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Journal of Istanbul Faculty of Medicine (J Ist 
Faculty Med) an international, scientific, open 
access periodical published in accordance with 
independent, unbiased, and double-blinded 
peer-review principles. The journal is the official 
publication of İstanbul University, İstanbul Faculty of 
Medicine and it is published quarterly on January, 
April, July and October. The publication language of 
the journal is English.

Journal of Istanbul Faculty of Medicine (J Ist 
Faculty Med) aims to contribute to the literature by 
publishing manuscripts at the highest scientific level 
on all fields of medicine. The journal publishes original 
experimental and clinical research articles, reports of 
rare cases, reviews articles by invited researchers who 
have a reputable place in the international literature 
in their field, and letters to the editors as well as brief 
reports on a recently established method or technique 
or preliminary results of original studies related to all 
disciplines of medicine from all countries.

The journal’s target audience includes researchers, 
physicians and healthcare professionals who are 
interested or working  in all medical disciplines.

The editorial and publication processes of the journal 
are shaped in accordance with the guidelines of the 
International Committee of Medical Journal Editors 
(ICMJE), World Association of Medical Editors 
(WAME), Council of Science Editors (CSE), Committee 
on Publication Ethics (COPE), European Association 
of Science Editors (EASE), and National Information 
Standards Organization (NISO). The journal is in 
conformity with the Principles of Transparency and Best 
Practice in Scholarly Publishing (doaj.org/bestpractice).

Journal of Istanbul Faculty of Medicine is currently 
indexed in Web of Science - Emerging Sources 
Citation Index (ESCI), TUBITAK ULAKBIM TR Index, 

CABI Global Health Database, EBSCO-Academic 
Search Complete, EBSCO Biomedical Index, DOAJ, 
Scopus and SOBİAD.

Articles published in our journal can be used in 
TUBITAK ULAKBIM TR-Index and international 
publication categories in associate professorship 
applications.

Processing and publication are free of charge with 
the journal. No fees are requested from the authors at 
any point throughout the evaluation and publication 
process.

All expenses of the journal are covered by the 
İstanbul University.

Statements or opinions expressed in the manuscripts 
published in Journal of Istanbul Faculty of Medicine 
reflect the views of the author(s) and not the opinions 
of the editors, the editorial board, or the publisher; 
the editors, the editorial board, and the publisher 
disclaim any responsibility or liability for such 
materials. The final responsibility in regard to the 
published content rests with the authors.

All published content is available online, free of 
charge.
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Journal of Istanbul Faculty of Medicine (J Ist 
Faculty Med) is an international, scientific, open 
access periodical published in accordance with 
independent, unbiased, and double-blinded peer-
review principles. The journal is the official publication 
of Istanbul Faculty of Medicine of İstanbul University 
and it is published quarterly on January, April, July 
and October. The publication languages of the 
journal is English.

Journal of Istanbul Faculty of Medicine (J Ist Facul-
ty Med) aims to contribute to the literature by pub-
lishing manuscripts at the highest scientific level on 
all fields of medicine. The journal publishes original 
experimental and clinical research articles, reports 
of rare cases, reviews articles by invited researchers 
who have a reputable place in the international liter-
ature in their field, and letters to the editors as well 
as brief reports on a recently established method or 
technique or preliminary results of original studies 
related to all disciplines of medicine from all coun-
tries.

EDITORIAL POLICIES AND PEER REVIEW PROCESS

The editorial and publication processes of the jour-
nal are shaped in accordance with the guidelines of 
the International Council of Medical Journal Editors 
(ICMJE), the World Association of Medical Editors 
(WAME), the Council of Science Editors (CSE), the 
Committee on Publication Ethics (COPE), the Euro-
pean Association of Science Editors (EASE), and Na-
tional Information Standards Organization (NISO). 
The journal conforms to the Principles of Transpar-
ency and Best Practice in Scholarly Publishing (doaj.
org/bestpractice).

Originality, high scientific quality, and citation poten-
tial are the most important criteria for a manuscript 
to be accepted for publication. Manuscripts submit-
ted for evaluation should not have been previously 
presented or already published in an electronic or 
printed medium. The journal should be informed of 
manuscripts that have been submitted to another 
journal for evaluation and rejected for publication. 
The submission of previous reviewer reports will ex-
pedite the evaluation process. Manuscripts that have 
been presented in a meeting should be submitted 

with detailed information on the organization, includ-
ing the name, date, and location of the organization.

Manuscripts submitted to Journal of Istanbul Faculty 
of Medicine will go through a double-blind peer-re-
view process. Each submission will be reviewed by 
at least two external, independent peer reviewers 
who are experts in their fields in order to ensure an 
unbiased evaluation process. The editorial board will 
invite an external and independent editor to manage 
the evaluation processes of manuscripts submitted 
by editors or by the editorial board members of the 
journal. The Editor in Chief is the final authority in the 
decision-making process for all submissions.

An approval of research protocols by the Ethics Com-
mittee in accordance with international agreements 
(World Medical Association Declaration of Helsinki 
“Ethical Principles for Medical Research Involving 
Human Subjects,” amended in October 2013, www.
wma.net) is required for experimental, clinical, and 
drug studies and for some case reports. If required, 
ethics committee reports or an equivalent official 
document will be requested from the authors. For 
manuscripts concerning experimental research on 
humans, a statement should be included that shows 
that written informed consent of patients and vol-
unteers was obtained following a detailed explana-
tion of the procedures that they may undergo. For 
studies carried out on animals, the measures taken 
to prevent pain and suffering of the animals should 
be stated clearly. Information on patient consent, the 
name of the ethics committee, and the ethics com-
mittee approval number should also be stated in the 
Materials and Methods section of the manuscript. It 
is the authors’ responsibility to carefully protect the 
patients’ anonymity. For photographs that may re-
veal the identity of the patients, signed releases of 
the patient or of their legal representative should be 
enclosed.

All submissions are screened by a similarity detection 
software (iThenticate by CrossCheck).

In the event of alleged or suspected research mis-
conduct, e.g., plagiarism, citation manipulation, and 
data falsification/fabrication, the Editorial Board will 
follow and act in accordance with COPE guidelines.
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Each individual listed as an author should fulfill the 
authorship criteria recommended by the Internation-
al Committee of Medical Journal Editors

(ICMJE - www.icmje.org). The ICMJE recommends 
that authorship be based on the following 4 criteria:

1	 Substantial contributions to the conception or 
design of the work; or the acquisition, analysis, or 
interpretation of data for the work; AND

2	 Drafting the work or revising it critically for import-
ant intellectual content; AND

3	 Final approval of the version to be published; 
AND

4	 Agreement to be accountable for all aspects of 
the work in ensuring that questions related to the 
accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

In addition to being accountable for the parts of the 
work he/she has done, an author should be able to 
identify which co-authors are responsible for specific 
other parts of the work. In addition, authors should 
have confidence in the integrity of the contributions 
of their co-authors.

All those designated as authors should meet all four 
criteria for authorship, and all who meet the four cri-
teria should be identified as authors. Those who do 
not meet all four criteria should be acknowledged in 
the title page of the manuscript.

Journal of Istanbul Faculty of Medicine requires cor-
responding authors to submit a signed and scanned 
version of the authorship contribution form (avail-
able for download through http://jmed.istanbul.
edu.tr/en/content/manuscript-submission-guide/
manuscript-submission-guide) during the initial 
submission process in order to act appropriately on 
authorship rights and to prevent ghost or honorary 
authorship. If the editorial board suspects a case of 
“gift authorship,” the submission will be rejected 
without further review. As part of the submission of 
the manuscript, the corresponding author should 
also send a short statement declaring that he/she 
accepts to undertake all the responsibility for author-
ship during the submission and review stages of the 
manuscript.

Journal of Istanbul Faculty of Medicine requires and 
encourages the authors and the individuals involved 
in the evaluation process of submitted manuscripts 
to disclose any existing or potential conflicts of inter-
ests, including financial, consultant, and institutional, 
that might lead to potential bias or a conflict of in-
terest. Any financial grants or other support received 
for a submitted study from individuals or institutions 
should be disclosed to the Editorial Board. To dis-
close a potential conflict of interest, the ICMJE Po-
tential Conflict of Interest Disclosure Form should be 
filled in and submitted by all contributing authors. 
Cases of a potential conflict of interest of the editors, 
authors, or reviewers are resolved by the journal’s Ed-
itorial Board within the scope of COPE and ICMJE 
guidelines.

The Editorial Board of the journal handles all ap-
peal and complaint cases within the scope of COPE 
guidelines. In such cases, authors should get in di-
rect contact with the editorial office regarding their 
appeals and complaints. When needed, an ombud-
sperson may be assigned to resolve cases that can-
not be resolved internally. The Editor in Chief is the 
final authority in the decision-making process for all 
appeals and complaints.

Journal of Istanbul Faculty of Medicine requires 
each submission to be accompanied by a Copyright 
Agreement Form (available for download at https://
iupress.istanbul.edu.tr/en/journal/jmed/information/
author-guidelines). When using previously published 
content, including figures, tables, or any other 
material in both print and electronic formats, authors 
must obtain permission from the copyright holder. 
Legal, financial and criminal liabilities in this regard 
belong to the author(s).

Statements or opinions expressed in the manuscripts 
published in Journal of Istanbul Faculty of Medicine 
reflect the views of the author(s) and not the opinions 
of the editors, the editorial board, or the publisher; 
the editors, the editorial board, and the publisher 
disclaim any responsibility or liability for such materi-
als. The final responsibility in regard to the published 
content rests with the authors.
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MANUSCRIPT PREPARATION
 
The manuscripts should be prepared in accordance 
with ICMJE-Recommendations for the Conduct, Re-
porting, Editing, and Publication of Scholarly Work 
in Medical Journals (updated in December 2015 - 
http://www.icmje.org/icmje-recommendations.pdf). 
Authors are required to prepare manuscripts in accor-
dance with the CONSORT guidelines for randomized 
research studies, STROBE guidelines for observa-
tional original research studies, STARD guidelines for 
studies on diagnostic accuracy, PRISMA guidelines for 
systematic reviews and meta-analysis, ARRIVE guide-
lines for experimental animal studies, and TREND 
guidelines for non-randomized public behavior.

Manuscripts can only be submitted through the 
journal’s online manuscript submission and evalua-
tion system, available at http://jmed.istanbul.edu.
tr/en/content/manuscript-submission-guide/manu-
script-submission-guide Manuscripts submitted via 
any other medium will not be evaluated.

Manuscripts submitted to the journal will first go 
through a technical evaluation process where the 
editorial office staff will ensure that the manuscript 
has been prepared and submitted in accordance 
with the journal’s guidelines. Submissions that do not 
conform to the journal’s guidelines will be returned 
to the submitting author with technical correction 
requests.

Authors are required to submit informed consent of 
the patient(s) through the journal’s online manuscript 
submission and evaluation system.

Authors are required to submit the following:

•	 Copyrigt Agreement Form,
•	 Author Form and ICMJE Potential Conflict of In-

terest Disclosure Form (should be filled in by all 
contributing authors) during the initial submission. 
These forms are available for download at http://
jmed.istanbul.edu.tr/en/content/manuscript-sub-
mission-guide/manuscript-submission-guide

Title page: A separate title page should be submitted 
with all submissions and this page should include:

•	 The full title of the manuscript as well as a short 
title (running head) of no more than 50 characters,

•	 Name(s), affiliations, highest academic degree(s) 
and ORCID ID(s) of the author(s),

•	 Grant information and detailed information on 
the other sources of support,

•	 Name, address, telephone (including the mobile 
phone number) and fax numbers, and email ad-
dress of the corresponding author,

•	 Acknowledgment of the individuals who contrib-
uted to the preparation of the manuscript but who 
do not fulfil the authorship criteria.

Abstract: An English and a Turkish abstract should 
be submitted with all submissions except for Letters 
to the Editor. Submitting a Turkish abstract is not 
compulsory for international authors. The abstract of 
Research articles should be structured with subhead-
ings (Objective, Materials and Methods, Results, and 
Conclusion). Abstracts of Case Reports and Reviews 
should be unstructured. Please check Table 1 below 
for word count specifications.

Keywords: Each submission must be accompanied by 
a minimum of three to a maximum of six keywords for 
subject indexing at the end of the abstract. The key-
words should be listed in full without abbreviations. 
The keywords should be selected from the National 
Library of Medicine, Medical Subject Headings data-
base (http://www.nlm.nih.gov/mesh/MBrowser.html).

Manuscript types
Research articles: This is the most important type 
of article since it provides new information based on 
original research. The main text of research articles 
should be structured with Introduction, Material and 
Method, Results, Discussion, and Conclusion sub-
headings. Please check Table 1 for the limitations for 
research articles.

Statistical analysis to support conclusions is usually 
necessary. Statistical analyses must be conducted 
in accordance with international statistical report-
ing standards (Altman DG, Gore SM, Gardner MJ, 
Pocock SJ. Statistical guidelines for contributors to 
medical journals. Br Med J 1983: 7; 1489-93). Infor-
mation on statistical analyses should be provided 
with a separate subheading under the Materials and 
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X

Methods section and the statistical software that was 
used during the process must be specified.
Units should be prepared in accordance with the In-
ternational System of Units (SI).

Editorial comments: Editorial comments aim to 
provide a brief critical commentary by reviewers with 
expertise or with high reputation in the topic of the 
research article published in the journal. Authors are 
selected and invited by the journal to provide such 
comments. Abstract, Keywords, and Tables, Figures, 
Images, and other media are not included.

Invited review articles: Invited reviews prepared by 
authors who have extensive knowledge on a partic-
ular field and whose scientific background has been 
translated into a high volume of publications with 
a high citation potential are welcomed. The invited 
reviews should describe, discuss, and evaluate the 
current level of knowledge of a topic in clinical prac-
tice and should guide future studies. The main text 
should contain Introduction, Clinical and Research 
Consequences, and Conclusion sections. Please 
check Table 1 for the limitations for Invited Review 
Articles.

Case reports: There is limited space for case reports 
in the journal and reports on rare cases or condi-
tions that constitute challenges in diagnosis and 
treatment, those offering new therapies or revealing 
knowledge not included in the literature, and inter-
esting and educative case reports are accepted for 
publication. The text should include Introduction, 
Case Presentation, Discussion, and Conclusion sub-

headings. Please check Table 1 for the limitations for 
Case Reports.

Letters to the editor: This type of manuscript 
discusses important parts, overlooked aspects, or 
lacking parts of a previously published article. Ar-
ticles on subjects within the scope of the journal 
that might attract the readers’ attention, partic-
ularly educative cases, may also be submitted in 
the form of a “Letter to the Editor.” Readers can 
also present their comments on the published 
manuscripts in the form of a “Letter to the Editor.” 
Abstract, Keywords, and Tables, Figures, Images, 
and other media should not be included. The text 
should be unstructured. The manuscript that is be-
ing commented on must be properly cited within 
this manuscript.

Tables
Tables should be included in the main document, 
presented after the reference list, and they should 
be numbered consecutively in the order they are 
referred to within the main text. A descriptive title 
must be placed above the tables. Abbreviations 
used in the tables should be defined below the ta-
bles by footnotes (even if they are defined within 
the main text). Tables should be created using the 
“insert table” command of the word processing 
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ABSTRACT

Objective: Ventriculoperitoneal (VP) shunt and endoscopic third 
ventriculostomy (ETV) are commonly utilized surgical interven-
tions for managing hydrocephalus. This study aimed to analyze 
ETV procedures performed on patients under 17 years of age, 
focusing on demographic factors such as age and gender, etio-
logical considerations, surgical complications, and the necessity 
for VP shunt placement.

Material and Method: A retrospective study was conducted on 
pediatric patients who underwent ETV for hydrocephalus at the 
Department of Neurosurgery, Istanbul Faculty of Medicine, Is-
tanbul University, spanning from January 2015 to June 2022. The 
study encompassed 44 patients aged 17 years or younger, with 
assessments made retrospectively based on clinical and radio-
logical outcomes.

Result: Among the 44 patients subjected to ETV for 
hydrocephalus, 24 were female (54.5%) and 20 were male (45.4%), 
with a mean age of 7.3 years. The most prevalent presenting 
symptom was headache, reported by 11 patients (25%), followed 
by increased head circumference in 10 patients (22.7%). The 
primary etiology of hydrocephalus was intracranial tumors (34%). 
In five patients (11.3%), ETV was performed to address shunt 
malfunction following a prior VP shunt procedure. Regression 
of hydrocephalus occurred in 30 patients (68.1%), while 14 
patients (31.8%) necessitated a subsequent VP shunt placement. 
Postoperative wound complications were documented in five 
patients (11.3%). 

ÖZET

Amaç: Hidrosefali ameliyatlarında ventrikülo-peritoneal (V/P) 
şant ve endoskopik üçüncü ventrikülostomi (EÜV) sıklıkla tercih 
edilen cerrahilerdir. Çalışmamızda 17 yaş altında EÜV yapılan 
hastaların yaş ve cinsiyete göre dağılımlarını, cerrahi komplikas-
yonlarını ve V/P şant ihtiyaçlarının incelenmesi amaçlanmıştır. 

Gereç ve Yöntem: Ocak 2015-Haziran 2022 tarihleri arasında İs-
tanbul Üniversitesi İstanbul Tıp Fakültesi, Beyin ve Sinir Cerrahisi 
Anabilim Dalı’nda 17 yaş altında EÜV ameliyatı yapılan 44 hasta 
çalışmaya dahil edilmiştir. Hastaların klinik ve radyolojik sonuçları 
retrospektif olarak değerlendirilmiştir. 

Bulgular: Endoskopik üçüncü ventrikülostomi yapılan hasta-
ların 24’ü kadın (%54,5), 20’si erkekti (%45,4). Hastaların ortalama 
yaşları 7,3 idi. En sık hastaneye başvuru şikâyetleri 11 hastada 
saptanan (%25) baş ağrısı ve 10 hastada saptanan(%22,7) baş 
çevresinde artıştı. İncelenen hastalar arasında hidrosefalinin en 
yaygın nedeni intrakraniyal tümördü (%34). Daha önce V/P şant 
operasyonu yapılan ve takiplerinde şant disfonksiyonu gelişen 
beş (%11,3) hastaya EÜV yapıldı. EÜV yapılmış 44 hastanın 
30’unda (%68,1) hidrosefalinin gerilediği görülürken, 14 hasta 
(%31,8) ikinci kez opere edilerek V/P şant takıldı. EÜV sonrası 
ikinci kez opere edilerek V/P şant takılan 14 hastanın 7’sine (%50) 
ilk ayda, 4’üne (%28,5) ise EÜV sonrası 1-3 aylık süreçte V/P şant 
takıldı. EÜV yapılan hastaların beşinde (%11,3) postoperatif yara 
yeri problemi geliştiği görüldü.

Sonuç: Geleneksel şant cerrahisine kıyasla EÜV komplikasyon 
riskinin daha düşük olması ve operasyon sonrası yaşam kalitesini 
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INTRODUCTION

Pediatric hydrocephalus can arise from various causes 
such as congenital defects, infections, tumors, or brain 
injuries. If left untreated, hydrocephalus can lead to de-
velopmental delays, impaired cognitive function, and 
potentially fatal outcomes (1). Therefore, it is essential to 
promptly diagnose and manage this condition to prevent 
long-term complications (2-4). Endoscopic third ventricu-
lostomy (ETV) is a minimally invasive surgical technique 
wherein an endoscope is allowed to visualize the third 
ventricle and create an opening in its floor, facilitating the 
unrestricted flow of cerebrospinal fluid (CSF) and bypass-
ing any obstructions (5). ETV is increasingly favored over 
traditional ventriculoperitoneal (VP) shunt procedures 
due to its lower risk profile. While shunts have historically 
been utilized, they pose risks of complications such as 
infections, disconnections, and malfunctions (6). In con-
trast, ETV is a one-time intervention that does not involve 
the insertion of foreign materials into the body (7). In this 
study, we present a series of pediatric hydrocephalus cas-
es treated with ETV at a single center.

MATERIALS and METHODS

Patient population
We conducted a retrospective analysis involving pediat-
ric patients who received treatment with ETV for hydro-
cephalus at the Department of Neurosurgery, Istanbul 
Faculty of Medicine, Istanbul University, spanning from 
January 2015 to June 2022. A study comprised a total 
of 44 patients aged 17 years or younger. Data for the 
analysis were sourced from hospital records, encompass-
ing details such as age, gender, family medical history, 
presenting symptoms, neurological examination results, 
preoperative and postoperative radiological findings, 
postoperative complications, and follow-up outcomes. 
Patients who underwent ETV and those lacking adequate 
follow-up at our institution were excluded from the study. 
Approval for this research was obtained from the ethics 
committee of İstanbul University, İstanbul Faculty of Med-
icine (Date: 11.05.2023, No: 1755581), ensuring the confi-
dentiality of patient identities.

Surgical technique
The ETV procedure is conducted under general anes-
thesia on a patient positioned supine, without requiring 

head fixation. The procedure commences with plan-
ning a U-shaped incision centered at Kocher’s point, 
located 3 cm laterally from the midline and 1–2 cm an-
terior to the coronal suture. Sterile precautions are ob-
served during preparation and draping of the surgical 
site. A burr hole is then created slightly lateral to the 
designated Kocher’s point, with the careful removal of 
the medial part of the burr hole in a semicircular man-
ner to access to an ultrasound-guided working chan-
nel. Intraoperative ultrasound is utilized to visualize the 
lateral ventricles, third ventricle, and third ventricular 
floor. A trajectory starting from the foramen of Monro 
and extending toward the third ventricular floor is cho-
sen. The puncture adapter is connected to the working 
channel and adjusted accordingly. Visualization of the 
ventricular entry is confirmed, often accompanied by 
a distinct popping sensation (8). Identification of the 
foramen of Monro is facilitated by the convergence of 
the thalamostriate vein, anterior septal vein, caudate 
vein, and choroid plexuses. Once the endoscope is 
advanced through the foramen of Monro, the third 
ventricular floor is punctured at a site between the in-
fundibular recess and mammillary bodies, where the 
floor is the thinnest. Care is taken to identify and avoid 
the basilar artery to prevent bleeding and injury. Blunt 
penetration of the third ventricular floor is achieved 
using a monopolar coagulator tip to minimize vascular 
risk. Subsequently, a specialized NeuroBalloon cathe-
ter with two balloon compartments or a Fogarty two-
French balloon catheter is inserted through the initial 
fenestration. The balloon is gradually inflated within 
the fenestration to enlarge the opening, then deflated 
and withdrawn. Finally, the fenestration allows visual-
ization of structures in the prepontine cistern (Figure 
1) (9).

Postoperative criteria for determining success
Clinical success is defined as the resolution of preop-
erative signs indicating elevated intracranial pressure, 
including improved levels of consciousness, relief from 
headaches, stabilization or reduction in head circumfer-
ence, and cessation of seizures.

Radiological success is determined by observing either a 
decrease or stabilization in ventricular size during follow-up 
evaluations, as assessed by the Evans ratio index (9).

Conclusion: ETV offers distinct advantages over traditional 
shunt surgery, including reduced complication risks and en-
hanced quality of life. Although the success of ETV in children 
can be affected by various factors, the procedure was demon-
strated as safe and effective in many pediatric patients.
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arttırması gibi birçok avantaj sunar. Çocuklarda ETV'nin başarısı 
çeşitli faktörlerden etkilenebilmesine rağmen  prosedürün bir-
çok pediatrik hastada güvenli ve etkili olduğu gösterilmiştir.
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Figure 1: Intraoperative images during ETV
(A) Visualization of the right foramen of Monro (indicated by dashed arrow) featuring the thalamostriate vein (arrow), 
septal vein (double arrow), and choroid plexus (arrowhead).
(B) Observation of the floor of the third ventricle displaying the intermammillary membrane (double arrow), bilateral 
mammillary bodies (arrowheads), and anterior infundibular recess (arrow).
(C) Puncture of the floor of the third ventricle using a Fogarty balloon catheter (arrow).
(D, E) Image showing the inflated Fogarty balloon catheter (arrow).
(F) Final depiction of the third ventriculostomy with the prepontine cistern, alongside the basilar artery (arrow)
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RESULTS

Among the cohort of 44 patients, 24 (54.5%) were female 
and 20 (45.4%) were male, with a mean age of 7.3 years. 
Males had a mean age of eight years, while females had 
a mean age of 6.8 years. The average duration of oper-
ations was 64 min, and patients were followed up for an 
average of 12 months (Table 1). The most frequently re-
ported symptoms included headache (11 patients, 25%), 
increased head circumference (10 patients, 22.7%), nau-
sea and vomiting (nine patients, 20.4%), dizziness (five 
patients, 11.3%), and seizures (four patients, 9%), and 
somnolence (four patients, 9%).

The study identified that 15 patients (34% of the total) de-
veloped hydrocephalus due to intracranial tumors, with 
11 tumors situated infratentorially and four supratentori-
ally. Biopsy via ETV was performed in two patients. Addi-
tionally, five patients (11.3%) had hydrocephalus associat-
ed with myelomeningocele, three (6.8%) had meningitis, 
and three (6.8%) had arachnoid cysts. Moreover, five pa-
tients (11.3% of the total) had a history of premature birth 
and germinal matrix bleeding (Table 1).

Among the 44 patients who underwent ETV, 30 (68.1%) 
experienced regression of clinical symptoms. In 11 of 
these patients, no radiological changes in ventricular size 
were observed, despite symptomatic improvement. The 
overall success rate of ETV in our study was 68.1%.

However, 14 patients (31.8%) still had persistent hydro-
cephalus after ETV and required VP shunt insertion. 
Among these, seven (50%) had the shunt inserted with-
in the first month after ETV, while four (28.5%) had it in-
serted within 1–3 months post-ETV. Furthermore, five 
patients (11.3%) who underwent ETV for hydrocephalus 
had previously undergone VP shunt placement and re-
quired ETV due to shunt dysfunction. Additionally, five 
patients (11.3%) experienced postoperative wound com-
plications.

DISCUSSION

Numerous studies have established that ETV is an 
effective and safe treatment option for pediatric 
hydrocephalus (10). The success rate of ETV in children 
varies from 58% to 90%, depending on factors such as the 
underlying cause of hydrocephalus, the child’s age, and 
the surgical technique employed (10-13). Moreover, ETV 
has been linked to a lower incidence of complications 
and a shorter hospital stay compared to traditional shunt 
surgery (14). However, ETV may not always be suitable 
for every pediatric patient with hydrocephalus, and 
careful patient selection and preoperative planning are 
essential for optimal outcomes. Overall, ETV can serve as 
a valuable treatment choice for pediatric hydrocephalus, 
but the decision to proceed with this surgery should be 

based on individual patient consideration (15). In our 
study, the overall success rate of ETV, encompassing both 
radiological and clinical outcomes, was 68.1%. In 11 out of 
30 patients, there were no radiological changes observed 
in ventricular size; nonetheless, clinically, the patients 
experienced symptom improvement. Emphasizing 
clinical correlation over radiological findings is prioritized 
in determining successful outcomes. While imaging can 
provide valuable insights into the patient’s condition, 
solely relying on it may be insufficient (15).

ETV offers several advantages over traditional VP shunt 
surgery, including a decreased risk of infection, a reduced 
need for revision surgery, and an enhanced quality of life 
(16). Notably, one of the primary benefits of ETV in chil-
dren is its capacity to circumvent the potential complica-
tions associated with long-term shunt dependency. Shunts 
can malfunction, become infected, or obstruct, neces-
sitating additional surgeries for replacement or revision 
(17). In contrast, ETV establishes a new pathway for CSF 

Table 1: Patient demographics

Age

Number of patients 44

Average age 7.36 (min 1-max 17)

Gender n (%)

Male 20 (45)

Female 24 (55)

Presenting  
complaints 

n (%)

Headache 11 (25)

Head circumference 
growth

10 (22.7)

Nausea–vomiting 9 (20.4)

Dizziness 5 (11.3)

Seizure 4 (9)

Somnolence 4 (9)

Incidental 3 (6.8)

Cause of  
hydrocephalus

Total  
n (%)

Success rate 
n (%)

Intracranial tumor 15 (34) 12 (80)

    Infratentorial 11 (25) 9 (81.8)

    Supratentorial 4 (9) 3 (75)

Myelomeningocele 5 (11.3) 2 (40)

Germinal matrix 
bleeding 

5 (11.3) 3 (60)

Meningitis 3 (6.8) 1 (33.3)

Arachnoid cyst 3 (6.8) 2 (66.6)
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circulation, eliminating the requirement for an implanted 
device (18). This can significantly mitigate the risk of com-
plications linked to shunt surgery and enhance overall out-
comes for children with hydrocephalus (19). Generally, the 
procedure is well-tolerated in pediatric patients, with few 
serious complications reported. Among the individuals in 
our study, five (11.3%) who underwent ETV for hydroceph-
alus had previously undergone VP shunt placement. Sub-
sequently, there was no indication of shunt dependency 
among these patients during the follow-up period.

Shunt dependency can arise after ETV if the procedure 
fails to provide sustained alleviation of hydrocephalus 
symptoms (20). Several factors may increase the likelihood 
of shunt dependency following ETV, including younger 
age and the presence of concurrent comorbidities like 
spina bifida or aqueductal stenosis (21). The effectiveness 
of ETV may also be influenced by the underlying cause of 
hydrocephalus, with superior outcomes documented in 
cases of obstructive pathologies such as aqueductal ste-
nosis compared to other etiologies (22). While the risk of 
shunt dependency following ETV exists, it is important to 
underscore that ETV can still serve as an effective treat-
ment option for many hydrocephalus patients. Despite the 
potential for shunt dependency post-ETV, patients should 
not be discouraged from considering ETV as a viable 
treatment option (23). Our analysis revealed that patients 
undergoing surgery for intracranial tumors achieved a suc-
cess rate of 80%, surpassing that of other pathologies.

Similar to any medical procedure, ETV carries potential 
risks and complications. Despite being deemed mini-
mally invasive, complications of ETV can range from 
minor to life-threatening (24). Common complications 
include CSF leakage, bleeding, infection, and postop-
erative headache. CSF leakage, occurring in approx-
imately 5%–10% of ETV cases, is a relatively frequent 
complication (24-26). Conservative measures like bed 
rest and antibiotics are typically employed to manage 
this complication, although surgical repair may be war-
ranted in some instances (27). While bleeding is rare, 
infection rates range from 0.5% to 4% (28). Postopera-
tive headache, though common, usually resolves with-
in a few days. More severe complications, such as the 
development of a subdural hematoma, are extreme-
ly rare, occurring in less than 1% of cases (29). None-
theless, they can lead to significant consequences like 
permanent brain damage or death. Despite these po-
tential risks and complications, ETV remains a valuable 
treatment option for many hydrocephalus patients (30). 
In our study, postoperative wound problems were ob-
served in five out of 44 patients (11.3%).

CONCLUSION

In summary, ETV stands as a beneficial treatment choice 
for pediatric hydrocephalus. It presents numerous advan-

tages over traditional shunt surgery, notably a reduced 
risk of complications and enhanced quality of life. Al-
though the success of ETV in children may be impacted 
by various factors, it has demonstrated safety and effica-
cy in a substantial proportion of pediatric cases.
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SAYISI ARASINDAKİ İLİŞKİ
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ABSTRACT

Objective: Skin cancers are the most common malignant cancers. 
For the surgical treatment of skin cancer, there are cases where ax-
illary dissection should be performed, and secondary lymphedema 
after axillary dissection is not uncommon. The study examined the 
number of lymph nodes removed in the dissection materials to eval-
uate the factors that may predict the development of lymphedema.

Material and Method: Our study included patients who under-
went axillary lymph node dissection for malignant skin tumors orig-
inating from the upper extremities between 2019 and 2022. Age, 
gender, type of primary malignancy, localization of the lesion, total 
number of lymph nodes removed in the dissection material, num-
ber of metastatic lymph nodes detected in the dissection material, 
history of SLNB, and the difference in measurements between the 
operated and non-operated extremity were recorded preopera-
tively and at the first year postoperatively.

Result: In our study, there was a statistically significant positive 
correlation between the total number of lymph nodes removed 
and the diameter difference between the dissected and non-dis-
sected arms. At the same time, there was a statistically signif-
icant positive correlation between the number of metastatic 
lymph nodes and the diameter difference between the dissect-
ed limb and the metacarpophalangeal joints of the other limb.

Conclusion: Lymphedema is a complication that is difficult to 
treat and whose prognosis can be alleviated if detected early. By 
evaluating the number of excised and metastatic lymph nodes 

ÖZET

Amaç: Deri kanserleri en sık görülen malign kanserlerdendir. Cilt 
kanserinin cerrahi tedavisi için aksiller diseksiyon yapılması gere-
ken durumlar mevcuttur ve aksiller diseksiyon sonrası sekonder 
lenfödem nadir değildir. Çalışmada, lenfödem gelişimini öngö-
rebilecek faktörleri değerlendirmek için diseksiyon materyalle-
rinde çıkarılan lenf nodu sayısı incelenmiştir.

Gereç ve Yöntem: Çalışmamıza 2019-2022 yılları arasında üst 
ekstremite kaynaklı malign deri tümörü nedeniyle aksiller lenf 
nodu diseksiyonu yapılan hastalar dahil edildi. Yaş, cinsiyet, pri-
mer malignite tipi, lezyonun lokalizasyonu, diseksiyon materya-
linde çıkarılan toplam lenf nodu sayısı, diseksiyon materyalinde 
saptanan metastatik lenf nodu sayısı, SLNB öyküsü, opere edilen 
ve edilmeyen ekstremite arasındaki ölçüm farkı preoperatif ve 
postoperatif birinci yılda kaydedildi.

Bulgular: Çalışmamızda, çıkarılan toplam lenf nodu sayısı ile 
diseke edilen ve edilmeyen kol arasındaki çap farkı arasında 
istatistiksel olarak anlamlı pozitif korelasyon bulunurken, meta-
statik lenf nodu sayısı ile diseke edilen uzuv ile diğer uzvun me-
takarpofalangeal eklemleri arasındaki çap farkı arasında istatis-
tiksel olarak anlamlı pozitif korelasyon bulunmuştur.

