmental 
outcomes from infancy through adolescence. Accumu-
lating evidence indicates that disruptions in microbial 
maturation are associated with a  broad spectrum of 
childhood diseases, including obesity, allergic disorders, 
autoimmune conditions, neurodevelopmental abnormal-
ities, and gastrointestinal pathologies.

Environmental exposures, maternal health, mode of de-
livery, feeding practices, antibiotic use, and dietary pat-
terns collectively influence microbial assembly during 
critical developmental windows. When these processes 
are perturbed, long-term consequences for immune bal-
ance, metabolic regulation, and neurological develop-
ment may arise.

Probiotics represent a  promising tool for microbiome 
modulation in pediatric populations, with potential appli-
cations across multiple disease categories. Their effects 
include enhancement of epithelial barrier integrity, im-
mune regulation, and restoration of microbial metabolic 
capacity. However, current evidence is limited by hetero-
geneity in probiotic strains, dosing regimens, and clinical 
outcome measures.

Future research should prioritize well-designed random-
ized controlled trials, longitudinal cohort studies, and 
mechanistic investigations to establish causality and 
define optimal intervention strategies. A deeper under-
standing of strain-specific effects and developmental 
timing will be necessary to translate microbiome science 
into evidence-based pediatric therapies.
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Abstract

Introduction and objective: As the prevalence of obesity continues to rise, understanding its impact on quality 
of life has become increasingly important for healthcare providers and researchers. The aim of the study was to 
validate the Quality of Life with Obesity (QUOLO) questionnaire, a tool designed to assess quality of life among 
individuals with obesity. Material and methods: The QUOLO questionnaire is a  comprehensive health and  
wellness survey with a total of 67 questions covering demographics, health conditions, psychological well-being, 
and social factors. This cross-sectional study included 117 participants. Results: The study revealed several 
unexpected patterns, with underweight individuals reporting slightly higher quality-of-life scores and obese in-
dividuals showing lower general health scores but similar overall quality of life. Higher BMI was associated with 
lower levels of shame and reduced fear of social contact. Male participants reported higher levels of psychologi-
cal distress across multiple domains compared with females, which diverges from typical population patterns. 
Conclusions: The absence of strong associations between BMI and quality of life in this sample suggests that 
body weight may not be as deterministic of subjective well-being as commonly assumed.

Streszczenie

Wprowadzenie i cel: W obliczu światowej epidemii otyłości zrozumienie jej wpływu na jakość życia staje się co-
raz ważniejsze dla pracowników ochrony zdrowia oraz badaczy zajmujących się leczeniem pacjentów z nadmier-
ną masą ciała. Celem badania była walidacja kwestionariusza Quality of Life with Obesity (QUOLO) służącego do 
oceny jakości życia osób z otyłością. Materiał i metody: Kwestionariusz jakości życia pacjentów leczonych z po-
wodu otyłości (QUOLO) to kompleksowa ankieta zawierająca 67 pytań dotyczących demografii, stanu zdrowia, 
dobrostanu psychicznego i czynników społecznych. Badanie ma charakter przekrojowy, objęło 117 uczestników. 
Wyniki: W badaniu zaobserwowano kilka nieoczywistych zależności. Pacjenci z niedowagą uzyskali wyższe wy-
niki świadczące o jakości życia i ogólnym stanie zdrowia niż pacjenci z nadmierną masą ciała. Osoby z wyższym 
wskaźnikiem masy ciała zgłaszały niższy poziom poczucia wstydu i mniejsze obawy przed kontaktami społecznymi.  
Mężczyźni wykazywali wyższy poziom stresu psychicznego w wielu obszarach w porównaniu z kobietami, co 
odbiega od typowych wzorców populacyjnych. Wnioski: Brak silnych zależności między wskaźnikiem masy ciała 
a jakością życia w badanej grupie sugeruje, że masa ciała może nie być tak istotnym czynnikiem determinującym 
subiektywny dobrostan, jak powszechnie się przypuszcza. 
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Słowa kluczowe: jakość życia; otyłość; walidacja; poczucie własnej wartości; satysfakcja z życia

DOI 10.53301/lw/214176

Received: 22.09.2025

Accepted: 12.11.2025

Published: 30.06.2026

Corresponding author:
Maciej Walędziak
Military Institute of Medicine – National Research 
Institute, Departments of General, Oncological, 
Metabolic and Thoracic Surgery, Warsaw 
e-mail: maciej.waledziak@gmail.com

© 2026 Military Institute of Medicine – National Research Institute. This is an open access article distributed under the terms of the CC BY-NC-SA 4.0 (Attribution-NonCommercial-ShareAlike 4.0 Interna-
tional) license (https://creativecommons.org/licenses/by-nc-sa/4.0/), which permits use, distribution, and reproduction in any medium for non-commercial purposes, provided the original work is properly 
cited. Any derivative works must be distributed under the same license.



2026 NR 2 VOL. 104

145

Introduction

Obesity is recognized as one of the major public health 
challenges of the 21st century, affecting millions of indi-
viduals worldwide. It is not merely a physiological condi-
tion characterized by excessive body fat but a complex 
state with far-reaching implications for mental, emotion-
al, and social well-being [1]. As the prevalence of obesity 
continues to rise, understanding its impact on quality of 
life (QoL) has become increasingly vital for healthcare 
providers, researchers, and policymakers [2, 3].

The experience of living with obesity often leads to 
a  range of psychological challenges, including depres-
sion, anxiety, and low self-esteem [4, 5]. These mental 
health issues frequently stem from societal stigma and 
discrimination, which can result in social withdrawal 
and diminished life satisfaction. Many individuals with 
obesity struggle with self-acceptance in the context of 
prevailing beauty standards and pressure to conform 
to idealized body images. This relentless pressure may 
exacerbate feelings of inadequacy and unworthiness, 
which are detrimental to mental health [6]. Conse-
quently, the negative psychological outcomes associated 
with obesity require thorough assessment and targeted  
intervention.

The social aspects of living with obesity are equally sig-
nificant [7]. Social interactions may become increasingly 
complex as individuals navigate a world that often mar-
ginalizes larger bodies. Experiences of bullying, social ex-
clusion, and difficulties in forming intimate relationships 
are commonly reported [8]. Such social barriers can hin-
der personal development and contribute to diminished 
QoL [9]. Understanding the intricate relationship between 
obesity and social dynamics is critical for fostering inclu-
sive environments that support individuals in their journey 
towards improved health and self-acceptance [10].

In light of these multifaceted challenges, the need for re-
liable measurement tools is paramount. The Quality of 
Life with Obesity (QUOLO) questionnaire has been de-
signed to capture the unique experiences of individuals 
living with obesity, encompassing psychological, social, 
and self-acceptance dimensions. By providing a compre-
hensive assessment of QoL specific to this population, 
QUOLO aims to identify areas where individuals may 
need the most support and intervention. Psychometric 
validation of the questionnaire is essential to ensure its 
utility and reliability, enabling clinicians and researchers 
to gauge the impact of obesity on QoL effectively.

This manuscript presents a validation study of the QUOLO  
questionnaire, detailing its development, psychometric 
evaluation, and relevance for understanding the com-
plex relationship between obesity, mental health, social 
functioning, and self-acceptance. Establishing QUOLO 
as a robust tool for assessment may enhance the ability 
of healthcare providers to address the holistic needs of 
individuals with obesity, contributing to improved health 
outcomes and quality of life. This research aims to con-
tribute to a deeper understanding of how obesity influ-
ences daily life experiences and to promote resources 
that empower individuals on their path to self-accep-
tance and well-being.

Material and methods

The Quality of Life with Obesity (QUOLO) is an original 
questionnaire created by the authors of the study. It is 
a  comprehensive health and quality-of-life instrument 
developed to evaluate the quality of life of patients be-
fore and after bariatric surgery. The survey is focused on 
understanding how weight and health conditions impact 
various aspects of life, from psychological well-being to 
social functioning and healthcare experiences.

Before presenting the survey to the target group, a short 
validation study was conducted among medical students 
training to become physicians. It was distributed online to 
third and fourthyear students of the medical faculty, yield-
ing 117 completed responses (response rate: 85%). Respon-
dents were also asked to provide any remarks regarding the 
construction of the survey that that could ameliorate its 
quality. The survey was available online for two months for 
participants who received the link (March and April 2025). 
Approval from the Bioethics Committee of the Military In-
stitute of Warsaw was obtained (code KB/12/24).

The QUOLO questionnaire is a  comprehensive health 
and wellness survey with a total of 67 questions cover-
ing demographics, health conditions, psychological well-
being, and social factors.

QUOLO questions include:
	Q Demographics (gender, age, education, employment, 

living situation)
	Q Health status (weight, height, medical conditions, 

medications)
	Q Quality-of-life measures (general health, physical fit-

ness, self-worth)
	Q Psychological symptoms (sadness, mood swings, 

anxiety, concentration issues)
	Q Social impact (work difficulties, social interactions, 

body image)
	Q Physical limitations (daily activities, mobility, exercise)
	Q Physical symptoms (pain, breathing issues, sleep 

problems)
	Q Healthcare experiences (treatment by medical staff)

Statistical analysis

Statistical analysis was performed with Julius.ai. 

All statistical analyses were conducted using Python 
(version 3.x) with the pandas, numpy, and scipy librar-
ies. The dataset consisted of survey responses from 117 
participants who completed a comprehensive health and 
quality-of-life questionnaire. 

Continuous variables, including body mass index (BMI), 
were calculated from self-reported height and weight. 
BMI categories were defined according to WHO stan-
dards: underweight (<18.5 kg/m²), normal weight (18.5–
24.9 kg/m²), overweight (25.0–29.9 kg/m²), and obese 
(≥30.0 kg/m²). Quality-of-life and mental-health mea-
sures were assessed on 5-point Likert scales and con-
verted to numeric values for analysis.

Descriptive statistics, including means, standard devia-
tions, and frequencies, were calculated for all variables. 
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Pearson correlation coefficients were computed to ex-
amine linear relationships between BMI and mental-
health measures. Correlation strengths were interpreted 
according to Cohen’s conventions: small (r = 0.10), me-
dium (r = 0.30), and large (r = 0.50) effect sizes. All sta-
tistical tests were performed with a significance level of 
p = 0.05.

Results

The BMI data show a healthy distribution, with a mean 
of 22.6 (±4.0), which falls within the normal range (range: 
16.4–36.6). The majority of participants (n = 78) were in 
the normal BMI category. The distribution of BMI in the 
study group is presented in Table 1.

The analysis revealed no significant correlations between 
BMI and any of the quality-of-life measures. Correlation 
results are presented in Table 2.

ANOVA analyses showed no significant differences be-
tween BMI categories for any quality-of-life measure. 
However, the data indicate some counterintuitive pat-
terns, with underweight individuals reporting slightly 
higher quality-of-life scores and obese individuals show-
ing lower general health scores but similar overall quality 
of life. The relationship between QoL scores and BMI is 
presented in Figure 1.

