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Instructions to Authors

European Journal of Therapeutics (Eur J Ther) is the double-blind peer-
reviewed, open access, international publication organ of the Gaziantep 
University School of Medicine. The journal is a quarterly publication, 
published on March, June, September, and December and its publication 
language is English.
 
European Journal of Therapeutics aims to contribute to the international 
literature by publishing original clinical and experimental research 
articles, short communication, review articles, technical notes, and 
letters to the editor in the fields of medical sciences. The journal’s target 
audience includes researchers, physicians and healthcare professionals 
who are interested or working in in all medical disciplines.
 
The editorial and publication processes of the journal 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 European Association of Science 
Editors (EASE), and National Information Standards Organization 
(NISO). The journal conforms to the Principles of Transparency and 
Best Practice in Scholarly Publishing (doaj.org/bestpractice).
 
Originality, high scientific quality, and citation potential are the most 
important criteria for a manuscript to be accepted for publication. 
Manuscripts submitted 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 expedite the evaluation 
process. Manuscripts that have been presented in a meeting should be 
submitted with detailed information on the organization, including the 
name, date, and location of the organization.
 
Manuscripts submitted to European Journal of Therapeutics will go 
through a double-blind peer-review 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 Committee 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 volunteers was obtained following a detailed explanation 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 committee 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 reveal 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). 

The similarity rate limit determined for our journal is 24%.
 
In the event of alleged or suspected research misconduct, e.g., 
plagiarism, citation manipulation, and data falsification/fabrication, 
the Editorial Board will follow and act in accordance with COPE 
guidelines.
 
Each individual listed as an author should fulfill the authorship criteria 
recommended by the International 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 important 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 criteria should be identified as 
authors. Those who do not meet all four criteria should be acknowledged 
in the title page of the manuscript.
 
European Journal of Therapeutics requires corresponding authors to 
submit a signed and scanned version of the Copyright Agreement and 
Acknowledgement of Authorship Form (available for download through 
www.eurjther.com) 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 authorship during the submission and review stages of 
the manuscript.

European Journal of Therapeutics requires and encourages the authors 
and the individuals involved in the evaluation process of submitted 
manuscripts to disclose any existing or potential conflicts of interests, 

https://publicationethics.org/resources/flowcharts/complete-set-english
https://www.icmje.org/
https://eurjther.com/index.php/home/forms
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including financial, consultant, and institutional, that might lead to 
potential bias or a conflict of interest. Any financial grants or other 
support received for a submitted study from individuals or institutions 
should be disclosed to the Editorial Board. To disclose a potential 
conflict of interest, the ICMJE Potential 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 Editorial Board within the scope of COPE and 
ICMJE guidelines.
 
The Editorial Board of the journal handles all appeal and complaint cases 
within the scope of COPE guidelines. In such cases, authors should get 
in direct contact with the editorial office regarding their appeals and 
complaints. When needed, an ombudsperson may be assigned to resolve 
cases that cannot be resolved internally. The Editor in Chief is the final 
authority in the decision-making process for all appeals and complaints.
 
European Journal of Therapeutics requires each submission to be 
accompanied by a Copyright Agreement and Acknowledgement of 
Authorship Form (available for download at www. eurjther.com). 
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). By signing 
this form, authors agree that the article, if accepted for publication by 
the European Journal of Therapeutics, will be licensed under a Creative 
Commons Attribution-Non Commercial 4.0 International License (CC-
BY-NC). 

Statements or opinions expressed in the manuscripts published 
in European Journal of Medical Sciences 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.
 
Manuscript Types

Authors should determine the type of paper before submitting it and 
indicate the type of paper on the title page. This is because, depending 
on the type of paper, the rules to be followed, including formatting and 
word limits, change.The categorization system is at the discretion of 
the Editor-in-Chief. Authors may be asked to change the article type 
at the request of the editor at any stage of submission, including after 
acceptance.
The following types of papers will be considered for publication.

Original Articles: This is the most important type of article since it 
provides new information based on original research. 
Abstracts should not exceed 500 words and should be structured with the 
following subheadings: Objective, Methods, Results, and Conclusion.
The main text should be structured with the following subheadings: 
Introduction, Material and Methods, Results, Discussion, Limitations, 
Conclusions, Acknowledgments, References, Main Points, and Figure 
Legends.
The main text should not exceed 3000 words, excluding the abstract, 
references, tables, and figure legends.
There should be a maximum of 50 references.

Statistical analysis to support conclusions is usually necessary. Statistical 
analyses must be conducted in accordance with international statistical 
reporting standards (Altman DG, Gore SM, Gardner MJ, Pocock SJ. 
Statistical guidelines for contributors to medical journals. Br Med J 1983: 
7; 1489-93). Information on statistical analyses should be provided with 
a separate subheading under the Materials and Methods section and the 
statistical software that was used during the process must be specified. 
Units should be prepared in accordance with the International System 
of Units (SI).
Please check Table 1 for the limitations for Original Articles.

Review Articles: Reviews prepared by authors who have extensive 
knowledge on a particular field and whose scientific background has 
been translated into a high volume of publications with a high citation 
potential are welcomed. These authors may even be invited by the 
journal. Reviews should describe, discuss, and evaluate the current 
level of knowledge of a topic in clinical practice 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 Review Articles.