Sonuç: Lenfödem, tedavisi zor olan ve erken teşhis edildiğin-
de prognozu hafifletilebilen bir komplikasyondur. Diseksiyon 
materyallerinde eksize edilen lenf nodu sayısı ve metastatik 
lenf nodu sayısı değerlendirilerek lenfödem gelişebilecek has-
talarda erken önlem almak, hastaları eğitmek, bireysel tedavi 
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INTRODUCTION

Skin cancer is the most common type of malignancy in 
the world, and its incidence is significantly increasing 
(1). Skin cancer types are classified as melanoma and 
nonmelanoma skin cancers (NMSC). Basal and squa-
mous cell carcinoma are the main forms of NMCS (2). 
The etiologic factors for skin tumors are multifactorial; 
thereby, the mechanistic pathways differ. Nevertheless, 
significant factors include UV radiation, leading to ge-
netic mutation (3). 

Treatment modalities vary by the type of skin tumors, and 
they can be treated by surgery, chemotherapy, or radio-
therapy. The gold standard for the management of skin 
cancer is surgical excision with histopathological control 
of excision margins (3). 

Sentinel lymph node biopsy (SLNB) and regional lymph 
node dissection are complementary treatment modali-
ties for managing SCCs and melanomas. SCC of the skin 
has low incidence rates of nodal metastasis. Therefore, 
regional lymphadenectomy is generally not recommend-
ed in clinically node-negative patients (4). In the case of 
lymph node involvement by SCC, regional lymph node 
dissection should be preferred. Patients who have mel-
anomas should be investigated for the stage of the dis-
ease. When the disease is in its early period, wide surgi-
cal excision and the evaluation of the lymph nodes are 
the essential steps for managing the disease. Patients 
with clinically node-negative stage I or II melanoma that 
is 0.8 mm in thickness and located on the trunk or ex-
tremities should be allowed to discuss SLNB to provide 
staging and prognostic information (5). In the case of SLN 
positivity, completion lymph node dissection (CLND) is 
performed (6). Axillary, cervical, or inguinal completion 
lymph node dissection is performed after SLN positivity 
detection or clinically node-positive situations for meta-
static skin tumors. CLND for the skin tumor is a curative 
process that aims to remove all lymph nodes and meta-
static disease in a lymphatic basin. CLND helps to elimi-
nate regional lymph node recurrences and the associat-
ed morbidity (7).

Lymphedema is a severe complication for the patient 
who is already trying to cope with the diagnosis of cancer. 
Physiologically and psychologically, disturbances will ap-

pear during the management of the lymphedema. After 
all, chronic lymphedema may lead to recurrent infection 
and even the development of lymphangiosarcoma (8). 
Postoperative lymphedema following axillary dissection 
has been studied in depth for breast cancer patients. 
Hence, while describing the risk factors for lymphedema 
after axillary dissection, breast cancer-related lymphede-
ma studies must be investigated. Even though the oper-
ative techniques are different, the risk factors will be sim-
ilar. Age, BMI, radiotherapy, sex, race, stage, diabetes, 
chemotherapy, and number of nodes removed are some 
of the main risk factors for lymphedema development af-
ter axillary dissection due to breast cancer (9). 

In this study, we aim to evaluate the risk factors for the 
development of lymphedema in patients who under-
went axillary lymph node dissection (ALND) due to up-
per extremity skin tumors. In addition, the study aims to 
evaluate the association between the number of nodes 
removed during dissection and postoperative lymphede-
ma development. This study retrospectively examines 
pathology records in patients with ALND, and during fol-
low-ups, our team evaluates lymphedema development 
by measuring arm circumferences.

MATERIALS and METHODS

In this study, patients who underwent axillary lymph node 
dissection (ALND) for malignant skin tumors originating 
from the upper extremities between 2019 and 2022 in the 
Plastic, Reconstructive, and Aesthetic Surgery Depart-
ment were included. The study included patients who 
underwent ALND for cutaneous malignant tumors orig-
inating from the upper extremities in our clinic, who were 
followed up at the physical therapy and rehabilitation 
center for the prevention of lymphedema in the postop-
erative period, and in whom we measured the circumfer-
ence of the relevant upper extremity in the first postoper-
ative year. Exclusion criteria included having undergone 
ALND in a center other than our clinic, being under 18 
years of age, having a history of preoperative trauma or 
infection in the relevant upper extremity, not attending 
postoperative follow-up for various reasons (comorbidity, 
death due to existing disease, etc.), and having under-
gone ALND for cutaneous malignant tumors located in 
regions other than the upper extremities (thorax, perium-
bilical region, etc.).

in the dissection materials, it may be possible to take early pre-
cautions, educate patients, develop individual treatment mo-
dalities, and avoid unwanted complications in patients who may 
develop lymphedema.  

Keywords: Axillary lymph node dissection, melanoma, 
secondary lymphedema, non-melanoma skin cancer

modaliteleri geliştirmek ve istenmeyen komplikasyonlardan ka-
çınmak mümkün olabilir.

Anahtar Kelimeler: Aksiller lenf nodu diseksiyonu, melanom, 
sekonder lenfödem, melanom dışı cilt kanseri

https://orcid.org/0000-0003-0699-1602
https://orcid.org/0000-0003-1192-9520
https://orcid.org/0000-0001-9280-955X
https://orcid.org/0000-0001-8063-9995
https://orcid.org/0000-0002-3255-0184


110

Lymphedema and number of removed lymph nodes relationship
İstanbul Tıp Fakültesi Dergisi • J Ist Faculty Med J Ist Faculty Med 2024;87(2):108-112

Patient’s age, gender, type of primary malignancy, prima-
ry location of the lesion, total number of removed lymph 
nodes in the dissection material, number of positive 
lymph nodes detected in the dissection material, history 
of SLNB, and the difference in measurements between 
the operated and non-operated extremities in centime-
ters were recorded preoperatively and at the first year 
postoperatively. Circumferences of the bilateral arms (15 
cm proximal to the elbow), forearms (10 cm distal to the 
elbow), wrists, and metacarpophalangeal (MCP) joints 
level were measured in centimeters two weeks before the 
operation and recorded on a chart. After the operation, 
a compression garment was applied to the relevant ex-
tremity on the first postoperative day, and rehabilitation 
was performed to prevent lymphedema. Circumferences 
were measured in centimeters at the bilateral arms (15 
cm proximal to the elbow), forearms (10 cm distal to the 
elbow), wrists, and MCP joints level and recorded on the 
chart at the first postoperative year. Patients were in-
structed to refrain from activity before measurement. No 
patient received radiotherapy after the study. 

Axillary lymph node dissection surgery involved removal 
of level 1-2-3 lymph nodes in the axillary region, while the 
long thoracic and thoracodorsal nerves were preserved. 
The total number of lymph nodes removed during the 
operation and the number of positive lymph nodes were 
recorded by reviewing the previous medical pathology 
report records.

The normality assumption of continuous variables was 
tested by the Shapiro-Wilk test. Categorical variables 
were presented as frequency (%), and continuous vari-
ables were presented as mean±SD, median, and range. 
Comparisons between two groups in continuous vari-
ables were performed with the Mann-Whitney U test. 
The Spearman correlation test analyzed the level of cor-
relation between two continuous variables. Statistical cal-
culations were performed with SPSS software version 25 
(IBM Corp., Armonk, NY, USA). Results were evaluated at 
a 95% confidence interval, and significance was evaluat-
ed at p<0.05.

The study protocol was approved by the Medical Ethics 
Committee of Istanbul University (Date: 17.03.2023 No: 
06). All data was anonymized, and the informed consent 
for every patient was recorded.

RESULTS

This study included 16 patients who underwent axillary 
lymph node dissection (ALND) for malignant skin tumors 
originating from upper extremities between 2019 and 
2022 in our Plastic, Reconstructive, and Aesthetic Surgery 
department. Considering the exclusion criteria and the 
survival rate following melanoma disease, the number 
of patients included in the study was reduced to eight. 

The study included eight patients with skin tumors, five 
males and three females, with a mean age of 63.1±6.9 
(Range: 52-73) years. The lesion was localized in the hand 
in three, forearm in two, arm in two, and axilla in one of 
the patients. Sentinel lymph node biopsy was performed 
in four patients, and axillary lymph node dissection was 
performed in all patients (100%). In axillary lymph node 
dissection, a mean of 23.4±6 (Range: 14-35) lymph nodes 
were removed, and carcinoma metastasis was detected 
in five patients. Lymphedema was observed in four pa-
tients during clinical follow-up, with a mean difference of 
1.38±1.30 cm (4.4%) between the dissected and the oth-
er extremity (Table 1). The circumference measurement 
results of the patients are presented in detail in Table 2. 

There was a statistically significant positive correlation 
between the number of lymph nodes removed and the 
diameter difference between the dissected and non-dis-
sected arm (r=0.734; p=0.038), while there was a statisti-
cally significant positive correlation between the number 
of metastatic lymph nodes and the diameter difference 
between the dissected extremity and the MCP joints of 
the other extremity (r=0.889; p=0.044) (Table 3). 

Table 1: Patients’ demographic characteristics

Variables (n=8) n (%)

Age, mean (SD) 63.1 (6.9)

Gender

Male 5 (62.5)

Female 3 (37.5)

Localization of the lesion

Hand 3 (37.5)

Forearm 2 (25)

Arm 2 (25)

Axillary region 1 (12.5)

SLNB prior to ALND

Yes 4 (50)

No 4 (50)

Total number of removed lymph nodes,  
mean (SD)

23.4 (6.0)

Pathological lymph nodes

Negative 3 (37.5)

Positive 5 (62.5)

Lymphedema

Yes 4 (50)

No 4 (50)

SLNB: Sentinel lymph node biopsy, ALND: Axillary lymph node 
dissection, SD: Standard deviation
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In patients who underwent SLNB prior to ALND, no sig-
nificant changes were found in postoperative follow-up 
circumferential measurements at the arm (p=0.549), fore-
arm (p=0.343), wrist (p=0.405) and MCP joint (p=1.000) 
level.

DISCUSSION

Skin tumors are common malignancies that require close 
follow-up after treatment. Our study evaluated the de-
velopment of lymphedema after axillary dissection, one 
of the treatment modalities for skin tumors. In our pa-
tient group, a significant positive correlation was found 
between the diameter difference at the arm level of the 
extremity in which axillary dissection was performed for 
cutaneous malignant tumor in the upper extremity and 
the other extremity, as well as the total number of lymph 
nodes removed in the dissection material. There was also 
a statistically significant positive correlation between the 
number of metastatic lymph nodes found in the dissec-
tion material and the diameter difference between the 
MCP joints of the dissected extremity and the other ex-
tremity.

Depending on the subtype of skin tumor and the pa-
tient’s clinical findings, there may be cases where SLNB 
should be performed before ALND. In the study group, 
some patients underwent SLNB before ALND; there was 
no significant difference between the circumferential 

measurements of the relevant extremity in these patients 
compared to patients who did not undergo SLNB, and 
the history of SLNB before dissection did not affect the 
outcome.

While the number of patients included in our study was 
16 in the first phase, the number of patients followed up 
in the first postoperative year decreased to eight due 
to the effect of the survival of patients with melanoma, 
an aggressive skin tumor, and the death of patients due 
to additional comorbidities, etc. These factors led to a 
limited number of patients being analyzed. All patients 
were followed up in physical therapy centers to prevent 
lymphedema in the postoperative period, and appropri-
ate compression garments were applied. Despite close 
physical therapy follow-up, a difference in diameter be-
tween the extremities with and without dissection was 
observed.

In the literature, there are studies evaluating lymphedema 
developing in patients who underwent axillary dissection 
for breast cancer. In these studies, when the risks for the 
development of lymphedema were examined, it was ob-
served that the number of resected lymph nodes and the 
number of pathological lymph nodes were risk-increas-
ing factors (10, 11). In a study conducted for melanoma 
treatment, it was observed that the total number of resect-
ed lymph nodes and the number of pathological lymph 
nodes were not associated with an increased prevalence 
of lymphedema. The same study observed that the history 
of SLNB was not a risk-increasing factor in the develop-
ment of lymphedema (8). Our study observed that a histo-
ry of SLNB did not increase the risk of lymphedema after 
ALND. However, the correlation between the total number 
of lymph nodes removed, the number of metastatic lymph 
nodes, and limb diameter differences resulted in different 
results from the aforementioned study.

Lymphedema is a severe complication after ALND and 
can be difficult to treat. While cellulitis caused by lymph-
edema is the main complication, there is a spectrum of 
complications extending to lymphangiosarcoma, and 
physiological and psychological disorders are also fre-
quently observed in these patients (12). It is important to 
take precautions to reduce the development of lymph-
edema in the early postoperative period. For this pur-
pose, necessary lymphedema training can be tailored 
individually and by cancer treatment (13). In our study, we 
focused on the factors we can evaluate in the early period 
regarding lymphedema development. The pathology re-
port document examined in our outpatient clinic during 
the postoperative follow-up period was aimed at predict-
ing the development of lymphedema and taking nec-
essary measures to reduce the development of lymph-
edema by considering the total number of lymph nodes 
removed in the dissection material and the number of 

Table 2: Circumferential difference between operated 
and non-operated extremities and joints

Circumference  
measurements

Mean (SD) Median Min.-Max.

Arms (cm) 1.38 (1.30) 1 0-4

Forearms (cm) 0.75 (0.707) 1 0-2

Wrists (cm) 0.50 (0.756) 0 0-2

MCP joints (cm) 0.50 (0.535) 0.5 0-1

SD: Standard deviation, MCP: Metacarpophalangeal

Table 3: The relationship between the measurements 
and total number of removed lymph nodes and total 
number of metastatic lymph nodes

TNRLN TNMLN

Variables r p-value r p-value

Arms (cm) 0.734 0.038* -0.433 0.467

Forearms (cm) 0.494 0.213 -0.148 0.812

Wrists (cm) 0.070 0.868 0.344 0.571

MCP joints (cm) -0.112 0.792 0.889 0.044*

*p<0.05, r: Spearman correlation test, TNRLN: Total number of re-
moved lymph nodes, TNMLN: Total number of metastatic lymph 
nodes, MCP: Metacarpophalangeal
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metastatic lymph nodes. There are limitations within the 
scope of our study. First of all, the small number of cas-
es constituted a limitation in our study. In addition, limb 
diameter measurements were used to evaluate the de-
velopment of lymphedema in the patients, and volume 
change measurement was not applied, but the study by 
Taylor et al. showed that limb diameter measurements 
appropriate to anatomical points have high reliability 
(14). In addition, evaluating the quality of life of the pa-
tients could have helped us to better consider the clinical 
lymphedema complaints of the patients.

CONCLUSION

According to the results obtained from our data, there 
is a correlation between the total number of removed 
lymph nodes and metastatic lymph nodes and limb di-
ameter differences. It may be beneficial to determine 
cut-off values for the total number of removed lymph 
nodes and the number of metastatic lymph nodes and 
to predict the development of lymphedema in a larger 
case series. Thus, it may be possible to predict the devel-
opment of lymphedema, evaluate the results, establish 
appropriate communication with patients, and detail a 
personalized treatment.
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ABSTRACT

Objective: The purpose of our study was to determine joint line 
(JL), posterior condylar offset ratio (PCOR), and patellar height 
alterations following revision total knee arthroplasty (RTKA) and 
evaluate the functional results according to the critical limits de-
fined in the literature.

Material and Method: Fifty-one patients with a minimum of 
two years of follow-up were retrospectively reviewed. Demo-
graphic data and operative reports were evaluated. Joint line 
change was measured according to the method of Figgie. Pa-
tellar height was measured using the Insall–Salvati Index and 
the Blackburn–Peel Index. The effect of JL, patellar height alter-
ation, and PCOR on functional outcomes was analyzed using the 
Knee Society Score (KSS), knee range of motion (ROM), SF-12, 
and visual analog scale score as functional results.
Result: Patients whose joint lines were not reconstructed had a 
lower KSS than those whose JLs were restored in accordance with 
the crucial limit of 5 mm. The other functional results were similar. 
Functional outcomes were similar between patients with PCORs 
under 0.44 and those with PCORs higher than 0.44. There was also 
no significant difference in functional results for the group of pa-
tients whose PCOR was lower than 0.5 and those whose PCOR 
was higher than 0.5. The patients with patella baja had significant-
ly lower knee ROMs, KSS, and SF-12 PCS scores than those with-
out patella baja (p:0.012,p:0.03, and p:0.01, respectively).

Conclusion: In this study, joint line change >5 mm and patella 
baja negatively affected clinical outcomes after RTKA.  

Keywords: Revision knee arthroplasty, joint line, prognostic fac-
tors, functional results, patella baja 

ÖZET

Amaç: Çalışmamızın amacı revizyon total diz artroplastisi (RTKA) 
sonrası eklem hattı (JL), posterior kondiler ofset oranı (PCOR) 
ve patellar yükseklik değişikliklerini belirlemek ve fonksiyonel 
sonuçlara etkisini literatürde tanımlanan kritik sınırlara göre de-
ğerlendirmektir.

Gereç ve Yöntem: Takip süresi en az iki yıl olan 51 hasta retros-
pektif olarak incelendi. Demografik veriler ve ameliyat raporları 
değerlendirildi. JL değişimi Figgie'nin yöntemine göre ölçüldü. 
Patellar yükseklik hem Insall-Salvati İndeksi hem de Blackburn-Pe-
el İndeksi kullanılarak ölçüldü. JL, patellar yükseklik değişikliği ve 
PCOR'un fonksiyonel sonuçlar üzerindeki etkisi, fonksiyonel so-
nuçlar olarak Knee Society Score (KSS), diz hareket açıklığı (ROM), 
SF-12 ve visüel analog skala skoru kullanılarak analiz edildi.

Bulgular: JL'si kritik sınır olan 5 mm'ye göre yeniden yapılan 
hastaların KSS'larının, eklem seviyesi rekonstrükte edilemeyen 
hastalara göre anlamlı derecede yüksek olduğu belirlendi. Diğer 
fonksiyonel sonuçlar benzerdi. PCOR'u 0,44'ün altında olan 
hasta grubu ile PCOR'u 0,44'ün üzerinde olan hasta grubunun 
fonksiyonel sonuçlar benzerdi. Hem PCOR'u 0,5'in altında olan 
hasta grubu hem de PCOR'u 0,5'in üzerinde olan hasta grubu 
arasında fonksiyonel sonuçlarda da anlamlı fark yoktu. Patella 
baja'lı hastaların diz ROM'ları, KSS ve SF-12 PCS skorları patel-
la baja'sız hastalara göre anlamlı derecede düşüktü (sırasıyla 
p:0,012, p:0,03 ve p:0,01).

Sonuç: Bu çalışmada RTKA sonrası >5 mm eklem seviyesi deği-
şikliği ve patella baja gelişmesinin fonksiyonel sonuçlara olum-
suz etkisi bulunduğu tespit edilmiştir.

Anahtar Kelimeler: Revizyon total diz protezi, eklem seviyesi, 
prognostik faktörler, fonksiyonel sonuçlar, patella baja
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INTRODUCTION

Restoration of the native joint line (JL) is one of the key 
points in achieving natural knee biomechanics and suc-
cessful functional results in total knee arthroplasty (TKA) 
(1, 2). Balancing the collateral ligaments and joint isom-
etry is associated with good outcomes in revision to-
tal knee arthroplasty (RTKA) (3-6). Joint line alteration 
may result in increased component wear, lower survival 
rates, increased patellofemoral contact forces, patellar 
malalignment, decreased range of motion, and mid-flex-
ion instability (7-9). 

There are different landmarks to determine the native JL 
in RTKA. Comparing preoperative and postoperative dis-
tances according to prominent anatomical structures is 
one of the most known methods. However, when the sur-
geon has no pre-TKA X-ray of the affected knee and the 
patient has bone defects distorting the bony anatomy, it 
becomes hard to estimate the native JL during surgery, 
so JL changes may occur.

There needs to be a consensus about the critical limit of 
JL changes in primary TKA and RTKA. Figgie et al., and 
Partington et al. showed that a JL change of more than 
8 mm was associated with inferior clinical results (8, 10). 
However, Hoffman et al. found that a ±4 mm critical limit 
of JL alteration was correlated with inferior clinical results, 
while Porteous et al. found that the critical limit was ±5 
mm (6, 11). In addition to the change in the JL, the pa-
tellar height may also change and affect the functional 
results postoperatively in RTKA (12). Patella baja may oc-
cur due to shortening of the patellar tendon following 
revision surgery. Pseudo-patella Baja can also occur due 
to joint-level alterations (13, 14). Posterior condylar offset 
(PCO) is also one of the parameters affecting functional 
scores in revision surgery, such as JL restoration. It was 
first described by Bellemans et al. for TKA, and Johal et 
al. described a ratio for PCO (Posterior Condylar Offset 
Ratio: PCOR) (15, 16). It is also found that PCOR has the 
most significant impact on postoperative range of mo-
tion after TKA (17). 

Our study aimed to determine JL, PCOR, and patellar 
height alterations in RTKA and evaluate the functional re-
sults according to the critical limits in the literature.

MATERIAL and METHODS

The study was found ethically appropriate by the Eth-
ics Committee of Istanbul University, Istanbul Faculty 
of Medicine (Date: 25.06.2021, No: 2021/1110). In this 
retrospective study, the principles of the Declaration of 
Helsinki were applied. Informed consent was obtained 
from all the patients. Our study included  patients who 
underwent RTKA at a single tertiary referral center from 
January 2011 to May 2018. Patients were excluded based 

on the following criteria: (1) having had a  tibial insert 
change only with femoral and tibial stem retained in the 
revision procedure, (2) having <2 years follow-up peri-
od, (3) having missing or ineligible data, (4) having prior 
knee surgery other than arthroscopic meniscus surgery 
before primary knee arthroplasty (5) periprosthetic infec-
tion following RTKA. Twenty-two patients were excluded 
because of missing data (radiologic or demographic), 
unwillingness to participate in the study, and refusal to 
come to the hospital for their last follow-up because of 
the COVID-19 pandemic. All revision procedures were 
performed by one senior surgeon (C.S.). Medical records 
were analyzed for clinical findings of age, gender, fol-
low-up period, diagnosis requiring revision arthroplasty, 
operative reports, knee range of motion, and preoper-
ative functional results (Figure 1). The bone loss of the 
tibia and femur was classified according to the Anderson 
Orthopaedic Research Institute (AORI) bone defect clas-
sification system (18).

The radiographic measurements were performed using 
a picture archiving and communication system. Radio-
graphic measurements were performed at three time 
points: 1) on the preoperative radiographs before the 
primary TKA or the non-operated contralateral knee ra-
diograph if the patient was operated on in another hos-
pital for primary TKA, 2) on preoperative radiographs 
for the RTKA, 3) at the last follow up following RTKA. 
The JL was defined as the superior surface of the tibi-
al component, which is, due to the radiolucency of the 
tibial insert, the most distal part of the femoral compo-
nent or distal femoral joint surface. Joint line height was 
measured according to the method of Figgie as the dis-
tance between the top of the tibial tubercle and the JL 
on a lateral X-ray of the knee (10) (Figure 2). The patellar 
position was evaluated using the Insall–Salvati ratio (ISR) 
and Blackburne–Peel index (BPI) on lateral radiographs 
taken at 30° of flexion. ISR was defined as the ratio of 
the patella tendon length to the length of the patella. 
BPI was defined as the ratio of the distance between 
the horizontal line and the inferior aspect of the patellar 
articular surface and the distance of the patellar artic-
ular surface. The patella baja was defined as ISR<0.8, 
and the pseudo-patella baja was defined as ISR > 0.8 
and BPI<0.5 (19-21). PCOR was determined as the ratio 
between the distance from the femoral diaphysis pos-
terior cortex to the posterior condylar margin and the 
maximum anteroposterior diameter of the distal femur 
on the actual lateral knee radiograph (16).

Functional results were evaluated by Knee Society Score 
(KSS) and SF-12 (Short Form-12; both physical [PCS] and 
mental scores [MCS]) preoperatively before RTKA and at 
the final follow-up postoperatively following RTKA (22, 
23). A goniometer measured the knee range of motion 
(ROMs). The degree of pain was evaluated using a visual 
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analog scale (VAS). Functional knee scores were calculat-
ed by independent orthopedic surgeons both preopera-
tively and at the final visit.

Joint line change was the difference between the mea-
surements performed before primary TKA or contralat-
eral knee and the last follow-up following RTKA. After 
calculating the changes in the patient’s knee joint level 
using the Figgie method, patients were divided into two 
groups in different ways (10). Threshold values ​​previous-

ly defined in the literature were used for grouping pa-
tients according to the change in joint level. The most 
accepted of these were 4 mm and 5 mm (6, 11). First, 
the patients were divided into two groups: those with 
JL change of more than 4 mm and those with less than 
4 mm. Functional scores of the patients (postoperative 
ROM, KSS, SF-12 PCS, and MCS, and VAS scores) were 
compared between these two groups. Then, the same 
categorization and grouping procedure was performed 
again, considering the JL change with the limit of 5 mm. 

Figure 1: Preoperative (a and b) and postoperative (c and d) X-rays of a patient who underwent  revision total knee 
arthroplasty

Figure 2: Demonstration of the radiographic measurements, A:  Patients joint line height according to the method of 
Figgie (the distance between the top of the tibial tubercle (TT) and the joint line (JL) on a lateral X-ray of the knee), B: 
Patellar height measurement according to Insall-Salvati method (A/B), C: Patellar height measurement according to 
Blackburn-Peel index(A/B), Posterior condylar offset ratio measurement (A/B)
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Hence, two different comparisons were performed con-
sidering the JL alteration.

Since functional scores of patients with a PCOR value 
of less than 0.44 were reported in the literature, the pa-
tients were divided into two groups: those with a PCOR 
value of less than 0.44 and those with a PCOR value 
greater than 0.44 (15, 16). Functional scores were also 
compared between these two groups. Comparisons of 
functional scores were also performed, grouping the 
patients by considering the critical limit of 0.5 for PCOR, 
based on the critical limit of 0.5 for PCOR in the litera-
ture (24). 

The statistical analysis was performed using SPSS soft-
ware version 23.0 (IBM SPSS Corp., Armonk, NY, USA) 
for Windows. A p-value of <0.05 was considered statis-
tically significant. The Shapiro-Wilk test was employed 
to determine the distribution’s normality. Paired sam-
ples t-test and independent samples t-test were used 
to evaluate normally distributed data. The Wilcoxon 
signed-rank test was used to study dependent vari-
ables that were not normally distributed, whereas the 
Mann-Whitney U test was used to analyze independent 
variables. The Friedman Test was used to assess the 
significance of changes in non-normally distributed vari-
ables at different time points. Inter- and intraobserver 
reliability for radiographic classifications was assessed 
using the intraclass correlation coefficient (ICC). Each 
group was evaluated twice with repeat classifications on 
all radiographs with at least a one-week interval for each 
measurement by three independent observers (ME, KS, 
and SK). The agreement was excellent for ICC values 
>0.80.

RESULTS

Seventy-three patients had undergone revision knee sur-
gery in our institution. Finally, 51 patients (40 women, 11 
men; mean age 69.9±5.94 [range 56–82]) were included 
in the study. The mean follow-up period was 40.58±15.32 
(24-68) months. The diagnosis for primary TKA was pri-
mary degenerative osteoarthritis for 48 knees (94%) and 
rheumatoid arthritis for three knees (6%). The diagnoses 
for RTKA were aseptic loosening (n:12, 23.5%), peripros-
thetic infection (n:37, 72.5%), and periprosthetic fracture 
(n:2, 4%) (Table 1).

Average knee ROM was 81.82±17.64 degrees before 
RTKA and significantly improved to 99.17±12.27 degrees 
(p<0.001) after revision surgery. KSS, SF-12 PCS, and SF-
12 MCS scores  also increased significantly (all p<0.001). 
The ICC for all functional outcomes and radiological data 
was more than 0.80 (range 0.86 to 0.94), showing strong 
agreement on all parameters evaluated by the three in-
dependent observers.

In the last follow-up X-rays, patella baja was observed in 
4 (7.8%) patients according to the Insall–Salvati index and 
13 (25.5%) according to the Blackburn–Peel index. The 
incidence of pseudo-patella baja was 24% (n:12). The pa-
tients with patella baja had significantly lower knee ROM, 
KSS, and SF-12 PCS than the patients without patella 
baja (p:0.012, p:0.03, and p:0.01; respectively). Howev-

Table 1: Demographic and clinical data of 51 revision 
total knee arthroplasties

Age (years) 69.9±5.94 (56-82)

Gender (Male/ 
Female)

11/40

Age at primary TKA 
(years)

63.23±5.83 (48-74)

Age at revision TKA 
(years)

66.6±5.9  
(52-77)

Follow-up period 
(months)

40.58±15.32 (24-68)

Interval primary- 
revision TKA (months)

40.88±21.44 (34-46)

Diagnosis for revision 
TKA

Aseptic loosening 12 (23.5%)

Periprosthetic  
infection

37 (72.5%)

Periprosthetic fracture 2 (3.9%)

Bone defect (AORI)

Femur (1/2a/2b/3) 23.5%/41.2%/ 
35.3%/0%

Tibia (1/2a/2b/3) 19.6%/52.9%/ 
27.5%/0%

Range of motion 
(ROM)

p<0.001*

Pre-Revision TKA 
ROM

81.82±17.64

Post-Revision TKA 
ROM

99.17±12.27

Knee Society Score 
(KSS)

p<0.001*

Pre-Revision TKA KSS 46.25±4.78

Post-Revision TKA 
KSS

72.39±6.82

SF-12 PCS p<0.001*

Pre-Revision TKA 31.03±7.48

Post-Revision TKA 49.09±9.18

SF-12 MCS p<0.001*

Pre-Revision TKA 38.92±9.35

Post-Revision TKA 52.15±9

TKA: Total Knee Arthroplasty, AORI: Anderson Orthopaedic Re-
search Institute, ROM: Range of motion, *: Statistically significant
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er, the functional results were similar for both groups of 
patients when patients were grouped according to the 
pseudo-patella baja (Table 2, 3).

Twenty-two knees (43.1%) showed a JL change of more 
than 4 mm, and 16 knees (31.4%) showed a JL change 
of more than 5 mm. When knee JL was reconstructed 
within the limit of 4 mm according to the method of Fig-
gie, all postoperative functional results (ROM, KSS, SF-
12 PCS, MCS, and VAS score) were similar for both the 
group where JL was reconstructed within the limit of 4 
mm and the group where it  was not. When the critical 
limit in JL reconstruction after RTKA was accepted as 
5 mm, it was found that the KSS of the patients whose 
JLs were reconstructed according to this limit were sig-
nificantly higher than the patients whose JL change was 
more than the limit of 5 mm (p:0.02). The other func-
tional results were similar (Table 4). The patients whose 
JL changed more than 5 mm had higher pain and less 
knee ROM clinically. There was a trend, but it was not 
significant.

However, functional results were similar for the group of 
patients whose PCOR was lower than 0.44 and the group 
of patients whose PCOR was higher than 0.44. There 
was also no significant difference in functional results for 
the patients whose PCOR was lower than 0.5 and those 
whose PCOR was higher than 0.5 (Table 5).

DISCUSSION

Restoration of the JL in knee arthroplasty is one of the 
important factors affecting post-op functional results. In 
RTKA surgery, after bone loss that may occur for various 
reasons, it may not always be possible to maintain the 
joint level to the native JL, and alterations may occur in 

the JL (5, 25, 26). In our study, we aimed to evaluate the 
critical limit values of the JL change and PCOR affecting 
the functional results in RTKA, previously described in the 
literature. The main finding of the present study was that 
JL alteration of more than 5 mm is significantly associat-
ed with poorer KSS following RTKA. Although functional 
results were reported to be poor in patients with a PCOR 
below 0.44 in the literature, our findings showed similar 

Table 2: Radiographic measurements

Insall-Salvati Index

Pre-TKA 1.19±0.15

Pre-revision TKA 1.14±0.2

Post-revision TKA 1.1±0.22

Blackburn-Peel Index (BPI)

Pre-TKA 0.84±0.15

Pre-revision TKA 0.66±0.18

Post-revision TKA 0.63±0.21

Joint line level according to Figgie

Pre-TKA 24.54±2.49

Pre-revision TKA 26.12±6.77

Post-revision TKA 26.14±6.82

Posterior condylar offset ratio (PCOR) 0.46±0.06

Patella baja following RTKA (ISI<0.8) n (%) 4 (7.8%)

Pseudo-patella baja following RTKA n 
(%) (BPI<0.5 and ISI>0.8)

12 (24%)

TKA: Total Knee Arthroplasty, ISI: Insall-Salvati Index, BPI: Black-
burn-Peel Index, PCOR: Posterior condylar offset ratio, RTKA: 
Revision total knee arthroplasty

Table 3: Functional results according to the patellar height

Patella baja (ISI<0.8)
Yes n (%) 4 (7.8%)

No n (%) 47 (92.2%)
p

Pseudo Patella baja (ISI≥0.8 and BPI<0.5)
Yes n (%) 12 (24%)
No n (%) 39 (76%)

p

Post-RTKA ROM Yes 90.21±12.2 0.012* Yes 91.25±13.25 0.5

No 102.5±6.45 No 91.25±8.82

Post-RTKA KSS Yes 66.82±6.65 0.03* Yes 66.41±6 0.47

No 74±5.48 No 67.69±7.1

Post-RTKA SF-12 PCS Yes 42.19±8.8 0.013* Yes 42±5.64 0.31

No 53.75±7.22 No 43.43±10.1

Post-RTKA SF-12 MCS Yes 51.61±9.1 0.097 Yes 52.12±9.81 0.78

No 52.63±8.08 No 52.25±5.92

Post-RTKA VAS Yes 2.93±1.07 0.266 Yes 3.16±0.7 0.31

No 2.25±1.25 No 2.79±1.17

RTKA: Revision Total Knee Arthroplasty, ISI: Insall-Salvati Index, BPI: Blackburn-Peel Index, ROM: Range of motion, KSS: Knee Society 
Score, SF-12: Short form-12, PCS: Physical score, MCS: Mental score, VAS: Visual Analogue Scale, *: Statistically significant
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functional results when the patients were grouped ac-
cording to the PCOR with the critical limit of 0.44 and 0.5.