The analysis also revealed several patterns between BMI 
and mental-health symptoms. Interestingly, BMI showed 
no significant correlations with general quality-of-life 
measures such as overall life satisfaction, health, physi-
cal fitness, or self-worth.

Positive correlations suggest that higher BMI is associated 
with more frequent mental-health symptoms, while the 
negative correlations for shame and social contact anxiety 
are counterintuitive, indicating that individuals with high-
er BMI reported lower levels of shame. Feelings of shame 
showed the strongest relationship with BMI, with higher 
BMI associated with lower shame scores. Mood swings  
(r = 0.190) and concentration problems (r = 0.185) showed 
moderate positive correlations with BMI. The need to cry 
(r = 0.161) also demonstrated a positive relationship with 
BMI. Correlations between BMI and mental-health mea-
sures are presented in Figure 2.

The analysis of the results reveals that individuals with 
higher BMI reported less shame (r = −0.293, p = 0.001) –  
a moderate negative correlation, and less fear of social 
contact (r = −0.206, p = 0.027) – a weak but significant 
negative correlation (Fig. 3). 

The sample included 85 female (72.6%) and 32 male 
(27.4%) respondents. The data acquired in the survey 
show that males reported higher levels of psychological 
distress across multiple domains compared with females, 
which contrasts with typical population patterns. This 
may be specific to this sample or the particular measures 
being validated.

Overall quality-of-life scores were very similar between 
genders, with no significant differences. The analysis re-
vealed several statistically significant differences in psy-
chological symptoms. Males reported significantly high-
er scores for the need to cry (p <0.001), mood swings  
(p <0.001), and concentration problems (p = 0.026). Male 
participants also presented higher levels of health anxi-
ety (p = 0.001), general anxiety (p = 0.001), and shame  
(p = 0.043) than female participants.

Discussion

This cross-sectional study of 117 Polish adults examined 
the relationships between body mass index (BMI) and 
various dimensions of quality of life and mental health. 
The findings reveal a  complex pattern of associations 
that challenges conventional assumptions about weight 
and psychological well-being. Contrary to expectations, 
no significant correlations were observed between BMI 
and core quality-of-life measures, including overall qual-
ity of life, general health perceptions, physical fitness, or 
self-worth (all r <0.15, p >0.05). 

The mental-health analysis yielded particularly notewor-
thy results, with the most prominent finding being a neg-
ative correlation between BMI and feelings of shame 
(r = −0.293), suggesting that individuals with higher 
BMI reported lower levels of shame. This counterintui-
tive pattern may reflect cultural factors, adaptive cop-
ing mechanisms, or body-acceptance attitudes within 
this population. Modest positive correlations were ob-
served between BMI and mood swings (r = 0.190), con-
centration problems (r = 0.185), and emotional lability  
(r = 0.161), suggesting some association between higher 
weight and specific psychological symptoms.

This Polish survey results challenge common stereotypes 
about weight and psychological well-being. Rather than 
showing the expected positive correlation between BMI and 
psychological distress, the data suggest that individuals with 
higher BMI in this sample reported lower levels of shame 
and less social anxiety. This may indicate resilience, accep-
tance, or cultural factors specific to this population. The most 
striking finding is that higher BMI is significantly associated 
with lower levels of shame and social anxiety, which is coun-
terintuitive to common assumptions. The finding related to 
shame is particularly interesting, as it contradicts common 
assumptions about weight and self-perception.

In this Polish validation sample, body weight is not a major 
determinant of perceived quality of life, which contrasts 

BMI n
Obesity 6
Overweight 27
Normal 78
Underweight 11

Table 1. Distribution of BMI

Overall quality of life r = 0.021, p = 0.827
General health r = −0.050, p = 0.594
Physical fitness r = −0.046, p = 0.622
Self-worth r = −0.074, p = 0.434

Table 2. Correlation with BMI results



2026 NR 2 VOL. 104

147

with some population studies but may reflect character-
istics specific to this validation cohort. The analysis sug-
gests that while there are some relationships between 
BMI and mental-health symptoms, they are complex and 
not uniformly aligned with expected patterns. The nega-
tive correlation with shame might indicate resilience or 
different cultural attitudes toward body weight within 
this population.

The study also showed unexpected results regarding 
psychological distress and heath anxiety, with higher lev-
els presented by male participants. This contrasts with 
typical population assumptions that females are more 
emotionally affected by life stressors.

Participants in the validation survey were asked for 
comments on the structure and questions included.  
The feedback provided a  comprehensive critique of 

a survey focused on health and lifestyle. Respondents 
expressed a  need for options indicating uncertainty 
about their health status, as well as clearer differenti-
ation in physical-activity levels and tolerances, high-
lighting that perceived effort can vary significantly 
across activities. Suggestions were also made to in-
corporate combinations of work and study, along-
side an option of “not applicable” for items related 
to hospitalization or work status. Some of the par-
ticipants emphasized the importance of adding ques-
tions about headaches, comorbid conditions related 
to obesity, and the quality of medical care, particu-
larly regarding treatment attitudes and support for 
patients. Following these suggestions, the structure 
of the survey will be revised to improve its quality 
and create a more nuanced and inclusive approach in 
survey design to capture a  diverse range of experi-
ences and perspectives.
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These findings represent a  notable departure from es-
tablished literature on BMI and psychological well-being. 
Previous research has consistently demonstrated positive 
associations between higher BMI and increased psycholog-
ical distress, with meta-analyses reporting significant cor-
relations between obesity and depression (r = 0.15–0.25)  
and anxiety disorders [11, 12]. However, this study of Pol-
ish adults revealed markedly different patterns, particu-
larly the unexpected negative correlation between BMI 
and feelings of shame (r = −0.293), which contradicts find-
ings from Western populations where weight stigma and 
shame typically increase with BMI [13, 14].

The absence of significant correlations between BMI and 
quality-of-life measures in this sample contrasts sharply 
with large-scale studies such as the Nurses’ Health Study 
and the Health Professionals Follow-up Study, which 
demonstrated clear inverse relationships between BMI 
and health-related quality-of-life scores. Similarly, the 
modest correlations with mood symptoms (r = 0.19 for 
mood swings) are considerably weaker than those re-
ported in longitudinal cohort studies, where obesity has 
been associated with a 25–55% increased risk of devel-
oping depression [12].

These discrepancies may reflect important cultural and 
contextual factors [15–17]. Research in Eastern Europe-
an populations has suggested different body-image ide-
als and weight-related attitudes compared with Western 
societies [17]. Additionally, the Polish cultural context 

may include protective factors such as stronger fam-
ily support systems or different social norms regarding 
body acceptance that buffer against weight-related psy-
chological distress [18]. The negative shame correlation 
in particular warrants consideration of cultural adapta-
tion theories, which propose that individuals in certain 
cultural contexts develop resilience mechanisms against 
weight stigma [19, 20].

Alternatively, these findings may reflect methodological 
differences, including the cross-sectional design, reliance 
on self-reported measures, or sample characteristics that 
differ from previous studies. The relatively small sample 
size (n = 117) may also limit the ability to detect weaker 
associations identified in larger epidemiological studies.

Limitations of the study

The number of participants was small, and the sample 
consisted primarily of young adults, the majority of 
whom did not have obesity. Most participants (78/115) 
had normal BMI, which may limit the power to detect 
differences. Therefore, conclusions from this survey vali-
dation study cannot be extrapolated to clinical popula-
tions with obesity. 

Conclusions

The analysis included 117 participants and shows that 
BMI alone is not a strong predictor of overall quality-of-

Generalized anxiety

Reluctance to get out of bed

Sadness and depression

Irritation/nervousness

Health anxiety

Social contact anxiety

Need to cry

Concentration problems

Mood swings

Feelings of shame

BMI correlations with mental-health measures
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Figure 2. BMI correlations with mental-health measures
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life measures in this sample. However, because the valida-
tion group included mostly participants without increased 
BMI, statistically robust conclusions will require studies 
conducted in larger groups of patients with obesity.

The absence of strong BMI-quality of life relationships 
in this sample suggests that body weight may not be as 
deterministic of subjective well-being as commonly as-
sumed. These findings have important implications for 
healthcare approaches to weight management, empha-
sizing the need for individualized, culturally sensitive in-
terventions that consider the complex interplay between 

physical and psychological factors. The unexpected nega-
tive correlation with shame warrants further investigation 
in larger, longitudinal studies to better understand mecha-
nisms underlying weight-related psychological adaptation.

Future research should explore mediating factors such 
as social support, cultural attitudes toward body image, 
and coping strategies that may influence the BMI-men-
tal health relationship. Additionally, longitudinal designs 
would help establish temporal relationships and identify 
potential causal pathways between weight status and 
psychological outcomes.
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Abstract

Introduction and objective: Cerebrolysin is a multimodal cerebroprotective agent that may improve the function of 
the blood–brain barrier, the neurovascular unit, and plasticity-related processes following central nervous system 
injury. This study aims to provide a comprehensive overview and critical evaluation of new clinical data (published 
after 2020) on the use of cerebrolysin in the acute phase of ischaemic stroke, including combination therapy with re-
perfusion strategies, and in neurointensive care for patients with traumatic brain injury (TBI). Materials and methods:  
A narrative review of randomised clinical trials (RCTs) involving cerebrolysin, meta-analyses, and prospective/ob-
servational studies was conducted, including analysis of the primary endpoints: National Institutes of Health Stroke 
Scale (NIHSS), modified Rankin Scale (mRS), haemorrhagic transformation (HT/sHT), safety, and treatment feasibility. 
Results: In the acute phase of ischaemic stroke, a meta-analysis of 14 RCTs showed a modest benefit in NIHSS scores 
without a consistent effect on 90-day mRS outcomes; CEREHETIS reported lower sHT when cerebrolysin was added 
early to thrombolysis, while the multinational C-REGS2 registry demonstrated a favourable ordinal shift in 90-day 
mRS and improved cognition without additional safety concerns. Observational post-thrombectomy studies, includ-
ing cyclic regimens with 12-month follow-up, suggested higher odds of functional independence and reduced HT, 
although causal inference remains limited. In TBI, the CAPTAIN trial (185 moderate-to-severe cases) demonstrated 
a benefit on a multidomain global outcome at 90 days with comparable safety. Broader meta-analyses suggested 
improvement in Glasgow Outcome Scale scores, without a clear effect on mortality and with substantial heterogene-
ity across studies. Conclusions: Cerebrolysin appears most promising as an adjunct to reperfusion and rehabilitation 
in the acute phase of ischaemic stroke and as supportive therapy in TBI. Definitive multicentre RCTs are needed to 
refine patient selection, timing, and dosing.