There are different opinions regarding the effect of JL 
restoration on functional results in RTKA. Clave et al. and 
Hoffman et al. found that significantly lower functional 
outcome scores were associated with the JL change of 
more than 4 mm (5, 11). Partington et al., declared that the 
cut-off value of JL elevation in which functional scores are 
worse was 8 mm, while Porteous et al., stated the limit as 5 
mm in RTKA (6, 8). However, Clement et al. and Seon et al. 
stated that the change in the JL did not significantly affect 
the functional scores following RTKA (27, 28). In our study, 

the critical limit of JL change is 5 mm. While there was no 
significant difference in clinical results when there was a 4 
mm limit of JL change, the KSS of the patients was signifi-
cantly poorer when the JL change was more than 5 mm.

Patella baja is one of the complications after RTKA and 
may cause inferior clinical results (6, 29). It can occur be-
cause of patellar tendon shortening with scar tissues with 
multiple operations. Additionally, JL elevation can cause 
pseudo-patella baja without patellar tendon shortening 
in RTKA (6, 14, 27). Our study observed patella baja and 
pseudo-patella baja after RTKA in 4 cases (7.8%) and 13 
cases (24%), respectively. Patella baja incidence is lower 

Table 4: Evaluation of the knees according to different levels of joint line alterations  

Joint line changing >4 mm
    Yes n (%) 22 (43.1%)
     No n (%) 29 (56.9%)

p

Joint line changing >5 mm
     Yes n (%) 16 (31.4%)
     No n (%) 35 (68.6%)

p

Post-RTKA ROM Yes 89.82±14.3 0.41 Yes 89.57±13.46 0.20

No 92.95±8.9 No 94.68±8.45

Post-RTKA KSS Yes 65.68±7.45 0.66 Yes 65.82±6.9 0.02

No 69.63±5.25 No 70.81±5.38

Post-RTKA SF-12 PCS Yes 41.68±9.56 0.27 Yes 42±9.72 0.31

No 44.95±8.51 No 45.5±7.61

Post-RTKA SF-12 MCS Yes 51.79±9.75 0.91 Yes 51.37±9.84 0.52

No 52.63±8.08 No 53.87±6.75

Post-RTKA VAS Yes 3.06±1 0.15 Yes 3.08±1.01 0.64

No 2.64±1.17 No 2.43±1.15

RTKA: Revision Total Knee Arthroplasty, ROM: Range of Motion, KSS: Knee Society Score, SF-12: Short Form-12, PCS: Physical score, MCS: 
Mental score, VAS: Visual Analogue Scale

Table 5: Evaluation of functional results according to the posterior condylar offset ratio

Posterior condylar offset ratio
<0.44 n (%) 14 (27%)
>0.44 n (%) 37 (73%)

p

Posterior condylar offset ratio
<0.5 n (%) 37 (73%)
>0.5 n (%) 14 (27%)

p

Post-RTKA ROM <0.44 90.13±13.71 0.26 <0.5 90.54±12.06 0.62

>0.44 93.92±6.84 >0.5 92.85±13.11

Post-RTKA KSS <0.44 67.18±6.8 0.65 <0.5 67.32±6.54 0.62

>0.44 68±7.1 >0.5 67.57±8.42

Post-RTKA SF-12 PCS <0.44 42.69±9.28 0.79 <0.5 42.37±9.36 0.25

>0.44 43.57±9.25 >0.5 45±8.73

Post-RTKA SF-12 MCS <0.44 51.18±9.48 0.36 <0.5 52.05±9.4 0.84

>0.44 54.71±7.21 >0.5 52.42±8.12

Post-RTKA VAS <0.44 3±1.17 0.51 <0.5 3±1.3 0.54

>0.44 2.83±1.06 >0.5 2.83±1

RTKA: Revision Total Knee Arthroplasty, ROM: Range of Motion, KSS: Knee Society Score, SF-12: Short Form-12, PCS: Physical score, MCS: 
Mental score, VAS: Visual Analogue Scale
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than in the study of Han et al. (14). In our study, no signif-
icant difference was found in the functional scores of pa-
tients with pseudo-patella baja and those without pseu-
do-patella baja, contrary to the study of Vandeputte et 
al. (30). However, the knee ROM and postoperative KSS 
of patients with patella baja was found to be significantly 
lower (p:0.012 and p:0.03, respectively). These results are 
consistent with the literature (6, 8).

There are several studies about PCOR and its effect on 
the functional results following knee arthroplasty (17, 26, 
31). While Clement et al. and Malviya et al. suggested 
that PCO is one of the factors significantly influencing 
functional scores after knee arthroplasty, Ishii et al. re-
ported that PCO does not affect functional scores (17, 
26, 31). In the present study, we defined the critical lim-
it of PCOR as 0.44 and 0.5 based on the literature (16, 
24). When the patients were divided into two groups 
according to the PCOR of 0.44 and 0.5, no significant 
difference could be found in functional results between 
the two groups in our study. Our results are consistent 
with the study of Ishii et al.; however, Benazzo et al. 
did not evaluate the functional results according to the 
PCOR in their study (24, 31).

In the present study, the mean knee ROM was increased 
to 99 degrees from 82 degrees following RTKA. RTKA 
aims to restore native knee kinematics and joint level, 
and changes in these parameters can affect postopera-
tive functional results (14, 32). Although the mean knee 
ROM increased after revision surgery in our study, knee 
ROM was lower, and the pain was higher in patients 
whose joint level was more than 5 mm.

Our study has several limitations, mostly due to the het-
erogeneous patient population and the retrospective de-
sign. Also, the reason for revision surgery in the present 
study was mostly periprosthetic joint infection (72.5%). 
Due to the higher probability of bone loss in the revision 
surgery after periprosthetic joint infection, restoration of 
the JL may be more difficult in this patient group and may 
cause bias in the results. The low number of patients in 
our study was another limitation. Lastly, all the radiolog-
ical measurements performed on standard X-rays and 
measurement errors may be present because of the ro-
tational position of the knee.

CONCLUSION

In this study, JL change >5 mm and patella baja were the 
prognostic factors affecting functional results after RTKA. 
The patients with patella baja had significantly lower 
knee ROM, KSS, and SF-12 PCS than those without pa-
tella baja.
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ABSTRACT

Objective: Arteries that provide nutrition to the long bones pass 
through openings called nutrient foramen (NF). The number of 
studies on NFs of the radius is quite scarce. Therefore, this study 
aimed to determine the presence, number, direction, and ana-
tomical localization of NFs of the radius.

Material and Method: A total of 133 dry adult human radii were 
investigated in this study. The presence, number, position, and 
direction of NFs of the radii were determined. The shortest dis-
tance of NF to the most proximal point of the radius (DPE), the 
transverse diameter of the radius at the level of the NF (TD), and 
the shortest distance of the NF to the most prominent point of 
the dorsal tubercle (DDT) were measured. Furthermore, the fo-
raminal index (FI) was calculated.

Result: A single NF was found in 130 (97.7%) bones, and 3 (2.3%) 
radii did not have NF. The NFs were most commonly on the ante-
rior surface (80%, 104 bones) and middle 1/3 (78.5%, 102 bones) 
part of the bones. All NFs were towards the elbow. The DPE, TD, 
and DDT were meanly 82.72±11.4 mm, 129.99±15.41 mm, and 
14.6±1.97 mm, respectively. The average FI was 35.6±4.64.

Conclusion: This paper provides additional information, such 
as the distance of nutrient foramen to the dorsal tubercle. Our 
results may help clinicians during applications related to the NF 
of the radius.

Keywords: Nutrient foramen, radius, foraminal index

ÖZET

Amaç: Uzun kemiklerin beslenmesini sağlayan arterler, foramen 
nutricium (FN) adı verilen açıklıklardan geçer. Radius’taki FN'ler 
ile ilgili yapılan çalışma sayısı oldukça azdır. Bu nedenle,bu ça-
lışmada FN'lerin radius üzerindeki varlığını, sayısını, yönünü ve 
anatomik lokalizasyonunu belirlemek amaçlanmıştır.

Gereç ve Yöntem: Bu çalışmada toplam 133 adet yetişkine ait 
kuru radius kemiği incelendi. FN'lerin radius üzerindeki varlığı, sa-
yısı, konumu ve yönü belirlendi.  FN’nin radius’un en proksimal 
noktasına olan en kısa mesafesi (PM), FN’nin bulunduğu seviye-
deki transvers çap (TÇ), FN’nin tuberculum dorsale’nin en belirgin 
noktasına olan mesafesi (TDM) ölçüldü. Ayrıca foraminal indeks 
(FI) hesaplandı.

Bulgular: 130 (%97,7) radius’ta tek FN vardı, 3 (%2,3) radius’ta ise 
FN yoktu. FN'ler en sık radius’un facies anterior’unda (%80; 104 
kemik) ve orta 1/3 (%78,5; 102 kemik) kısmındaydı. Tüm FN'le-
rin yönü dirseğe doğruydu. PM, TÇ ve TDM sırasıyla ortalama 
82,72±11,4 mm, 129,99±15,41 mm ve 14,6±1,97 mm olarak hes-
aplandı. Ortalama FI 35,6±4,64 olarak kaydedildi.

Sonuç: Bu çalışma, nutrient foramenin dorsal tüberküle olan 
uzaklığı gibi ek bilgiler sağlamaktadır. Çalışma sonuçlarımızın, 
radius’taki FN ile ilgili uygulamalarda klinisyenlere yardımcı ola-
cağı öngörülmektedir.

Anahtar Kelimeler: Foramen nutricium, radius, foraminal indeks
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INTRODUCTION 

The nutrient foramen (NF) is the opening through which 
blood vessels play a role in the arterial supply and growth 
of bones (1, 2). One or two nutrient arteries supply the 
bone tissue by passing through the NF in an oblique 
course from the body to the bone. The entry and angu-
lation positions of the NFs rarely vary, and the location is 
far from the epiphysis (3). 

The anterior interosseus artery mainly provides the arte-
rial supply of the forearm bones, and this artery supplies 
the radius through its branch, called the nutrient artery of 
radius (4, 5). The nutrient artery of the radius can branch 
from the posterior interosseous artery (5). Knowing the 
localization of the foramina is quite important as it will 
facilitate surgical procedures (6). 

The healing process in sharps injuries or fractures de-
pends on the arterial nutrition of the bone (2). During the 
healing process of bone fractures, bone nutrition plays 
a vital role in preventing complications that may devel-
op. Therefore, the nutrient artery is important in fracture 
healing (7). Some studies also indicate that problems re-
lated to the union in fractures of the forearm bones may 
be caused by NF (8, 9). 

When the studies in the literature are examined, there are 
few studies regarding the NF of the radius diaphysis, and 
the number of parameters evaluated is limited. This study 
aimed to evaluate the presence, number, direction, local-
ization, and topography of the NF of the radius because 
of its clinical importance. 

MATERIALS and METHODS 

In this cross-sectional study, a total of 133 radii (66 right, 
67 left) from adult human skeletons of unknown age, sex, 
and race found at the Department of Anatomy, İstanbul 
University, İstanbul Faculty of Medicine, were used. None 
of the radii had any pathology that would affect the mea-
surements. Ethical approval was obtained from the Clin-
ical Research Ethical Committee of İstanbul University 
İstanbul Faculty of Medicine (Date: 25/06/2021, No: 13). 
The following parameters related to the NF of the radius 
were analyzed with the naked eye:

The number and patency of the NFs were noted.

The direction and localization of the NFs were recorded. 

To determine the NFs’ patency and direction, an acu-
puncture needle with dimensions of 0.25X30 mm was 
used. Any openings smaller than the size of the men-
tioned acupuncture needle were not evaluated.

The localization of the NF was determined, i.e., on which 
of the three margins (anterior, interosseus, and posterior 

margins) and three surfaces (anterior, medial, and lateral 
surfaces) of the radius was the NF located.

Afterward, the following measurements were also per-
formed on the radius with a digital caliper accurate to 
0.01 mm (INSIZE Co., Ltd., Taiwan):

Total length (TL): The shortest distance between the 
most proximal and distal points of the radius (Figure 1A).

Distance to proximal end (DPE): The shortest distance of 
the NF to the most proximal point of the radius (Figure 1A).

Transverse diameter (TD): The transverse diameter of 
the radius at the level of the NF is shown in Figure 2.

Distance to dorsal tubercle (DDT): The shortest dis-
tance of the NF to the most prominent point of the dorsal 
tubercle (Figure 1B).

Additionally, the topography of the NFs was evaluated 
as it was located on the proximal 1/3, middle 1/3, and 
distal 1/3 of the total length of the radius. Calculations 
were made using the foraminal index (FI) formula defined 
by Hughes (10) to determine the topography of the NFs. 
The formula defined by Hughes is as follows: FI = (DPE/
TL) x 100.

Two independent researchers performed the morpho-
metric measurements, and the mean value per param-
eter was recorded. Both measurements were repeated if 
there was more than a 10% difference between the two 
measurements. The digital caliper was calibrated before 
each measurement to provide accurate calculations. The 

Figure 1: Some morphometric measurements. A. 
Representation of the measurement of TL and DPE of the 
radius B. Representation of the measurement of DDT of 
the radius. a: Total length (TL), b: Distance to proximal 
end (DPE), c: Distance to dorsal tubercle (DDT), NF: 
Nutrient foramen, S: Superior, I: Inferior, M: Medial, L: 
Lateral. The white arrow shows the nutrient foramen.
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mean and standard deviation of all morphometric param-
eters were calculated using SPSS 21.0 (IBM SPSS Corp., 
Armonk, NY, USA). Morphometric measurements of all 
evaluated parameters are shown in Figure 1 and Figure 2.

RESULTS

Of the 133 radii, 3 of them (1 right, 2 left) had no NF, 
whereas 130 had a single NF (Figure 3). The direction of 
all NFs was towards the elbow (Figure 3). The NFs were 
most frequently located on the anterior surface and least 
frequently on the anterior margin of the radius (Figure 
3A). No NF existed on the posterior margin and lateral 
surface of the radius. 

Localization of the NF on the radii is shown in Figure 3. 
In total, of the 130 NF, the TL, DPE, TD, and DDT values 

were 227.09 mm, 82.72 mm, 14.6 mm, and 129.99 mm, 
respectively. Of the total 130 foramina, 28 were located 
on the proximal 1/3 of the bone, and the rest (102) were 
located on the middle 1/3. In other words, no NF was ob-
served on the distal 1/3. The mean FI was 35.6. All mor-
phometric measurements regarding the NFs are detailed 
in Table 1 and Table 2.

DISCUSSION

The number and direction of nutrient foramina
A brief review of the literature regarding the number 
and direction of nutrient foramina is shown in Table 3 
(8, 7, 11-17). In our study, NF was not found in 2.3% (3 
bones), and 97.7% (130 bones) had a single NF out of 
a total of 133 radii. Nevertheless, we did not observe a 
radius with 2 NF. In previous studies, one conducted by 
Güner et al. and the other by Öztürk et al., the rate of 
the radius with 2 NF was reported as 2% (1 bone) and 
12.3% (6 bones), respectively (15, 7). Most authors agree 
that a single nutrient foramen is in the radius (Table 3). 
Parmar et al. and Reddy et al. observed that the radius 
with a single NF was 96.6% (58 bones) and 96.3% (52 
bones), respectively (8, 14). Our results regarding a sin-
gle NF are compatible with the results of a single NF of 
these two previous studies. 

Öztürk et al. assessed 49 radii and reported that 96.36% 
of NFs were towards the elbow, and 3.64% of NFs were 
towards the wrist (7). On the other hand, Patel et al. stat-
ed that all directions of NFs were toward the elbow in 
their study, with 40 radii (13). All of the 130 foramina eval-
uated in this study were towards the elbow. 

It has been shown that radius fractures coinciding with 
the NF level may cause severe arterial nutrition loss, 
which may progress to bone ischemia (9). Since most of 
the radii we analyzed had a single NF, a fracture at the 

Figure 2: The transverse diameter of the radius at the 
level of the NF. d: Transverse diameter (TD), NF: Nutrient 
foramen, S: Superior, I: Inferior, M: Medial, L: Lateral. The 
white arrow shows the nutrient foramen.

Figure 3: Localization of the NF of the radii. A. Radius 
with the NF on the anterior surface, B. Radius with the NF 
on the anterior margin, C. Radius with the NF on the 
posterior surface, D. Radius with the NF on the interosseus 
margin, NF: Nutrient foramen, S: Superior, I: Inferior, M: 
Medial, L: Lateral.

Table 1: Number, topography, and localization of NF

Nutrient Foramen (NF)
Number of radii 

 n (%)   

Number of 
NF

0 3 (2.3)

1 130 (97.7)

Localization 
of NF

Anterior surface 104 (80)

Posterior surface 5 (3.9)

Interosseus 
margin

15 (11.5)

Anterior margin 6 (4.6)

Topography 
of NF

Proximal 1/3 28 (21.5)

Middle 1/3 102 (78.5)

Distal 1/3 -
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NF level may increase the risk of arterial nutritional loss. 
Besides, we think that knowledge that the direction of 
all NFs is towards the elbow may facilitate detection and 
imaging techniques and the application of interventional 
procedures of NFs. 

Location of nutrient foramina
In this study, the most common location was on the ante-
rior surface of the radius (104 NFs), followed by the inter-
osseus margin (15 NFs) and anterior margin (6 NFs). The 
least common localization was on the posterior surface of 

Table 3: The current review of the literature regarding the number and direction of nutrient foramina and our study

Study Year
Num-
ber of 
radius

Number of NF
Direction 

of NF

Localization of NF

0 1 2 AS PS AB IB
Proximal 

1/3
Middle 

1/3
Distal 
1/3

Ukoha 
et al. 
(11)

2013 50 16 
(32%)

34 
(68%)

- Elbow
(except 1 

NF)

16 3 11 5 20 15 -

Parmar 
et al. 
(8) 

2014 60 - 58 
(96.6%)

2 (3.4%) Elbow 35 5 4 2 - - -

Solanke 
et al. 
(12)

2014 80 4 (5%) 74 
(92.5%)

2 (2.5%) - 53 4 6 17 - - -

Patel et 
al. (13)

2015 40 - 40 
(100%)

- - 35 5 - - - - -

Reddy 
et al. 
(14)

2016 54 - 52 
(96.3%)

2 (3.7%) - 49 1 - 4 - - -

Güner 
et al. 
(15)

2019 50 12 
(24%)

37 
(74%)

1 (2%) - 33 1 2 3 - - -

Mishra 
et al. 
(16)

2019 38 - - - Elbow - - - - 9 28 -

Challa 
et al. 
(17)

2019 50 - 50 
(100%)

- Elbow 35 - - 15 13 37 -

Öztürk 
et al. 
(7)

2021 49 - 43 
(87.7%)

6 
(12.3%)

96.36% 
Elbow

25 30 -

Present 
study

2023 133 3
(2.3%)

130 
(97.7%)

0 Elbow 104 5 6 15 28 102 -

AB: Anterior margin, AS: Anterior surface, IB: Interosseus margin, NF: Nutrient foramen, PS: Posterior surface

Table 2: The morphometric data of 130 radii with single nutrient foramen

Total length
Distance to  

proximal end
Transverse diameter Distance to dorsal tubercle F Index

Minimum 186.11 mm 61 mm 11 mm 90 mm 27.04

Maximum 266 mm 121 mm 21.96 mm 170.28 mm 49.59

Mean 227.09 mm 82.72 mm 14.6 mm 129.99 mm 35.6

Standard  
deviation

17.77 mm 11.4 mm 1.97 mm 15.41 mm 4.64

TL: Total length, DPE: Distance to proximal end, TD: Transverse diameter, DDT: Distance to dorsal tubercle
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the radius (5 NFs). Our results are similar to the results of 
studies in the literature.

The anterior interosseus artery, the main artery providing 
endosteal and periosteal supply to the radius, is very im-
portant in transplantation and reconstruction surgery to 
reduce the incidence of pseudoarthrosis (5). The fact that 
the nutrient artery of the radius can also originate from 
the posterior interosseus artery can explain why some 
NFs are located on the posterior surface of the radius (5). 
To preserve nutrient arteries during surgery, it is import-
ant to know the course of the artery and the anatomical 
localization of the NF in the long bones (7).

Morphometric features and topography of nutrient 
foramina
In our study, we measured the total length (TL), distance to 
the proximal end (DPE), transverse diameter (TD), distance 
to dorsal tubercle (DDT), as well as the foraminal index 
(FI). We have reviewed the current literature about these 
parameters, as shown in Table 4 (7, 12, 15, 16, 18). In the 
present study, the mean TL and DPE were 227.09±17.77 
mm and 82.72±11.4 mm, respectively. We also calculated 
the mean FI as 35.6±4.64. Our results are almost the same 
as those of the studies of Güner et al. (15).

The TD was 14.6±1.97 mm in this study. Solanke et al. 
obtained the value of 13.03±1.68 mm, which is very close 
to our TD value (12). Some studies have indicated that 
the transverse diameter of the radius is correlated with 
the anteroposterior diameter of the radius (19). With this 
information, the diameters of the radius are interpreted, 
and the length of the screw to be applied in distal radius 
fractures can be decided (19). The diameter data of the 
radius obtained in our study may also help practitioners. 

The DDT value was 129.99±15.41 mm in our study. We 
could not find any studies that measured DDT value. In 
order to perform surgical procedures in a safe framework, 
some landmarks are utilized. For example, in forearm 
fractures, surgical planning concerns certain landmarks, 
such as the styloid process and radial tuberosity (20). In 
addition, these landmarks guide surgeons in imaging 

techniques (20). The dorsal tubercle is one of the palpa-
ble landmarks on the radius. We measured the distance 
of the NF to the radius’s dorsal tubercle, which might be 
a good landmark for surgical application. We believe this 
value might be a helpful guide for surgeons in applica-
tions related to the NF. Furthermore, we think that having 
such information about the NF may reduce the develop-
ment of the risk of complications related to NF surgery.

In their studies, Kızılkanat et al. pointed out that the ma-
jority of NFs were located on the proximal half of the radi-
us (1). They also recorded that the NF was found between 
22.2-46% of the total length of the radius (1). Murlimanju 
et al. reported that the NF was between 26-46% of the to-
tal length of the radius, and Campos et al. reported that 
it was between 25-50% (5, 21). We evaluated 130 NFs in 
this study and detected that 28 NFs were located on the 
proximal 1/3 and 102 NFs were on the middle 1/3 of the 
bones. We believe surgeons should focus on the latter 
location when planning operations with NFs. Thus, the 
planned surgical time related to NFs may be shortened, 
which may help prevent complications.

As a result, as new surgical techniques develop (such as 
microvascular bone transfer), the anatomical structure 
of the NF gains importance (1, 5, 12, 22). In this respect, 
knowing the morphometric values of the NF may be nec-
essary to protect radius circulation. 

The limitation of this study was the lack of age and gen-
der information on the radii. We would have discussed 
more significant results if we accessed this information.

CONCLUSION

In this study, a total of 133 radii were examined morpho-
metrically. Although many findings showed results similar 
to those of previous studies, unlike in previous studies, 
the distance of the nutrient foramen to the dorsal tu-
bercle was measured. The current study’s findings might 
contribute to the literature on clinical applications relat-
ed to the nutrient foramen of the radius.

Table 4: The morphometric results of previous studies and our results

Study Year TL (mm) DPE (mm) TD (mm) DDT (mm) FI

Solanke et al. (12) 2014 229.4±21.5 - 13.03±1.68 - -

Veeramuthu et al. 
(18)

2017 248.5+14 - - 33.78±4.64

Güner et al. (15) 2019 227.6 81.5 - - 35.9

Mishra et al. (16) 2019 226.7+14.66 - - - -

Öztürk et al. (7) 2021 228.39±15.87 77.88±16.95 - - 34.11±7.08

Present study 2023 227.09±17.77 82.72±11.4 14.6±1.97 129.99±15.41 35.6±4.64

TL: Total length, DPE: Distance to proximal end, TD: Transverse diameter, DDT: Distance to dorsal tubercle, FI: Foraminal Index
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ABSTRACT

Objective: To evaluate patients who underwent acute and 
chronic peritoneal dialysis (PD) under the age of one one in 
terms of etiology, complications, and prognosis over 20 years 
and to compare the results between the first and last 10 years of 
acute and chronic peritoneal dialysis.

Material and Method: Seventy-four peritoneal dialysis patients 
under the age of one in the Division of Pediatric Nephrology 
and Neonatal Intensive Care Unit of our hospital between Jan-
uary 2002 and December 2023 were evaluated retrospectively. 
The patients were divided into two groups: patients admitted 
in the 2002-2013 period (Group I) and patients admitted in the 
2013-2023 period (Group II). Patients in Group I and Group II 
were compared in terms of acute and chronic peritoneal dialysis 
etiology, complications, and prognosis.

Result: Forty-four of the patients (60%) were newborns, and 
the remaining 30 were infants (40%). There were 39 patients in 
Group I and 35 patients in Group II. There was no difference 
between Group I and Group II for acute dialysis in terms of 
neonatal and infant diagnoses, infectious and non-infectious 
complications, and prognosis (p>0.05). There was no difference 
between Group I and Group II in terms of neonatal and infant 
diagnoses, infectious and non-infectious complications, and in-
fant prognosis (p>0.05). There was no death in the newborns in 
Group II and patient survival was higher than in the newborns in 
Group I (p=0.019).

ÖZET

Amaç: Bir yaş altında akut ve kronik periton diyalizi (PD) uygula-
nan hastaları 20 yıllık süreçte etiyoloji, komplikasyon ve prognoz 
açısından değerlendirmek ve akut ve kronik periton diyalizinin 
ilk ve son on yıllık dönemleri arasındaki sonuçları karşılaştırmak.

Gereç ve Yöntem: Hastanemiz Çocuk Nefroloji ve Yenido-
ğan Yoğun Bakım Ünitesi'nde Ocak 2002 ile Aralık 2023 ta-
rihleri arasında yatan bir yaş altı 74 periton diyalizi hastası 
retrospektif olarak değerlendirildi. Hastalar 2002-2013 dö-
neminde başvuran hastalar (Grup I) ve 2013-2023 dönemin-
de başvuran hastalar (Grup II) olmak üzere iki gruba ayrıldı. 
Grup I ve Grup II'deki hastalar akut ve kronik periton diyalizi 
hastalığının etiyolojisi, komplikasyonları ve prognozu açısın-
dan karşılaştırıldı.

Bulgular: Hastaların 44’ü (%60) yenidoğan, geri kalan 30'u 
sütçocuğu (%40) idi. Grup I'de 39 hasta, Grup II'de ise 35 has-
ta vardı. Akut diyaliz için Grup I ve Grup II arasında yenidoğan 
ve sütçocuğu tanıları, enfeksiyöz ve enfeksiyöz olmayan kom-
plikasyonlar ve prognoz açısından fark yoktu (p>0,05). Kronik 
diyaliz için Grup I ve Grup II arasında yenidoğan ve sütçocuğu 
tanıları, enfeksiyöz ve enfeksiyöz olmayan komplikasyonlar ve 
sütçocuğu prognozu açısından fark yoktu (p>0,05). Grup II’de-
ki yenidoğanlarda ölüm yoktu ve hasta sağ kalımı Grup I’deki 
yenidoğanlara göre daha yüksekti (p=0,019).
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INTRODUCTION

Peritoneal dialysis (PD) is a renal replacement treatment 
method that can be applied at all ages, including the neo-
natal age group. PD is based on water and solute trans-
port via diffusion, ultrafiltration, and absorption through 
the peritoneal membrane, which separates the blood 
in the peritoneal capillaries and the dialysis solution in 
the peritoneal cavity. Peritoneal dialysis can be used in 
both acute and chronic treatment of renal failure (1, 2). It 
is the preferred treatment option, especially in hemody-
namically unstable and newborn babies and infants (3-5). 
In addition to acute kidney injury (AKI) in the neonatal 
period, PD is an effective method for disorders that are 
unresponsive to medical treatment, such as electrolyte 
disorders, resistant acidosis, and hyperammonemia sec-
ondary to congenital metabolic diseases. PD applications 
are performed through single or double-felt, straight or 
curved PD catheters placed in the peritoneal cavity by 
percutaneous or open surgical methods (6). The primary 
objective of this study was to assess children who under-
went acute and chronic peritoneal dialysis under the age 
of 1 within 20 years, with a focus on etiology, complica-
tions, and prognosis. The secondary objective aimed to 
compare the outcomes of acute and chronic peritoneal 
dialysis between the initial and later ten-year periods.

MATERIAL and METHODS 

Seventy-four peritoneal dialysis patients under the age of 
one in the Division of Pediatric Nephrology and Neonatal In-
tensive Care Unit of our hospital between January 2002 and 
December 2023 were evaluated retrospectively. The dialysis 
indications of the cases were decided by the neonatology 
and nephrology teams, and the process was managed by 
these two teams. PD catheters were inserted percutaneously 
or via open surgery. Catheter exit site care and dressing were 
performed by peritoneal dialysis nurses at one-day intervals. 
Patients were evaluated daily in terms of PD complications. 

Cell counts were performed daily in the peritoneal flu-
id to evaluate peritonitis. Peritonitis was defined as ≥100 
leukocytes/mm3 and >50% neutrophils in the peritone-
al fluid or culture positivity (7, 8). Exit-site infection was 
defined as erythema around the site where the catheter 

exits from the skin or purulent drainage from the exit site 
or both. A tunnel infection was defined as erythema or 
tenderness or edema over the subcutaneous pathway of 
the catheter (9). Dialysate leakage, catheter dysfunction, 
hydrocele/hernia, bleeding at the catheter exit site, cath-
eter displacement, and protrusion of the catheter cuff 
were considered non-infectious complications (10).

The patients were divided into two groups: patients ad-
mitted in the 2002-2013 period (Group I) and patients ad-
mitted in the 2013-2023 period (Group II). The etiology, 
complications, and prognosis of patients with acute and 
chronic PD were obtained from the patient files and re-
corded in the study form. Patients in the newborn and 
infant (<1 year of age) groups were compared in terms of 
acute and chronic PD etiology, complications, and prog-
nosis. Additionally, Group I and Group II were compared 
in terms of acute and chronic dialysis. This study was ap-
proved by the Ethical Committee of İstanbul University 
İstanbul Faculty of Medicine (Date: 15.12.2023, No: 25).

Statistical analysis
Statistical analyses were performed using the Statistical 
Package for Social Sciences (SPSS) for Windows, ver-
sion 22.0 (IBM SPSS Corp., Armonk, NY, USA). For the 
presentation of quantitative data, mean, standard devi-
ation, minimum, and maximum were given. Frequency 
and percentage values were used to present categorical 
variables (qualitative variables). Chi-Square and Fisher’s 
exact tests were used to compare the rates between 
groups. During statistical analysis, the confidence interval 
p˂0.05 was considered significant.   

RESULTS 

Out of the total 74 patients, forty-four (60%) were new-
borns, and the remaining 30 were infants (40%). Acute 
peritoneal dialysis was applied to 45 patients, while 
chronic peritoneal dialysis was administered to 29 pa-
tients. The boy/girl ratio was 1.4. Group I consisted of 39 
patients from the 2002-2013 period, and Group II includ-
ed 35 patients from the 2013-2023 period.

Acute peritoneal dialysis
Acute PD was administered to 45 patients (29 newborns, 
and 16 infants). The most common diagnoses for new-

Conclusion: Peritoneal dialysis is the most commonly used meth-
od for renal replacement therapy in children facing both acute 
and chronic renal failure. In the last decade, despite high-quality 
care in the neonatal care unit, positive technological develop-
ments and effective management of PD, the most common in-
fectious complication was still peritonitis, and the non-infectious 
complication was dialysate leakage, as in the previous 10 years.

Keywords: Newborn, infant, peritoneal dialysis

Sonuç: Periton diyalizi, hem akut hem de kronik böbrek yetmez-
liği ile karşı karşıya olan çocuklarda renal replasman tedavisi için 
en sık kullanılan yöntemdir. Son on yılda, yenidoğan bakım ünite-
sindeki yüksek kaliteli bakıma, olumlu teknolojik gelişmelere ve 
PD'deki etkin yönetime rağmen, önceki 10 yılda olduğu gibi en 
sık görülen enfeksiyöz komplikasyon hala peritonit, enfeksiyöz 
olmayan komplikasyon ise diyalizat kaçağıydı. 

Anahtar Kelimeler: Yenidoğan, sütçocuğu, periton diyalizi
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borns were prematurity (45%) and sepsis (14%), while in-
fants presented with metabolic diseases (25%) and after 
surgery (25%). The etiologies of patients who underwent 
acute PD are shown in Table 1. There were 24 girls and 
21 boys. Group I included 27 patients, and Group II had 
18 patients. Azotemia, oligoanuria, and hypervolemia 
were indications for acute PD in 40 patients (89%), hyper-
kalemia (≥6.5 mmol/L) in 21 patients (47%), and resistant 
acidosis in 26 patients (58%). The mean age of onset of 
acute PD was 8.0±9.4 days (1.0-39.0 days) in newborns 
and 128.1±118.8 days (31.0-388 days) in infants. The to-
tal duration of acute PD was 14.3±16.8 days (1.0-67.0) for 
newborns and 15.8±17.9 days (1.0-56.0 days) for infants. 
The most common complication was non-infectious com-
plications in both groups.  Dialysate leakage was present 
in 28 out of 45 patients. Nine patients (20%) had perito-
nitis, and 1 patient (2%) had a catheter exit site infection. 
Complications of acute PD are detailed in Table 2. The 
catheter was replaced in 28% of newborns and 19% of in-
fants due to non-infectious complications. Mortality rates 
were 72.4% for newborns and 56.3% for infants. 

Chronic peritoneal dialysis
Chronic PD was applied to 29 patients (15 newborns, 
and 14 infants). The most common diagnosis for new-
borns was congenital kidney and urinary tract anomalies 
(CAKUT) (87%), while infants had CAKUT (50%) and con-
genital nephrotic syndrome (21%). The etiologies of pa-
tients who underwent chronic PD are outlined in Table 
1. There were 7 girls and 22 boys. Group I included 12 
patients, and Group II had 17 patients. The mean age of 
onset of chronic PD was 15.3±17.6 days (2.0-62.0 days) 
for newborns and 34.2±49.0 months (2.0-148 months) for 
infants. The total duration of chronic PD was 27.1±24.8 

months (3.3-71.5) for newborns and 32.3±23.4 days (5.0-
72.0 months) for infants. The most common complica-
tion for newborns was non-infectious complications. 
Dialysate leakage (53%) and catheter dysfunction (27%) 
were the most common complications in newborns. In-
fectious complications were more common in infants. 
Thirteen patients (93%) had peritonitis, and six patients 
(43%) had a catheter exit site infection. Complications of 
chronic PD are listed in Table 3. Mortality rates were 27% 
in newborns and 43% in infants. 

Comparison of patients in groups I and II according to 
dialysis modality

Acute peritoneal dialysis
The gender distribution of the patients was not different 
in the two groups (p>0.05). There was no difference be-
tween group I and group II in terms of neonatal and infant 
diagnoses, neonatal and infant infectious and non-infec-
tious complications, and neonatal and infant prognosis 
(p>0.05) (Table 2).

Chronic peritoneal dialysis
The gender distribution of the patients was not different in 
the two groups (p>0.05). There was no difference between 
group I and group II in terms of neonatal and infant 
diagnoses, neonatal and infant infectious and non-infectious 
complications, and infant prognosis (p>0.05) (Table 3). A 
significant difference was found between group I and group 
II in terms of neonatal prognosis (p=0.019). There was no 
death and patient survival was higher in group II patients. 
Patients in group I and group II, who started chronic PD in 
the neonatal period, were similar in terms of gender, history 
of prematurity, and other parameters (p>0.05) (Table 3). 

Table 1: Etiology in acute and chronic peritoneal dialysis patients

Acute PD Chronic PD

Newborns (n=29) Infants (n=16) Newborns (n=15) Infants (n=14)

n (%) n (%) n (%) n (%)

CAKUT 
ARPKD 
Metabolic disease 
Drug-induced acute kidney injury 
Prematurity 
Sepsis 
Congenital heart disease 
After surgery 
Unknown 
Hydrops fetalis 
Congenital nephrotic syndrome 
Bilateral renal vein thrombosis 
Primary hyperoxaluria 
Bilateral diffuse mesangial sclerosis 

4 (14)
2 (7)
2 (7)
1 (3)

13 (45)
4 (14)

-
-

1 (3)
2 (7)

-
-
-
-

3 (19)
-

4 (25)
-
-

3 (19)
1 (6)
4 (25)
1 (6)

-
-
-
-
-

13 (87)
1 (7)

-
-
-
-
-
-
-
-
-

1 (7)
-
-

7 (50)
2 (14)

-
-
-
-
-
-
-
-

3 (21)
-

1 (7)
1 (7)

ARPKD: Autosomal recessive polycystic kidney disease, CAKUT: Congenital kidney and urinary tract anomalies in children, PD: Peritoneal 
dialysis
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Although the total PD duration was longer in group I than in 
group II (24.5 months vs 12.8 months), it was not statistically 
significant (p=0.694). The median age of onset PD was 
younger in group I than in group II (5.5 days vs 24.0 days; 
p=0.009). All four patients who died in group I were male and 
75% of them were premature. The mean age of onset PD was 
4.8±2.2 days (2.0-7.0 days). The mean total PD duration was 
8.8±4.2 months (3.3-12.5 months).

DISCUSSION

Peritoneal dialysis is the most commonly used method for 
renal replacement therapy in children facing both acute 
and chronic renal failure (11). Its effectiveness is particularly 
noteworthy in newborns and infants, primarily due to the 
high ratio of peritoneal surface area to body surface area 
(12). This method is characterized by its technical simplicity 
and reliability in gradually removing both liquid and solute 
loads. Coagulation control and the absence of the need 
for vascular intervention are the reasons for its preference. 

In newborns and infants, it is mostly caused by many fac-
tors such as hypovolemia, hypotension, hypoxia, asphyxia, 
and septicemia. Acute PD is applied to remove metabo-
lites in acute kidney injury and metabolic diseases (13, 14). 
In the literature, PD in the first two months of life has been 
most frequently applied to AKI (68.8%) followed by meta-
bolic disorders (23.4%), and these rates are similar to our 
cases (15-17). It has been reported that the most common 
diagnosis of primary end-stage renal disease (ESRD) and 
therefore chronic PD in patients under 1 year of age is CA-
KUT (18). Similarly, in our study, the most common cause 
of ESRD in our patients under the age of 1 who underwent 
chronic PD was CAKUT (87% in newborns, 50% in infants). 
Additionally, when our patients in Group I and Group II 
were compared in terms of the reasons for starting acute 
and chronic dialysis, no difference was found between the 
2 groups. 

PD is recognized as an invasive procedure. The Interna-
tional Society of Peritoneal Dialysis (ISPD) recommends 

Table 2: Comparison of Group I and Group II in terms of acute dialysis

Newborns Infants

Group I (n=15) Group II (n=14)
p

Group I (n=12) Group II  (n=4)
p

n (%) n (%) n (%) n (%)

Gender
Boy
Girl  

10 (67)
5 (33)

10 (71)
4 (29)

0.782
3 (25)
9 (75)

1 (25)
3 (75)

1.000

Diagnoses 
CAKUT 
ARPKD 
Metabolic disease 
Drug-induced acute kidney injury
Prematurity 
Sepsis 
Congenital heart disease 
After surgery 
Hydrops fetalis
Unknown

2 (13)
2 (13)
2 (13)
1 (7)
5 (33)
3 (20)

-
-
-
-

2 (14)
-
-
-

8 (57)
1 (7)

-
-

2 (14)
1 (7)

0.208
1 (8)

-
4 (33)

-
-

1 (8)
1 (8)

4 (33)
-

1 (8)

2 (50)
-
-
-
-

2 (50)
-
-
-
-

0.114

Non-infectious complications 
Dialysate leakage 
Bleeding at the catheter exit site 
Catheter dysfunction 
Catheter displacement 
Hydrocele/hernia 

11 (73)
3 (20)
4 (27)
3 (20)
2 (13)

12 (86)
-

1 (7)
- 

1 (7)

0.411
-

0.164
-

1.000

3 (25)
3 (25)
1 (8)

-
1 (8)

2 (50)
-

2 (50)
-
-

0.547
-

0.136
-
-

Infectious complications
Peritonitis 
Catheter exit site infection 

3 (20)
-

2 (14)
-

0.684
-

3 (25) 
-

2 (50)
1 (25) 

0.547
-

Prognosis 
Renal improvement 
Death  
Switching to HD 

5 (33)
10 (67)

-

3 (21)
11 (79)

-

0.682
3 (25)
7 (58)
2 (17)

2 (50)
2 (50)

-

0.521

ARPKD: Autosomal recessive polycystic kidney disease, CAKUT: congenital kidney and urinary tract anomalies in children, HD: Hemodialy-
sis, PD: Peritoneal dialysis
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starting peritoneal dialysis 10-15 days after catheter in-
sertion to prevent dialysate leakage (5). Unfortunately, 
the performance of acute PD is associated with a higher 
incidence of catheter-related complications. This is at-
tributed to the emergency placement of catheters and 
their immediate utilization upon insertion. Additionally, in 
newborns and infants, insufficient abdominal wall elastic-
ity, dialysis peritoneal dialysis fluids around the catheter 
increase the possibility of leakage, and omentum adhe-
sions may cause difficulties in fluid drainage (12). Dialysate 
leakage is particularly prevalent in low-birth-weight chil-
dren, with reports indicating a threefold increase in oc-
currence among those weighing less than 12.4 kilograms 
(19). Studies have suggested that the risk of leakage is 
heightened in individuals with a short interval between 
the insertion of the PD catheter and its commencement 
of use (3, 4). Gozmen et al. conducted a study identify-

ing the most common acute PD complications, including 
catheter-related leakage, catheter dysfunction, and, less 
frequently, hyperglycemia and peritonitis (17). Hakan et 
al., in their research, reported hyperglycemia (52.2%) as 
the most prevalent PD complication, with dialysate leak-
age occurring less frequently (19.4%) (15). In our cases, 
dialysate leakage around the catheter was detected as 
the most common complication of acute PD, especially 
in newborns (79%) and also in infants (31%). 

Non-infectious complications, such as dialysate leakage, 
bleeding at the catheter exit site, catheter dysfunction, 
catheter displacement, hydrocele/hernia, and protrusion 
of the catheter cuff, are widely recognized as the primary 
causes of catheter revision. The PD catheter revision rate 
in children ranges from 13% to 34%. Revision is usually 
required within four weeks following the initial insertion 
of the catheter (5). In a study by Duzalka et al., mechanical 

Table 3: Comparison of Group I and Group II in terms of chronic dialysis

Newborns Infants

Group I (n=8) Group II (n=7)
p

Group I (n=4) Group II (n=10)
p

n (%) n (%) n (%) n (%)

Gender 
Boy
Girl  

8 (100)
-

5 (71)
2 (29)

0.200
3 (75)
1 (25)

6 (60)
4 (40)

1.000

Prematurity
Yes
No

3 (38)
5 (62)

6 (86)
1 (14)

0.119
1 (25)
3 (75)

4 (40)
6 (60)

1.000

Diagnoses 
CAKUT 
ARPKH 
Bilateral renal vein thrombosis 
Congenital nephrotic syndrome 
Primary hyperoxaluria 
Other 

6 (75)
1 (13)
1 (13)

-
-
-

7 (100)
-
-
-
-
-

0.364
1 (25)

-
-

2 (50)
1 (25)

-

6 (60)
2 (20)

-
1 (10)

-
1 (10)

0.163

Non-infectious complications 
Dialysate leakage 
Bleeding at the catheter exit site 
Catheter dysfunction 
Catheter displacement 
Hydrocele/hernia 
Protrusion of catheter cuff 

5 (63) 
2 (25) 
3 (38)
2 (25)
3 (38)
2 (25)

3 (43)
-

1 (14)
-

1 (14)
1 (14)

0.447
-

0.569
-

0.569
0.176

2 (50)
1 (25)
2 (50)
1 (25)
1 (25)

-

2 (20)
-

1 (10)
-

1 (10)
-

0.520
-

0.176
-

0.505
-

Infectious complications 
Peritonitis 
Catheter exit site infection 

6 (75)
3 (38)

6 (86)
2 (29)

1.000
0.714

4 (100)
2 (50)

9 (90)
4 (40)

1.000
1.000

Prognosis 
Renal improvement 
Death  
Transplantation 
PD 
Switching to HD 

-
4 (50)
4 (50)

-
-

2 (29)
-

1 (14)
3 (43)
1 (14)

0.019
-

2 (50)
1 (25)

-
1 (25)

2 (20)
4 (40)

-
3 (30)
1 (10)

0.286

ARPKD: Autosomal recessive polycystic kidney disease, CAKUT: Congenital kidney and urinary tract anomalies in children, HD: Hemodialy-
sis, PD: Peritoneal dialysis
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dysfunction (60%) emerged as the most common reason 
for PD catheter revision followed by peritonitis (16%), 
tunnel infection (12%), fluid retention, and leakage (6%) 
(5). Radtke et al. reported that children weighing less 
than 10 kilograms exhibit a higher frequency of revision 
(3). The one-year survival rate of the catheters in children 
under 6 months of age is 50%, while for children aged 
6-24 months, it is noted as 83.7% (4,18). In our present 
study, catheter replacement due to non-infectious com-
plications was required in 28% of newborns and 19% of 
infants. Notably, peritonitis is identified as the most prev-
alent cause of catheter revision beyond the initial year (5). 
It is stated that peritonitis is more common in the 0-2 age 
group compared to older children (4, 18). 

The most common complications observed in pediat-
ric patients undergoing chronic PD were non-infectious 
complications in newborns and infectious complications 
in infants within the content of our study. Our patients in 
Group I and Group II exhibited comparable occurrenc-
es of acute and chronic dialysis complications. However, 
despite technological advancements in PD application, 
peritonitis and catheter-associated within the scope of 
our study complications persist as the primary factors in-
fluencing patient morbidity (5). 

Limited data are available regarding the mortality rates 
of newborns and infants undergoing PD. Mortality mostly 
depends on the underlying cause or developing compli-
cations (12, 13). No fatalities were attributed to peritoni-
tis or other PD-related complications in our study. The 
causes of mortality in our study cohort were identified as 
sepsis in all newborns and cardiovascular complications 
in infants. In the literature, the mortality rate for children 
across various age groups undergoing acute PD was re-
ported as 62% (35-95%) (15-17, 20).

For newborns undergoing chronic PD, the mortality rate 
within the first year of life was reported as 48% (21). Our 
study identified mortality rates of 72.4% for newborns 
56.3% for infants in acute PD, and 27% for newborns 
and 43% for infants in chronic PD. Notably, despite no 
difference in acute dialysis outcomes, a more favorable 
prognosis was observed between 2013-2023, indicating 
a decline in mortality rates among children undergoing 
chronic dialysis when compared to the period from 2002 
to 2013. Between 2002-2013, four children who started 
chronic PD in the first week of life during the neonatal 
period died at the end of a follow-up period of approxi-
mately nine months. There was no death between 2013-
2023. It is not possible to interpret the reason for this dif-
ference with the data we obtained.

CONCLUSION

Peritoneal dialysis is the most commonly used method for 
renal replacement therapy in children facing both acute 

and chronic renal failure. Between the years 2002-2013 and 
2013-2023, when acute and chronic peritoneal dialysis di-
agnoses were compared in terms of diagnoses, infectious 
and non-infectious complications, and prognosis, there 
was no difference in almost all factors between the two 
periods. In the last decade, positive developments were 
observed only in chronic PD deaths that started in the neo-
natal period. Despite high-quality care in the neonatal care 
unit, positive technological developments, and effective 
management in PD, the most common infectious compli-
cation was still peritonitis, and the non-infectious compli-
cation was dialysate leakage, as in the previous 10 years.
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ABSTRACT

Objective: Ebstein’s anomaly (EA) is a rare congenital malfor-
mation associated with high perinatal mortality. In this study, we 
aimed to assess perinatal outcomes and factors associated with 
mortality in fetuses with EA.

Material and Method: In this study, fetuses diagnosed with EA 
from 2016 to 2022 were included. Clinical information, ultraso-
nographic findings, and Doppler parameters were collected 
retrospectively. 

Result: A total of 14 fetuses with EA were included. Twelve pa-
tients had isolated EA, while one had unilateral renal agenesis 
and the other had mega cisterna magna. Amniocentesis was 
performed in six cases and normal results were obtained. Nine 
fetuses reached term pregnancy. All fetuses survived to birth. 
Three cases died in the first week after birth. Survivors were 
found to have lower tricuspid valve annulus diameter z score 
when compared with non-survivors (4.81±3.05 vs 6.97±1.26, re-
spectively, p=0.05). Reversal pulmonary artery flow (2/11 vs 4/4 in 
survivors and non-survivors, respectively, p=0.01) and pulmonary 
atresia (1/11 vs 4/4 in survivors and non-survivors, respectively, 
p<0.01) were significantly more frequent in non-survivors.

Conclusion: Perinatal mortality remains high in EA. Higher tri-
cuspid valve annulus diameter z score, presence of reversal pul-
monary artery flow, and pulmonary atresia during prenatal diag-
nosis are associated with poorer diagnosis. Future multicenter 
studies are warranted to identify risk factors and guide perinatal 
management.  

Keywords: Doppler, echocardiography, ultrasonography, Eb-
stein’s anomaly 

ÖZET

Amaç: Ebstein anomalisi (EA) yüksek perinatal mortalite ile ilişkili 
nadir bir konjenital malformasyondur. Bu çalışmada, EA'lı fetüs-
lerde perinatal sonuçları ve mortalite ile ilişkili faktörleri değer-
lendirme amaçlandı.

Gereç ve Yöntem: Bu çalışmaya, 2016-2022 yılları arasında EA 
tanısı alan fetüsler çalışmaya dahil edilmiştir. Klinik bilgiler, ultra-
sonografik bulgular ve Doppler parametreleri retrospektif olarak 
toplandı. 

Bulgular: EA'lı toplam 14 fetüs çalışmaya dahil edildi. On iki 
hastada izole EA, birinde tek taraflı renal agenezi ve diğerinde 
mega sisterna magna vardı. Amniyosentez altı olguda yapıldı ve 
normal sonuçlar elde edildi. Dokuz fetüs term gebeliğe ulaştı. 
Tüm fetüsler doğuma kadar hayatta kaldı. Üç olgu doğumdan 
sonraki ilk hafta içinde kaybedildi. Hayatta kalanların triküspit 
kapak anulus çapı z skoru hayatta kalmayanlara göre daha düşük 
bulundu (sırasıyla 4,81±3,05 ve 6,97±1,26, p=0,05). Pulmoner 
arterde ters akım (hayatta kalanlarda ve hayatta kalmayanlarda 
sırasıyla 2/11 ve 4/4, p=0,01) ve pulmoner atrezi (hayatta kalan-
larda ve hayatta kalmayanlarda sırasıyla 1/11 ve 4/4, p<0,01) ha-
yatta kalmayanlarda anlamlı olarak daha sıktı.

Sonuç: EA'da perinatal mortalite hala yüksektir. Prenatal tanı 
sırasında daha yüksek triküspit kapak anulus çapı z skoru, pul-
moner arterde ters akım ve pulmoner atrezi varlığı daha kötü 
prognoz ile ilişkilidir. Risk faktörlerini belirlemek ve perinatal dö-
nemi yönetmek için gelecekte yapılacak çok merkezli çalışmalara 
ihtiyaç vardır.

Anahtar Kelimeler: Doppler, ekokardiyografi, ultrasonografi, 
Ebstein anomalisi
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INTRODUCTION

Ebstein’s anomaly (EA) is a rare malformation of the tri-
cuspid valve and right ventricle, characterized by apical 
displacement of the tricuspid valve (TV) (1). The incidence 
of EA is 0.12 per 1000 live births, accounting for <1% of all 
congenital heart diseases (2, 3). When present, severe tri-
cuspid regurgitation leads to cardiomegaly, arrhythmia, 
and hydrops (4). In a large multicenter study, Freud et al., 
reported a 45% perinatal mortality. Gestational age at 
diagnosis, pulmonary regurgitation, larger TV, and peri-
cardial effusion on fetal echocardiography were found 
to be the strongest predictors of mortality (5). Neonatal 
mortality remains high and ranges from 17% to 80% (6-9). 

Efforts have been made to identify the prognostic value of 
hemodynamic factors, indices of cardiomegaly, and extra-
cardiac Doppler indices in EA. The presence of pulmonary 
regurgitation and higher right atrial (RA) area index scores 
increased umbilical artery (UA) pulsatility index (PI) and de-
creased umbilical vein (UV) velocity have been associated 
with poor outcomes in fetuses with EA (5, 10-12). 

The present study aims to report perinatal outcomes and 
investigate clinical and fetal Doppler predictors in fetus-
es with EA. 

MATERIAL and METHODS

This was a single-center, retrospective cohort study of 
fetuses diagnosed with EA between January 2016 and 
September 2022 at Health Sciences University, Zeynep 
Kamil Women and Children’s Diseases Training and 
Research Hospital, Istanbul, Türkiye. This study was ap-
proved by Zeynep Kamil Women and Children’s Diseases 
Training and Research Hospital Ethics Committee (Date: 
05.04.2023, No: 52). 

All pregnant women referred to our center with suspicion 
of fetal anomaly or for routine second-trimester ultraso-
nographic examination and prenatally diagnosed with 
Ebstein anomaly were included in the study. Exclusion 
criteria were as follows: cases with incomplete clinical 
data and cases not confirmed by a pediatric cardiologist.

EA was defined as a primary defect in TV delamination 
with an inferior displacement from the atrioventricular 
valve annulus, which determined a TV and right ventric-
ular dysplasia (Figure 1). Clinical information, ultrasono-
graphic findings, and Doppler parameters, including ma-
ternal age, gestational age at diagnosis, delivery mode, 
birth weight, cardiothoracic ratio (CTR), RA area index, 
TV annulus diameter, tricuspid regurgitation, aortic max-
imum velocity, pulmonary artery (PA) flow, ductus venous 
(DV) flow, umbilical artery (UA) pulsatility index (PI) and 
middle cerebral artery (MCA) PI were reviewed.

The CTR was calculated as the epicardial circumference 

of the heart/internal thoracic circumference. RA area in-
dex was calculated by dividing the combined area of the 
RA and atrialized right ventricle by the combined areas of 
the functional right ventricle, left atrium, and left ventricle 
at end-diastole (13). Maximum tricuspid jet velocity was 
measured in systole. Measurement of DV, UA, and MCA 
flow velocities and indices were performed using a spec-
tral waveform. All sonographic and Doppler examina-
tions were performed by the same team, a collaborative 
group of experienced perinatologists. Voluson E6 system 
(GE Medical System, Milwaukee, WI, USA) was used in 
all examinations with a 2-8 MHz probe. Following birth, 
postnatal echocardiographic examinations were per-
formed on all patients. These examinations were carried 
out by the same pediatric cardiologist. The purpose of 
postnatal assessments was to validate the fetal findings 
and provide a comprehensive characterization of the car-
diac anatomy and function in the neonatal period.

Patients’ characteristics and clinical features were sum-
marized using standard descriptive statistics. Continuous 
Doppler measurements were expressed as mean ± and 
qualitative variables as numbers (%). Pearson’s chi-squared 
test or Fischer’s exact test were used to compare Doppler 
indices, where appropriate. All p-values were two-sided, 
and p<0.05 was considered statistically significant. Statis-
tical analyses were performed using IBM SPSS statistical 
software, version 21 (IBM, SPSS Corp., Armonk, NY, USA).

RESULTS

During the study period, 18 fetuses with EA were diag-
nosed. Two cases were excluded as parents chose ter-
mination of pregnancy. One case of EA with tetralogy of 
Fallot and another with congenitally corrected transposi-
tion of great arteries were excluded as echocardiograph-
ic predictors could not be applied. Finally, a total of 14 
cases were included in the analysis (Figure 2). Maternal 

Figure 1: Fetal echocardiogram four-chamber image in a 
32-week gestation fetus with Ebstein’s anomaly
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and fetal data for these patients are outlined in Table 1. 
The median maternal age was 30.5 years (range 22-39 
years). Gestational age at the time of diagnosis ranged 
from 16 to 34 weeks (median 26 weeks). Twelve patients 
were grouped as isolated EA, two cases had an additional 
finding of unilateral renal agenesis, and three cases had 
mega cisterna magna. Amniocentesis was performed in 
six cases and normal results were obtained in all. Am-
niocentesis, comprising analysis through both karyotype 
and array-CGH, was performed in six cases, and normal 
results were obtained in all.

Among 14 patients, four developed hydrops, and nine 
cases reached term pregnancy (64.2%). All fetuses sur-
vived to birth. Six cases were delivered vaginally (42.9%), 
while eight underwent cesarean section. Gestational age 
at delivery ranged from 28.3 to 40 weeks (median 37.6 
weeks). The indications for preterm birth and cesarean 
section in our study cohort were diverse. Three cases 
were due to fetal distress, one case was attributed to a 
low-lying placenta and anhydramnios, two cases were as-
sociated with breech presentation and preterm rupture 
of membranes, and two cases resulted from previous ce-

sarean section and preterm labor. The mean birth weight 
was 2767.8±406.2 g. Eleven cases (78.5%) survived to 
three months of age. All neonatal deaths occurred witin 
the seven days after birth.

Table 2 compares Doppler indices between the survivors 
and non-survivors. TV annulus diameter z-score was sig-
nificantly lower in survivors compared with non-survivors 
(4.81±3.05 vs 6.97±1.26, respectively, p=0.05). Reversal 
PA flow (2/11 vs 4/4 in survivors and non-survivors, re-
spectively, p=0.01) and pulmonary atresia (1/11 vs 4/4 in 
survivors and non-survivors, respectively, p<0.01) were 
significantly more common in non-survivors. None of the 
other Doppler parameters differed between groups. 

DISCUSSION

In this single-center series of EA, the perinatal mortality 
was 21%, similar to previous single-center experiences (8, 
14). However, in prior multi-center studies of EA, a peri-
natal mortality of 45% was reported (4, 15). 

Identifying high-risk fetuses with EA is important in sever-
al aspects. It allows the scanning of additional anomalies 

Figure 2: The flowchart of the study group
CHD: Congenital heart disease, TOP: Termination of pregnancy
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and may lead to genetic testing, which can assist the fam-
ily’s decision-making process. In our series, amniocente-
sis was performed in 43% of the patients (6/14) and all 
results were normal. However, in a study by Wertaschnigg 
et al., genetic anomalies were 11% and associated with a 
significantly increased mortality rate (16). Detecting risky 
fetuses with EA also allows for closer follow-up in the 
third trimester, where these fetuses may rapidly decom-

pensate (5). Taking both points into consideration, possi-
ble predictors of mortality have been investigated in sev-
eral studies. Increased CTR, RA area index, TV annulus 
diameter, severe tricuspid regurgitation, reversal PA flow, 
and presence of pulmonary regurgitation were shown to 
be associated with poor prognosis (5, 11, 15-17). Similarly, 
in the present study, the non-survivor group had signifi-
cantly higher TV annulus diameter z-score, reversal PA 

Table 1: Maternal and fetal characteristics

Case
No

Maternal 
age (years)

GA at 
diagnosis 
(weeks)

Additional 
findings

Amniocentesis Complication Delivery
Birth 

weight 
(grams)

Outcome

1 31 28 NP CS 2680
2 24 33 Unilateral 

renal  
agenesis

NP Hydrops V 3020

3 22 22 Mega 
cisterna 
magna

Normal Hydrops CS 2690 ND

4 25 29 Normal CS 2130 ND
5 29 26 Normal V 3000
6 23 26 NP CS 3110
7 36 30 Normal CS 2880
8 26 31 NP Hydrops V 2700
9 33 34 NP CS 3570
10 33 21 NP V 2980
11 34 25 Normal Arrhythmia, 

hydrops
CS 1890 ND

12 39 16 NP V 2700
13 38 23 NP V 2720
14 30 26 Normal CS 2680
CS: Cesarean section, GA: Gestational age, ND: Neonatal death, NP: Not performed, V: Vaginal birth

Table 2: Doppler indices at the time Ebstein’s anomaly was diagnosed

Doppler indices Survivors (n=11) Non-survivors (n=3) p
Isolated EA, n 10 1 0.51
CTR 0.62±0.06 0.60±0.03 0.89
RA area index 0.59±0.14 0.62±0.21 0.30
TV annulus diameter z-score 4.81±3.05 6.97±1.26 0.05
Tricuspid regurgitation
      Maximum velocity, cm/s 201.1±89.31 208.1±30.30 0.34
Aortic maximum velocity, cm/s 98.7±14.40 99.1±8.51 0.85
Reversal PA flow, n (%) 2 (18.1) 4 (100) 0.01
Pulmonary insufficiency, n (%) 3 (27.2) 1 (33.3) 1.00
Pulmonary atresia 1 (9.1) 4 (100) <0.01
Abnormal DV flow, n (%) 0 0 1.00
Absent/reversal UA flow, n (%) 0 0 1.00
UA pulsatility index 0.85±0.28 0.86±0.16 0.25
MCA pulsatility index 1.5±0.26 1.6±0.15 0.72
EA: Ebstein’s anomaly, CTR: Cardiothoracic ratio, DV: Ductus venosus, MCA: Middle cerebral artery, PA: Pulmonary artery, RA: Right atrium, 
TV: Tricuspid valve, UA: Uterine artery 
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flow, and pulmonary atresia. Other Doppler parameters 
did not differ between groups. This may be explained by 
the small number of patients in our study.

The optimal timing for delivery of the fetus with EA re-
mains a challenge. Worse neonatal outcome was re-
ported with premature delivery in EA (5, 16). Our clinical 
strategy is to avoid preterm deliveries unless there is an 
increased risk of fetal death. In our study, five of 14 pa-
tients had premature birth. 

A small number of patients and retrospective design are 
the main limitations of this study. In addition, we could 
not reach and present long-term postpartum data of the 
included patients. On the other hand, the same perina-
tology team managed all the patients. Follow-up data for 
all patients from diagnosis were present. 

CONCLUSION

In conclusion, EA remains a cause of increased perinatal 
mortality. Increased TV annulus diameter, reversal PA flow, 
and pulmonary atresia at diagnosis may help determine 
high-risk cases. As EA is a rare condition, larger multi-
center series are required to determine the prognostic 
factors and identify the ideal prenatal management and 
delivery time.
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ABSTRACT

Objective: Extracorporeal electromagnetic stimulation (ExMS) 
has been used widely to treat Urinary Incontinance (UI). We aim 
to analyze the subjective and objective outcomes of ExMS treat-
ment and evaluate factors that could predict satisfaction. 

Material and Method: Patients who underwent ExMS treatment 
for UI were evaluated. ExMS was performed twice weekly with 
20-minute sessions for six-eight weeks. Subjective satisfaction 
and objective improvement were evaluated before and three 
months after treatment with a bladder diary, pad test, and pelvic 
floor muscle strength assessment. King’s Health Questionnaire 
was used to evaluate quality of life. 

Result: Eighty-one patients were included. The mean age was 
50.4±9.7 (30-76). Fourty four (54.3%) patients suffered from 
mixed UI, and 19 (23.5%) and 18 (22.2%) suffered from stress UI 
and urge UI, respectively. Six patients were cured, 64 (79.1%) 
were better than before, and the rest noticed no change. Af-
ter treatment, there were significant improvements in bladder 
diary, pelvic floor muscle strength, pad test, and King’s Health 
Questionnaire. There was a significant correlation between the 
type of UI and satisfaction after treatment; women suffering from 
stress UI were less satisfied when compared to urge or mixed UI. 
No correlations were found between treatment satisfaction and 
age, pretreatment pelvic floor muscle strength, 1-hour pad test, 

ÖZET

Amaç: Elektromanyetik dalgalarla tedavi (ExMS) üriner inkonti-
nansın tedavisinde sıklıkla kullanılmaktadır. Bu çalışmada,  Üriner 
inkontinansın (İÜ) şikayetleri olan hastalarda EXMS tedavisinin 
etkinliğinin değerlendirilmesi ve tedavi memnuniyetini etkileyen 
faktörlerin analiz edilmesi amaçlanmıştır. 

Gereç ve Yöntem: Üriner inkontinans nedeniyle ExMS tedavisi 
uygulanan hastalar retrospektif olarak değerlendirilmiştir. ExMS, 
manyetik stimülasyon sandalyesi kullanılarak, haftada üç seans 
ve her seans 20 dakika olmak üzere altı-sekiz hafta boyunca uy-
gulanmıştır. Subjektif memnuniyet, tedavi öncesi ve sonrasında 
ürojinekolojik semptomlar, bir saatlik ped testi, dört günlük üri-
ner günlük, pelvik taban kas gücü ve King Sağlık Anketi değer-
lendirilmiştir. 

Bulgular: Seksen bir hasta çalışmaya dahil edilmiştir. Ortalama 
yaş 50,4±9,7’dir (30-76). Kırkdört (%54,3) hasta mikst Üİ, 19 hasta 
(%23,5) stres Üİ ve 18 hasta (%22,2) acil Üİ tanısı almıştır. ExMS 
tedavisinden memnuniyet değerlendirildiğinde, altı hasta tama-
men iyileştiklerini, 64 hasta (%79,1) daha iyi olduklarını, geri kalan 
hastalar değişiklik olmadığını belirtmiştir. Tedavi sonrası üriner 
günlük, pelvik taban kas gücü, bir saatlik ped testi ve King Sağlık 
Anketi sonuçlarında anlamlı düzelme görülmüştür. Üriner inkon-
tinans tipi ile memnuniyet arasında anlamlı ilişki bulunmuştur. 
Stres Üİ şikayeti olan kadınlarda memnuniyet urge veya mikst 
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INTRODUCTION

Urinary incontinence (UI), the involuntary leakage of urine, 
is a frequent problem among women with an adverse ef-
fect on quality of life (1). The first-line treatment for UI is 
conservative, with several treatment options, such as be-
havioral modification and pharmacotherapy with anticho-
linergic medications (2). In addition, physical therapies, 
including vaginal cones, biofeedback, electrical stimula-
tion or peripheral or sacral neuromodulation methods, 
and extracorporeal magnetic stimulation (ExMS) may be 
used for the treatment of UI (2). 

ExMS is commonly used in the world and our country. 
ExMS achieves nerve stimulation and neuromodulation 
by generating an electrical activity that penetrates tissues 
without alteration and induces controlled depolarization 
of the nerves. Therefore, a greater effect can be achieved 
on deeper neural tissue with minimal discomfort at the 
application point (3). ExMS treatment stimulates the pel-
vis’s central and peripheral nerve pathways and induces 
pelvic floor muscle contraction (4, 5). The main advantag-
es of ExMS include its non-invasive and relatively painless 
nature, the lack of internal electrodes, and the ability to 
be fully clothed during treatment. 

In this study, we aimed to analyze the subjective satis-
faction and objective results of ExMS in the treatment of 
UI. The primary outcome was subjective improvement in 
UI and satisfaction. Secondary outcomes were objective 
improvement rates in bladder diary, pad test, quality of 
life, pelvic floor muscle strength, and defining factors that 
could affect the outcome of ExMS treatment.

MATERIAL and METHODS

One hundred twenty-five patients suffering from UI and 
treated with ExMS were included. The inclusion criteria for 
ExMS treatment were a history of UI of at least six months, 
written informed consent for the treatment and the pres-
ence of detailed history and urogynecology evaluation.

Exclusion criteria for ExMS treatment were the presence 
of a cardiac pacemaker or other implantable devices, 
pregnancy, and active urinary tract infection. Exclusion 
criteria for the study needed to include data during pre-
treatment evaluation and follow-up. Ethical approval was 
obtained from İstanbul Faculty of Medicine, Clinical Re-
search Ethics Committee (Date: 02.04.2021, No: 08). All 
patients signed the informed consent form. 

Before treatment, all patients were evaluated, including 
medical history, dipstick urine test, and urine culture, 
stress test, pelvic organ prolapse evaluation using POP-Q 
system, Q-tip test, pelvic floor muscle strength using dig-
ital palpation and perineometer, four-day bladder diary, 
one-hour pad test, and urodynamics. Urodynamics, in-
cluding cystometry and uroflowmetry, were performed 
using the MMS UD 2000 Urodynamics System (MMS 
UD-2000, Medical Measurement System, Enschede, The 
Netherlands). All women completed the Turkish-validat-
ed version of King’s Health Questionnaire for the quality 
of life assessment (6). 