Streszczenie

Wprowadzenie i  cel: Cerebrolizyna jest preparatem o  wielomodalnym działaniu cerebroprotekcyjnym, mogącym 
wpływać na działanie bariery krew–mózg, jednostki nerwowo-naczyniowej, oraz procesy plastyczności po uszko-
dzeniu ośrodkowego układu nerwowego. Celem pracy jest syntetyczna prezentacja i  krytyczna ocena nowych 
danych klinicznych (opublikowanych po 2020 roku) dotyczących zastosowania cerebrolizyny w ostrej fazie udaru 
niedokrwiennego, w tym jako terapii skojarzonej z reperfuzją, oraz w neurointensywnej opiece u pacjentów z po-
urazowym uszkodzeniem mózgu. Materiał i metody: Przeprowadzono przegląd narracyjny randomizowanych badań 
klinicznych, metaanaliz oraz badań prospektywnych i obserwacyjnych, uwzględniając analizę NIHSS (National Insti-
tutes of Health Stroke Scale), zmodyfikowaną skalę Rankina (mRS), transformację krwotoczną (HT), w tym objawową 
(sHT), a także bezpieczeństwo i wykonalność leczenia. Wyniki: Badania nad terapią łączoną cerebrolizyną z dożylną 
trombolizą z użyciem tkankowego aktywatora plazminogenu (CEREHETIS, CERE-LYSE) wykazały redukcję sHT po 
trombolizie i szybszą poprawę ocenianą w skali NIHSS, przy braku różnic w 90-dniowym mRS. W rejestrze C-REGS2 
u chorych z umiarkowaną ostrą fazą udaru niedokrwiennego cerebrolizyna wiązała się z korzystnym przesunięciem 
rozkładu mRS i lepszymi wynikami funkcji poznawczych. Trzy badania obserwacyjne po trombektomii, w tym jedno 
z 12-miesięczną obserwacją (CEREBROLYSIN-WIM Study) sugerują większą szansę uzyskania niezależności funk-
cjonalnej i redukcję HT/sHT, jednak brak randomizacji ogranicza możliwość wyciągania wniosków przyczynowych. 
© 2026 Military Institute of Medicine – National Research Institute. This is an open access article distributed under the terms of the CC BY-NC-SA 4.0 (Attribution-NonCommercial-ShareAlike 4.0 Interna-
tional) license (https://creativecommons.org/licenses/by-nc-sa/4.0/), which permits use, distribution, and reproduction in any medium for non-commercial purposes, provided the original work is properly 
cited. Any derivative works must be distributed under the same license.
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Introduction

The treatment of acute ischaemic stroke (AIS) has under-
gone a fundamental transformation with the widespread 
adoption of reperfusion therapies – intravenous throm-
bolysis using tissue plasminogen activator (tPA) and me-
chanical thrombectomy (MT). The primary therapeutic 
goal remains the rapid restoration of blood flow in the 
occluded vessel responsible for the ischaemia. However, 
growing clinical experience indicates that the technical 
success of recanalisation does not always translate into 
full functional recovery. This issue is particularly relevant 
in strokes caused by large vessel occlusion (LVO), where, 
despite successful recanalisation, secondary injury 
mechanisms may predominate, including neurovascular 
unit dysfunction, cytotoxic and vasculogenic oedema, 
microthrombi, microcirculatory disturbances, and blood–
brain barrier (BBB) disruption leading to haemorrhagic 
transformation (HT). In clinical practice, this results 
in a  discrepancy between the technical success of the 
procedure (usually >90%) and functional outcomes, as  
30–50% of patients remain dependent in the long term 
(the so-called phenomenon of futile recanalisation). 

Consequently, there has been a  resurgence of interest 
in cytoprotective and neuroregenerative strategies, both 
as adjuncts to reperfusion therapy and as components 
supporting rehabilitation aimed at inducing brain plastic-
ity [1]. In parallel, other adjuvant approaches are being 
explored (including therapeutic hypothermia, hyperbaric 
oxygen therapy, and ischaemic preconditioning). How-
ever, their implementation in routine clinical practice re-
mains challenging because of both technical limitations 
and variability in individual treatment responses. These 
responses may depend on stroke location (subcortical, 
cortical, posterior fossa), aetiology (microangiopathy, 
macroangiopathy), treatment timing, collateral circula-
tion, and other patient-specific factors [2]. 

Cerebrolysin is one of the most extensively studied neu-
roprotective agents for disorders of the central nervous 

system (CNS), in both preclinical and clinical settings [3].  
It is a parenterally administered peptide-amino acid prep-
aration whose composition and multimodal mechanism of 
action mimic those of endogenous neurotrophic factors, 
which translates into beneficial cytoprotective and neuro-
modulatory effects observed in ischaemic stroke, traumat-
ic brain injury (TBI), mild cognitive impairment, Alzheimer’s 
disease, vascular dementia, cerebral amyloid angiopathy, 
monogenic dementias (e.g. cerebral autosomal dominant 
arteriopathy with subcortical infarcts and leukoencepha-
lopathy, CADASIL), and other neurological disorders [4, 5]. 
The action of cerebrolysin involves diverse mechanisms 
of neuroprotection, neuroregeneration, and neuronal and 
synaptic plasticity. The neurotrophic components of cere-
brolysin (including brain-derived neurotrophic factor and 
ciliary neurotrophic factor, nerve growth factor, orexins, 
and enkephalins) cross the BBB, initiate the intracellular 
Shh (sonic hedgehog) signalling pathway, lead to the ac-
tivation of transcription factors, increased expression of 
endogenous neurotrophins, and inhibition of excitotoxic 
processes and oxidative stress, and also have a beneficial 
effect on microglial function. Preclinical and clinical stud-
ies have demonstrated a significant effect of cerebrolysin 
on endothelial and BBB function, including a reduced risk 
of haemorrhage following tPA administration through 
restoration of endothelial cell integrity and improvement 
of BBB function [6]. Encouraging results have also been 
reported in the subacute and chronic phases of stroke. In 
patients receiving cerebrolysin as an adjunct to early and 
intensive post-stroke rehabilitation, improvements in neu-
rological status and the recovery of motor function and 
speech ability were observed, together with good toler-
ability and safety profiles [7]. Based on these data, cere-
brolysin has received recommendations from numerous 
scientific societies (including the Vascular Diseases Sec-
tion of the Polish Neurological Society (2019), the Euro-
pean Academy of Neurology together with the European 
Federation of Neurorehabilitation (2021), and the German 
Society for Neurorehabilitation (2020) for adjunctive use 
in early post-stroke rehabilitation, particularly in patients 
with moderate-to-severe stroke [8].

W pourazowym uszkodzeniu mózgu projekt CAPTAIN (185 chorych) wykazał korzystny wpływ na globalny wielo-
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poprawę wyników w skali Glasgow, bez redukcji śmiertelności, przy istotnej heterogenności danych. Wnioski: Istnieją 
obiecujące przesłanki dotyczące roli cerebrolizyny jako terapii wspomagającej reperfuzję/rehabilitację w ostrej fazie 
udaru niedokrwiennego oraz jako interwencji wspomagającej w pourazowym uszkodzeniu mózgu. Potrzebne są jed-
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Similarly to the ischaemic cascade observed after stroke, 
TBI triggers complex processes of secondary injury involv-
ing glutamate-induced excitotoxicity, Ca²⁺ influx, mitochon-
drial dysfunction, oxidative stress, neuroinflammation, and 
damage to the BBB accompanied by oedema and micro-
circulatory disturbances. These mechanisms lead to pro-
gressive apoptosis, neurodegeneration, and deterioration 
of neurological function (Fig. 1) [9]. Preclinical models have 
demonstrated that cerebrolysin may also exert beneficial 
pharmacological effects in TBI by enhancing the brain’s en-
dogenous neuroprotective mechanisms through the main-
tenance of cellular neurotrophism, neuroprotection, and 
neuroplasticity [10]. In accordance with the recommenda-
tions of the STAIR XI scientific committee, cerebroprotec-
tive interventions targeting various stages of the ischaemic 
or post-traumatic cascade, when administered within an 
appropriate therapeutic window, are considered essential 
for improving treatment efficacy [11].

To date, evidence from randomised controlled trials (RCTs) 
and meta-analyses regarding the efficacy of cerebrolysin 
in combination with reperfusion therapies in AIS, or as 
part of intensive management in patients with moderate-
to-severe TBI remains scarce and somewhat inconsistent. 
This is partly due to the inclusion of heterogeneous pa-
tient populations, including those with AIS not treated 
with reperfusion therapy or those with mild TBI. In recent 
years, however, results from new studies on cerebroly-
sin in neurological intensive care settings have emerged. 
These findings justify the need for a broader evaluation of 
the role of cerebrolysin as an adjunct to tPA or mechanical 
thrombectomy in ischaemic stroke, and as a  supportive 
therapy alongside standard intensive care after TBI, where 
it is crucial to translate early radiological success follow-
ing thrombectomy or stabilisation of vital functions after 
trauma into meaningful long-term functional recovery.

Objective

The aim of this study is to provide a comprehensive over-
view and critical evaluation of current data from clinical 
trials (with particular emphasis on studies published be-
tween 2020 and 2025) regarding the use of cerebrolysin 
in (1) the treatment of AIS, including in combination with 
reperfusion therapies, (2) intensive neurological care, 
particularly in TBI and subarachnoid haemorrhage (SAH).

Materials and methods

This paper is a narrative review based on key RCTs, meta-
analyses, and more recent prospective and observational 
studies (including matched-cohort analyses) evaluating 
the efficacy of cerebrolysin in patients with AIS treated 
with reperfusion therapy (mechanical thrombectomy or 
thrombolysis), as well as in patients with TBI or SAH. The 
analysis focused on endpoints of practical and clinical 
significance, including neurological deficit severity as-
sessed using the NIHSS (National Institutes of Health 
Stroke Scale), functional outcome measured with the 
modified Rankin Scale (mRS), independence evaluated 
by the Barthel Index (BI), the incidence of HT, including 
symptomatic haemorrhagic transformation (sHT), safety 
outcomes (adverse events), and the feasibility of and ad-
herence to treatment protocols.

Results

Acute ischaemic stroke – new data in the era of reperfusion

Previous studies and meta-analyses involving patients 
with AIS who received non-interventional treatment and 
started cerebrolysin therapy within 48 hours of stroke 
onset have demonstrated an overall favourable safety 
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Figure 1. Common pathomechanisms of acute ischaemic stroke and traumatic brain injury
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profile and suggested a possible trend towards acceler-
ated neurological recovery, particularly in patients with 
moderate-to-severe stroke [12]. However, the popula-
tions analysed and the cerebrolysin treatment proto-
cols used were highly heterogeneous, which adversely 
affected the quality of the analysed data [13]. In the 
recently published largest meta-analysis comprising  
14 RCTs conducted between 2004 and 2025 (n = 2,884), 
which included two studies involving patients treated 
with thrombolysis, a  significant improvement in neuro-
logical deficit was demonstrated in patients treated with 
cerebrolysin (mean difference in NIHSS reduction during 
hospitalisation vs the control group: 1.39 points; 95% 
CI: 0.53–2.25; p = 0.02), with no significant differences 
in functional independence, although this outcome was 
assessed over a broad time window (days 21–90) [14]. 
The authors of the meta-analysis emphasised the need 
for further high-quality studies to confirm the impact on 
long-term (90-day) functional outcomes. 