ExMS was performed in hospital settings using a MAGTH-
ER E-6000 magnetic stimulation chair for pelvic rehabilita-
tion. All patients were treated every three days for six-eight 
weeks. The duration of each session was 20 minutes, made 
up of two episodes of 10 minutes with a resting interval of 
10 minutes. As suggested in previous studies, 50 Hz fre-
quency was used for patients suffering from stress UI, and 
10 Hz frequency was used for patients suffering from urge 
UI (7). Patients with mixed UI were treated for 10 minutes 
with 50 Hz and 10 minutes with 10 Hz.

Two months after completing the treatment program, 
medical history, pelvic floor muscle strength, pad test, 
four-day bladder diary, and King’s Health Questionnaire 
were performed. The patients either received biofeed-
back or were educated regarding pelvic floor muscle 
exercises depending on their muscle strength after the 
treatment.

or mean number of leakage and urgency episodes. No compli-
cations developed.  

Conclusion: ExMS is an effective treatment for UI with almost 
80% subjective satisfaction. Quality of life, pad test, bladder dia-
ry, and pelvic floor muscle strength were improved significantly. 
The UI type (urge or mixed UI) was a significant predictive factor 
for treatment satisfaction.

Keywords: Electromagnetic stimulation, mixed urinary 
incontinence, overactive bladder syndrome, quality of life, stress 
urinary incontinence, urinary incontinence

Üİ olanlara göre daha düşük bulunmuştur. Bunun dışında yaş, 
ped testi, pelvik taban kas gücü ve ortalama kaçak ve aciliyet 
sayısı ile memnuniyet arasında anlamlı ilişki bulunamamıştır. 
Tedavi esnasında veya sonrasında herhangi bir komplikasyon 
gelişmemiştir.

Sonuç: ExMS, Üİ şikayeti olan kadınlarda etkin bir tedavidir. 
Subjektif tatmin oranları %80’e varmaktadır. Objektif olarak ped 
testi, pelvik taban kas gücü, üriner günlük ve hayat kalitesinde 
anlamlı düzelmeye neden olmaktadır. Üriner inkontinans tipi 
(urge veya mikst Üİ) tedavi memnuniyeti etkileyen bir faktördür. 

Anahtar Kelimeler: Elektromanyetik stimülasyon, üriner 
inkontinans, mikst üriner inkontinans, stres üriner inkontinans, 
aşırı aktif mesane, hayat kalitesi
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The primary outcome was subjective improvement in UI: 
women who suggested that they were either completely 
dry or that their UI was improved. Subjective evaluation 
by the patients was reported as ‘cure,’ ‘better than be-
fore,’ ‘no change at all,’ and ‘worse than before.’ 

Secondary outcomes included improved quality of life, 
pad test, four-day bladder diary, pelvic floor muscle 
strength, and defining predictive factors that could affect 
satisfaction after ExMS treatment.

Statistical analysis
Statistical analysis was performed with the computer 
program IBM Statistical Package for the Social Sciences 
(SPSS) version 20.0 (IBM SPSS Corp., Armonk, NY, USA). 
Descriptive tests were used to describe patients’ char-
acteristics. Data were expressed as mean ± standard 
deviation. Because the Kolmogorov-Smirnov test indi-
cated that data distribution deviated significantly from 
normality, the Wilcoxon signed-rank test was used for 
pre-treatment and post-treatment comparison. Spear-
man’s correlation test was used to determine any asso-
ciation between type of UI, age, 1-hour pad test, pelvic 
floor muscle strength, bladder diary, and satisfaction. A 
p-value <0.05 was considered statistically significant.

RESULTS

One hundred twenty-five women received ExMS for 
treatment of UI. Forty-four women were excluded be-
cause of missing data during follow-up regarding either 
measurement of pelvic muscle strength, bladder diary, or 
1-hour pad test. Total number of women included was 81. 

The demographic variables of the patients are sum-
marized in Table 1. The mean age of the patients was 
50.4±9.7 (30-76). Forty-six patients were in the postmeno-
pausal period. The mean body mass index was 29.9±5.4 
kg/m2. Mean number of deliveries was 2.3±1.4 (0-5); six 

patients were nulliparous, 64 patients delivered vaginally, 
three patients had a history of vacuum extraction, and 
eight patients had a history of cesarean section. Six pa-
tients had diabetes, five patients had depression, and 
two patients suffered from disc hernia. Two patients had 
undergone an anti-incontinence surgery before. Four 
patients had a history of total abdominal hysterectomy, 
and three patients underwent vaginal hysterectomy. For-
ty-four patients suffered from mixed UI (54.3%), and 19 
patients (23.5%) and 18 patients (22.2%) suffered from 
stress UI and urge UI, respectively. Sixteen patients suf-
fered from coital incontinence. Fifty-six (69.1%) patients 
were using pads for UI every day. 

All patients completed the treatment program, and no 
adverse events developed during treatment. Self-report-
ed satisfaction related to ExMS treatment was as follows: 
Six patients suggested that they were cured, 64 patients 
(79.1%) suggested that they were better than before, and 
11 patients (13.6%) noticed no change. 

Four-day bladder diary results before and after treatment 
are summarized in Table 2. The mean number of voiding 
and urgency episodes before treatment was 8.6±3.5 and 
2.2±3.8, respectively. The mean number of leakage ep-
isodes was 2.2±3.7 before treatment. Mean number of 
nocturia was 0.9±0.9. There was significant improvement 
after treatment in all these parameters. The mean num-
ber of voiding episodes was 6.4±1.7, the mean number 
of urgency episodes was 0.83±1.6, the mean number of 
leakage episodes was 0.6±1.4, and the mean number of 
nocturia was 0.5±0.8 after treatment. 

There were significant changes in pelvic floor muscle 
strength and 1-hour pad test results after treatment 
(Table 2). The mean pelvic floor muscle strength was 
18.7±9.5 cmH2O and 23.7±11.9 cmH2O before and af-
ter treatment. The mean pad tests were 26.8±43.4 gr and 
1.2±2.5 gr before and after treatment. The distribution 
of the pad weight results of the women are summarized 
in Table 3. Forty patients (49.4%) had a negative pad test 
before treatment, whereas 70 patients (86.4%) had a neg-
ative pad test after treatment. Twelve patients (14.8%) 
had a pad test above 50 gr before treatment, but none 
had a pad test above 45 gr after treatment; four patients 
(4.9%) had a pad test between 10 gr and 45 gr. 

There were significant changes in all domains and total 
scores of the King’s Health Questionnaire except for personal 
relationships and symptom severity domains when the pre-
treatment and posttreatment results were compared. The 
pretreatment and posttreatment total scores of the King’s 
Health Questionnaire were 422.4±205.5 and 297.9±212.5, re-
spectively. The results are summarized in Table 4. 

A significant correlation was found between the type of 
UI and satisfaction related to ExMS treatment (r=0.16, 

Table 1: Demographic variables of the women 
included in the study

n=81 

Age 50.4±9.7 (30-76)

Menopause n (%) 46 (56.7%)

Body mass index (kg/m2) 29.9±5.4

Number of deliveries 2.3±1.4 (0-5)

Anti-incontinence surgery n (%) 2 (2.4%)

Type of UI

   Stress UI n (%) 19 (23.5%)

   Urge UI n (%) 18 (22.2%)

   Mixed UI n (%) 44 (54.3%)

UI: Urinary incontinence
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p=0.037). Women suffering from stress UI had a lower 
rate of satisfaction (47.3%±36.0%) when compared to 
women suffering from urge UI (59.9%±28.4%) or mixed 

UI (62.0%±29.5%). No significant correlations were ob-
served between age (r=0.13, p=0.08), pretreatment pel-
vic floor muscle strength (r=0.04, p=0.609), 1-hour pad 
test (r=0.01, p=0.99), and a mean number of pretreat-
ment leakage (r=-0.064, p= 0.398) or urgency episodes 
(r=0.01, p=0.86). 

No pain or adverse effects developed during ExMS. No 
complications were observed during the treatment or 
posttreatment periods.

DISCUSSION

ExMS is a recent technique used for the treatment of UI. 
ExMS uses Faraday’s law of magnetic induction; mem-
brane depolarization of adjacent nerves occurs, leading 
to subsequent muscle contraction (8). The targets of 
ExMS treatment are sacral S2-S4 nerve roots, which are 
the primary autonomic and somatic innervation of the 
urethra and bladder. ExMS stimulates pelvic floor mus-
cles, urethral sphincter, and pudendal nerve afferents, 
which results in detrusor inhibition (3). 

As the study’s primary outcome, we have shown that 
ExMS led to greater than 60% improvement in women 
suffering from UI with no pain or adverse effects during 
or after treatment. In our study, there were significant 
changes in pad test, bladder diary, pelvic floor muscle 
strength, and quality of life in patients suffering from 
stress, urge, and mixed UI. The decreases in the mean 
leakage, urgency, and voiding episodes show that ExMS 
effectively treats urge UI. 

Success rates regarding ExMS treatment vary between 
studies. In a prospective multicenter study, Galloway et 
al., reported cure and improvement rates of 34% and 
66%, respectively, in 83 patients with stress UI (9). In 
this study, 50 women had longer than three months of 
follow-up. In addition, they showed a reduction in pad 
usage and pad weight. Detrusor instability was found in 
five women before treatment and was present in a single 
patient during follow-up. Yamanishi et al., reported that 
86% of patients with stress UI and 75% of patients with 

Table 2: The 4-day bladder diary, pelvic floor muscle strength measured by a perineometer, and 1-hour pad test 
results before and after treatment

Pretreatment Posttreatment P value

The mean number of voiding episodes 8.6±3.5 (5-25) 6.4±1.7 (5-15) 0.001

The mean number of urgency episodes 2.2±3.8 (0-13) 0.83±1.6 (0-8) 0.001

The mean number of leakages 2.2±3.7 (0-20) 0.6±1.4 (0-10) 0.001

The mean number of nocturia 0.9±0.9 (0-9) 0.5±0.8 (0-5) 0.001

Pelvic floor muscle strength measured by perineometer (cmH2O) 18.7±9.5 (1-45) 23.7±11.9 (1-54) 0.01

1-hour pad test (gr) 26.8±43.4 (0-200) 1.2±2.5 (0-45) 0.001

Wilcoxon signed rank test was used

Table 3: Distribution of the 1-hour pad test results of 
the women before and after treatment

Pretreatment
n (%)

Posttreatment 
n (%)

<2 gr 40 (49.4%) 70 (86.4%)

2≤10 gr 15 (18.5%) 7 (8.6%)

10≤ 50 gr 14 (17.3%) 4 (4.9%)

≥50 gr 12 (14.8%) 0

Table 4: Results of the King’s Health Questionnaire 
before and after treatment

Pretreatment Posttreatment P value

General 
health 
perceptions

48.8±20.3 40.9±19.7 0.04

Incontinence 
impact

68.5±35.6 46.9±40.7 0.03

Role 
limitations

53.2±34.9 40.1±35.5 0.03

Physical  
limitations

54.6±36.7 37.9±37.1 0.04

Social 
limitations

40.4±32.7 23.2±28.5 0.003

Personal  
relationships

19.4±26.0 11.4±23.2 0.25

Emotions 49.1±31.9 30.8±32.2 0.003

Sleep/ 
energy

36.1±28.0 24.9±26.1 0.03

Symptom  
severity

50.2±23.2 38.9±32.9 0.10

Total score 422.4±205.5 297.9±212.5 0.003

Wilcoxon signed rank test was used 
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urge UI had significant improvements in quality of life, 
maximum urethral closure pressure, and urgency after 
treatment (10). Chandi et al. reported objective improve-
ments in 58% of patients treated for urge and mixed UI 
(11). Significant clinical improvement was seen only in pa-
tients with urge UI. They showed no significant change in 
urodynamic parameters after treatment. Groenendijk et 
al. evaluated the clinical effects and urodynamic changes 
in 16 women suffering from stress, urge, and mixed UI 
treated with ExMS (12). There were no significant differ-
ences in bladder diary, pad test, and visual analog scale 
before and after treatment; however, detrusor overactivi-
ty and urethral instability disappeared in 60% and 66% of 
the patients, respectively, in posttreatment urodynamics. 
Voorham-van der Zalm et al. evaluated the effect of ExMS 
on pelvic floor function (8). The authors found no signifi-
cant difference in the quality of life using KHQ except for 
role limitations, bladder diary, and pad test. The authors 
suggested that ExMS may increase awareness of pelvic 
floor muscles and should be combined with active exer-
cises to strengthen the effect.

On the other hand, Yokoyama et al., reported 53% im-
provement that lasted until 24 weeks after last treatment 
in 17 of the 20 patients suffering from urge UI (13). Al-
media et al. evaluated the effects of ExMS on 91 women 
suffering from UI with a follow-up of 1 year (14). Imme-
diately after treatment, quality of life improved by 35%, 
the number of pads used daily decreased by 40%, and 
the number of leakage episodes decreased by 54%, 
with a cure rate of 37%. A 24.3% average increase in leak 
point pressure and detrusor overactivity disappeared in 
77% of the patients. However, at 1-year follow-up, 94% 
of patients who became dry had a recurrence. Possible 
reasons for these controversial results among studies are 
small sample sizes, inclusion of male and female patients, 
differences in the stimulation protocol, duration of stimu-
lation, and duration of follow-up after treatment. 

There are controversial results in studies comparing 
ExMS with other stimulation methods and sham stimula-
tion. However, But et al. compared the efficacy and safety 
of ExMS with placebo in the treatment of UI (15). Fifty-five 
women with UI were randomly assigned to an active 
treatment group or placebo group. A 56.3% improve-
ment was observed in the active treatment group versus 
a 26.3% improvement in the placebo group. Compared 
with placebo, the number of pads used, and pad weight 
were significantly lower, and the duration and strength 
of pelvic floor muscle contractions were significantly 
improved. Bolukbas et al. compared the effectiveness 
of vaginal electrical stimulation and ExMS in 22 women 
suffering from UI (16). They found significant improve-
ment in pelvic floor muscle strength and pad test results; 
however, the improvement in bladder diary was greater 
in the electrical stimulation group. Fujishiro et al. report-

ed a beneficial effect of ExMS for patients with stress UI 
over sham stimulation (17). The stimulation group had a 
74% improvement, whereas the sham group had a 32% 
improvement, with improved bladder diary and quality 
of life results. Gilling et al., in their double-blind, ran-
domized controlled trial, found significant improvements 
in quality of life and pad test results in the active stimu-
lation group compared to the sham stimulation group; 
however, these improvements did not reach statistical 
significance (18).

Lim et al., reported the efficacy of ExMS for treating 
stress UI with a 1-year follow-up in their multicenter ran-
domized study (19). Seventy five percent of the patients 
in the active stimulation group responded versus 21.7% 
in the sham stimulation group. Yamanishi et al. evaluat-
ed the effects of ExMS on urodynamic stress UI resistant 
to pelvic floor muscle training in their randomized sh-
am-controlled study (20). Quality of life scores, severity 
of UI, and abdominal leak point pressures significantly 
improved in the active stimulation group. Lim et al., in 
their systematic review evaluating the efficacy of ExMS 
for UI, evaluated eight studies, including 494 patients. 
Two hundred eighty-five underwent active stimulation, 
whereas 209 received sham treatment (21). The most ex-
tended follow-up was six months. The active stimulation 
group improved incontinence (2.3 times) compared to 
sham stimulation. The systematic review was weak due 
to varying inclusion criteria, varying follow-up, and poor 
reporting. There were controversial results regarding the 
effects on quality of life. 

Main strengths of our study include the adequate sample 
size and detailed pretreatment and post-treatment evalu-
ation including subjective and objective measures of suc-
cess. Main limitations of the study are the short follow-up 
period, lack of sham stimulation as a control group, and 
lack of correlation with urodynamic findings. In addition, 
blinding of the patients during treatment assignment was 
not possible due to the nature of the interventions. 

CONCLUSION

In conclusion, ExMS is an effective treatment option for 
patients suffering from UI, with almost 80% subjective 
satisfaction and significant improvement in quality of life, 
pad test, bladder diary, and pelvic floor muscle strength. 
Further prospective studies are needed for the evalua-
tion of the long-term effects of ExMS and comparison 
with sham stimulation. 

Ethics Committee Approval: The study has ethical approval 
from the İstanbul Faculty of Medicine, Clinical Research Ethics 
Committee (Date: 02.04.2021, No: 08). 

Informed Consent: All patients signed the informed consent form.
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ABSTRACT

Objective: Chronic stress is a factor that affects organs/tissues 
and disrupts homeostasis. This condition can lead to increased 
oxidative stress, which damages cellular components. Antioxi-
dants attempt to prevent this damage by neutralizing free rad-
icals. Our study aimed to investigate the effect of chronic mild 
stress on the levels of Catalase (CAT), Superoxide Dismutase 
(SOD), Glutathione Peroxidase (GPx) and Malondialdehyde 
(MDA) in serum and liver tissue.

Material and Method: In our study, 16 Wistar albino rats were 
divided into control and experimental groups. The chronic un-
predictable mild stress (CUMS) model protocol was employed. 
The levels of CAT, SOD, GPx, and MDA in serum and liver tissue 
were measured using the Enzyme-Linked Immunosorbent Assay 
method.

Result: Upon comparison of serum CAT, SOD, GPx, and MDA 
levels, no statistically significant difference was observed be-
tween the control and stress groups (p>0.05). However, when 
comparing CAT, SOD, GPx, and MDA levels in the liver tissue, 
a significant increase in the levels of antioxidant enzymes was 
noted in the stress group (p<0.05).  

Conclusion: Under chronic stress, liver tissue's antioxidant lev-
els appear to increase. We believe our study may contribute to 
understanding the connection between stress, free radicals, and 
antioxidants. 

Keywords: Antioxidant, chronic stress, oxidative stress  

ÖZET

Amaç: Kronik stres, organ/dokuları etkileyen ve homeostazisi 
bozan bir faktördür. Bu durum, hücresel bileşenlere zarar ve-
ren oksidatif stresin artmasına neden olabilir. Antioksidanlar ise 
serbest radikalleri notralize ederek bu zararı önlemeye çalışır. 
Çalışmamızın amacı, kronik hafif stresin serum ve karaciğer do-
kusundaki Katalaz (CAT), Süperoksit Dismutaz (SOD), Glutatyon 
Peroksidaz (GPx) ve Malondialdehit (MDA) seviyeleri üzerindeki 
etkisini araştırmaktır.

Gereç ve Yöntem: Çalışmamızda 16 Wistar albino sıçan kontrol 
ve deney gruplarına ayrılmıştır. Kronik öngörülemeyen hafif stres 
model protokolü uygulandı. Serum/karaciğer CAT, SOD, GPx ve 
MDA düzeyleri Enzyme Linked Immunosorbent Assay metodu 
ile ölçüldü.

Bulgular: CAT, SOD, GPx ve MDA serum düzeyleri 
karşılaştırıldığında kontrol ve stres grupları arasında istatistiksel 
olarak anlamlı fark belirlenmedi (p>0,05). Buna karşın, karaciğer 
dokularındaki CAT, SOD, GPx ve MDA seviyeleri karşılaştırıldığın-
da, stres grubunda antioksidan enzim seviyelerinde anlamlı yük-
seliş belirlenmiştir (p<0,05).  

Sonuç: Kronik stres altında, antioksidan enzim seviyelerinin kara-
ciğer dokusunda arttığı görülmektedir. Çalışmamızın stres, ser-
best radikaller ve antioksidanlar arasındaki bağlantıya yönelik bir 
katkı sunabileceği kanısındayız.

Anahtar Kelimeler: Antioksidan, kronik stres, oksidatif stres 
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INTRODUCTION

Chronic psychological stress has become an inevitable 
part of modern life, negatively impacting both physical 
and mental health. It is considered a factor that affects 
nearly all organs/tissues and disrupts homeostasis (1). 
Furthermore, it is a subject of current research that chron-
ic stress may elevate oxidative stress at the cellular level, 
potentially contributing to the development of various 
diseases (2, 3).

Oxidative stress is a biological imbalance from accumu-
lating reactive molecules, known as free radicals, within 
cells (4). The accumulation of free radicals within cells 
and resultant oxidative damage from oxidative stress 
can prompt a spectrum of morphological alterations in 
tissues. Such changes can affect the structure and func-
tionality of cells, leading to potential harm across various 
organs. The liver, which has an important function in de-
toxification processes, is primarily affected by this process 
(1). Also, chronic psychological stress can increase corti-
sol levels and cause oxidative stress (5). Chronic stress 
can also impact the immune system, producing height-
ened inflammatory responses. In such cases, there is an 
increase in the secretion of pro-inflammatory cytokines, 
which may contribute to the formation of free radicals (6).

Moreover, chronic psychological stress can negatively af-
fect mitochondrial function. Under the influence of stress, 
dysfunctions in mitochondria may arise, potentially con-
tributing to an increase in oxygen radicals (2, 7). Addi-
tionally, chronic stress can impact antioxidant defense 
systems, reducing their effectiveness (4).

The organism responds to the harmful effects of oxidative 
stress with the antioxidant defense system. This defense 
system tries to prevent oxidative damage by neutralizing 
free oxygen radicals in cells (8). The biological system that 
prevents the progression of oxidation/peroxidation by re-
acting with oxygen radicals is defined as ‘Antioxidant de-
fense’ (9). The primary members of the cellular antioxidant 
defense mechanism are Catalase (CAT), Superoxide Dis-
mutase (SOD), and Glutathione Peroxidase (GPx). These 
enzymes trigger a series of biological activities that facil-
itate the removal of oxidative stress factors, which could 
disrupt the homeostatic balance of the cell (10).

Catalase is an important enzyme that plays a fundamental 
role in protecting cells from the harmful effects of hydro-
gen peroxide in almost all aerobic organisms (11). CAT 
serves as an efficient catalyst, facilitating the breakdown 
of hydrogen peroxide into water and molecular oxygen. 
This compound is generated as a byproduct during di-
verse cellular activities. The fundamental significance of 
the CAT enzyme lies in its role as a potent antioxidant 
agent within the biological system. Iron ions in CAT cat-
alyze hydrogen peroxide oxidation (2). Hydrogen perox-

ide forms a compound that, as a reactive oxygen species, 
can damage cellular components, lipids, proteins, and 
genetic material (7). CAT, which also plays a role in detox-
ification, is found mainly in liver tissue (12).

Superoxide dismutase is a critical enzyme that provides 
an effective antioxidant defense mechanism against re-
active oxygen species (ROS), especially superoxide anion 
radicals (13). SOD facilitates reactions that convert su-
peroxide radicals into oxygen molecules and transform 
other superoxide radicals into hydrogen peroxide, which 
is a less reactive compound. This process enables cells 
to shield themselves effectively from oxidative harm in-
duced by superoxide anions and ROS (14). SOD is an 
antioxidant enzyme that plays an important role in main-
taining cellular homeostasis and is considered a key com-
ponent in combating oxidative stress (10).

Glutathione peroxidase is an antioxidant enzyme that 
has important functions in maintaining the cellular re-
dox balance. It also plays an important role in preventing 
lipid peroxidation, which can cause cellular damage (8). 
GPx reduces cellular peroxide compounds and organic 
hydroperoxide and turns them into harmless ones. This 
increases the resistance of cells to oxidative damage 
(9). GPx functionally interacts with GSH ‘γ-glutamyl-cys-
teinyl-glycine,’ enabling the formation of the reduced 
form of GSH and thereby counteracting the effects of 
oxidative stress (15). GPx plays a crucial role in reducing 
the oxidation of polyunsaturated fatty acids within cell 
membranes, thereby preserving cellular integrity through 
maintaining membrane structure. GPx constitutes a sig-
nificant component of the cellular antioxidant defense 
system (16). It works together with other antioxidant en-
zymes, SOD and CAT, to provide an effective defense of 
cells against reactive oxygen radicals (17).

Malondialdehyde is generated through the interaction of 
oxygen molecules and free radicals with polyunsaturat-
ed fatty acids in the cell membrane. MDA is a common 
biomarker for evaluating the levels of oxidative stress in 
cells and tissues (18). Monitoring MDA levels can provide 
insights into the extent of oxidative stress and potential 
cellular damage. Elevated MDA levels indicate increased 
oxidative damage to cell membranes and lipids (10, 19).

Within this framework, the primary objective of our in-
vestigation is to ascertain the concentrations of antioxi-
dant enzymes in the serum and liver tissues subjected to 
chronic stress. Our goal is to assess the impact of chron-
ic mild stress on cellular oxidative stress by juxtaposing 
potential alterations in enzyme levels against those of 
the control group. This research will enhance the com-
prehension of the mechanisms by which chronic psycho-
logical stress may influence oxidative stress and potential 
cellular injury.
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MATERIALS and METHODS

Animals and standard procedures
In the study, 4-month-old 190-200 gr female Wistar albi-
nos (n=16) were used. We divided the rats into two groups 
in standard cages two weeks before the study process 
started and provided the standard room conditions. The 
menstrual cycles of rats were considered and analyzed. 
Rats in the same menstrual phase were included in the 
study. During anesthesia, a combination of ketamine 
hydrochloride (90 mg/kg; Ketalar, Parke-Davis) and xyla-
zine hydrochloride (12 mg/kg, 2%; Rompun, Bayer) was 
administered intraperitoneally to rats. The anesthesia 
process of the rats was started approximately 15 minutes 
before. Muscle movements and reactions to pain were 
tested and processed. Euthanasia was performed by cer-
vical dislocation after intracardiac blood collection. The 
principles of “Guidelines for the Care and Use of Lab-
oratory Animals” were applied. Ethical approval of the 
study was obtained from the Kocaeli University Animal 
Experiments Local Ethics Committee (Date: 26.07.2023, 
No: 6/4-2023).

Stress model and groups
In our study, the chronic unpredictable mild stress 
(CUMS) protocol which was previously defined in the lit-
erature, was used as a stress model (20). Using the CUMS 
model, rats are prevented from learning stressors, which 
consequently inhibits their ability to develop resilience 
to the stress model. A total of 8 different stressors were 
identified, and the order of the stressors was previously 
determined (Box 1). At the end of the experiment, anhe-
donia behaviors, considered an indicator of the depres-
sion status of the animals, were closely monitored and 
measured. 

In our study, two groups were formed: experimental and 
control groups. Then, we applied the stressors to the 
experimental group for 28 days. Before the start of the 
experiment, the order in the application protocol was de-
termined randomly. 

Tissue lysis procedures
To prevent possible blood contamination, tissues were 
washed with a saline solution containing 0.09% NaCl. 
Subsequently, the tissues were weighed and homoge-
nized in a 1/10 ratio of phosphate-buffered saline with a 
pH of 7.4. The homogenization was carried out at 24,000 
revolutions per minute using a T25 Basic Ultra Turrax ho-
mogenizer (IKA Werke Deutschland/Germany). Following 
homogenization, the samples were centrifuged at 10,000 
times the force of gravity for 15 minutes at a temperature 
of 4°C. The resulting homogenate was then divided into 
smaller tubes and preserved for further analysis based on 
tissue-specific measurements. The modified Lowry meth-
od determined the protein content (21). The total protein 
concentration of the liver tissue was equalized before the 
ELISA process.

Enzyme-linked immunosorbent Assay (ELISA) method 
and biochemical procedures
Blood samples (3 mL) were taken from the left ventricle. 
Blood specimens were allowed to clot for two hours at 
room conditions and centrifuged for 15 minutes at 1000g 
force at 4-8 °C. Serum samples were stored at -40°C. The 
supernatants were collected and diluted 1/10 before the 
assay. Serum and tissue GPx, CAT, and SOD levels were 
determined with ELISA (ELISA; BT Lab, Zhejiang, China) 
kits and measured with ‹Alisei Quality System Seac Radim 
Company analyzer› (Italy/Rome)-ELISA reader based on 
the manufacturer›s instructions (GPx-1, Code E1172Ra; 
CAT, Code E0869Ra; SOD-1, Code E1444Ra). Serum and 
tissue MDA levels were determined using a colorimetric 
MDA assay (BT Lab, Zhejiang, China) and measured with 
UV-1280 UV-VIS Spectrophotometer (Shimadzu, Kyoto, 
Japan) based on the manufacturer›s instructions (MDA, 
Code SH 0020).   The dilution coefficient was multiplied 
by the results, and their concentrations were calculated 
according to the kit›s standards.

Data analysis and statistics 
The Kolmogorov-Smirnov analysis was performed for the 
normal distribution suitability test in the statistical evalua-
tion of our results. An Independent T-test was applied for 
the values ​​that correspond to normal distribution. ‘The 
Mann Whitney U’ statistic method was used for the val-
ues ​​that do not comply with the normal distribution. P 
values of 0.05 or less were considered statistically signifi-
cant. The Statistical analysis SPSS 22.0 (IBM, SPSS Corp., 
Armonk, NY, USA) was used. The GraphPad Prism 8 pack-
age program was used for graphics design.

RESULTS

The mean serum CAT level and standard error were re-
corded as 0.4354±0.00002 pg/mL for the control group 
and 0.4357±0.00008 pg/mL for the stress group. Upon 
comparison of serum CAT levels, no statistically significant 
difference was observed between the control and stress 

Box 1: Stressors applied in Chronic Unpredictable 
Mild Stress (CUMS) model

1. Cage inclination, 45 °C/24 hours

2. Hanging from the tail, 1 minute

3. Buoyancy in cold water 4 °C/5 minutes

4. Buoyancy in hot water 45 °C/5 minutes

5. Changing day-night cycle

6. Cage shaking, 10 minutes

7. Cage wetting 200 mL/24 hours

8. Exchanging sawdust between cages
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groups (p>0.05). The liver tissue CAT mean level and stan-
dard error were 75.1530±2.6575 pg/mg for the control 
group and 97.2244±4.3709 pg/mg for the stress group. 
Upon comparison of the CAT levels in liver tissue, a signif-
icant difference was noted between the stress and control 
groups (p=0.001). CAT levels were increased in the liver 
tissues of the rats belonging to the stress group (Figure 1).

When the SOD serum levels were compared, no statis-
tically significant difference was determined between 
the control and stress groups (p>0.05). The serum SOD 
mean level and standard error mean; 0.3153±0.0004 ng/
mL for the control group, 0.3155±0.0005 ng/mL for the 
stress group. However, when the liver tissue SOD levels 
were compared, a significant difference was observed 
between the stress and control groups (p=0.002). The 
mean SOD level in liver tissue and the associated stan-
dard error were 53.4895±1.9065 ng/mg for the control 
group and 69.7734±3.4213 ng/mg for the stress group. 
Elevated SOD levels were observed in the liver tissues of 
rats subjected to stress (Figure 2).

The Glutathione peroxidase serum mean level and stan-
dard error were 0.1464±0.0001 ng/mL for the control group 

and 0.1465±0.0001 ng/mL for the stress group. When GPx 
serum levels were compared, no statistically significant dif-
ference was determined between the control and stress 
groups (p>0.05). The liver tissue GPx mean level and stan-
dard error mean were 24.9962±0.8778 ng/mg for the con-
trol group and 32.3813±1.4753 ng/mg for the stress group. 
Upon comparing GPx levels in liver tissue, a significant dif-
ference was found between the stress and control groups 
(p=0.001). There was a significant increase in GPx levels in 
the liver tissues of the rats in the stress group (Figure 3).

When MDA serum levels were compared, no statistically 
significant difference was determined between the con-
trol and stress groups (p>0.05). Serum MDA mean level 
and mean standard error: 2.4091±0.0612 ng/mL for the 
control group and 2.5675±0.0798 ng/mL for the stress 
group. Upon comparison of MDA levels in liver tissue, a 
significant difference was found between the stress and 
control groups (p=0.001). The mean MDA level in liver tis-
sue and the mean standard error were 721.6182±26.6123 
ng/mg for the control group and 924.2219±40.3367 ng/
mg for the stress group. MDA levels were elevated in the 
liver tissues of the rats in the stress group (Figure 4).

Figure 1: Mean Catalase (CAT) levels between groups: A) 
Serum CAT (pg/mL) level, B) Liver tissue CAT (pg/mg) 
level

Figure 2: Mean Superoxide Dismutase (SOD) levels 
between groups: A) Serum SOD (ng/mL) level, B) Liver 
tissue SOD (ng/mg) level

Figure 3: Mean Glutathione Peroxidase (GPx) levels 
between groups: A) Serum GPx (ng/mL) level, B) Liver 
tissue GPx (ng/mg) level

Figure 4: Mean Malondialdehyde (MDA) levels between 
groups: A) Serum MDA (ng/mL) level, B) Liver tissue MDA 
(ng/mg) level
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DISCUSSION

Chronic psychological stress is increasingly recognized 
as a significant health issue in contemporary society, ad-
versely impacting both the physical and mental well-be-
ing of individuals (22). At the core of this interaction lies 
the potential for stress to enhance oxidative stress at the 
cellular level (2). Homeostasis is the organism’s ability to 
regulate and maintain its cellular balance against environ-
mental factors. Stress is considered a factor that disrupts 
homeostasis (23). Oxidative stress factors cause changes 
in various intercellular reflex communication pathways in 
the organisms (24). Free radicals interact with proteins 
within the cell, changing their structure and disrupting 
their functions. In particular, the activities of enzymes 
can be affected in this way, leading to abnormalities in 
cellular processes (2). Moreover, it can cause cellular bal-
ance disorders by interacting with cell membranes, lipids, 
and genetic material (7). Depending on this biological 
change, cardiovascular pathologies, metabolic diseases, 
neurodegenerative changes, and related functional dis-
orders may occur (3, 6). 

Chronic psychological stress is recognized for its associ-
ation with increased cortisol levels in the body. This ele-
vation in cortisol has been identified as a factor that can 
intensify oxidative stress at the cellular level. Elevated 
cortisol can enhance the generation of free radicals and 
simultaneously impair the cellular antioxidant defense 
systems (5, 24). Cortisol binds to intracellular glucocorti-
coid receptors (GR), triggering a conformational change 
that facilitates the translocation of the resulting bio-com-
plex into the nucleus. Within the nucleus, the GR-cortisol 
complex interacts with specific glucocorticoid response 
elements, modulating the transcriptional activity of cer-
tain genes (25). This modulation affects protein synthesis 
and cellular functions, producing the cortisol’s anti-in-
flammatory, immunosuppressive, metabolic, and neuro-
logical effects.

Additionally, cortisol regulates its secretion through 
negative feedback by affecting the hypothalamus and 
pituitary gland (1). The study investigating the effects of 
acute, subacute, and chronic stress on oxidative radicals 
showed that chronic stress causes both oxidative stress 
and increased antioxidant biomolecules in the brain (22). 
In addition, the effects of various stressors on oxidation 
and antioxidant levels have been investigated. As a re-
sult, significant increases in plasma corticosterone levels 
and lipid and protein oxidations were observed. Never-
theless, increases in antioxidant enzyme levels have also 
been reported (26). Our study determined an increase in 
antioxidant biomolecules in the liver tissues of rats ex-
posed to chronic mild stress. Increased oxidative stress at 
the cellular level can damage cell components, proteins, 
and genetic material, disrupting the normal functions 

of cells and causing various pathological conditions. In 
this process, excessive accumulation of free radicals and 
weakening of antioxidant defense mechanisms play a 
critical role (10).

Catalase enzyme constitutes one of the critical antioxi-
dant mechanisms that combat oxidative stress at the 
cellular level. Its primary function is to convert hydrogen 
peroxide molecules accumulated in cells into water and 
molecular oxygen compounds (11). This reaction pre-
vents oxidative damage by reducing reactive oxygen 
species within the cell and contributes to maintaining 
cellular homeostasis (4). Cells under stress accelerate de-
toxification processes through the CAT enzyme to cope 
with oxidative stress (2). CAT is found in high concentra-
tions, especially in the liver tissue, where detoxification 
processes are intense in cases where oxidative stress in-
creases and free radicals and reactive oxygen species can 
cause damage by changing (12, 24).

The CAT enzyme helps preserve the structure and func-
tionality of cells by neutralizing these harmful compounds. 
This biochemical reaction is catalyzed through changes 
in the oxidation state of iron ions in the prosthetic groups 
of the enzyme (11). Under stress conditions, binding the 
cortisol hormone to cell surface receptors triggers cel-
lular signaling pathways and subsequent modifications. 
This mechanism is particularly critical in prolonged oxida-
tive stress resulting from chronic psychological stress (5, 
25). Chronic stress can induce oxidative stress through el-
evated cortisol levels. In this case, the enzyme CAT plays 
a crucial role in the cellular defense mechanism by miti-
gating oxidative damage (9). Thus, the CAT enzyme has 
a central role in combating cellular oxidative stress, and 
the activity of this enzyme is critically important in pro-
tecting cells against oxidative damage caused by chronic 
psychological stress (15). The increased CAT level may 
be an adaptive response that helps cope with oxidative 
stress by contributing to cellular detoxification. Although 
our research did not show a significant difference in se-
rum CAT levels between groups, it revealed a remarkable 
distinction in liver tissue. A significant increase was ob-
served, especially CAT levels, in the liver tissue of rats un-
der stress conditions. This finding highlights the vital role 
of CAT in cellular protection and reveals the importance 
of cellular defense mechanisms against oxidative dam-
age caused by chronic psychological stress.

Superoxide dismutase enzyme is critical in detoxifying 
reactive oxygen species produced within cells (10). This 
metalloprotein contains copper, zinc, or manganese and 
forms a critical part of the cellular defense mechanism 
against oxidative damage (13). Neutralization of the su-
peroxide radical leads to hydrogen peroxide and oxy-
gen molecules forming. Hydrogen peroxide is converted 
into water and oxygen by CAT or GPx enzymes and is 
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rendered harmless (26). SOD, which exists in three differ-
ent isoforms in the cell, is localized in the mitochondrial 
matrix, cytosol, and extracellular matrix and regulates in-
tracellular and extracellular ROS accumulation (7). Liver 
and serum levels of SOD can fluctuate based on meta-
bolic activity, inflammation, and the presence of oxidative 
stress.

Given that the liver is abundant in antioxidant enzymes, 
the activity of SOD is vital for safeguarding this organ 
from oxidative harm (12, 13). Serum SOD levels are com-
monly indicative of the body’s antioxidant defense sta-
tus and are utilized as markers for various disease states 
and stress. Under conditions of stress, the level of cellular 
SOD generally increases (27). This situation aims to in-
crease the cells’ capacity to cope with oxidative stress, 
thereby preserving cellular integrity and functionality 
(28). While this increase is observed as a rapid adaptive 
response in acute stress situations, a continuous rise in 
SOD activity during chronic stress can lead to the deple-
tion of intracellular antioxidant defense systems and po-
tentially to an increase in oxidative damage (29). 

Superoxide dismutase enzyme prevents cellular oxida-
tive damage by biochemically detoxifying superoxide 
radicals. This enzyme is found in various localizations in-
side and outside the cell, and its cellular levels increase 
in cases of oxidative stress (14). The levels of SOD in 
the liver and serum reflect the antioxidant status in the 
body, providing information about various biological 
and pathological conditions (12). In a study investigating 
the effects of stressors such as cold application and im-
mobilization on oxidative stress, it has been shown that 
there is a significant increase in SOD levels parallel to the 
increase in lipid/protein oxidation (26). In the study car-
ried out on patients with traumatic stress due to spinal 
fractures, researchers detected a significant elevation in 
serum SOD and MDA levels when compared to the con-
trol group. However, there was no observed change in 
GPx levels within the same group of patients (30). Under 
stress conditions, changes in the levels of cellular SOD 
signify the cells’ adjustment and defensive response to 
oxidative stress (29). In our study, while there is no signif-
icant difference between serum SOD values in the stress 
group, there is an increase in liver tissue levels in the 
stress group.

Glutathione peroxidase is a family of enzymes that con-
tain selenocysteine and protect cellular membranes and 
other cellular components from oxidative damage by 
reducing hydrogen peroxide or organic hydroperoxides 
(17). This enzyme contributes to the antioxidant defense 
mechanism, especially through GSH-dependent reac-
tions (15). GPx uses hydrogen peroxide as a substrate 
and converts it into water and oxygen molecules while 
producing the oxidized form of glutathione. This reaction 

occurs to maintain intracellular redox balance and pro-
vide defense against oxidative stress (4). 

The glutathione peroxidase enzyme complex is especial-
ly abundant in tissues with intense oxygen metabolism, 
such as the liver, kidneys, and lungs (17, 31). Because 
these tissues constantly produce free radicals and reac-
tive oxygen species, high levels of GPx and other antioxi-
dant enzymes are critical for maintaining cellular integrity. 
GPx levels increase in situations of increased oxidative 
stress. This indicates the cell is strengthening its antiox-
idant defenses to deal with ROS and free radicals (29). 
GPx mainly interacts with GSH, selenium, and other co-
factors. While GSH is a substrate for the GPx enzyme, se-
lenium is a critical component at the enzyme’s active site 
(17). The association between psychological stress and 
GPx activity can be attributed to elevated cellular oxida-
tive stress levels by cortisol and other stress hormones, 
which modulate GPx enzyme activity. Chronic psycho-
logical stress may result in prolonged cortisol secretion 
and heightened oxidative stress (5,25). This condition 
enhances the production and activity of antioxidant en-
zymes such as GPx, protecting the cell against oxidative 
damage. However, under consistently high levels of oxi-
dative stress, GPx and other antioxidant defense mech-
anisms can be depleted, potentially leading to cellular 
damage and various diseases (16). A study has shown 
that while mild stress does not change GPx levels, there 
is a dramatic increase in severe stress levels (28). In our 
study, it was found that while the CUMS model did not 
change serum GPx levels, there was a significant increase 
in liver tissue levels.

Malondialdehyde is generated through lipid peroxida-
tion, representing a form of reactive aldehyde. Lipid per-
oxidation occurs due to free radicals oxidizing polyunsat-
urated fatty acids in the cell membrane. MDA is an end 
product of this process and can indicate oxidative stress 
in the cell (18). MDA is a marker of oxidative stress, and 
because it arises from the peroxidation of lipids in cell 
membranes, it tends to be higher in tissues rich in lipids, 
such as the liver, brain, heart, and kidneys. Elevated MDA 
levels indicate increased oxidative stress and lipid per-
oxidation within these tissues (32). MDA is a by-product 
of the lipid peroxidation of polyunsaturated fatty acids 
and serves as a reliable indicator of oxidative stress. Its 
accumulation can occur as a result of an increase in free 
radicals and ROS within cells. To form adducts, MDA can 
react with proteins, genetic material, glycoproteins, and 
other cellular components. These interactions can lead to 
cellular structure and function disruptions, contribute to 
cellular aging, and are implicated in the pathogenesis of 
various diseases due to the damage they cause to essen-
tial biomolecules (3, 19). It has been stated that various 
acute and chronic stress models, such as Restraint, im-
mobilization, cold, and psychological stressors, cause an 
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increase in MDA levels (31, 32). There are studies where 
no change was observed depending on the stress model. 
For instance, in rats subjected to acute footshock stress, 
no change in MDA/Thiobarbituric acid reactivity was 
noted (28). The link between oxidative stress and idio-
pathic chronic fatigue has been investigated. While ROS 
and MDA increased significantly, antioxidant parameters, 
including total antioxidant activity and CAT, increased 
significantly (29). It was also found that levels in patients 
with inflammatory diseases and cancer were higher than 
in healthy controls (18, 19). In our study, although there 
was no change in the serum of the rats in the group in 
which the CUMS model was applied, a significant in-
crease was detected in liver tissue levels. Chronic psy-
chological stress can trigger the continuous release of 
stress hormones, raising cellular levels of ROS. This el-
evation stimulates lipid peroxidation and, consequently, 
MDA production. High levels of MDA indicate oxidative 
damage within cells and can reflect the damage caused 
by stress at the cellular level (29).

CONCLUSION

Chronic stress has the potential to modulate oxidative 
stress in the liver and activate antioxidant enzymes. This 
suggests that the antioxidant response may function as 
a potential adaptive mechanism to reduce the adverse 
effects of stress at the cellular level.

When comparing the levels of serum CAT, SOD, GPx, and 
MDA, no statistically significant difference was found be-
tween the control and stress groups (P>0.05). However, 
when comparing the liver tissue levels of CAT, SOD, GPx, 
and MDA, a significant difference was observed between 
the stress and control groups. CAT, SOD, GPx, and MDA 
levels were found to be increased in the liver tissues of 
rats belonging to the stress group.

Considering the widespread and profound effects of 
chronic psychological stress on the body, it is clear that 
this condition reduces the quality of life. Particularly, the 
increase in oxidative stress at the cellular level that it 
causes can pave the way for the development of various 
diseases. The study results could assist in better under-
standing the complex interactions between stress, free 
radicals, and antioxidants.
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ABSTRACT

Objective: Childhood obesity has emerged as a pressing global 
public health issue. This study aims to examine the influence 
of individual, behavioral, and environmental factors on student 
body mass index (BMI), thereby contributing to a deeper 
understanding of the multifaceted determinants of obesity 
among children. 

Material and Method: This study employed a cross-
sectional survey using a structured questionnaire to collect 
sociodemographic, physical activity, and dietary behavior 
data of students. In addition, the study administered a school 
information form to evaluate the physical condition of school 
buildings and quality of school canteen services.

Result: Among the students, 24% and 13% were in the 
overweight and obese categories, respectively. Mean student 
age was 12.41±1.13 years. The mean ages of students with 
obesity were significantly lower than those of students who were 
underweight or had normal weight. The distribution of student 
BMI according to obesity status among family members was 
statistically highly significant. Among students with obesity, the 
families of 30.1% were obese, whereas this percentage was 8.9% 
in families of students without obesity. The relationship between 
gender, age, family history of obesity, time spent watching TV, 

ÖZET

Amaç: Çocukluk çağı obezitesi önemli bir küresel halk sağlığı 
sorunu haline gelmiştir. Bu çalışma, öğrencilerin vücut kitle 
indeksi (VKİ) düzeylerini etkileyen çeşitli bireysel, davranışsal 
ve çevresel faktörlerin etkisini incelemeyi amaçlamaktadır. Bu 
şekilde, çocuklardaki obezitenin çok yönlü belirleyicilerinin daha 
derinlemesine anlaşılmasına katkıda bulunmayı hedeflemektedir.

Gereç ve Yöntem: Kesitsel tipteki bu çalışmada, öğrencilerin 
sosyo-demografik, fiziksel aktivite ve beslenme davranışları 
hakkında bilgi sağlayan yapılandırılmış bir anket formu, okulların 
fiziki durumunu ve okul kantinlerini değerlendirmek için de okul 
bilgi formu uygulanarak veriler toplanmıştır.

Bulgular: Çalışmadaki öğrencilerde fazla kilolu oranı %24, obezite 
oranı ise %13 saptanmıştır. Ortalama yaş, tüm öğrenciler için 
12,41±1,13 olarak belirlendi. Obez öğrencilerin yaş ortalamaları, 
zayıf/normal kilolu öğrencilerinkinden önemli ölçüde daha 
düşüktü. Öğrencilerin VKİ'lerinin aile bireyleri arasındaki obezite 
durumuna göre dağılımı istatistiksel olarak ileri derecede anlamlı 
bulunmuştur. Obez öğrencilerin %30,1'inin aileleri obezdi, bu 
oran obez olmayan öğrencilerin ailelerinde %8,9'du. Cinsiyet, 
yaş, ailede obezite  öyküsü, TV seyrederek geçirilen zaman, 
fiiziksel aktivite süresi, kantinden alışveriş yapmak sıklığı ile VKİ 
dağılımı arasındaki ilişki anlamlıydı. Zayıf/normal kilolu grupta, 

* Bu araştırma “Karabük ilindeki ortaöğretim öğrencilerinin obezojenik çevre yönünden değerlendirilmesi” adlı doktora tezinden üretilmiştir. Doç. Dr. 
Hülya Gül, İstanbul Üniversitesi Sağlık Bilimleri Enstitüsü’ne bağlı Halk Sağlığı doktora programında yürütülen tezin danışmanıydı. This research was 
produced from the doctoral thesis titled “Evaluation of secondary school students in Karabük province in terms of obesogenic environment.” Assoc. Prof. 
Dr. Hülya Gül was the advisor of this thesis, carried out in the public health doctoral program affiliated with Istanbul University Institute of Health Sciences.
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INTRODUCTION

Obesity has become a severe health issue worldwide, a 
root cause of many life-threatening diseases in high-in-
come countries. However, overweight and obesity have 
become a burgeoning crisis in low and middle-income 
countries, especially in urban environments. The global 
prevalence of obesity has increased nearly threefold be-
tween 1975 and 2016 (1).

Although increased childhood obesity has hereditary, 
metabolic, and hormonal causes (polygenic obesity), 
the most consequential reason for increased childhood 
obesity is high-calorie food intake. However, physicians 
should not overlook the existence of genetic and hor-
monal effects on weight gain, though such cases are 
limited (2). A rapid increase in obesity rates worldwide 
cannot be explained only by genetics, albeit a significant 
risk factor. It requires analysis of different environmental, 
behavioral, and social dimensions of obesity employing 
innovative methodologies. Researchers have discovered 
correlations between unhealthy eating, sedentary life-
styles, and obesity from an environmental perspective. 
Most researchers believe that “genetics loads the gun, 
but the environment pulls the trigger” (3, 4). Although 
individual decisions have little impact on human health, 
many microenvironments (home, school, restaurant, etc.) 
can directly influence behavioral choices (5). The avail-
ability of calorie-rich foods at home, family budgets, and 
routine meals can affect obesity in children. Children can 
affect the food environment at home over time, but the 
environment around the home can significantly influence 
them (3). Children tend to eat foods that are proportional 
to what is served. For example, having fruits and vegeta-
bles at home can lead to increased consumption in teen-
agers. Additionally, easily accessible unhealthy foods and 
drinks cheaper than healthy food items are among the 
most critical factors for obesity (6).

An increase in screen time reduces the frequency of out-
door activities, leading to weight gain and obesity in 

children (7). The widespread advertising in media also 
enhances the consumption of junk food (3). A study of 
preschool and early adolescence children in Framingham 
showed that long-term TV viewing caused excessive body 
fat compared to low-level activity or a high-fat diet (8).

The school is another microenvironment affecting obesi-
ty, because children and adolescents spend one-third of 
the day at school. Therefore, schools provide critical mi-
croenvironments for developing diet and exercise habits 
until adulthood (9, 10).

In recent years, various concerns have been raised about 
the obesogenic nature of the school environment, includ-
ing increased competition in food and beverage sales 
and reduced opportunities for physical activity during 
the school day (11). International literature suggests that 
when food is available for sale within a school, and the 
sale of food is a revenue stream, the food for sale is likely 
to be less healthy (3). Opportunities of physical activity 
for students include walking to and from school, physical 
education classes, and activities during break. However, 
rapid urban sprawl, road network discontinuity, increased 
road traffic, steep slopes, and longer distances from the 
school have reduced the opportunity to walk, and many 
children use different modes of transportation to reach 
schools (12, 13). According to the Centers for Disease 
Control and Prevention, the proportion of students living 
≤800 m to school decreased from 90% in 1969 to 31% in 
2008 (12). The possibility of walking to school increases if 
the distance is <800 m (5).

A rapid increase in childhood obesity rates leads to se-
vere social and economic consequences, including an in-
crease in health complications, increased cost of health-
care services, and a decrease in economic growth. In 
addition, it can reduce child participation in educational 
and physical activities (14).

Therefore, childhood obesity is seen as a priority public 
health issue due to its short- and long-term adverse effects 

physical activity duration, canteen shopping frequency, and BMI 
distributions was significant. Mean distance between school and 
home was longer in the underweight/normal weight group than 
the other two groups. However, this difference did not reach 
statistical significance (p>0.05).  

Conclusion: Addressing childhood obesity requires a holistic 
approach encompassing various interventions targeting 
individual behaviors, environmental influences, and societal 
norms. By promoting physical activity, regulating food 
environments, and providing education on healthy diets, we can 
work together to combat the epidemic of childhood obesity, 
and promote the health and wellbeing of future generations. 

Keywords: Childhood obesity, overweight, public health, 
school, primary health care

okul ile ev arasındaki ortalama mesafe diğer iki gruptan daha 
yüksekti. Ancak bu fark istatistiksel olarak anlamlı değildi 
(p>0,05).

Sonuç: Çocukluk obezitesi ile başa çıkmak için bütünsel bir 
yaklaşım gereklidir ki bu, bireysel davranışları, çevresel etkileri 
ve toplumsal normları hedef alan çeşitli müdahaleleri içermelidir. 
Fiziksel aktiviteyi teşvik ederek, besin ortamlarını düzenleyerek 
ve sağlıklı beslenme konusunda eğitim vererek, çocukluk 
obezitesi salgınıyla mücadele edebilir ve böylelikle gelecek 
nesillerin sağlığını ve refahını artırabiliriz.

Anahtar Kelimeler: Çocukluk çağı obezitesi, fazla kiloluluk, halk 
sağlığı, okul, birinci basamak sağlık hizmeti
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(15). Without proper preventive measures, the detrimental 
impacts of obesity will reduce individual health and quali-
ty of life and overburden the health system and economy. 
Therefore, more empirical studies must find the links be-
tween environmental factors and the prevalence of obesity 
among children. In this context, this study was conducted 
to determine the prevalence of overweight and obesity in 
students and identify the risk factors for obesity.

MATERIALS and METHODS 

The study was conducted using a descriptive design.

Population and sampling
This study utilized a cross-sectional field survey tech-
nique, collecting data between April 2019 and February 
2020, after obtaining necessary approvals from the “Na-
tional Education Directorates of Karabük and Safranbo-
lu” and Non-Interventional Clinical Research Ethics Com-
mittee (Date: 10.03.2019, No: 3/12).

In cluster sampling, samples are carefully chosen from 
homogeneous subgroups, considering their proportional 
size and statistical power within the population. For in-
stance, in 2019, Karabük and Safranbolu had 47 middle 
schools with 9,780 students. The sample size was calcu-
lated with a 99% confidence interval and a 5% margin of 
error using OpenEpi software, resulting in a minimum 
sample size of 622. The research was conducted in 14/47 
randomly selected schools in the region, employing a 
cluster sampling method. The student sample was cho-
sen systematically using a systematic random process, 
and the study was completed with 907 students.

Data collection and evaluation
A survey form based on relevant literature and student 
self-reporting was prepared to assess factors influencing 
obesity. The questionnaire form included questions about 
sociodemographic information, eating habits, screen time, 
and physical activity. The assessment forms were developed 
utilizing the “Audit Form for School Canteens’ Food Offer-
ings and Hygiene Standards of Food Establishments in Ed-
ucational Institutions,” prepared by the “Workplace Health 
and Safety Unit of the Ministry of National Education Sup-
port Services Directorate,” aimed at assessing the school 
environment and opportunities for physical activity. With 
the assumption that students need to gain full knowledge 
of legal regulations and the physical and environmental fa-
cilities of the school, the evaluation of the physical and en-
vironmental conditions of the school and canteen was not 
included in the student survey. The researcher conducted 
the evaluation of schools and canteens personally with the 
school administration’s permission.

The researchers measured the heights (in cm) and weights 
(in kg) of the students who answered the surveys, using 
the same instruments for everyone. Student heights and 

weights were measured after removing shoes and outer-
wear.IBM SPSS statistical software, version 28 (IBM, SPSS 
Corp., Armonk, NY, USA) and Microsoft Office Excel pro-
grams were used for statistical analysis. The cutoff val-
ues for obesity were interpreted according to reference 
z-score values of body mass index (BMI) for age and gen-
der provided by the World Health Organization (WHO) 
for BMI categories. For data analysis, the chi-square (χ2) 
test was used to compare the descriptive characteristics 
of the students and the categorical features related to 
their eating habits. Normality tests were conducted using 
histogram graphs and skewness or kurtosis values. The 
values of kurtosis and skewness are considered normally 
distributed when they are between −2.0 and +2.0 (16). 
analysis of variance (ANOVA) test was used for multiple 
comparisons that showed normal distribution. P<0.05 
was considered statistically significant.

RESULTS

According to the analysis, 54.6% of the participants were 
female, and 45.4% were male students. The average age 
of the students participating was 12.41±1.13 years. The 
age distribution was determined to be very close accord-
ing to gender. The comparison of age distribution of stu-
dents according to their BMI categories was conducted 
using one-way ANOVA. Descriptive analyses revealed 
that 62.62% (n=568) of the students were underweight/
normal, 24.15% (n=219) were overweight, and 13.23% 
(n=120) were obese. Examination of the boxplot graphs 
indicated the absence of outlier values in the dataset and 
normality of data distribution across all independent vari-
able categories, as evidenced by kurtosis and skewness 
ranging from −1 to +1. Levene’s test confirmed the ho-
mogeneity of group variances (p=0.264). The analysis re-
sults indicated a statistically significant difference among 
the groups, with an observed F-statistic of 5.564 and a 
p-value of 0.004. Effect size (Ƞ²) was 0.12, indicating a 
moderate effect. Following Bonferroni’s post hoc analy-
sis, the significance level of 0.05 was adjusted by divid-
ing it with the number of comparisons (0.05/3=0.0166), 
resulting in a new adjusted significance level of 0.0166. 
Consequently, mean age was significantly lower for stu-
dents with obesity than students who were underweight 
or had normal weight (p=0.004). Post hoc analysis did not 
reveal statistically significant differences among the age 
averages of other group comparisons (Table 1).

The findings indicated that 13% of the students exam-
ined were classified as obese and 24% were identified as 
overweight. The prevalence of obesity was higher among 
males (17.7%) than females (9.96%), and this difference 
was statistically significant. Furthermore, 20.5% of the 
students reported having family members with obesity, 
and the prevalence of obesity was notably elevated in 
student who had family members with obesity (Table 2).
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Table 1: Relationship between distribution of mean age and BMI

n Min–Max (Year) Yaş ortalaması±SD (Year) Skewness Kurtosis

 Age distribution 907 9.83–15.33 12.41±1.13 0.002 −0.980   

BMI Yaş ortalaması±SD (Year) F p

Normal/underweight  568 12.49±1.14  5.564** 0.004*

Overweight 219 12.37±1.06

 Obese 120 12.12±1.16

*: p<0.05, F = One-way ANOVA, **: Bonferroni = normal/underweight >obese, SD: Standard deviation, P: Probability, BMI: Body Mass 
Index

Table 2: BMI status according to demographic characteristics of students

Normal/ 
underweight n (%)

Overweight 
n (%)

Obese n
(%)

Total n 
(%)

p

Gender Girl 328 (66.3) 119 (24) 48 (9.7) 495 (100) 0.002

Boy 240 (58.3) 100 (24.3) 72 (17.5) 412 (100)

Child order 1. 238 (61.3) 95 (24.5) 55 (14.2) 383 (100) 0.901

2. 217 (63.1) 82 (23.8) 45 (13.1) 345 (100)

3. 85 (65.4) 29 (22.3) 16 (12.3) 130 (100)

4. 22 (62.9) 11 (31.4) 2 (20.0) 36 (100)

5. 6 (60.0) 2 (20.0) 2 (20.0) 10 (100)

Grades Weak 24 (60.0) 15 (37.5) 1 (2.5) 40 (100) 0.091

Moderate 53 (68.8) 14 (18.2) 10 (13.0) 77 (100)

Good 167 (62.8) 57 (21.4) 42 (15.8) 266 (100)

Very Good 324 (61.8) 133 (25.4) 67 (12.8) 524 (100)

Mother’s 
education level

Illiterate 7 (53.8) 4 (30.8) 2 (15.4) 13 (100) 0.831

Primary school 150 (62.2) 55 (22.8) 36 (14.9) 241 (100)

Secondary school 127 (63.8) 46 (23.1) 26 (13.1) 199 (100)

High School 175 (59.9) 79 (27.1) 38 (13.0) 292 (100)

University 109 (67.3) 35 (21.6) 18 (11.1) 162 (100)

Father’s  
education level

Illiterate 2 (40.0) 2 (40.0) 1 (20.0) 5 (100) 0.402

Primary school 86 (68.3) 25 (19.8) 15 (11.9) 126 (100)

Secondary school 107 (65.2) 33 (20.1) 24 (14.6) 164 (100)

High School 199 (57.8) 99 (28.8) 46 (13.4) 344 (100)

University 174 (64.9) 60 (22.4) 34 (12.7) 268 (100)

Chronic illness in 
the student

No 543 (62.3) 213 (24.4) 116 (12.8) 872 (100) 0.542

Yes 25 (71.4) 6 (17.1) 4 (11.4) 35 (100)

Presence of 
obese individuals 
in the family

No 479 (66.4) 178 (24.7) 64 (8.9) 721 (100) 0.000

Yes 89 (47.8) 41 (22.0) 56 (30.1) 186 (100)

Number of meals 2 meals 96 (57.1) 46 (27.4) 26 (15.5) 168 (100) 0.421

3 meals 370 (62.0) 144 (24.1) 83 (13.9) 597 (100)

4 meals 73 (68.2) 24 (22.4) 10 (9.3) 107 (100)

≥5 meals 30 (83.3) 5 (14.3) 1 (2.9) 36 (100)
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There was no significant link between student sleep time 
and BMI distribution. However, duration of physical ac-
tivity showed meaningful correlation to BMI distribution. 
Obesity rate was 19.2% for students with <1 h of exercise 
per week, compared with 8.1% for those >4 h per week. 
Table 2 shows a significant correlation between student 
TV viewing times and BMI. Watching TV for >240 min dai-
ly correlated with higher obesity and overweight rates.

The study did not find a significant link between student 
mode of transportation to school and BMI distribution. For 
students who walked, walking distance was 58–1,500 m. Al-

though students with obesity had a slightly shorter average 
walking length, this difference was insignificant (Table 3).

The types of beverages and foods most students pur-
chased from the school canteen are shown in Figure 1. 
Bagels, pastries (70.2%), wafers (60.1%), and toast (49.8%) 
were the most purchased foods, whereas nuts (3%) and 
soup varieties (1.3%) were the least purchased foods from 
the school canteen.

Examination of BMI distributions according to food and 
beverage preference showed that overweight and obe-

Table 2: Continue

Normal/ 
underweight n (%)

Overweight 
n (%)

Obese n
(%)

Total n 
(%)

p

Regularly 
consumed main 
meals at home

Breakfast is eaten 410 (63.5) 154 (23.8) 82 (12.7) 646 (100) 0.660

Breakfast is not eaten 158 (60.5) 65 (24.9) 38 (14.6) 261 (100)

Lunch is eaten 227 (63.9) 93 (26.2) 35 (9.9) 355 (100) 0.045

Lunch is not eaten 341 (61.8) 126 (22.8) 85 (15.4) 552 (100)

Dinner is eaten 557 (62.5) 216 (24.2) 118 (13.2) 891 (100) 0.860

Dinner is not eaten 11 (68.8) 3 (18.8) 2 (12.5) 16 (100)

Duration of 
exercise

<1 h per week 113 (54.3) 55 (26.4) 40 (19.2) 208 (100) 0.009

1–2 h per week 204 (62.0) 80 (24.3) 45 (13.7) 329 (100)

3–4 h per week 134 (64.1) 53 (25.4) 22 (10.5) 209 (100)

>4 h per week 117 (72.7) 31 (19.3) 13 (8.1) 161 (100)

Duration of sleep < 6 h 3 (50.0) 2 (33.3) 1 (16.7) 6 (100) 0.963

6–8 h 275 (62.2) 108 (24.4) 59 (13.3) 442 (100)

9–10 h 268 (63.5) 99 (23.5) 55 (13.0) 442 (100)

>10 h 22 (59.5) 7 (27.0) 5 (13.5) 37 (100)

Time spent 
watching TV

0–30 min. 89 (69.5) 26 (20.3) 13 (10.2) 128 (100) 0.034

31–60 min. 139 (70.2) 44 (22.2) 15 (7.6) 198 (100)

61–120 min. 180 (57.5) 84 (26.8) 49 (15.7) 313 (100)

121–180 min. 84 (61.8) 32 (23.5) 20 (14.7) 136 (100)

181–240 min. 31 (67.4) 10 (21.7) 5 (10.9) 46 (100)

>240 min. 45 (52.3) 23 (26.7) 18 (20.9) 86 (100)

Computer  
playtime

0–30 min. 124 (70.1) 40 (22.6) 13 (7.3) 177 (100) 0.220

31–60 min. 89 (15.7) 28 (12.8) 19 (15.8) 136 (100)

61–120 min. 131 (60.1) 51 (23.4) 36 (16.5) 218 (100)

121–180 min. 87 (58.4) 38 (25.5) 24 (16.1) 149 (100)

181–240 min. 56 (63.6) 21 (23.9) 11 (12.5) 88 (100)

>240 min. 81 (58.3) 41 (29.5) 17 (12.2) 139 (100)

Type of school-
home transpor-
tation

Walking 322 (63.6) 116 (23.0) 66 (13.1) 506 (100) 0.624

Vehicle 246 (61.0) 103 (25.6) 54 (13.4) 401 (100)

P: Probability, BMI: Body Mass Index
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sity rates were higher in students who consumed raw 
meatballs, ice cream, chicken doner, meatball sandwich-
es, schnitzel soup, from the canteen than those who did 
not. This difference was found to be statistically signifi-
cant (Table 4).

Although the difference between purchasing frequency 
from the school canteen and BMI distribution was not 
statistically significant, noteworthy patterns emerged. Stu-
dents who never made purchases had 0.0% obesity rate, 
whereas the rate was 22% for consistent buyers (Table 5).