In the era of reperfusion therapy, more recent studies 
have focused on two main objectives: 

	Q increasing the proportion of patients achieving func-
tional independence at 90 days;

	Q reducing HT/sHT and other reperfusion complications.

CEREHETIS – adjunctive thrombolytic therapy and the risk 
of HT 

The prospective, randomised, open-label, multicentre 
CEREHETIS trial (2024) evaluated the early addition of 
cerebrolysin as an adjunctive therapy to tPA in patients 
with AIS involving the middle cerebral artery [15]. In the 
analysed cohort, patients in the intervention group (IG, 
n = 126) received 30 ml of cerebrolysin intravenously 
for 14 days in combination with tPA and standard care, 
while the control group (CG, n = 215) received tPA and 
standard care. The endpoints were haemorrhagic com-
plications, including sHT and any HT, as well as function-
al outcome measured on the mRS at 90 days after onset.  
In the intention-to-treat (ITT) analysis, a  significant 
reduction in sHT was observed in the cerebrolysin 
group (3.2% vs 9.3%; OR 0.248; 95% CI: 0.072–0.851;  
p = 0.019) with a  trend towards a  lower incidence of 
HT (15.9% vs 23.3%; p = 0.078). In the PP (per-pro-
tocol) analysis, the reduction was significant for both 
HT (13.7% vs 22.9%; OR 0.417; p = 0.032) and sHT 
(2.6% vs 9.0%; OR 0.171; p = 0.022). A post hoc analy-
sis found that the reduction in HT risk was greatest in 
patients with a high predicted risk of haemorrhage ac-
cording to the HTI scale (including low ASPECTS, signs 
of a  hyperdense middle cerebral artery, atrial fibrilla-
tion) [16]. Additionally, a significant early improvement 
in neurological status was noted in the IG group (me-
dian NIHSS score on day 14: 2 vs 3 points; p <0.05), 
with no significant differences in functional status on 
the mRS at 90 days. The treatment was well tolerated. 
In the subgroup of patients undergoing advanced imag-
ing (n = 33), a significant improvement in BBB perme-
ability parameters on perfusion CT (product of perme-
ability and surface area) and a smaller infarct volume at 
14 days were observed in the cerebrolysin group. These 
findings support the hypothesis that stabilising the BBB 
through cerebroprotective treatment may contribute to 
reducing the incidence of haemorrhagic complications 

following reperfusion. The authors noted that the re-
duction in haemorrhagic risk achieved with cerebro-
lysin may allow anticoagulant therapy to be resumed 
1–2 days earlier in patients at high risk of HT.

The results of the CEREHETIS trial were consistent with 
those of another prospective, randomised, double-blind, 
placebo-controlled trial (CERE-LYSE, 2013), which evaluat-
ed the safety and efficacy of combining alteplase with cere-
brolysin in 119 patients with acute ischaemic stroke [17].  
Treatment was initiated within 3 hours of symptom on-
set; 1 hour after thrombolysis, 30 ml of cerebrolysin or 
placebo was administered intravenously for 10 consecu-
tive days. The trial was discontinued after the third in-
terim analysis because no improvement in mRS at day 
90 (primary endpoint) was demonstrated compared with 
placebo; however, in the secondary analysis, signifi-
cantly more (p <0.01) patients in the cerebrolysin group 
achieved neurological improvement on the NIHSS score, 
including at 2 (45.8% vs 25.3%), 5 (66.1% vs 37.3%),  
10 (72.1% vs 50.8%), and 30 (75.8% vs 57.6%) days.

Therapy added to mechanical thrombectomy

Several observational studies and pragmatic clinical trials 
have been published to date in populations treated with 
mechanical thrombectomy (MT), suggesting potential 
improvement in functional outcomes at 3 months and 
a  significant reduction in haemorrhagic complications 
with the use of cerebrolysin. 

In a  pilot observational study, Poljakovic et al. (2021) 
evaluated patients with moderate or severe AIS (NIHSS 
>8) following unsuccessful recanalisation following treat-
ment with MT (TICI (Thrombolysis in Cerebral Infarction) 
score <2b) and/or tPA [18]. The study included 44 pa-
tients, allocated to treatment with cerebrolysin (30 ml/
day for 14–21 days, treatment initiation ≤24 hours from 
symptom onset; n = 23) or standard therapy (n = 21).  
At day 90, no significant differences were observed in 
the distribution of clinical outcomes (mRS); however, at  
12 months, a trend towards a higher proportion of pa-
tients with mRS 0–3 was noted (70% vs 48%; p = 0.1), 
along with a significantly lower incidence of HT (13% vs 
38%; p <0.05) and a  favourable safety profile for cere-
brolysin. The findings of this pilot study were important 
for the design of subsequent trials, as they indicated 
a  potential therapeutic role for neuroprotective treat-
ment for patients in whom standard reperfusion therapy 
had not yielded the expected results.

The study by ElBassiouny et al. (2025) involved a  pro-
spective assessment of the clinical course of AIS in pa-
tients receiving cerebrolysin as adjunctive therapy fol-
lowing successful MT (NIHSS ≥10, age 18–80 years; 
mTICI 2b/3, cardiogenic stroke) [19]. The analysis in-
cluded 150 patients: 75 received 30 ml of cerebrolysin 
intravenously once daily for 14 days, initiated ≤8 hours 
after MT, while 75 formed the historical control group 
(MT ± IV rt-PA without cerebrolysin). The primary end-
point was the proportion of patients with mRS 0–2 at 
day 90, and secondary endpoints included NIHSS and 
mRS scores at days 14, 30 and 90, cognitive impairment 
assessed on the MoCA scale at day 90, symptomatic 
and asymptomatic HT, as well as mortality and adverse 
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events. The authors demonstrated a significantly higher 
proportion of patients achieving mRS 0–2 at 90 days in 
the cerebrolysin group compared with the control group 
(64% vs 34.7%, respectively; p <0.001) and statistically 
significantly (p <0.05) lower NIHSS and mRS scores at 
subsequent time points (14–90 days), alongside a signifi-
cant (p <0.01) reduction in the incidence of any HT (20% 
vs 57.3%) and sHT (2.7% vs 41.3%), and lower three-
month overall mortality (5.3% vs 32%). In the subgroup 
analysis of patients with ASPECTS ≤10, better functional 
outcomes (mRS 0–2 at 3  months) were observed with 
cerebrolysin compared with controls (ASPECTS 8–10: 
50.7% vs 32%; ASPECTS 6–7: 13.3% vs 2.7%). All results 
were consistent both in the primary analysis cohort and 
in groups matched for stroke characteristics in the PSM 
analysis (n = 51 pairs). 

The Cerebrolysin-WIM Study, conducted by Polish re-
searchers (2025), assessed the efficacy of treatment in 
patients selected on the basis of a  small infarct core, 
adequate collateral circulation (CTA-CS 2–3) and suc-
cessful recanalisation (mTICI 2b–3) [20]. This was a sin-
gle-centre, prospective, open-label study with blinded 
outcome assessment, compared with a  historical con-
trol group matched using the PSM method (50 patients 
treated with cerebrolysin vs 50 controls). Cerebrolysin 
was administered in two cycles: 30 ml IV within 8 hours 
of symptom onset up to day 21 (cycle I) and again dur-
ing the rehabilitation phase between days 69 and 90 
(cycle II). The primary endpoint was the achievement of 
functional independence (mRS 0–2) by day 90, which oc-
curred more frequently in the cerebrolysin group (68% 
vs 44%; p = 0.016; OR 2.7; 95% CI: 1.2–6.1; NNT 4.2) 
(Fig. 2). Treatment was also associated with a lower risk 
of secondary HT (14% vs 40%; p = 0.02; RR 0.37), faster 

neurological recovery (NIHSS on day 7: median 3 vs 6;  
p = 0.01), and better outcomes on functional scales (Bar-
thel Index on day 30 and at 3 months). No differences 
in mortality at 30 and 90 days were observed between 
groups. The proportion of patients with mRS 0–2 at  
90 days was higher among those who received tPA bridg-
ing therapy (80% vs 47.6%; p = 0.03; OR 4.4; 1.1–17.7),  
with ASPECTS <10 (61.3% vs 26.3%; p = 0.02; OR 4.4; 
1.3–15.5), with a  trend towards functional indepen-
dence in patients without sHT (65.3% vs 34.7%; p = 0.07;  
OR 2.39; 0.9–6.4). 

The Cerebrolysin-WIM trial is, to date, the only pub-
lished study with a  12-month follow-up demonstrat-
ing that cerebrolysin use was associated with a  higher 
likelihood of functional independence at 12 months af-
ter adjustment for potential confounding factors (aOR 
6.10; 95% CI: 1.64–22.66; p <0.01) and a  favourable 
shift towards lower disability across the entire 12-month 
mRS distribution (pooled OR for favourable shift 3.57; 
95% CI: 1.42–8.93; p <0.01) [21]. Cumulative mortality at  
12 months was similar in both groups (18% each). Among 
survivors, 6% of patients in the cerebrolysin group com-
pared with 19% in the control group required institution-
al care (unadjusted OR 0.26; 95% CI: 0.07–0.99; NNT 8).  
In multivariate analysis, treatment with cerebrolysin 
(alongside mTICI 3 and CTA-CS 3) was a significant pre-
dictor of functional independence at 12 months (OR 3.5, 
95% CI: 1.4–8.6, p <0.05). 

A comparison of the four studies discussed suggests a sig-
nificant beneficial effect of cerebrolysin on prognosis and 
functional independence by day 90, as well as on reduc-
ing the risk of secondary haemorrhage (Fig. 3). The clinical 
significance of these findings is potentially high (improved 
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functional outcomes and safety of reperfusion following 
MT); however, interpretation is limited by the single-cen-
tre, non-randomised study design, and the results should 
therefore be regarded as preliminary and requiring confir-
mation in multicentre randomised trials.