Table 3: Relationship between the distance between home and school (in m) and BMI

n Min–Max (Meter) x̄̄±SD (Meter) Skewness Kurtosis

Distance between home 
and school

504 58–1500 516±268 0.695 0.360

BMI n x̄̄±SD (Meter) F p

Normal/Underweight 322 519.14±272.41 0.244 0.783

Overweight 116 520.07±257.68

Obese 66 494.64±267.05

F = One-way ANOVA, SD: Standard deviation, n: Number, p: Probability, BMI: Body Mass Index

Table 4: BMI distribution according to student food and beverage preferences from the school canteen or external 
sources

Purchase 
Status

Normal/underweight n 
(%)

Overweight 
n (%)

Obese  
n (%)

Total  
n (%)

p

Bagel-pastry Not purchasing 171 (63.3) 62 (23) 37 (13.7) 270 (100) 0.851

Purchasing 397 (62.3) 157 (24.6) 83 (13) 637 (100)

Waffle-choco-
late varieties

Not purchasing 219 (60.5) 94 (26) 49 (13.5) 362 (100) 0.527

Purchasing 349 (64) 125 (22.9) 71 (13) 545 (100)

Ice cream Not purchasing 525 (63.9) 192 (23.4) 105 (12.8) 822 (100) 0.047

Purchasing 43 (50.6) 27 (31.8) 15 (17.6) 85 (100)

Chewing gum Not purchasing 461 (63) 178 (24.3) 93 (12.7) 732 (100) 0.646

Purchasing 107 (61.1) 41 (23.4) 27 (15.4) 175 (100)

Biscuit-cake Not purchasing 350 (59.4) 155 (26.3) 84 (14.3) 589 (100) 0.024

Purchasing 218 (68.6) 64 (20.1) 36 (11.3) 318 (100)

Chips Not purchasing 516 (63.1) 194 (23.7) 108 (13.2) 818 (100) 0.626

Purchasing 52 (58.4) 25 (28.1) 12 (13.5) 89 (100)

Popcorn Not purchasing 543 (62.7) 210 (24.2) 113 (13) 866 (100) 0.747

Purchasing 25 (61) 9 (522) 7 (17.1) 41 (100)

Nuts Not purchasing 552 (62.7) 212 (24.1) 116 (13.2) 880 (100) 0.921

Purchasing 16 (59.3) 7 (25.9) 4 (14.8) 27 (100)

Color candy Not purchasing 548 (62.7) 211 (24.1) 115 (13.2) 874 (100) 0.967

Purchasing 20 (60.6) 8 (24.2) 5 (15.2) 33 (100)

Meatball  
sandwich

Not purchasing 518 (64.8) 192 (24) 89 (11.1) 799 (100) 0.000

Purchasing 50 (46.3) 27 (25) 31 (28.7) 108 (100)

Chicken doner Not purchasing 413 (69.9) 136 (23) 42 (7.1) 591 (100) 0.000

Purchasing 155 (49.1) 83 (26.3) 78 (24.7) 316 (100)

Schnitzel Not purchasing 558 (63.3) 215 (24.4) 108 (12.3) 881 (100) 0.000

Purchasing 10 (38.5) 4 (15.4) 12 (46.2) 26 (100)
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Table 4: Continue

Purchase 
Status

Normal/underweight n 
(%)

Overweight 
n (%)

Obese  
n (%)

Total  
n (%)

p

Hamburger Not purchasing 449 (62.4) 178 (24.7) 93 (12.9) 720 (100) 0.673

Purchasing 119 (63.6) 41 (21.9) 27 (14.4) 187 (100)

Toast Not purchasing 281 (61.8) 116 (25.5) 58 (12.7) 455 (100) 0.610

Purchasing 287 (63.5) 103 (22.8) 62 (13.7) 452 (100)

Pizza Not purchasing 553 (63.2) 208 (23.8) 114 (13) 875 (100) 0.168

Purchasing 15 (46.9) 11 (34.4) 6 (18.8) 32 (100)

Raw meatball Not purchasing 472 (64) 177 (24) 89 (12.1) 738 (100) 0.072

Purchasing 96 (56.8) 42 (24.9) 31 (18.3) 169 (100)

Soup Not purchasing 566 (63.2) 214 (23.9) 115 (12.8) 895 (100) 0.003

Purchasing 2 (16.7) 5 (41.7) 5 (41.7) 12 (100)

Milk Not purchasing 511 (63.3) 197 (24.4) 99 (12.3) 807 (100) 0.55

Purchasing 57 (57) 22 (22) 21 (21) 100 (100)

Buttermilk Not purchasing 526 (64.6) 199 (24.4) 92 (11.3) 817 (100) 0.000

Purchasing 42 (46.7) 20 (22.2) 28 (31.1) 90 (100)

Coke Not purchasing 491 (62.8) 190 (24.3) 101 (12.9) 782 (100) 0.796

Purchasing 77 (61.6) 29 (23.2) 19 (15.2) 125 (100)

Fruit juice Not purchasing 271 (63.3) 107 (25) 50 (11.7) 428 (100) 0.415

Purchasing 297 (62) 112 (23.4) 70 (14.6) 479 (100)

Fruit-flavored 
soda

Not purchasing 511 (62.9) 197 (24.2) 105 (12.9) 813 (100) 0.727

Purchasing 57 (60.6) 22 (23.4) 15 (16) 94 (100)

P: Probability, BMI: Body Mass Index

Table 5: Relationship between frequency of purchase from the canteen, place where lunch is eaten, and student BMI

Normal/underweight 
n (%)

Overweight n 
(%)

Obese  
n (%)

Total  
n (%)

P

Frequency of purchases from the canteen

Never 15 (71.4) 6 (28.3) 0 (0.0) 21 (100)

0.132
Rarely 115 (64.6) 46 (25.8) 17 (9.6) 178 (100)

Occasionally 284 (64.3) 101 (22.9) 57 (12.9) 442 (100)

Often 109 (59.2) 47 (25.5) 28 (15.2) 184 (100)

Always 45 (54.9) 19 (23.2) 18 (22.0) 82 (100)

Lunch in

Yes 17 (56.7) 9 (30.0) 4 (13.3) 17 (56.7) 0.736

No 551 (62.8) 210 (23.9) 116 (13.2) 551 (62.8)

Where lunch is eaten

Walking home and eating 
at home

150 (64.4) 67 (28.8) 16 (6.9) 233 (100) 0.000

Taking a bus home and 
eating at home

40 (65.6) 14 (23.0) 7 (11.5) 61 (100)

Bringing from home and 
eating at school

48 (67.6) 14 (19.7) 8 (12.7) 71 (100)
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Table 5 presents the relationship between the frequency 
of purchases from the canteen, the location where lunch is 
eaten, and student BMI. Regarding the frequency of can-
teen purchases, no statistically significant differences were 
observed in the distribution of BMI categories (normal/
underweight, overweight, and obese) (p=0.132). However, 
significant associations were found between where lunch is 
eaten and BMI categories (p<0.001). Notably, a higher per-
centage of students who walked home had normal/under-
weight BMI. Students who ate at the canteen, restaurant, or 
both canteen and restaurant showed varying distributions 
across BMI categories. Further analysis indicates a potential 
correlation between lunch location and student BMI status.

Within the study’s parameters, four schools held a Nu-
trition-Friendly School Certification (with an average 
obesity rate of 12.62%), whereas thirteen had a canteen 
supervision committee. Of these, thirteen school can-
teens were operated by private businesses, and one 
was managed by the school administration. None of the 
schools had vending machines, energy drinks, flavored 
drink powders, syrups, or water. In total, one canteen 
sold coke; four sold hamburgers; and three sold chips, 
French fries (with ketchup), and nugget sandwiches.

The distribution of student BMI according to some char-
acteristics of the schools is given in Table 6. According to 
this table, the rate of obese and overweight students was 

Table 5: Continue

Normal/underweight 
n (%)

Overweight n 
(%)

Obese  
n (%)

Total  
n (%)

P

Eating at the canteen 155 (67.1) 53 (22.9) 23 (10.0) 231 (100) 0.000

Eating at the restaurant 42 (52.5) 18 (22.5) 20 (25.0) 80 (100)

Sometimes canteen or 
restaurant

75 (51.0) 37 (25.2) 35 (23.8) 147 (100)

Occasionally walking home 
for lunch or dining at the 
canteen

35 (81.4) 6 (14.0) 2 (4.7) 43 (100)

Sometimes walking home 
and eating or dining at a 
restaurant

23 (56.1) 10 (24.4) 8 (19.5) 41 (100)

n: Number, P: Probability

Table 6: Distribution of student BMI according to defining characteristics of schools

Normal or 
underweight n (%)

Overweight 
n (%)

Obese  
n (%)

Total  
n (%)

P

Basketball court Yes 527 (62.4) 203 (24.0) 115 (13.6) 845 (100) 0.478

No 41 (66.1) 16 (25.8) 5 (8.1) 62 (100)

Soccer field Yes 520 (63.5) 190 (23.2) 109 (13.3) 819 (100) 0.126

No 48 (54.5) 29 (33.0) 11 (12.5) 88 (100)

Volleyball court Yes 504 (63.8) 192 (24.3) 94 (11.9) 790 (100) 0.008

No 64 (54.7) 27 (23.1) 26 (22.2) 117 (100)

Table tennis Yes 434 (63.4) 167 (24.4) 84 (12.3) 685 (100) 0.323

No 134 (60.4) 52 (23.4) 36 (16.2) 222 (100)

Indoor sports hall Yes 103 (60.2) 39 (22.8) 29 (17.0) 171 (100) 0.278

No 465 (63.2) 180 (24.5) 91 (12.4) 736 (100)

Canteen supervision committee Yes 524 (62.5) 201 (24.0) 114 (13.6) 839 (100) 0.553

No 44 (64.7) 18 (26.5) 6 (8.8) 68 (100)

Area per student >5 m2 Yes 416 (63.8) 153 (23.5) 83 (12.7) 652 (100) 0.489

No 152 (59.6) 66 (25.9) 37 (14.5) 255 (100)

n: Number, P: Probability
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higher in schools without a volleyball court than schools 
with a volleyball court.

DISCUSSION

According to WHO data, the obesity rate among chil-
dren aged 10–19 in 2016 was 20.7% in the US, 11.4% in 
Canada, 9% in Brazil, 6.9% in France, 16.7% in Saudi Ara-
bia, and 2.5% in Japan. In Türkiye, the obesity rate in the 
same age group in the same year was 9.8% (girls: 9.4%, 
boys: 10.2%) (1).

Our findings revealed that 24% of the students were over-
weight and 13% were obese. When comparing these val-
ues with international and national literature, the obesity 
rates in our study are lower than those in the US, Canada, 
and Saudi Arabia, but higher than those in Brazil, France, 
Austria, and Japan (15, 17, 18). When looking at the re-
sults of studies in different regions of Türkiye, it can be 
seen that the overweight and obesity rates in our study 
are higher than in most areas (7, 19, 20). This situation can 
be due to differences in age distribution in study groups, 
references used to determine BMI values, or regional dif-
ferences.

According to the study, the overweight and obesity rate 
in the 10–14 age groups was significantly higher in boys 
than in girls. Similar results have been found in studies 
conducted in different countries and other regions of 
Türkiye, where the overweight and obesity rates were ei-
ther significantly higher in both groups or only boys (11, 
18). However, studies have shown that obesity is higher in 
girls than boys (21, 22).

In some studies conducted in Türkiye and other coun-
tries, breast milk did not protect against obesity (23, 24). 
Breast milk can focus on the hypothesis that it will pro-
tect against obesity in the future by reducing weight gain 
during infancy compared to formula milk, as it contains 
lower protein and energy (25). Many systematic reviews 
and meta-analyses of observational studies have investi-

gated the relationship between breastfeeding and obe-
sity risk (26). Some studies have shown that breast milk 
provides a protective effect against obesity in childhood 
(27-29). In our study, no significant relationship existed 
between the number of siblings, order of siblings, and 
student BMI (Table 1). Consistently, Nabavi et al. and 
Uskun et al. did not find a significant difference between 
the number of siblings and order of siblings and obesity 
(23, 30). In our study, there was no statistically significant 
difference between school achievement and obesity. Our 
results showed similarities with some domestic studies 
(30, 31) but differed from others (19, 20).

In studies conducted on primary school students in Ye-
men and Kastamonu in Türkiye, a positive relationship 
was found between the education level of parents and 
the prevalence of overweight/obesity (32, 33). By con-
trast, similar studies conducted in Germany, China, and 
İzmir in Türkiye found a negative relationship between the 
education level of parents and prevalence of overweight/
obesity (18, 34, 35). Although this difference was not sta-
tistically significant in our study, there are similar studies 
in terms of results. In some domestic and international 
studies, there was no statistically significant relationship 
between the education level of parents and prevalence 
of obesity, which is identical to this study (13, 23, 30, 36). 
Our study had no statistically significant relationship be-
tween chronic illnesses and BMI changes. Some studies 
in the literature support our results (7, 20, 37).

Many studies show that there is a strong connection 
between obesity and genetics. Individuals with a family 
history of obesity are more likely to become obese (8, 
38). Studies have found that if both parents are obese, 
the likelihood of their children becoming obese is 80%. 
If only one parent is obese, the rate is 50%, and if neither 
parent is obese, the rate is 9% (39). In a study conducted 
by Tchicaya and Lorentz in Luxembourg, the likelihood 
of a child becoming overweight or obese was 6.51-fold 
higher if at least one of the parents was obese, compared 
with children with both parents at a normal weight (40). 
In addition to genetic and hereditary factors, parent atti-
tudes toward life, physical activity, and eating habits can 
influence a child’s eating and behavior choices. If a par-
ent has poor eating habits, children can continue these 
habits. According to a study by Wardle et al., in a taste 
test, children from obese/overweight families preferred 
fatty foods more, liked vegetables less, and had a more 
“excessive eating“ type of meal style (41). In our study, 
obesity rate was 30.1% in children whose parents were 
overweight or obese and 8.9% in children whose parents 
were not obese. Our study results were similar to those 
from other studies conducted domestically and abroad 
(18, 23, 31, 42), and a positive relationship was found be-
tween the obesity status of the parents and the obesity 
distributions of the children. The difference in our study 

Figure 1: Frequency of food and beverage purchase 
from the school canteen by students
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results could be due to differences in the amount of en-
ergy and types of food consumed by the students in one 
meal. Overweight and obesity rate was higher for stu-
dents who did not eat breakfast, but the difference was 
not statistically significant. Students who frequently or 
consistently purchased food and drinks from the school 
cafeteria had a higher rate of overweight and obesity 
than those who rarely or never bought food. However, 
the difference was not statistically significant.

Li et al. showed a weak relationship between pocket 
money and obesity in schools that banned the sale of 
unhealthy food (43). In our study, obesity rate was signifi-
cantly higher among students who had lunch outside of 
school at restaurants, including fast-food restaurants, than 
others. Thus, dining at restaurants is a contributing factor 
to obesity. Walking to school provides significant potential 
in maintaining the daily physical activity required for chil-
dren, and thus, fighting obesity. The safety of the streets 
for walking between home and school is critical (44). Re-
garding public health, walking to school has a significant 
physical activity potential for children (45).

Our study found that the rate of overweight and obesi-
ty among students who accessed the school by car was 
higher, although statistically insignificant, than those who 
walked. There was no statistically significant relationship 
between the student’s mode of transportation between 
home and school and their BMI distribution in our study. 
However, some studies have obtained similar results (13, 
20, 30, 37).

Studies have suggested that sleep, a sedentary lifestyle, 
and physical activity status can affect weight through 
sleep deprivation on appetite, physical activity, and ther-
moregulation (18). A systematic review by Patel and Hu 
of cross-sectional and cohort studies in 1966–2007 found 
that short sleep duration in children is strongly and consis-
tently associated with concurrent and future obesity (46). 
In a study conducted in China, Xiaoqing et al. showed that 
less sleep caused overweight and obesity in children and 
more sleep was a protective factor against obesity (18). 
According to the results of our study regarding the rela-
tionship between sleep duration and changes in BMI, the 
rates of overweight/obesity among students who slept for 
<6 h were high, although not statistically significant. Some 
of the results of the studies are similar to our results (20, 
37), whereas others are different (7, 18). To better define 
the causal impact of sleep deprivation on obesity, more 
research is needed using objective measurements of sleep 
duration, repeated evaluations of sleep and weight, and 
experimental study designs that manipulate sleep (46). 
The shift from outdoor play to indoor entertainment, 
watching television, spending time on Internet, and play-
ing computer games (47), has rapidly increased childhood 
obesity. Watching television contributes to obesity in chil-

dren by reducing physical activity and encouraging peo-
ple to consume more snacks while watching TV, as well as 
through the impact of advertisements on unhealthy food 
and beverage choices (48). A longitudinal observational 
study by Wiecha et al. showed that increasing daily TV 
viewing by 1 h caused teens to consume an additional 160 
calories daily (49). Most international and national studies 
have found a positive correlation between TV viewing and 
obesity (18, 30, 39, 50).

According to our research, students who spent ≤30 min 
playing computer games or on Internet had a lower obe-
sity rate (7.3%) than those who spent >30 min. However, 
this difference was not statistically significant. By con-
trast, students who spent >240 min had a higher obe-
sity rate (29.5%) than those who spent less time, but this 
difference was not statistically significant. According to 
Siddarth, computer game time and obesity had a statis-
tically significant positive relationship (50). Although our 
study did not find a meaningful relationship between 
time spent at the computer and BMI distribution, some 
studies support our results (20, 23, 36).

Our study found that people who exercise <1 h per week 
have a higher rate of overweight and obesity than other 
groups, which was statistically significant. This result is 
consistent with other studies (13, 30, 31, 36, 37).

CONCLUSIONS

In addition to the multifaceted approach needed to ad-
dress childhood obesity, our study underscores the criti-
cal role of physical activity in promoting healthy lifestyles 
among children. Encouraging regular participation in 
sports and physical activities from an early age can help 
mitigate obesity risk by promoting cardiovascular health, 
improving muscle strength, and enhancing overall well-
being. Initiatives aimed at creating safe and accessible 
spaces for recreational activities within schools and com-
munities are essential for fostering a culture of active liv-
ing among children.

Our findings highlight the importance of implement-
ing policies that restrict the availability of high-calorie 
foods and beverages in school canteens. By prohibit-
ing the sale of unhealthy snacks and promoting nutri-
tious options, such as fruits, vegetables, and whole 
grains, schools can create an environment that supports 
healthy eating habits and contributes to the prevention 
of childhood obesity. Collaborative efforts between ed-
ucational institutions, policymakers, and food suppliers 
are crucial for effectively implementing and enforcing 
such policies.

Our study underscores the need for comprehensive ed-
ucation on healthy diets and nutrition for students and 
their families. Educational programs can empower indi-
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viduals to make informed decisions about their dietary 
habits and lifestyles by providing evidence-based infor-
mation on balanced nutrition, portion control, and the 
importance of diverse food choices. Moreover, initia-
tives promoting cooking skills, meal planning, and gro-
cery shopping strategies can further support families in 
adopting healthier eating habits and reducing the risk of 
childhood obesity.

In conclusion, addressing childhood obesity requires a 
holistic approach, encompassing various interventions 
targeting individual behaviors, environmental influenc-
es, and societal norms. By promoting physical activity, 
regulating food environments, and providing education 
about healthy diets, we can work together to combat the 
epidemic of childhood obesity and promote the health 
and wellbeing of future generations.
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ABSTRACT

Objective: The study aimed to evaluate the efficacy of balne-
ological treatment in patients with knee osteoarthritis using 
clinical scales and to determine its effect on pain, function, and 
quality of life. 

Material and Method: Thirty-two patients with knee osteoar-
thritis were divided into two randomization groups. The patients 
in the study group were given a full bath for 20 min in the hydro-
therapy pool at 38°C. Then, medical mud was applied to both 
knees at 43°C. The second group was not given any specific 
treatment and continued to receive routine treatment (control 
group). Patients completed the clinical scales with the blinded 
physician before treatment/day 1 (baseline), at the end of treat-
ment/day 12, and 3 months. 

Result: At the end of treatment, WOMAC total, VAS pain, and 
global assessment scores of patients and physicians were statis-
tically significant improved compared with baseline and third-
month controls in the study group. A statistically significant im-
provement occurred in the 12-d and 3-month Lequesne knee 
index scores compared with the baseline in the study group. A 
statistically significant improvement was observed in Notting-
ham Health Profile pain, emotional reactions, physical move-

ÖZET

Amaç: Bu çalışmada balneolojik tedavinin diz osteoartritli 
hastalarda etkinliğinin klinik ölçeklerle değerlendirilmesi ve 
ağrı, fonksiyon ve yaşam kalitesi üzerine etkisinin belirlenmesi 
amaçlandı.

Gereç ve Yöntem: Diz osteoartriti tanısı almış 32 hasta, ran-
domizasyonla iki gruba ayrıldı. Çalışma grubundaki hastalara, 
hidroterapi havuzunda 38°C'de 20 dakika tam banyo uygu-
landı, ardından tıbbi çamur her iki dize de 43°C'de uygulandı. 
İkinci grup özel bir tedavi almadı ve rutin tedavilerine devam 
etti (kontrol grubu). Hastalar, tedavi öncesi/1. gün, tedavi 
sonu/12. gün ve 3. ayda kör bir hekimle klinik ölçekleri ta-
mamladı.

Bulgular: Çalışma grubunda WOMAC toplam, VAS ağrı, hasta 
ve hekim global değerlendirme skorlarında, başlangıca göre, te-
davi sonu ve üçüncü ay kontrollerinde istatistiksel olarak anlamlı 
bir iyileşme gözlendi. Çalışma grubunda Lequesne Diz İndeksi 
başlangıca göre 12. gün ve üçüncü ay skorlarında istatistiksel 
olarak anlamlı bir iyileşme gözlendi. Nottingham Sağlık Profili 
ağrı, duygusal reaksiyonlar, fiziksel hareket ve enerji skorlarında, 
çalışma grubunda 12. günde başlangıca istatistiksel olarak an-
lamlı bir iyileşme gözlendi ve bu anlamlı fark üçüncü ayda da 
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INTRODUCTION

Osteoarthritis (OA) is a degenerative disease characterized 
by progressive cartilage destruction and osteophyte for-
mation, especially in load-bearing joints. The incidence of 
OA increases with age. OA can affect all joint structures, in-
cluding the cartilage, bone and synovium, and surrounding 
muscles (1, 2). OA is the most common form of arthritis and 
a leading cause of disability in >65 year old individuals (3). 
Pain is the most common clinical symptom and is associat-
ed with joint use. The medial tibiofemoral and patellofemo-
ral joints are the most affected areas in the knee (4).

Definitive treatment for OA are lacking. Evidence-based 
approaches to the nonsurgical treatment of knee OA in-
clude a combination of pharmacological and nonphar-
macological treatment methods to relieve pain, improve 
joint function, and change risk factors for disease pro-
gression. Balneological treatment modalities are non-
pharmacological treatment methods commonly used to 
treat OA, because they are well-tolerated and have posi-
tive effects on pain relief, stiffness, and function (5). 

Balneological treatment utilizes natural resources, such as 
thermal mineral-rich waters, peloids (muds), and gases, 
which are administered to patients through bathing, drink-
ing, inhalation treatments, etc. (6). Hydrotherapy is a type 
of balneological treatment method that uses tap water. 
Hydrotherapy includes the external application of water 
using the physical characteristics of water, such as tem-
perature, hydrostatic pressure, buoyancy, and viscosity (7). 
However, peloid therapy improves blood flow, connective 
tissue flexibility, and plasma level of β-endorphins. Peloid 
therapy affects the neuro–immune–endocrine system and 
has anti-inflammatory properties. Among the most popu-
lar treatments within the field of spa therapy, balneothera-
py, hydrotherapy, and peloid therapy are usually employed 
in musculoskeletal conditions (8, 9). Balneological treat-
ment modalities are a clinically effective treatment option 
for many low-grade inflammations, especially rheumatic 
conditions, due to their anti-inflammatory, antioxidant, 
and chondroprotective properties (10).

Our study aimed to evaluate the effects of hydrotherapy 
and peloid package application in hospital settings on 

pain, function, and quality of life in patients with knee OA 
via clinical scales.

MATERIAL and METHODS

Participants and Sample 
Patients with knee OA who met our research criteria and 
were followed up in the Leucomotor System Diseases 
outpatient clinic of Istanbul University, Istanbul Faculty of 
Medicine, Department of Medical Ecology and Hydrocli-
matology, were included in the study. Sample size calcu-
lation on powerandsamplesize.com revealed that type 1 
error was 5%, type 2 error was 20%, and power (power) was 
80%. A minimal sample size of 26 patients was targeted for 
each group, with a difference of 15 units and a standard 
deviation of 20 units between the two groups. Sample size 
was calculated according to Fioravanti et al. (11). The files 
of 368 patients who applied to the Department of Medical 
Ecology and Hydroclimatology with complaints of knee 
pain were scanned and evaluated for suitability (Figure 1). 
Patients who were followed up in our hospital with knee 
OA, who met the inclusion criteria, and agreed to partici-
pate in the study, were randomly divided into two groups. 
Each patient was given information about the study.

Inclusion criteria: The study included patients 40–80 years 
of age, who were diagnosed with knee OA according to 
American College of Rheumatology criteria after physical 
examination and radiological evaluation and who scored 
two or three on the Kellgren and Lawrence scale.

Exclusion criteria: Patients who had decompensated 
organ failure, malignant disease, systemic inflammatory 
diseases, infectious diseases; received balneotherapy in 
the last year; changed their medication in the last two 
months; and had a history of intramuscular injection, ar-
throplasty, or prosthetic surgery in the knee joint in the 
last six months were excluded from the study. 

Permissions
The study is a randomized, controlled, single-masked 
study according to the guidelines of the Declaration of 
Helsinki. The study protocol was approved by İstanbul 
Faculty of Medicine Clinical Research Ethics Committee, 
İstanbul University (Date: 21.08.2020, No: 19).

ment, and energy scores in the study group on day 12 com-
pared with baseline, and this significant difference continued in 
the third month for all scores, excluding the energy score. No 
change was observed in the control group. 

Conclusion: The positive effects of balneological treatment on 
pain, functional status, and quality of life in knee osteoarthritis 
have been demonstrated.

Keywords: Hydrotherapy, peloidotherapy, knee osteoarthritis, 
balneotherapy

enerji skoru dışında devam etti. Kontrol grubunda herhangi bir 
değişiklik gözlemlenmedi.

Sonuç: Balneolojik tedavinin diz osteoartritinde ağrı, fonksi-
yonel durum ve yaşam kalitesi üzerinde olumlu etkileri gös-
terilmiştir.

Anahtar Kelimeler: Hidroterapi, peloidoterapi, diz osteoartriti, 
balneoterapi
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Intervention
The patients who accepted to participate were divided 
into two groups, study and control, by randomization 
according to the computer-generated random num-
bers table. 

Patients in the study group were given a full bath (up to 
shoulder level) in a hydrotherapy pool with water tem-
perature 38°C for 20 min, once a day, five days a week, 
(in total 10 times in two weeks). Following the bath, the 
peloid was applied directly on the skin of both knee areas 
with a thickness of approximately 1 cm at 43°C for 20 min 
(Figure 2). To maintain the application temperature, the 
top of the peloid was first wrapped with a stretch film and 
then a towel. The peloid (palomino) used in the appli-
cation was obtained by mixing natural substances con-
taining 90% magnesite and 10% sepiolite with salt and 
mineral water. During peloidotherapy, the patients sat 
comfortably or lay on their backs/prone. In the hydrother-
apy pool, patients sat without exercising. The dimensions 
of the pool were 2.25–1.30 m2. Pool temperature was nor-
mal and was not increased for operation.

Patients in the control group were not given balneolog-
ical treatment. They were allowed to take oral parac-
etamol if needed (maximum 2 g/d).

In both groups, in the beginning, at the end of the treat-
ment (day 12), and in month 3 after treatment, the visual 

Figure 1: Flow diagram of the patients 

Figure 2: Peloid package application 
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analog scale (VAS), which is one of the clinical scale forms, 
pain, general evaluation of the patient, general evalu-
ation of the physician, Western Ontario and McMaster 
Universities knee index (WOMAC), Lequesne knee index, 
and Nottingham Health Profile (NHP) forms were filled 
in by the blind physician. The forms were filled by a phy-
sician blinded to the treatments and treatment groups. 
Blood samples were taken at baseline, after treatment, 
and 3 months after treatment to detect serum levels of 
C-reactive protein (CRP). Both groups continued their 
treatments for comorbidities.

Data collection tools
Patient Global Assessment-VAS: This assessment ques-
tions the patient’s general well-being. The patient is 
asked to evaluate the effect of the disease and mark the 
point that is most appropriate for their condition. 

Physician Global Assessment-VAS:  The doctor evalu-
ates the patient’s general well-being on the same scale. 

Pain Assessment-VAS:  The patient assesses their pain 
between “no pain: 0” and “very severe pain: 10” and 
marks the current situation on this line.

WOMAC: This consists of 24 questions: 5, 2, and 17 in 
the pain, stiffness, and function sections, respectively. 

Lequesne Knee Index: This is an index used in patients 
with knee OA. It questions pain, stiffness, and function-
ality. The form consists of 10 questions, including three 
separate titles.

NHP: This assesses the quality of life.

Laboratory: Blood samples were taken from all patients 
for the hemogram, erythrocyte sedimentation rate, total 
cholesterol, low-density lipoprotein, uric acid, creatinine, 
aspartate aminotransferase, alanine aminotransferase, 
and CRP at each control, and evaluated at the Clinical 
Biochemistry Laboratory of Istanbul University Faculty of 
Medicine on the same day.

Blinding:  The clinical evaluations of the patients were 
made by a physician who was blinded to treatment and 
groups. Another physician who was blinded to treatment 
and groups was responsible for treatments. A biostatisti-
cian who was blinded to the study analyzed the results. 

Statistical analysis
Independent sample t-test and Mann–Whitney U test 
were used to analyze continuous independent data. The 
Wilcoxon test was used to analyze dependent continu-
ous data. The chi-square test or Fisher’s exact test was 
used to analyze categorical independent data. SPSS pro-
gram version 27.0 (IBM SPSS Corp., Armonk, NY, USA) 
was used for analysis.

RESULTS

Flow diagram
Because our patient population mainly consisted of old-
er patients, 32 patients (16 each in the study and control 
groups) were studied study due to restrictions during 
the coronavirus disease 2019 (COVID-19) pandemic. The 
study was completed with 28 patients, 14 in the study 
group and 14 in the control group. In total, 11 patients 
received 10 sessions, two patients received 9 sessions, 
and one patient received 8 sessions. During treatment, 
no side effects were observed.

Sociodemographic data
There was no difference between the study and control 
groups in terms of age, body mass index, employment sta-
tus, smoking and alcohol use, and comorbidity. The mean 
age of patients was 61.7±6.8 years in the study group and 
56.6±9.7 years in the control group. The rate of female pa-
tients in the control group was significantly higher than the 
rate of male patients in the study group (Table 1).

Clinical evaluation criteria results
Patient VAS global assessment, physician VAS global as-
sessment, and VAS Pain scores in the study group signifi-
cantly decreased on day 12 and month 3 after treatment, 
compared with baseline (p<0.005). By contrast, VAS 
scores in the control group did not change significantly 
on day 12 and month 3 after treatment, compared with 
baseline (p=0.202) (Table 2).

In the study group, on day 12, third-month WOMAC total 
and Lequesne knee index score decreased significant-
ly (p<0.05) compared with pretreatment. In the control 
group, WOMAC total and Lequesne knee index score 
did not significantly change compared with pretreatment 
on day 12 and month 3 (Table 3) (Figure 1).

 In the study and control groups, CRP levels were 7.7±12.3 
and 2.6±1.9 mg/L before treatment, respectively. After 3 
months of treatment, CRP levels were 4.3±2.9 and 3.3±3.3 
mg/L in the study and control groups, respectively. There 
was no significant difference in CRP value change on day 
12 and month 3 in the study and control groups.

In the study group, day-12 and month-3 NHP pain score, 
Nottingham emotional reaction score, and Nottingham 
physical activity score decreased significantly (p<0.05) 
compared with pretreatment. In the study group, day-12 
and month-3 Nottingham sleep score, Nottingham so-
cial isolation score, and NHP part 2 score did not change 
significantly (p>0.05) compared with pretreatment lev-
el. The Nottingham energy score on day 12 decreased 
significantly (p<0.05) in the study group, whereas that 
on month 3 did not change significantly (p>0.05) in the 
study group compared with pretreatment. In the control 
group, day-12 and month-3 Nottingham scores did not 



169

Balneological treatment in knee osteoarthritis
İstanbul Tıp Fakültesi Dergisi • J Ist Faculty Med J Ist Faculty Med 2024;87(2):165-175

change significantly (p>0.05) compared with pretreat-
ment (Table 4).

The changes in the parameters evaluated in the study 
and control groups in month 3 are shown in Figure 2. A 
decrease was observed in the study group in all parame-
ters. Although there was an increase in some parameters 
in the control group, the rate in the parameters with a 
decrease was higher in the study group.

DISCUSSION

Nonpharmacological interventions form the basis 
of OA management. Balneological treatments-one 
of the nonpharmacological treatments-have been a 
treatment option for knee OA for years (12). Balneo-
therapy can be a good alternative for patients who 
cannot tolerate pharmacological treatments or as an 
adjunct to pharmacological treatment for knee OA 
(13). Balneotherapy and physical therapy were more 
effective than physical therapy alone in patients with 
knee OA (14). 

In a study comparing the effectiveness of balneothera-
py with pharmacological treatment in patients with ad-
vanced knee OA, balneotherapy was superior in reducing 
pain and improving functional capacity in the short and 
medium term. Consistently, our study found the superior-
ity of the balneological treatment group compared with 
the control group on day 12 and at the 3-month follow-up 
(15). 

Another study showed that balneological treatment could 
be an alternative option without medication; consecutive 
and intermittent balneological treatment regimens were 
effective in patients with knee OA (16). In a study evalu-
ating the duration of thermal spring treatment, group 1 
received treatment for three weeks, and group 2 received 
treatment for two weeks. Patients were evaluated using 
VAS, WOMAC, and NHP before, after, and at 1-month fol-
low-up. Measurements showed significant improvements 
in both groups compared with baseline measurements, 
except for the social isolation subgroup of the Notting-
ham Health Profile, which is consistent with our study (17). 
In our study, statistically significant improvements were 

Table 1: Comparison of the sociodemographic data of the groups

Study group (n:16) Control group (n:16)
p Mean±SD (Median)  

or N (%)
Mean±SD (Median)

or N (%)

Age, years 61.7±6.8 (61.5) 56.6±9.7 0.098 t

Sex Female 10 (62.5) 15 (93.8) 0.033 X²

Male 6 (37.5) 1 (6.2)

BMI, kg/m2 32.3±4.3 30.6±5.5 0.331 t

Working 
Status

Not working 8 (%50.0) 12 (75.0) 0.144 X²

Working 3 (18.8) 3 (18.8)

Retired 5 (31.3) 1 (6.3)

Smoking (-) 14 (87.5) 11 (68.8) 0.200 X²

(+) 2 (12.5) 5 (31.3)

Alcohol Use (-) 16 (100) 13 (81.3) 0.226 X²

(+) 0 (0) 3 (18.8)

Comorbidity (-) 5 (31.3) 10 (62.5) 0.077 X²

(+) 11 (68.7) 6 (37.5)

Hypertension 8 (%50.0) 3 (18.8) 0.063 X²

Hypothyroidism 5 (31.3) 2 (12.5) 0.200 X²

Hypercholesterolemia 2 (12.5) 1 (6.3) 1.000 X²

DM 4 (25.0) 3 (18.8) 0.669 X²

Heart disease 1 (6.3) 0 (0) 1.000 X²

Asthma 2 (12.5) 1 (6.3) 1.000 X²

Depression 2 (12.5) 0 (0) 0.484 X²

X²: Pearson Ki-Square, t:Student’s t-test, SD: Standard deviation, BMI: Body mass index, N: Count, DM: Diabetes Mellitus
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observed in the study group regarding VAS pain and pa-
tient and physician global assessment scores compared 
with baseline at the end of treatment and 3-month fol-
low-up. A statistically significant reduction was observed 
in WOMAC subgroups and WOMAC-total scores, except 
for stiffness, in the study group at the 3-month follow-up 
compared with baseline. Significant improvement was 
observed in the study group after treatment compared 
with before treatment in NHP, except for the social isola-
tion and sleep subgroups.