Therapy complementing routine care in AIS 

C-REGS2 (Cerebrolysin REGistry Study in Stroke 2) was 
a prospective, open-label, controlled trial evaluating the 
efficacy of cerebrolysin treatment in routine clinical prac-
tice compared with standard therapy; it was conducted 
in 16 countries between 2018 and 2024 in accordance 
with the GRACE guidelines [22]. Patients with AIS and 
moderate neurological deficit (NIHSS 8–15) were in-
cluded in the study. A total of 1,769 patients were anal-
ysed (1,021 in the treatment group vs 748 in the control 
group). The median NIHSS score was 10; the cerebro-
lysin treatment regimen was individualised and most 
commonly involved a dose of 30 ml administered over 
10 days. The effect size was reported as the generalised 
Mann–Whitney measure (MW), interpreted probabilis-
tically as the likelihood of a  better outcome in the ac-
tive treatment group compared with the control group, 
where MW >0.50 indicates a  treatment advantage.  
In the assessment of the primary endpoint (ordinal mRS 

analysis at 90 days), cerebrolysin proved significantly 
more effective than standard therapy (MW 0.6157; 95% 
CI: 0.59–0.64; p <0.0001; OR 2.03, NNT 8.6). The ben-
eficial effect was also maintained in subgroup analyses 
(e.g. regardless of prior thrombolysis, which was received 
by only a  small proportion of patients, approximately 
20%). The superiority of cerebrolysin was also evident in 
secondary endpoints (mRS at day 21, NIHSS at days 21 
and 90), with a moderate increase in the proportion of 
very good functional outcomes (mRS 0–1, OR 2.74; 95% 
CI: 2.12–3.60; p <0.0001) and functional independence 
(mRS 0–2; OR 2.88; 95% CI: 2.28–3.68; p <0.0001).  
Better results were also observed on the MoCA scale 
(MW 0.55; 95% CI: 0.53–0.58; p <0.0001), especially in 
patients with baseline cognitive deficits. No differences 
in safety were observed between the groups.

 Acute spinal ischaemia and retinal ischaemia 

Acute spinal cord ischaemia (Beck’s syndrome) and reti-
nal embolism, caused by occlusion of the anterior spi-
nal artery and the central retinal artery respectively, are 
classified within the spectrum of ischaemic stroke of the 
CNS. They usually have a poor long-term prognosis, with 
persistent, significant long-term disability (including bi-
lateral paresis or paralysis of the limbs below the level 

Study logHR SE Weight
Hazard Ratio  

(IV. Random. 95% CI)
Hazard Ratio  

(IV. Random. 95% CI)
Staszewski et al.  2025 0.9953 0.4148 20.1% 2.71 (1.20; 6.10)
ElBassiouny et al.  2025 1.3695 0.4280 19.3% 3.93 (1.70; 9.10)
Khasanova et al.  2023 0.3240 0.2856 28.9% 1.38 (0.79; 2.42)
Poljakovic et al.  2021 0.7882 0.6801 10.1% 2.20 (0.58; 8.34)
Lang et al.  2013 0.0699 0.3893 21.6% 1.07 (0.50; 2.30)

Total (95% CI): 100% 1.92 (1.19; 3.10)
Prediction interval (0.58; 6.32)

Heterogeneity: Tau² ≈ 0.1234; Chi2 = 7.01. df = 4 (P = 0.1356); I2 = 42.9%
Test for overall effect: Z = 2.68 (P ≈ 0.0074)
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Staszewski et al.  2025 1 50 12 50 17.4% 0.08 (0.01; 0.62)
ElBassiouny et al. 2025 2 51 22 51 32.1% 0.09 (0.02; 0.37)
Poljakovic et al. 2021 1 23 1 21 10.0% 0.91 (0.06; 13.69)
Khasanova et al. 2023 3 117 18 201 40.5% 0.29 (0.09; 0.95)

Total (95% CI): 241 323 100% 0.18 (0.07; 0.43)
Prediction interval (0.03; 1.12)

Heterogeneity: Tau² ≈ 0.1275; Chi2 = 3.53. df = 3 (P = 0.3173); I2 = 14.9%
Test for overall effect: Z ≈ −3.81 (P ≈ 0.0001)
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Figure 3. Summary of studies evaluating cerebrolysin as an adjunct to reperfusion therapy in acute ischaemic stroke. A. Effect on 
functional outcome (mRS 0–2) at 90 days. B. Effect on symptomatic secondary transformation (sHT) at 24 hours. mRS – modified 
Rankin Scale, sHT – symptomatic secondary transformation
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of injury, loss of pain and temperature sensation, and 
autonomic dysfunction affecting the bladder or bowels) 
or monocular blindness. This report describes the case 
of a 78-year-old patient treated conservatively (antico-
agulants, steroid therapy, intensive neurological reha-
bilitation) for spinal cord ischaemia, in whom clinical and 
radiological improvement was observed following ad-
ministration of cerebrolysin (in two 10-day cycles). In this 
case, the favourable outcome following the use of cere-
brolysin may have resulted primarily from stabilisation of 
the blood–spinal cord barrier, as well as potential neuro-
protective and anti-oedema effects, which may have lim-
ited secondary spinal cord damage and promoted clini-
cal improvement [23]. A similar beneficial effect has also 
been described in patients with retinal stroke, likely re-
lated to its effect on the blood–retinal barrier [24]. These 
findings require confirmation in further studies.

Intensive care and neurological care 

Traumatic brain injury

In the field of intensive neurological care, the available 
evidence regarding cerebrolysin is also encouraging. The 
most frequently analysed aspect has been the effect of 
cerebrolysin on the course of TBI. Studies have included 
patients in varying neurological conditions and at differ-
ent time points following TBI. Various doses of the drug 
(10–50 ml/day) and durations of therapy (5–30  days) 
have also been used. Most studies reported a favourable 
safety profile and a  moderate, population-dependent 
trend toward potential benefits of cerebrolysin treat-
ment in improving cognitive function and independence. 

The CAPTAIN project comprised a prospective analysis 
of two randomised, double-blind, placebo-controlled 
phase IIIb/IV trials, which enrolled 185 patients with 
moderate or severe TBI (Glasgow Coma Scale, GCS 6–12) 
who received cerebrolysin in three cycles (50 ml/day  
for 10  days, followed by two cycles of 10 ml/day for  
10 days) as an adjunct to standard care. Given the clinical 
complexity of TBI sequelae, including motor and cogni-
tive deterioration (impairments in communication, pro-
cessing speed, working memory, and mood), the primary 
multidimensional endpoint comprising 13 functional and 
neuropsychological measures was analysed using the 
Wei–Lachin method (a test for the global comparison of 
multiple correlated variables), with effect size expressed 
as a  generalised MW measure for the composite out-
come (MWcombined).

CAPTAIN I  enrolled 46 patients (including 22 in the 
cerebrolysin group). In the analysis of individual scales, 
advantages were observed, among others, in the Stroop 
test and the Colour Connect the Dots Test Part 1/2  
(Table 1) [25]. In the analysis of the primary endpoint 
in the ITT population, the result was borderline (p <0.1;  
MW = 0.63; 95% CI: 0.48–0.77; OR = 2.1), whereas 
in the PP analysis, patients treated with cerebrolysin 
showed significant improvement (p = 0.02; MW = 0.69; 
95% CI: 0.53–0.85; OR = 3.2), with a safety profile com-
parable to that of placebo. 

The CAPTAIN II trial enrolled 142 patients (mean age 
47.4 years; mean GCS on admission 10.4)  [26]. In the 

analysis of the primary endpoint in both the ITT and PP 
populations, a significant effect in favour of cerebrolysin 
was demonstrated at day 90 (MW = 0.59; 95% CI: 0.52–
0.66; p = 0.01; MW = 0.602; 95% CI: 0.53–0.68; p <0.01; 
n = 74/55), with an advantage in favour of cerebrolysin 
on all 13 individual scales. Survival in patients treated 
with cerebrolysin did not differ from that in the control 
group. Subgroup analyses revealed a statistically signifi-
cant reduction in anxiety levels in patients with moder-
ate or severe post-traumatic disability, with a large effect 
size (standardised mean difference, SMD = 0.73) in the 
cerebrolysin-treated group [27].

A prospective meta-analysis of the CAPTAIN series (total 
of 185 patients; mean GCS 10.3; age 45.3 years) con-
firmed the beneficial effect of cerebrolysin on the global 
endpoint, which was significant at day 30 (MWcombined 
= 0.60; 95% CI: 0.52–0.66; p = 0.02; SMD = 0.31; OR = 
1.69) and at day 90 (MWcombined = 0.60; 95% CI: 0.52–
0.68; p = 0.015; SMD = 0.34; OR = 1.77), with good con-
sistency between studies (I² = 0 in pooled analyses) and 
comparable safety [28].

A  broader perspective is provided by a  meta-analy-
sis recently published by Polish authors, comprising  
10 studies (n = 8,749) with varying treatment regimens  
(10–50 ml/day IV), treatment durations of 5–30 days, 
and treatment initiation ranging from 24 hours to over 
20 months after injury; three of the studies were blind-
ed [29]. The endpoints were the GCS, GOS (Glasgow 
Outcome Scale), mortality, and length of hospital stay.  
The results showed a significant improvement in GOS in 
favour of cerebrolysin (mean difference, MD: 0.42; 95% 
CI: 0.262–0.581; p <0.001, with significant heterogene-
ity between groups (I² = 70.55). A less consistent signal 
for improvement was observed on the GCS (MD 1.34; 
95% CI: −0.258 to 2.945, with very high heterogeneity  
(I² = 94.20). No effect was found on length of hospi-
tal stay (MD −1.255 days; 95% CI: −6.422 to 3.913;  
p = 0.634; I² = 85.14) or on mortality. The meta-analysis 
suggested a potentially beneficial effect of treatment on 
clinical or functional outcomes as measured by the GOS 
(and probably also the GCS), but also highlighted limi-
tations arising from heterogeneity, varying dosing regi-
mens, and the lack of large RCTs, underscoring the need 
for further research to determine the optimal treatment 
protocol. 

The largest retrospective cohort study to date (2015), in-
volving 6,151 patients, demonstrated an improvement 
in the level of consciousness and functional status in the 
cerebrolysin group (as assessed by the GOS and mRS 
cores, respectively) compared with the control group [30].  
In another retrospective study (2017), involving 129 pa-
tients with severe TBI, a  beneficial effect of treatment 
with 10 ml/day for 30 days on functional status improve-
ment at 3 and 6 months was observed [31]. Similarly, 
a  meta-analysis of 8 studies conducted prior to 2018, 
with varying methodological quality, demonstrated that 
patients treated with cerebrolysin (n = 112) achieved 
a favourable outcome on the GOS more frequently than 
controls (OR 3.01; 95% CI: 1.7–5.1; p = 0.003) and that 
the likelihood of improved cognitive function was sig-
nificantly higher in this group (OR 3.4; 95% CI: 1.8–5.2;  
p <0.001) [32].
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Subarachnoid haemorrhage 

In the only pilot randomised, double-blind, placebo-
controlled trial published to date (2020) in patients with 
SAH from an aneurysm, the safety and feasibility of ad-
ministering 30 ml/day of cerebrolysin intravenously for 
14 days (initiated within ≤96 hours of onset) were as-
sessed in comparison with placebo; 50 patients were 
enrolled in the study (25 vs 25) [33]. The treatment 
was logistically feasible (high completeness of dosing 
and follow-up) and was associated with a safety profile 
similar to that of placebo. However, no advantage was 
demonstrated in the primary functional endpoint at 
6 months: the proportion of good functional outcomes 
(defined as GOSE 5–8) was 76% in the cerebrolysin 
group versus 68% in the placebo group (OR 1.49; 95% 
CI: 0.43–5.17). In secondary analyses (e.g. mRS), no sig-
nificant differences were found between the groups. 
Given the high incidence of secondary ischaemia fol-
lowing SAH and the limited options for preventing va-
sospasm, further studies are warranted to determine 
the efficacy of cerebroprotective therapies in this high-
risk population.

Discussion

The widespread adoption of intravenous thrombolysis and 
MT has substantially improved the prognosis in AIS, but 
has also highlighted the limitations of an approach focused 
solely on achieving recanalisation. Even with a high propor-
tion of technically successful procedures, some patients 
remain dependent, suggesting that outcomes are also de-
termined by processes occurring in the microcirculation 
and at the interface between the neurovascular unit and 
the blood–brain barrier. Persistent endothelial dysfunction, 
perfusion disturbances, vascular oedema and activation of 
the inflammatory response may sustain oxidative stress, 
adversely affect the metabolic penumbra and exacerbate 
secondary damage to peri-infarct tissue [34].

Cerebrolysin exerts neuroprotective and neurorestor-
ative effects in ischaemic stroke and following TBI by 
inhibiting key components of the ischaemic and pro-
inflammatory cascade, including glutamate-induced ex-
citotoxicity and oxidative stress. As a  result, it reduces 
DNA and protein damage, as well as cell necrosis and 
apoptosis. At the same time, it can support various brain 

Study/
population Intervention Primary endpoint Primary outcomes Selected secondary 

outcomes Safety analysis

CAPTAIN I

RCT, DB, 
placebo; 
moderate/
severe TBI; 
GCS 6–12;  
N = 46 (active/
control group: 
22/24)

Cerebrolysin 
50 ml/day  

(10 days), then 
10 ml/day 

(days 31–40 
and 61–70) 
vs placebo; 

and standard 
medical care

Multidimensional 
composite endpoint 

of functional and 
neuropsychological 

scales (Wei–Lachin test; 
MWcombined) at days 

10, 30 and 90

IITT: p <0.1; MW = 0.63 
(95% CI: 0.48–0.77); 

SMD = 0.45; OR = 2.1

PP: p = 0.0240;  
MW = 0.69 (0.53–0.85); 
SMD = 0.69; OR = 3.2

Stroop Word/Dots 
p = 0.0415;  

MW = 0.6816; 
Colour Trails 1  

p = 0.0223;  
MW = 0.72; Colour 
Trails 2 p = 0.0170; 

MW = 0.73

Comparable to 
placebo

CAPTAIN II

RCT, DB, 
placebo; 
moderate/
severe TBI; 
N = 139 
in analysis 
(80/59); age 
47.4; GCS 
10.4; BPRS 2.6

As above As above
Day 90: MW = 0.59 
(95% CI: 0.52–0.66);  

p = 0.0119

PP: Day 90: MW = 
0.6026; p = 0.0058. 

Digit Symbol  
p = 0.0068;  

Stroop Word/Dots  
p = 0.0009;  

Digit Span Fwd  
p = 0.0164; Bwd  

p = 0.0014; Colour 
Trails 1 p = 0.008; 

HADS-D p = 0.004

Comparable to 
placebo

Pooled 
analysis

N = 185; age 
45.3; GCS 
10.3; BPRS 2.8

As above As above

Day 30: MW = 0.60;  
p = 0.0156; SMD = 0.31; 

OR = 1.69; 

Day 90: MW = 0.60;  
p = 0.0146; SMD = 0.34; 

OR = 1.77

PP: Day 90 
(summary report)

Wei–Lachin:  
MW = 0.6272;  

p = 0.0039; I² = 0

Cerebrolysin  
vs placebo: 

deaths 3.9%  
vs 8.4% 

SAEs 7.8%  
vs 18.1%

RCT – a randomised clinical trial; DB – double-blind; TBI – traumatic brain injury; GCS – the Glasgow Coma Scale; BPRS – Brief 
Psychiatric Rating Scale; ITT– intention-to-treat analysis; PP – per-protocol analysis; Wei–Lachin test – global test for multiple 
correlated endpoints; MW – Mann–Whitney effect; MWcombined – generalisation for a composite endpoint (Wei–Lachin); 
CI – confidence interval; SMD – standardised mean difference; OR – odds ratio; Digit Symbol – Digit Symbol Coding – symbol/
digit coding test; measure of processing speed; Digit Span Fwd/Bwd – forward/backward digit repetition (attention and working 
memory); HADS-D – Hospital Anxiety and Depression Scale; SAE – serious adverse events; I² – heterogeneity statistic in meta-
analysis

Table 1. Summary of the results of the CAPTAIN I and II trials in traumatic brain injury (TBI) [25–28]
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repair processes by promoting neuro-, synapto- and axo-
nogenesis, aiding the restoration of neuronal function. 
These properties of cerebrolysin – primarily described in 
preclinical models – align well with the newly proposed 
taxonomy for neuroprotective drugs (Tab. 2).

Clinical studies have also demonstrated that cerebrolysin 
exhibits multimodal effects, influencing several elements 
of the ischaemia-reperfusion injury cascade and support-
ing neuronal plasticity processes in the subacute phase. 
The data from reperfusion studies presented in this paper 
suggest, above all, the potential to reduce haemorrhagic 
complications while maintaining a  good safety profile. 
In CEREHETIS, early administration of cerebrolysin fol-

lowing tPA was associated with a  significant reduction 
in sHT and a trend toward reduced HT, and in the sub-
group with imaging assessment, improvements in BBB 
permeability parameters and smaller infarct volumes 
were noted [15]. In CERE-LYSE, despite no improvement 
in mRS at 90 days (primary endpoint), faster neurological 
improvement on the NIHSS at subsequent time points 
was observed, which may support the hypothesis of an 
early biological effect of the drug [17]. 

Although the evidence for the efficacy of cerebrolysin 
following stroke is derived predominantly from observa-
tional studies, several independent cohorts have demon-
strated a significant reduction in haemorrhagic compli-

Physiological targets Mechanism Examples from studies on cerebrolysin

“Bridging” 
neuroprotection 
with reperfusion 
therapy

Slowing the 
progression of the 
infarct in the pre- and 
early post-reperfusion 
phases. Maintenance 
of neuronal metabolism 
by increasing resistance 
to hypoxia.

1) CEREHETIS study: concurrent administration with an r-tPA infusion prior  
to reperfusion improved early neurological status [15].

2) Rat model of transient middle cerebral artery occlusion: administration 
of cerebrolysin 3 hours after ischaemia reduced infarct volume by limiting 
the metabolic penumbra (activation of the CREB/PGC-1α pathway and 
inhibition of free-radical formation prevented lactate accumulation and lactic 
acidosis) [2].

BBB stabilisers
Improvement in BBB 
integrity before and 
after reperfusion.

1) CEREHETIS study: improvement in BBB function demonstrated on 
neuroimaging [15].

2) Reduction in the risk of secondary haemorrhage with cerebrolysin 
demonstrated in various phase studies [15, 18].

3) Preclinical study: improvement in BBB function following thrombolytic 
treatment with cerebrolysin via improved function of endothelial tight 
junctions and reduced pro-inflammatory and pro-coagulant activity [18].

Stabilisation of 
microcirculation

Protection of the inte-
grity of arteriolar and 
capillary endothelium, 
prevention of the no-
-reflow phenomenon 
following reperfusion.

A randomised, double-blind, placebo-controlled trial in 46 patients with acute 
ischaemic stroke demonstrated a significant reduction in the pulsatility index 
post-stroke, suggesting an improvement in cerebral blood flow dynamics 
within the microcirculatory bed following cerebrolysin treatment [34]

Early 
neuroprotection  
and prevention  
of reperfusion injury

Slowing of pathological 
inflammatory and 
oxidative processes 
occurring immediately 
after reperfusion.

Preclinical (in vitro) study: cerebrolysin reduced neuronal death in models 
mimicking ischaemia, including glutamate toxicity, iodoacetate-induced 
metabolic inhibition, and ionomycin-induced calcium homeostasis 
deregulation [31]

Anti-oedema effect
Reduction in the risk  
of cerebral oedema and 
secondary herniation.

Studies by Woo et al. and Zhang et al. in patients with subarachnoid 
haemorrhage due to aneurysm or traumatic brain injury demonstrated 
a significant reduction in pro-inflammatory markers (IL-1β, IL-6, TNF-α 
and aquaporin-4) associated with vasculogenic oedema, suggesting that 
cerebrolysin may mitigate the harmful effects of cerebral oedema and thereby 
reduce secondary damage associated with increased intracranial pressure  
and herniation [32 ].

Delayed 
neuroprotection, 
induction of 
neuroplasticity

Reduction of the 
consequences 
of reperfusion 
injury, apoptosis 
and mitochondrial 
dysfunction.

Promotion of 
synaptogenesis 
and neuroplasticity, 
improved neurovascular 
unit function.

1) Multiple preclinical studies have shown that cerebrolysin exerts 
neurotrophic and neuroprotective effects (by protecting against glutamate-
induced excitotoxicity, promoting the proliferation of neuronal progenitor 
cells, which enhances the differentiation of neurons and oligodendrocytes 
through the upregulation of Shh signalling and its receptors, modulation 
of endogenous neurotrophin levels), which promotes improved recovery 
after stroke when administered within <48 hours in middle cerebral artery 
ischaemia models [31,33]. 

2) The CARS study and meta-analyses have shown that cerebrolysin 
administered once daily for 21 days, starting 24–72 hours after stroke onset, 
has a beneficial effect on functional ability and overall fitness in patients  
in the early phase of post-stroke rehabilitation [26, 28].

BBB – blood–brain barrier; r-tPA – recombinant tissue plasminogen activator

Table 2. Taxonomy of drugs with potential neuroprotective effects and their mechanisms of action in ischaemic stroke
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cations and a beneficial effect on functional outcomes. 
A pilot study by Poljakovic et al. suggested a lower risk 
of HT and a  favourable trend at 12 months, although 
the sample size was small and included patients with 
suboptimal recanalisation outcomes [18]. The study by 
ElBassiouny et al. demonstrated a higher proportion of 
functionally independent patients (mRS 0–2) at 90 days 
and a significant reduction in HT/sHT compared with the 
historical control. These findings should be interpreted 
with caution given potential bias related to differences 
in care and patient selection [14]. 