 In a meta-analysis evaluating the effects of balneothera-
py using WOMAC scores, balneotherapy was found to be 
clinically effective in relieving pain and stiffness and im-
proving functional status compared with controls, similar 
to our study (18). Consistently, a meta-demonstrated the 
beneficial effects of balneotherapy and mud therapy on 

pain, stiffness, and functional status in patients with knee 
OA (19). In a meta-analysis evaluating thermal modalities, 
such as balneotherapy, mud therapy, and thermal spring 
treatment, thermal modalities were effective in the short-
term prognosis of patients with OA (20). The effects of 
balneotherapy are probably related to the temperature 
and physicochemical and microbial properties of natu-
ral mineral water. This type of therapy triggers a set of 
biological, physiological, and perceptional responses 
involved in a neuroendocrine reaction that increases se-
rum levels of opioid peptides, such as endorphins, and 
changes the circulating levels of prostaglandins, leukot-
rienes, and metalloproteinases (21).

Studies on the long-term clinical efficacy of thermal 
spring treatment in knee OA are lacking. In a study to 
determine the clinical efficacy of thermal spring treat-

Table 2: General wellness in the study and control groups at the beginning, end of treatment, and month 3

Study group (n:14)  
Mean±SD (Median)

Control group (n:14) 
Mean±SD (Median)

p 

VAS global patient assessment

Before treatment 49.4±17.4 (50.0) 52.6±20.0 (50.0) 0.890 m

Day 12 39.9±25.1 (47.5) 50.0±24.9 (51.0) 0.114 m

Month 3 32.1±24.9 (22.0) 43.9±20.6 (50.0) 0.227 m

Before treatment and day 12 intragroup 
exchange p-value and percent change

0.028w   19.28% ↓
Cohen d:0.43 

0.780w   4.88% ↓

Before treatment and month 3 intra-
group exchange p-value and percent 
change

0.013w  35.03% ↓
Cohen d:0.80

0.202w  16.43%↓

VAS pain

Before treatment 52.8±16.8 (50.0) 48.3±23.1 (50.0) 0.908 m

Day 12 41.3±21.8 (44.0) 51.8±25.4 (51.0) 0.116 m

Month 3 29.5± 24.9 (28.0) 43.4±21.1 (50.0) 0.195 m

Before treatment and day 12 intragroup 
exchange p-value and percent change

0.037w 21.83% ↓
Cohen d:0.59 

0.409w  7.24%↓

Before treatment and month 3 intra-
group exchange p-value and percent 
change

0.010w  44.21% ↓
Cohen d:1.09 

0.443w  10.26% ↓

VAS global physician assessment

Before treatment 51.5±15.5 (50.0) 50.8±20.7 (50.0) 0.938 m

Day 12 39.2±22.9 (42.5) 49.8±24.0 (51.0) 0.065 m

Month 3 31.2±24.3 (25.0) 43.1±21.0 (50.0) 0.257 m

Before treatment and day 12 intragroup 
exchange p-value and percent change

0.022w  23.86% ↓
Cohen d:0.62

0.916w  1.85% ↓

Before treatment and month 3 intra-
group exchange p-value and percent 
change

0.01w  39.51% ↓
Cohen d:0.99

0.161w 14.99% ↓

m Mann–Whitney U test / w Wilcoxon test, SD: Standard deviation, VAS: Visual analog scale
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ment in the long-term prognosis of patients with bilateral 
knee OA, the treatment group received a combination 
of peloidotherapy and balneotherapy. The control group 
continued routine medical treatment. Follow-up was per-
formed two weeks after treatment and at 3, 6, 9, and 12 
months. VAS and WOMAC scores, which were also used 
in our study as primary outcome measures, were used. 

Consistent with our study, significant improvements were 
observed in the VAS and WOMAC scores of the treat-
ment group, which continued at the 3-month follow-up. 
However, no significant changes were observed in the 
control group. Unlike our study, longer-term follow-up 
was performed, and the significant difference between 
the two groups continued until month 9 (22). 

Table 3: Osteoarthritis assessment measurements at baseline, end of treatment, and month 3 in study and control 
groups

Study group (n:14)  
Mean±SD (Median)

Control group (n:14) 
Mean±SD (Median)

p 

WOMAC Total

Before treatment 41.8±17.0 (46.0) 42.3±18.3 (33.0) 0.910 m

Day 12 35.1±21.3 (35.0) 42.1±20.3 (31.5) 0.360 m

Month 3 30.9±22.9 (31.0) 39.1±13.7 (29.5) 0.254 m

Before treatment and day 12 intragroup 
exchange p-value and percent change 

0.041w    15.95% ↓
Cohen d:0.34

0.938w    0.3% ↓

Before treatment and month 3 intra-
group exchange p-value and percent 
change

0.039w    26.04% ↓
Cohen d:0.54

0.969w    7.35% ↓

Lequesne Knee Index

Before treatment 11.3±3.5 (11.8) 11.4 ±4.6 (12.3) 0.636 m

Day 12 8.2±3.5 (9.0) 11.3±4.1 (11.5) 0.021m

Cohen 
d:0.81

Month 3 7.9±4.7 (9.5) 10.7±2.8 (10.5) 0.187 m

Before treatment and day 12 intragroup 
exchange p-value and percent change

0.002w   27.3% ↓
Cohen d:0.88

0.959w   0.82% ↓

Before treatment and month 3 intra-
group exchange p-value and percent 
change

0.003w   29.57% ↓
Cohen d:0.82

0.729w   6.38% ↓

m Mann–Whitney U test/w Wilcoxon test, SD: Standard deviation, WOMAC: Western Ontario and McMaster Universities multifunctional 
index 

Table 4: Quality-of-life measurements at baseline, end of treatment, and at month 3 in study and control groups

Nottingham health profile
Study group (n:14) Control group (n:14)  p 

Mean ± Sd Median Mean ± Sd Median

Pain

Before treatment 67.10±31.17 16 74.15 58.73±24.4 54.41 16 0.34 m

Day 12 49.33±29.11 14 53.79 57.57±27.9 16 59.4 0.36 m

Month 3 45.25±28.15 14 48.91 59.74±16.77 59.4 14 0.25 m

Before treatment and day 12 
intragroup exchange p-value 
and percent change

0.01w  26.48% ↓
Cohen d:0.59

0.78w  1.98% ↓

Before treatment and month 3 
intragroup exchange p-value 
and percent change

0.02w  32.56% ↓
Cohen d:0.73

0.58w  1.72% ￪
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Table 4: Continue

Emotional reactions

Before treatment 48.49±33.21 56.28 47.94±28.15 48.87 0.84 m

Day 12 30.17±32.76 13.95 41.81±27.44 40.88 0.23 m

Month 3 35.65±31.62 29.54 54.42±37.44 60.07 0.16 m

Before treatment and day 12 
intragroup exchange p-value 
and percent change

0.02w  37.78% ↓
Cohen d:0.55

0.43w  12.79% ↓

Before treatment and month 3 
intragroup exchange p-value 
and percent change 

0.04w  26.46% ↓
Cohen d:0.39

0.48w  13.53% ￪

Sleep

Before treatment 36.27±26.52 39.89 42.30±19.09 43.36 0.45 m

Day 12 27.97±25.16 22.47 48.33±29.7 49.65 0.07 m

Month 3 31.94±24.81 28.67 38.66±23.75 43.36 0.39 m

Before treatment and day 12 
intragroup exchange p-value 
and percent change

0.14w  22.88% ↓ 0.67w  14.25% ￪

Before treatment and month 3 
intragroup exchange p-value 
and percent change

0.41w  11.94% ↓ 0.64w  8.63% ↓

Physical movement

Before treatment 49.48±15.5 53.4 43.54±16.75 41.61 0.19 m

Day 12 43.51±18.1 44.17 47.34±24.4 54.96 0.63 m

Month 3 34.65±18.7 33.53 47.94±20.2 43.15 0.11 m

Before treatment and day 12 
intragroup exchange p-value 
and percent change

0.03w  12.07% ↓
Cohen d:0.35

0.82w   8.73% ￪

Before treatment and month 3 
intragroup exchange p-value 
and percent change

0.001w  29.97% ↓
Cohen d:0.86

0.36w  10.11% ￪

Energy scores

Before treatment 67.10±38.52 76 65.50±40.71 81.6 1 m

Day 12 44.40±38.96 36.8 62.50±39.52 63.2 0.19 m

Month 3 61.17±32.97 60.8 66.00±37.63 69.6 0.5 m

Before treatment and day 12 
intragroup exchange p-value 
and percent change 

0.02w  33.83% ↓
Cohen d:0.58

0.55w  4.58% ↓

Before treatment and month 3 
intragroup exchange p-value 
and percent change

0.53w  8.84% ↓ 0.58w   0.76% ￪

Social isolation

Before treatment 32.65±41.39 7.99 41.44±33.71 41.76 0.4 m

Day 12 29.00±36.57 7.99 35.59±36.16 22.01 0.45 m

Month 3 19.05±29.54 0 41.85±41.89 41.26 0.16 m
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Table 4: Continue

Social isolation

Before treatment and day 12 
intragroup exchange p-value 
and percent change 

0.72w  11.18% ↓ 0.4w  14.12% ↓

Before treatment and month 3 
intragroup exchange p-value 
and percent change

0.34w  41.66% ↓ 0.53w  0.99% ￪

Nottingham health profile part 2

Before treatment 1.9±2.1 1.5 1.4±1.4 1.5 0.627 m

Day 12 2.1±2.2 1.5 2.5±2.5 3.0 0.830 m

Month 3 0.9±1.8 0.0 1.6±1.4 2.0 0.109 m

Before treatment and day 12 
intragroup exchange p-value 
and percent change 

0.573w  10.60% ￪ 0.106w  73.91% ￪

Before treatment and month 3 
intragroup exchange p-value 
and percent change

0.37w  52.36% ￪ 0.491w  14.29%  ↓

m: Mann–Whitney U Test / w: Wilcoxon Test, SD: Standard deviation 

In another study involving long-term follow-up in patients 
with OA, group A received peloidotherapy and balneo-
therapy in three cycles for one year. By contrast, group 
B did not receive additional treatment. The mean value 
reported in VAS pain assessments was significantly low-
er in group A than group B. After treatment, the mean 
scores of the Lequesne knee index in group A were lower 
than those of patients in group B, who did not receive 
therapy (23). Our study group observed statistically sig-
nificant improvement in VAS pain and patient and phy-
sician global assessment scores at the end of treatment 
and at 3-month follow-up compared with baseline. No 
change was observed in the control group who did not 
receive treatment.

Similarly, in our treatment group (hydrotherapy + peloi-
dotherapy), a significant decrease in the Lequesne knee 
index score was observed on day 12 and month 3 com-
pared with before treatment. In the control group who did 
not receive treatment, there was no significant change in 
the Lequesne knee index score on day 12 and month 3 
compared with before treatment. The decrease in the Le-
quesne knee index score on day 12 and month 3 was sig-
nificantly higher in the study group than the control group. 

In patients with knee OA, chronic pain and functional im-
pairment significantly decrease quality of life (related to 
difficulty in performing daily life activities). Therefore, a 
systematic meta-analysis was conducted to evaluate the 
effects of balneotherapy and spa treatment on the quali-
ty of life of patients with knee OA. Balneotherapy and spa 
treatment significantly improved the quality of life of pa-
tients with knee OA, as well as reduced medication con-

sumption and improved algofunctional indices (5). In our 
study group, statistically significant improvement was ob-
served in NHP pain, emotional reactions, physical move-
ment, and energy scores on day 12 compared with base-
line, and this significant difference continued, except for 
the energy score in month 3. In our control group, there 
was no statistically significant change in scores on day 12 
and month 3 compared with baseline. Our study results 
show that balneological treatments improve the quality 
of life in patients with knee OA. 

Recent studies have shown that some biomarkers may be 
useful in predicting OA prognosis and evaluating thera-
peutic response. After balneological treatment, levels of 
proinflammatory molecules, such as tumor necrosis fac-
tor-alpha, interleukin-1 beta, prostaglandin E2, leukotriene 
B4, and CRP, decreased and levels of anti-inflammatory 
molecules, such as insulin-like growth factor 1, increased in 
the serum (24). Another study investigated serum human 
glycoprotein of cartilage (YKL-40) and hsCRP levels in pa-
tients with knee OA after mud therapy. Mean serum YKL-
40 and hsCRP levels were higher in patients than healthy 
controls. However, no significant change was observed in 
hsCRP levels throughout follow-up (25). The findings show 
that an anti-inflammatory effect may mediate the clinical 
benefits of balneotherapy in patients with musculoskeletal 
disease. A decrease in circulating interleukin-6 levels and 
improvements in pain mitigation and patient functionality 
were observed. Circulating levels of CRP were observed 
after balneotherapy, with no statistically significant differ-
ence (26). In our study, no statistically significant chang-
es were observed in CRP values in the study and control 
groups during follow-up. 
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The main limitation of this study was that we could not 
reach target sample size due to COVID. Another limita-
tion was the short duration of follow-up after treatment. 
However, our study has several strengths. It was a pro-
spective study with a control group during the pandemic. 

CONCLUSION

Our study found that balneological treatment effectively 
improved pain, function, and quality of life in patients with 
knee OA and persisted over at least 3 months. Our results 
indicate benefits in all the dimensions assessed produced 
in the patients who underwent balneotherapy interven-
tion both in response to the intervention and concerning 
control patients. Our outpatient treatment approach al-
lowed patients to receive treatment for <1 h per day with-
out disrupting their daily routines or requiring a change 
in environment. This approach enabled us to observe the 
effectiveness of balneological treatment in isolation, with-
out the confounding effects of other factors, such as rest, 
vacation, and climatic factors. Further investigations must 
broaden the application of this therapeutic intervention in 
patients with OA, elucidate its mechanism of action, and 
delineate its clinical outcomes with greater clarity.
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ABSTRACT

Nocardia farcinica is rarely isolated from clinical specimens, and 
it is a more virulent strain than other types of Nocardia. In this re-
port, we evaluated a rare case of pleural empyema and pneumo-
nia caused by Nocardia farcinica in a patient who had risk factors 
such as long-term use of corticosteroids, chronic respiratory dis-
ease, and a brain tumor. The distinction of N. farcinica from other 
Nocardia species is important because N. farcinica is more viru-
lent and highly resistant, especially to broad-spectrum cephalo-
sporins, which can make treatment difficult. In conclusion, in the 
presence of nonspecific physical examination and radiographic 
findings in patients using immunosuppressives and having co-
morbid diseases, atypical causative agents such as Nocardia in-
fection should be considered in the differential diagnosis.

Keywords: Nocardiosis, Nocardia farcinica, pleural effusion, an-
tibiotic susceptibility test, immunocompromised patients

ÖZET

Nocardia farcinica klinik örneklerden nadiren izole edilir ve di-
ğer Nocardia türlerine göre daha virülan bir türdür. Bu makalede 
uzun süreli kortikosteroid kullanımı, kronik solunum yolu hasta-
lığı ve beyin tümörü gibi risk faktörlerine sahip bir hastada No-
cardia farcinica'nın neden olduğu nadir bir plevral ampiyem ve 
pnömoni olgusu değerlendirildi. N. farcinica'nın diğer Nocardia 
türlerinden ayrılması önemlidir, çünkü N. farcinica daha virülandır 
ve özellikle geniş spektrumlu sefalosporinlere yüksek derecede 
dirençlidir ve bu da tedaviyi zorlaştırabilir. Sonuç olarak, immün-
süpresif ilaç kullanan ve eşlik eden hastalıkları olan hastalarda 
nonspesifik fizik muayene ve radyografik bulguların varlığında 
ayırıcı tanıda Nocardia enfeksiyonu gibi atipik etkenlerin akılda 
tutulması gerekmektedir.

Anahtar Kelimeler: Nokardiyoz, Nocardia farcinica, plevral efüz-
yon, antibiyotik duyarlılık testi, bağışıklığı zayıflamış hastalar
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INTRODUCTION

The Nocardia species is a Gram-positive, partially ac-
id-fast, aerobic, filamentous genus of Actinomycetes 
commonly found in decaying matter, soil, and water (1). 
Nocardia is usually transmitted by inhalation (2). Pulmo-
nary nocardiosis is the most common clinical presen-
tation; the most common symptoms are shortness of 
breath and coughing (2, 3). Although Nocardia farcinica 
is rarely isolated, it is more virulent than other Nocardia 
species (4). It mainly causes infections in immunocom-
promised patients who have risk factors such as long-
term corticosteroid therapy, use of immunosuppressive 
drugs, organ transplantation, malignancy, human immu-
nodeficiency virus (HIV) infection, diabetes, chronic ob-
structive pulmonary disease (COPD), or alcoholism (2, 5, 
6). Although it is rarely isolated from local and systemic 
infections in healthy individuals, it can also cause oppor-
tunistic infections in immunocompromised patients (7). 
Pleural involvement in N. farcinica infections is rare; few 
studies have been reported in the literature (4, 8).

In this case report, pleural empyema and pulmonary 
nocardiosis caused by N. farcinica, which developed in 
a patient with long-term corticosteroid use, COPD, and 
malignancy, are evaluated.

CASE PRESENTATION

A 70-year-old male patient was admitted to the emer-
gency department with complaints of shortness of 
breath. The patient was diagnosed with hypertension, 
COPD, ischemic heart disease, and diabetes mellitus and 
was waiting for surgery, with the preliminary diagnosis of 
a brain tumor. The patient’s vital signs were TA: 147/88 
mmHg, pulse: 110/min, and O2 saturation: 86-88 (while 
oxygen was administered). During physical examination, 
costal movements were restricted on the right side, and 
respiratory findings decreased with auscultation. Right 
total pneumothorax was detected on posteroanterior 
chest radiography and thorax computed tomography 
(Figure 1). A thoracostomy tube was placed at the right 
4th intercostal level. The patient was transferred to the 
intensive care unit. C-reactive protein: 190 mg/L, sedi-
mentation: 119 mm/hour, and glucose: 516 mg/dL were 
revealed in laboratory tests. Other biochemical parame-
ters and hemogram results were within normal limits. The 
patient was discharged with full recovery on the 10th day 
after admission.

One month later, the patient was admitted again to the 
emergency department with findings such as shortness of 
breath, subcutaneous emphysema, and discharge from 
the drain site and was transferred to the thoracic surgery 
clinic. Radiological examinations revealed a minimal ex-
pansion defect of the right lung, atelectasis at the base of 
the right hemithorax, and secondary minimal pleural effu-

sion and bilateral cavitary lesions (Figure 2). Considering 
the patient’s newly developing cavitary lesions and pos-
sible brain tumor metastases, positron emission tomog-
raphy/computed tomography (PET/CT) was planned. 
Thoracentesis was performed from the right hemithorax. 
Pleural fluid was purulent and sent to the bacteriology 
laboratory for further analysis. The pleural fluid sample 
was inoculated on 5% sheep blood agar, eosin-methy-
lene blue agar, and chocolate agar. Direct Gram staining 
was performed from the sample. Gram-positive bacilli 
with branching structures and polymorph nuclear inflam-
matory cells were detected. After two days of incubation, 
non-hemolytic, small, irregular colonies appeared on 
sheep blood agar. Microscopic examination of the grown 
colonies revealed Gram-positive bacilli with branching 
structures (Figure 3). The bacteria were identified as N. 
farcinica by Mass Spectrometry (VITEK MS, bioMérieux, 
Marcy l’Etoile, France). Antimicrobial susceptibility tests 
(AST) were evaluated according to the Clinical and Lab-

Figure 1: Admission thoracic tomography (June 15, 2022)

Figure 2: Bilateral cavitary lesions on coronal computed 
tomography (July 14, 2022)
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oratory Standards Institute (CLSI) (9). The isolate was sus-
ceptible to increased doses of imipenem, amikacin, cip-
rofloxacin, and gentamicin. It was resistant to amoxicillin 
plus clavulanic acid.

Progression in the number and size of bilateral cavitary 
lesions were determined on PET/CT. The lesions were 
compatible with infective processes (Figure 4). The pa-
tient received ampicillin/sulbactam treatment for five 
days, and his treatment was revised after the causative 
agent was reported as N. farcinica. Trimethoprim-sulfa-
methoxazole (4x3 400/80 mg I.V.) and linezolid (2x600  
mg I.V.) treatment was administered. During the patient’s 
follow-up and treatment continued in the ward, the pa-
tient’s health deteriorated. The patient, who developed 
sepsis in the intensive care unit, died on the 5th day of his 
admission to the intensive care unit.

DISCUSSION

Nocardia species can cause opportunistic infections in 
patients with predisposing factors such as malignan-
cy, chemotherapeutic agents and/or steroid use, and 
COPD (2, 4). According to the study conducted by Tor-
res et al., almost all of the 53 patients with N. farcinica 
infection had predisposing factors (5). N. farcinica can 
cause serious infections such as pneumonia and sepsis 
(2). Pulmonary and pleural infections, brain abscesses, 
and skin infections are the main clinical manifestations 
of N. farcinica infections (5). Although the onset of symp-
toms is subacute or chronic, it is difficult to recognize 
clinically because it occurs with nonspecific symptoms 
such as coughing, fever, shortness of breath, weight 
loss, fatigue, chest pain, hemoptysis, and night sweats 
(10). N. farcinica should be considered in pneumonia in 
the presence of radiological nodules, airspace consoli-
dations, pleural effusion, and cavitary lesions (Figure 2, 
Figure 4) (11). As in this case, cavitary lesions are gener-
ally seen in immunocompromised patients and progress 
rapidly (2). In a review of 18 cases of pleural infection 
caused by N. farcinica, mortality was found to be more 
than 30% (4).

The diagnosis of nocardiosis is achieved by isolating 
the bacteria from clinical samples such as sputum, bron-
choalveolar lavage fluid, pleural fluid, and abscess aspi-
ration within 2-7 days (6). 16S rRNA sequence analysis 
is the gold standard for the identification of Nocardia 
species (12). However, the mass spectrometry method 
has promising results and is used successfully in rapid 
diagnosis (13).

The European Committee on Antimicrobial Susceptibil-
ity Testing (EUCAST) is still working to determine AST 

Figure 4: Rapidly progressing cavitary lesions (July 28, 2022)

Figure 3: Gram-positive branching bacillus on 
microbiological staining of the pleural fluid specimen
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breakpoints for Nocardia species (12). For this reason, the 
CLSI guideline is still used for AST (12). According to CLSI 
guidelines, broth microdilution is recommended for AST 
of Nocardia  (12). Gradient strip tests and disk diffusion 
methods can also be used (8, 14). The results obtained 
in all AST methods should be interpreted carefully (15).

Trimethoprim-sulfamethoxazole has been the basis of 
nocardiosis treatment for the last 70 years (12). How-
ever, very high resistance rates have been reported for 
N. farcinica in some studies (8). All Nocardia species 
are generally susceptible to linezolid, amikacin, and 
trimethoprim-sulfamethoxazole in vitro (12). However, 
the susceptible profiles of other antibiotics vary greatly 
among Nocardia species (12).

In pneumonia caused by Nocardia, the combination of 
trimethoprim-sulfamethoxazole and carbapenem is rec-
ommended as initial treatment (4). In more severe cases, 
aminoglycoside can be added to this combination, and 
oral monotherapy can be switched after clinical improve-
ment following 3 to 4 weeks of parenteral treatment (4). 
The treatment period may last 6-12 months (10). In addi-
tion to antibiotic treatment, interventional methods such 
as tube thoracostomy or therapeutic thoracentesis can be 
considered (4). 

CONCLUSION

In conclusion, Nocardia infection should be considered 
in differential diagnosis in immunocompromised pa-
tients. Rapid identification of the microorganism can be 
life-saving, as identification at the species level is import-
ant in initiating the appropriate antimicrobial therapy. 
Considering the increasing resistance rates, antimicrobial 
susceptibility testing is of vital importance.
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ABSTRACT

Video-assisted thoracoscopic surgery (VATS) is considered a safe 
method and is commonly performed in recent years. However, 
as with other invasive medical procedures, some complications 
may be encountered during and after this procedure. Of late, 
medical malpractice cases have become a prominent issue in 
the healthcare field. The case under discussion was sent to us for 
autopsy because of an allegation of medical malpractice. The 
cause of death was claimed to be an invasive procedure, namely 
pulmonary wedge resection with level 5 lymph node biopsy and 
VATS. We contribute to the literature by sharing, discussing, and 
evaluating our autopsy findings with forensic and medical docu-
ments. The possible complications of the procedure in question 
are generally known to be rare, nonfatal, minor traumas.

Keywords: Video-assisted thoracoscopic surgery, medical mal
practice, autopsy

ÖZET

Video yardımlı torakoskopik cerrahi (VATS) son yıllarda sıklıkla 
kullanılmakta olan güvenli bir yöntem olarak kabul edilmektedir. 
Ancak diğer invaziv tıbbi işlemlerde olduğu gibi bu işlem sonra-
sında ve sırasında da bazı komplikasyonlarla karşılaşılabilir. Tıbbi 
uygulama hatası davaları son yıllarda sağlık alanında öne çıkan 
konulardan biri haline geldi. Olgumuz tıbbi uygulama hatası iddi-
ası nedeniyle otopsi için tarafımıza gönderilmişti. Ölüm nedeninin 
Seviye 5 lenf bezi biyopsisi ve VATS ile pulmoner kama rezeksi-
yonu gibi invaziv bir prosedür olduğu iddia ediliyordu. Otopsi 
bulgularını adli ve tıbbi belgelerle birlikte paylaşarak, tartışarak ve 
değerlendirerek literatüre katkıda bulunmayı amaçladık. Zira söz 
konusu işlemin olası komplikasyonları genellikle nadir görülen, 
ölümcül olmayan küçük travmalar olduğu bilinmektedir.

Anahtar Kelimeler: Video yardımlı torakoskopik cerrahi, tıbbi 
malpraktis, otopsi
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INTRODUCTION

Video-assisted thoracoscopic surgery (VATS), usually 
pulmonary wedge resection, is commonly used to di-
agnose and treat several pulmonary diseases (1). In the 
literature, certain complications, such as pneumothorax, 
chylothorax, pneumonia, acute renal failure, liver failure, 
pulmonary embolism, postoperative delirium, stroke, 
atrial fibrillation, and postoperative death, related to this 
procedure have been reported. However, no case of in-
traoperative death has so far been encountered. VATS is 
a reliable and safe approach for the diagnosis and treat-
ment of lung diseases (1-3). We contribute to the litera-
ture by evaluating the autopsy findings and all medical 
and forensic documents in detail.

CASE PRESENTATION

Our patient was a 58-year-old man with a diagnosis of 
asthma, hypertension, and chronic obstructive pulmonary 
disease. The medical reports stated that the patient had 
multiple pulmonary hypermetabolic nodular structures of 
different sizes, which were prominent in the lower lobe of 
the left lung. Primary pulmonary malignancy and lymphat-
ic metastases were considered. Using VATS, a biopsy of 
the level 5 lymph node and wedge resection of the left 
lung lower lobe were performed. According to medical 
documents pertaining to the procedure under consider-
ation, 25–30 minutes postoperatively, shortness of breath 
developed suddenly in the recovery unit. Portal lung ra-
diography was performed considering intrathoracic or-
gan damage, and bleeding was interpreted as normal. 
The patient was intubated and taken into surgery again. 
As per the surgery notes, an emergency left thoracotomy 
was performed on the patient. There was no bleeding in 
the biopsy area or in the thorax, but massive bleeding that 
accumulated in the abdomen was observed, and a lesion 

was seen on the left hemidiaphragm. The medical docu-
ments did not specify the exact location of the lesion on 
the diaphragm. The documents further stated that gener-
al surgery and cardiovascular surgery specialists were also 
called for the surgery. General surgeons detected 3–4 L of 
fluid in the abdomen, a 3–4 cm laceration on the anterior 
side of the spleen, and bleeding in the form of leakage in 
the tail of the pancreas. Splenectomy and suturing were 
performed in the tail of the pancreas. Cardiovascular sur-
geons examined the aorta and its surroundings, but no 
pathology was detected. The patient, who was intubated 
and under follow-up and treatment in the intensive care 
unit, died on the same day. Histopathological examination 
of the acquired samples revealed that non-small-cell car-
cinoma had metastasized to the lung and lymph nodes. In 
addition, predominant extramedullary hematopoietic cell 
infiltration and iron deposition from young cells of the my-
eloid series were observed in the splenectomy material.

The corpse was taken to the autopsy table for external 
examination, and the classical autopsy procedure was ap-
plied. Suture materials and bleeding areas resulted from 
medical procedures performed under the skin of the chest 
and abdomen, and wound trajectories resulted from med-
ical procedures extending from the left midaxillary line. 
The ninth intercostal space in the chest was observed. 
Widespread ecchymotic areas were noted on both sides 
of the left dome of the diaphragm, and a sutured lesion 
was present in the anterior part of the left dome (Figure 
1). A smooth-edged medical procedure-related (wedge 
resection) lesion on the distal left lower pulmonary lobe, 
suture materials, and bleeding areas were detected in the 
pancreatic tail and the outer surface of the stomach (Fig-
ure 2). The spleen was not perceived in its place (splenec-
tomy), and hemorrhagic areas were spotted in the spleen 
lodge. The abdominal aorta and kidneys were in their nat-
ural morphology, and no signs of injury were discerned. 

Figure 1: A: Sutured diaphragm lesion before organ dissection at autopsy. B: Sutured diaphragm lesion after organ 
dissection.
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In lung and lymph node samples, which were examined 
at the macroscopic and microscopic levels, a congested 
atelectatic lung with malignant tumor infiltration and a 
hilar lymph node with malignant tumor metastasis were 
witnessed (Figure 3 A-B). The autopsy was performed as 
a team, and efforts were made to consult different medi-
cal specialties, as required. In toxicological examinations, 
drug levels were found at the treatment doses.

DISCUSSION

Harm to the patient owing to the physician’s recklessness, 
negligence, or inexperience is termed medical malpractice 
(4). In the literature, surgical malpractices are classified as in-
traoperative wrong decisions, operative complications, and 
operative mistakes (5). Of late, the concept of malpractice 
has become one of the most frequently discussed topics 
in the healthcare field. Although the prevalence and size 
of malpractice litigations are unknown, there has been an 
increase in the number of accusations on all healthcare pro-
fessionals, especially those on physicians, in recent years (6).

Medical documents play an essential role in the diagno-
sis and treatment of the patient and serve as evidences 
in the event of legal disputes. Therefore, these docu-
ments must be prepared accurately and completely (7). 
Although several medical procedures were performed in 
the case under study, medical documents were not main-
tained adequately and carefully.

Lung cancer is one of the most common cancers world-
wide, the frequency of which is increasing day by day, and 
it is the most common cause of cancer-related death (8). 
Cell blocks, cytological samples, resections, endobron-
chial biopsies, core biopsies, and fine-needle aspirations 
are conducted to diagnose lung cancer. These proce-
dures should be performed safely and less invasively (9). 
In imaging studies performed in this study, hypermeta-
bolic nodular structures were detected in the left lung, 
and primary pulmonary malignancy and lymphatic me-
tastases were considered. Wedge resection of the lower 
lobe was performed.

Figure 2: The region of wedge resection performed using the video-assisted thoracoscopic surgery method.

Figure 3: A: Samples of lungs for microscopic examination. B: Macroscopic appearance of a lung sample embedded 
in formaldehyde.
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VATS has now become a reliable approach that is com-
monly used in the diagnosis and treatment of lung dis-
eases. This procedure is used for various purposes, such 
as pulmonary wedge resection, pleural and mediastinal 
biopsy, pleurectomy, and pneumothorax treatment (1). 
The literature has reported that complications occur at 
a rate of 7%–8.6% after this procedure. Pneumothorax, 
chylothorax, pneumonia, acute renal failure, liver failure, 
pulmonary embolism, postoperative delirium, stroke, 
and atrial fibrillation are the important and common 
complications. No case of intraoperative death has been 
reported in the literature. Postoperative mortality varies 
between 0.6% and 2% (1-3, 10). Vascular injury and intra-
thoracic bleeding have often been described in several 
studies (10-12). In a similar study in the literature, spleen 
injury was detected on computed tomography in a pa-
tient who was hypotensive and had low hematocrit values ​​
during postprocedure follow-up, and splenectomy was 
performed. These are some of the complications associ-
ated with the procedure (10).

Contrary to the complications commonly described in 
the literature, intraabdominal hemorrhage and spleen 
rupture were detected during the intraoperative and 
postoperative periods in our patient. In the autopsy, no 
traumatic lesion was detected either in the chest or in 
the abdomen, except for the surgical lesions. Contrary 
to the claims, the kidney and abdominal aorta were in-
tact during the autopsy. The lesions observed on the 
diaphragm, pancreas, and stomach were determined to 
be surgical incisions. In this case, an opinion was also re-
quested from the First Specialized Department of the Is-
tanbul Forensic Medicine Institute by the relevant judicial 
body. The death of the patient was attributed to lymph 
cancer that had spread to other organs and the compli-
cations resulting from it (spleen rupture). Although splen-
ic rupture and intraabdominal bleeding are not among 
the common complications of VATS, these have rarely 
been reported in the literature (10). We have emphasized 
this situation, which is quite rare, in our study. Another 
noteworthy point in this case is that patients and their 
relatives should be properly informed to prevent mal-
practice claims.

Although deficiencies prevailed in the medical docu-
mentation and in the stages of informing the patient’s 
relatives, the complication was quickly evaluated. Radio-
logical imaging, laboratory tests, and consultations were 
performed rapidly, the patient was immediately taken 
into surgery, and interventions were made to protect the 
patient’s life as a team with the participation of relevant 
surgeons. Hence, it was concluded that the medical pro-
cedure was performed in accordance with the rules of sci-
entific medicine and that the medical personnel did not 
have any legal responsibility.

CONCLUSION

Before VATS or similar medical interventions, patients 
and their relatives should be carefully and properly in-
formed in detail by the physician who performs the pro-
cedure. Furthermore, physicians performing this proce-
dure must have sufficient anatomical knowledge and the 
required technical equipment. The physicians must have 
adequate knowledge and experience regarding possible 
complications that may arise during the procedure and 
the necessary interventions.

Medical documents should be prepared elaborately and 
completely in case of legal disputes between the patient 
and the doctor after the procedure as these may also 
provide some evidence. Furthermore, facilities provided 
by the autopsy should be considered in medical mal-
practice cases to clarify the case and determine the truth. 
However, the duration of final decision and workload of 
the Council of Forensic Medicine are also important fac-
tors. Legal regulations should be formulated to enable 
appropriate consultations from relevant specialties at the 
place where the autopsy is initially performed.
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