Of particular interest are the results of the CEREBROLYSIN- 
WIM study, which selected patients with a small infarct 
core, adequate collateral circulation, and successful reca-
nalisation. Treatment in two cycles was associated with 
a  higher proportion of functional independence (mRS 
0–2) at 90 days and a favourable shift in the mRS distri-
bution, persisting up to 12 months after adjustment for 
key predictors of outcome following EVT [20, 21].

Registers based on real-world evidence provide an im-
portant complement to these studies. In the C-REGS2 
registry, cerebrolysin used alongside standard therapy in 
moderate AIS was associated with a favourable shift in 
the mRS distribution at 90 days toward functional im-
provement and better cognitive outcomes, with no dif-
ferences in safety compared with standard care [22]. 

A  common theme across these studies is a  reduced risk 
of haemorrhagic complications and improved functional 
outcomes, particularly in patients with extensive stroke at 
baseline. This is likely related to improved BBB function, 
which regulates many processes crucial for brain homeo-
stasis, including microcirculation and the complex functions 
of the neurovascular unit. This may explain the beneficial 
effects of cerebrolysin in other CNS disorders involving pri-
mary (TBI, SAH) or secondary BBB damage (neurodegen-
erative diseases), and may also indicate efficacy in blood–
spinal cord and blood–retinal barrier injury. However, the 
action of cerebrolysin in AIS and TBI extends beyond its 
beneficial effect on the BBB, as clinical improvement has 
also been observed in patients without hypertension and 
during long-term clinical follow-up (e.g. 12 months), where 
the impact of acute BBB damage is already minimal [21]. 

Furthermore, the neurotrophic effects of cerebrolysin 
and its role in improving brain plasticity have been well 
documented, including in post-stroke aphasia rehabilita-
tion, as demonstrated in the recently published ESCAS 
study [7]. However, the effect of cerebrolysin on the 
course of the acute phase of haemorrhagic stroke and 
SAH remains insufficiently understood, although studies 
are already underway in these indications (e.g. the Polish 
CLINCH study) [35]. 

In TBI, the pathomechanisms of secondary damage (exci-
totoxicity, Ca2+influx, mitochondrial dysfunction, oxida-
tive stress, neuroinflammation, and BBB damage with 
microcirculatory disturbances) partially overlap with 
those observed in AIS, providing a biological rationale for 
cerebroprotective strategies. The CAPTAIN programme 
and several meta-analyses have demonstrated a signifi-
cant effect in favour of cerebrolysin on functional out-
comes at day 90, with a safety profile comparable to that 

of placebo, although these findings are limited by con-
siderable heterogeneity in populations and dosing regi-
mens [25–28]. From the perspective of ICU practice, it is 
particularly important that studies with higher method-
ological rigour did not show any signal of impaired safety, 
which is a prerequisite for conducting further pragmatic 
trials in patients with severe TBI, who are often burdened 
by systemic complications.

The most significant limitation of the current evidence 
remains the predominance of open-label and observa-
tional studies in the context of MT, as well as the fre-
quent use of historical controls, which increases the risk 
of residual confounding (including differences in eligibil-
ity for EVT, time to reperfusion, post-reperfusion care 
standards, complication prevention, and the intensity and 
quality of rehabilitation). Similarly, in thrombolytic trials, 
the lack of a consistent effect on the mRS at 90 days may 
reflect insufficient power, differences in time windows 
and endpoint selection, and population heterogeneity. 
Consequently, current data on AIS should be regarded as 
promising yet still insufficient to draw definitive conclu-
sions regarding efficacy. 

From a practical standpoint, it seems most reasonable to 
focus future multicentre RCTs on patients before or short-
ly after reperfusion, in whom the risk of vascular complica-
tions and reperfusion injury is highest (e.g. low ASPECTS, 
increased risk of HT, significant neurological deficit, ab-
sence of collateral circulation). Research designs should 
include standardised high-quality rehabilitation, multidi-
mensional endpoints (cognitive function, mood, quality of 
life, and imaging markers, e.g. BBB permeability) and lon-
ger follow-up (≥12 months). Only such an approach will al-
low a reliable determination of whether combining reper-
fusion with cerebroprotection translates into sustained 
improvements in prognosis and reductions in disability.

However, from a  clinical perspective, while exercising 
caution in interpretation, data from recent years sup-
port considering cerebrolysin as a personalised adjunc-
tive therapy in patients with moderate or severe stroke, 
particularly in early post-stroke rehabilitation and in 
scenarios with an increased risk of reperfusion injury, 
as well as in patients with moderate or severe TBI. The 
consistency of results across several cohorts, the favour-
able safety profile, and emerging recommendations from 
neurorehabilitation scientific societies suggest that fur-
ther research is warranted, with key challenges including 
the identification of the population most likely to ben-
efit, and the optimisation of the timing of initiation, dose, 
and duration of therapy.

Conclusions

	Q Cerebrolysin appears to be a  promising adjunct to 
reperfusion therapy in ischaemic stroke, with the 
potential to mitigate reperfusion injury and improve 
both early neurological recovery and long-term 
functional outcomes. Further studies are needed to 
fully determine the role of cerebrolysin in the stan-
dard treatment protocol for acute ischaemic stroke, 
with particular emphasis on optimal dosing, timing 
of treatment initiation, and identification of patient 
subgroups most likely to benefit from this treatment.
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	Q In neurointensive care for patients following TBI, the 
feasibility and safety of cerebrolysin have been dem-
onstrated, whereas evidence regarding efficacy with 
regard to hard endpoints remains limited. Additional 
multicentre RCTs designed to reflect real-world ICU 
settings are needed.
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Abstract

Fasciocutaneous flaps offer a wide range of options for the reconstruction of lower-limb soft-tissue defects. This article 
presents the case of a 39‑year‑old patient who underwent sarcoma resection in the knee region, followed by recon-
struction using a reverse sural flap. This regional flap is characterised by favourable retrograde perfusion, structural sta-
bility, and minimal donor-site morbidity, enabling single-stage defect coverage and protection of the deep structures of 
the knee joint. Free flaps are frequently considered the method of choice for the reconstruction of larger lower limb de-
fects; however, their use may be limited in the presence of peripheral vascular disease, diabetes mellitus, post-traumatic 
wounds, or in patients with an increased risk of perioperative complications. In contrast, the reverse sural flap provides 
effective defect coverage, reduced operative time, and a lower risk of complications while preserving limb function.  
The presented case confirms that the reverse sural flap is a safe, effective, and practical option for lower‑limb soft‑tissue 
reconstruction, offering advantages over free microsurgical flaps in selected clinical scenarios.

Streszczenie

Płaty skórno-powięziowe dostarczają szerokich możliwości rekonstrukcji ubytków tkanek miękkich kończyny dolnej. 
W niniejszym artykule przedstawiono przypadek 39-letniego pacjenta po resekcji mięsaka w okolicy kolana, u którego 
zastosowano rekonstrukcję z użyciem odwróconego płata łydkowego. Ten regionalny płat charakteryzuje się korzyst-
nym ukrwieniem wstecznym, stabilnością oraz minimalnym obciążeniem miejsca dawczego, co pozwala na jednoczaso-
we pokrycie ubytku i ochronę struktur głębokich stawu kolanowego. Wolne płaty niejednokrotnie są metodą z wyboru 
w rekonstrukcji większych defektów kończyny dolnej, jednak ich zastosowanie bywa ograniczone w przypadku współ-
występowania chorób naczyń obwodowych, cukrzycy, ran pourazowych lub u pacjentów obciążonych zwiększonym 
ryzykiem powikłań okołooperacyjnych. Odwrócony płat łydkowy pozwala natomiast na skuteczne pokrycie ubytku, 
skrócenie czasu operacji oraz ograniczenie ryzyka powikłań przy zachowaniu funkcji kończyny. Opisany przypadek po-
twierdza, że odwrócony płat łydkowy jest bezpieczną, efektywną i praktyczną metodą rekonstrukcji ubytków tkanek 
miękkich kończyny dolnej, oferującą w wybranych sytuacjach przewagę nad wolnymi płatami mikrochirurgicznymi.

Keywords: reverse sural flap; lower limb reconstruction; soft tissue defect; knee; alternative to free flaps 
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Introduction 

Sarcoma is a tumour of mesenchymal origin that devel-
ops in soft tissues such as muscles, adipose tissue, blood 
vessels, and fasciae. Surgical management of sarcomas 
typically requires radical resection, which results in sub-
stantial soft-tissue defects. Effective reconstruction of 
these defects is essential for protecting the deep struc-
tures of the limb, preserving functionality, and enabling 
the patient’s subsequent rehabilitation [1].

A fasciocutaneous flap is a segment of skin and its un-
derlying fascia, transferred to cover a soft-tissue defect. 
Unlike free microsurgical flaps, regional flaps retain their 
intrinsic blood supply, allowing them to be transposed or 
reversed within adjacent anatomical structures. The re-
verse sural flap is a fasciocutaneous flap in which perfu-
sion occurs retrogradely via perforators of the peroneal 
artery. This technique provides stable and reliable cover-
age of lower‑limb defects, reducing operative time and 
lowering the risk of complications compared with free 
microsurgical flaps [2].

Case report

A 39‑year‑old man was admitted on an expedited elec-
tive basis to the Clinical Department of Plastic, Recon-
structive and Burn Surgery at the Military Institute of 
Medicine – National Research Institute in Warsaw for 
reconstruction of a  knee‑region soft‑tissue defect fol-
lowing sarcoma resection using a fasciocutaneous flap.

The patient is professionally active and rides motocross 
recreationally. He had initially undergone soft-tissue sar-
coma resection at another centre, after which the pro-
cedure was found to be non-radical (positive margins).  
He subsequently received radiotherapy, followed by 
re‑excision of residual tumour tissue within the scar left 
by the initial sarcoma. The patient was admitted elec-
tively for the reconstruction of the soft-tissue defect in 
the knee region using a fasciocutaneous flap retrograde-
ly vascularised by perforators of the peroneal artery.  
Clinical examination revealed a 6 cm × 3 cm soft-tissue 
defect on the anterior aspect of the knee. 

Upon admission, a  detailed clinical assessment was 
performed, and surgical treatment was planned.  
The operative technique was meticulously defined prior 
to the procedure. Vascular perforators were mapped on 
the skin under ultrasound guidance, and the course of 
the sural nerve was traced, enabling safe planning and 
dissection of the fasciocutaneous flap. A  wound swab 
was obtained for microbiological analysis. Preoperative 
thromboprophylaxis and empirical antibiotic therapy 
with intravenous clindamycin (300 mg three times daily) 
were initiated. Analgesic management was also main-
tained. Following completion of the preoperative work-
up, the patient was cleared and prepared for surgery. In 
the present case, a  fasciocutaneous flap retrogradely 
vascularised by perforators of the peroneal artery was 
selected, allowing effective defect coverage while pre-
serving the integrity of the structures surrounding the 
knee joint. 

Stage I of the operation – excision of the lesion  
and preparation of the reverse sural flap

During the first stage of surgery, the sural flap was 
harvested. A  skin incision was made along the previ-
ously marked course of the sural bundle. After dissec-
tion through the subcutaneous tissue, the fascia of the 
gastrocnemius muscle was reached. The fasciocutane-
ous flap was subsequently dissected together with the 
neurovascular bundle to approximately 2 cm below the 
popliteal fossa. The sural nerve and the short saphenous 
vein were identified, ligated, and transected. Muscular 
perforators were likewise ligated and transected. Next, 
the fasciocutaneous flap was elevated along with the 
skin island, fascia, nerve, and vein up to the pivot point 
on the fascial pedicle. The flap relied on retrograde vas-
cularisation originating from the perforators of the pe-
roneal artery and the short saphenous vein. Following 
dissection, the flap was viable and well-perfused. It was 
left in its original position and secured to the donor-site 
margins with skin sutures for postoperative observation. 

Stage II of the operation – surgical debridement of the 
medial knee wound with fixation of the reverse sural flap

The wound in the region of the right knee was cleansed 
and debrided until a bleeding wound bed was obtained. 
An incision connecting the flap pivot point to the wound 
was then made. Skin flaps were dissected, and meticu-
lous haemostasis was achieved. The flap was rotated 
into the knee-region defect and secured with interrupt-
ed sutures. A drain was placed beneath the flap at the 
distal pole. Subsequently, the margins of the donor-site 
wound were approximated to the muscle using sutures.  
The donor site for the split-thickness skin graft (STSG) 
was cleansed and lubricated. A 0.2 mm STSG was har-
vested from the right thigh using a dermatome. The har-
vested graft was carefully unfurled over the defect site, 
achieving complete coverage (100%). Skin staplers and 
sutures were applied, and dressings were placed over the 
donor sites. The intra- and post-operative course was 
uneventful. The surgical count was correct. 

Immediately after surgery, the flap demonstrated normal 
viability. Pharmacological therapy was initiated, consist-
ing of oral acetylsalicylic acid 75 mg once daily and in-
travenous pentoxifylline 200 mg twice daily. Analgesic 
management and thromboprophylaxis were continued.

The first dressing change was performed on the second 
postoperative day. The upper drain was removed, the 
flap was massaged to evacuate accumulated sanguine-
ous fluid, and patient mobilisation was initiated. On post-
operative day 4, the drain was changed, and subsequent 
dressing changes were performed every two days. From 
the third day onwards, targeted antibiotic therapy was in-
troduced based on the results of the pre-operative wound 
swab. Subsequent dressing changes demonstrated a nor-
mal healing process. On postoperative day 10, marginal 
epidermal maceration of the flap was observed; however, 
healing of the fasciocutaneous flap itself progressed nor-
mally. The patient was discharged with recommendations 
for regular outpatient dressing changes and follow-up.
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During further outpatient follow-up, post-operative heal-
ing was monitored. The healing process proceeded nor-
mally. Approximately one month later, the patient pre-
sented with suspected infection of the residual wounds 
and was readmitted to the department. The patient was 
afebrile (body temperature 37°C). Secondary intention 
healing was noted at the donor site within the upper and 
lower poles of the flap. A wound swab for microbiologi-
cal culture was obtained, wound toilet was performed, 
isolated skin staplers were removed, and an iodoform 
dressing was applied for local antisepsis. The patient re-
mained in good general condition, with improvement in 
the local wound status. Hospitalisation lasted two days, 
after which the patient was discharged home with out-
patient recommendations. Follow-up visits confirmed 
complete flap take and normal limb function.

Discussion

Sarcomas are rare malignant neoplasms originating from 
mesenchymal tissue. They encompass more than 70 his-
topathological subtypes. Approximately four-fifths arise 
from soft tissues, with the remainder originating from 
bone. In Europe, their incidence is estimated at 4–5 
cases per 100,000 population annually [3]. Limb-sparing 
resection is currently considered the gold standard in 
the treatment of soft tissue sarcomas [4]. Studies have 
demonstrated that combining surgery with radiotherapy 
yields better outcomes than surgery alone. However, 
radiotherapy adversely affects tissue viability and graft 
take during subsequent reconstruction. The choice be-
tween preoperative and postoperative radiotherapy is 
made individually, as the baseline condition of the tis-
sues plays a  crucial role in determining reconstructive 
options [5].

Plastic surgery procedures are therefore essential for re-
storing both the appearance and function of the limb fol-
lowing sarcoma treatment [6]. In 1981, Pontén described 
the fasciocutaneous flap as a reconstructive option for 
soft-tissue defects of the lower limb, particularly in the 
knee region. This flap is now widely used across the low-
er leg – from the heel and ankle to the knee – though it 
is most frequently applied in the distal third of the leg [7].  
The sural flap is typically located between the popliteal 
fossa and the mid-calf, overlying the heads of the gas-
trocnemius muscle. It is one of the longest fasciocutane-
ous flaps in the lower limb [7]. The reverse sural flap is 
an island flap innervated by the sural nerve, with retro-
grade perfusion supplied by perforators of the peroneal 
artery. Dissection of this flap requires caution, primarily 
with regard to the peroneal artery [8]. Doppler ultraso-
nography is highly valuable in preoperative planning, as 
precise assessment of the vascular supply is essential [7]. 
Because the flap is pedicled, its harvest does not require 
microsurgical infrastructure. Consequently, this method 
is more accessible than other modalities and can be per-
formed by centres with varying resources [9].

In a  systematic review, Tripathee et al. reported that 
complications occurred in approximately one-quarter of 
patients undergoing reconstruction using a reverse sural 
flap. The most common complications included partial 
flap necrosis and venous congestion [9]. Mild venous 
congestion typically resolves spontaneously within a few 

days [7]. Total flap necrosis – the most severe compli-
cation – occurred in approximately 2.5% of cases. Early 
detection of signs of impaired flap adaptation can help 
prevent total necrosis; hence, training medical staff in 
recognizing early abnormalities is essential [9]. Other re-
ported complications include haematoma and infection 
of the surrounding tissues. Risk factors for complications 
include diabetes mellitus, age over 40 years, and vascular 
diseases [8].

Nevertheless, the reverse sural flap is used to treat de-
fects in patients with diabetic foot ulcers, achieving an 
excellent healing rate despite the baseline presence of 
these risk factors [8]. However, although this method 
can be successfully used in patients with diabetes and 
peripheral vascular disease, caution is advised in smok-
ers, whose risk of partial necrosis is approximately three-
fold higher [10]. Venous insufficiency is another signifi-
cant risk factor, increasing the risk of complications up 
to ninefold [11]. Because the flap is harvested with its 
innervation, patients experience temporary sensory 
loss and paraesthesias on the lateral aspect of the foot, 
which typically resolve over time [7]. Methods used to 
manage the most serious complication – partial or total 
flap necrosis – include leg elevation, catheterisation of 
the proximal stump of the lesser saphenous vein, and 
venous ‘supercharging’. Some authors also recommend 
the flap delay technique, which involves transecting 
a vessel or incising the lateral borders of the skin island 
to redirect blood flow. A disadvantage of the flap, lim-
ited to aesthetic concerns, is the visible donor‑site scar; 
however, it does not result in any functional impairment 
of the limb [7].

Despite this, the sural flap is widely used in reconstruc-
tive surgery and is characterized by a safety profile com-
parable to other methods of covering tissue defects. 
Due to the high efficacy of this method in both adult and 
paediatric populations, the sural flap should be consid-
ered a valuable option in reconstructive therapy across 
all age groups [12]. Its main advantages include relatively 
simple dissection, preservation of the major arteries sup-
plying the lower limb, and a low incidence of donor‑site 
complications [8]. Importantly, its greatest strength is 
the ability to perform successful reconstruction without 
microsurgical expertise, which significantly increases its 
availability [9].

The lower limb is a surgically demanding region and of-
ten presents greater reconstructive challenges than oth-
er anatomical areas [13]. Historically, free muscle flaps 
were considered optimal for defects with exposed bone 
due to the rich vascularity of muscle tissue. However, 
subsequent evidence has demonstrated that fasciocuta-
neous flaps possess higher vascular density and should 
be regarded as the method of choice for reconstructing 
defects with exposed bone surfaces [14]. There is no sin-
gle universal technique for the management and recon-
struction of soft-tissue defects that can meet the needs 
of all patients. Nevertheless, the sural flap remains one 
of the most commonly used reconstructive methods and 
is associated with good functional outcomes [15].

The choice between using a  reversed sural flap and 
a free flap remains a topic of debate among reconstruc-
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tive surgeons. According to the principle of the “recon-
structive ladder”, the sural flap occupies an earlier stage 
than free flaps because of its characteristics. Studies 
have demonstrated more favourable outcomes of flap 
adaptation with the sural flap than with free flaps [9]. 
It is a particularly useful method when contraindications 
to microsurgical reconstruction using a  free tissue flap 
are present [7]. A study involving 221 paediatric patients 
compared the use of a pedicled sural flap with that of 
a free microsurgical flap. The mean surface area of tis-
sue used to cover the defect was significantly larger in 
the free-flap group. Significantly more patients required 
a skin graft at the donor site after using the pedicled sural 
flap, whereas a significantly greater number of patients 
undergoing reconstruction with a free flap required sec-
ondary thinning. Differences in the frequency of post-
operative complications were not statistically significant, 
and both methods demonstrated comparable safety pro-
files. However, the sural flap is less demanding because 
it does not require microsurgical skills from the operator, 
and the operative time is shorter. The surface area of the 
harvested tissues is smaller, and consequently, the su-
ral flap is intended for the reconstruction of defects of 
a specific location and size, due to its pedicle and limited 
dimensions [14]. 

In cases where the skin and soft tissues of the posterior 
aspect of the lower leg are intact, the reversed sural flap 
represents a good and accessible method for the surgi-
cal reconstruction of defects of various aetiologies [16]. 
Another advantage is that any necessary revision and tis-
sue elevation are considerably easier than in the case of 
a free flap [14].

Conclusions

Following a  two-stage sarcoma resection and comple-
mentary scar excision, the patient underwent recon-
struction of the tissue defect using a reverse sural flap. 
This treatment enabled him to return to physical activity 
without any functional limitation of the tumour-affected 
limb. Although reconstruction using a reverse sural flap –  
like any surgical procedure – may be associated with 
complications, it typically does not lead to long-term 
sequelae. Most complications can be managed conser-
vatively with appropriate wound care and rehabilitation. 
The reverse sural flap, characterised by retrograde vas-
cularisation, remains one of the primary methods for 
soft‑tissue reconstruction of the lower leg, ankle, and 
foot. It is a readily accessible option for covering tissue 
defects and does not require microsurgical expertise.
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