Case Report: In the European Journal of Therapeutics, very interesting 
or rare cases can be published as Case Reports. However, due to the 
limited number of publications determined for this category, it is 
recommended that you submit such articles as Letter to the Editor. For 
the instructions for Letter to the Editor, please see below.
 
Technical Notes: This type of manuscripts should present a new 
experimental, computational method, test, procedure, or comparison of 
methods. The method described may either be completely new, or may 
offer a better version of an existing method. The technical note article 
must describe a demonstrable advance on what is currently available. 
Please check Table 1 for the limitations for Technical Notes.

Letter to the Editor: The European Journal of Therapeutics encourages 
authors to write letters to the editor on all topics covered by the journal.
There is no abstract requirement for this type of manuscript. If authors 
prefer to include an abstract in the letter, they may include a short 
unstructured abstract of no more than 200 words.
It is recommended that a letter contains up to 10 references.
The letter recommends adding “Dear Editor” at the beginning of the 
main text and “Yours sincerely” at the end.

Table 1. Limitations for each manuscript type

Type of 
manuscript

Word 
limit

Abstract 
word limit

Reference 
limit

Table
limit

Figure 
limit

Original Article 3000 500 
(Structured) 50 6 7 or total of 

15 images

Review Article 5000 250 50 6 10 or total of 
20 images

Case Report 1500 200 20 5 1 or total of 
5 images

Technical Note 1500 No abstract 15 No 
tables

10 or total of 
20 images

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
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MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with ICMJE-
Recommendations for the Conduct, Reporting, Editing, and Publication 
of Scholarly Work in Medical Journals (updated in May 2023 - https://
www.icmje.org/icmje-recommendations.pdf). Authors are required to 
prepare manuscripts in accordance with the CONSORT guidelines for 
randomized research studies, STROBE guidelines for observational 
original research studies, STARD guidelines for studies on diagnostic 
accuracy, PRISMA guidelines for systematic reviews and meta-
analysis, ARRIVE guidelines 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 evaluation system, available at www.
eurjther.com. 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 the following:
•	 Copyright Agreement and Acknowledgement of Authorship Form
•	 ICMJE Potential Conflict of Interest Disclosure Form (should be 

filled in by all contributing authors during the initial submission) 
 
These forms are available for download at https://eurjther.com/index.
php/home/forms.
 
Preparation of the Manuscript

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, and highest academic degree(s) of the 

author(s),
•	 Add the 16-digit ORCID 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 address of the corresponding author,
•	 Acknowledgment of the individuals who contributed to the 

preparation of the manuscript but who do not fulfill the authorship 
criteria.

 
Abstract: An abstract should be submitted with all submissions except 
for Letters to the Editor. The abstract of Original Articles should 
be structured with subheadings (Objective, Methods, Results, and 
Conclusion). Please check Table 1 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 keywords should be listed in full without 
abbreviations. The keywords should be selected from the National 
Library of Medicine, Medical Subject Headings database (https://www.
nlm.nih.gov/mesh/meshhome.html).

Main Points: All submissions except letters to the editor should be 
accompanied by 3 to 5 “main points” which should emphasize the most 
noteworthy results of the study and underline the principle message that 
is addressed to the reader. This section should be structured as itemized 
to give a general overview of the article. Since “Main Points” targeting 
the experts and specialists of the field, each item should be written as 
plain and straightforward as possible.

Main Text

Place the title, abstract, and keywords on the first page of the main 
text.
Organize the manuscript into four main headings: Introduction, 
Materials and Methods, Results, and Discussion.
Limitations, drawbacks, and shortcomings of original articles 
should be mentioned in the Discussion section before the conclusion 
paragraph.
Then place the references and figure legends in the main text, 
respectively.
All references, tables, and figures should be referred to within the 
main text, and they should be numbered consecutively in the order 
they are referred to within the main text.
Define abbreviations at first mention in the text and in each table and 
figure.
If a brand name is cited, supply the manufacturer’s name and address 
(city and state/country).

DO NOT EMBED IMAGES or TABLES in the main text.

Text Formatting

Manuscripts should be submitted in Word.
Use a normal, plain font (e.g., 12-point Times Roman, 1.5 line spacing 
and justified) for text.
Do not use field functions.
Use the automatic page numbering function to number the pages.
Do not use field functions.
Do not indent at the beginning of a line.
Save your file in docx format (Word 2013 or higher).

Abbreviations

Abbreviations should be defined at first mention and used consistently 
thereafter.

Tables

All tables are to be numbered using Arabic numerals.
Tables should always be cited in the text in consecutive numerical 
order.
Each table must be uploaded as separate files (e.g. table 1, table 2, 
and table 3).

https://www.icmje.org/icmje-recommendations.pdf
https://www.icmje.org/icmje-recommendations.pdf
https://www.equator-network.org/reporting-guidelines/consort/
https://www.equator-network.org/reporting-guidelines/strobe/
https://www.equator-network.org/reporting-guidelines/stard/
https://www.equator-network.org/reporting-guidelines/prisma/
https://www.equator-network.org/reporting-guidelines/improving-bioscience-research-reporting-the-arrive-guidelines-for-reporting-animal-research/
https://www.equator-network.org/reporting-guidelines/improving-the-reporting-quality-of-nonrandomized-evaluations-of-behavioral-and-public-health-interventions-the-trend-statement/
https://eurjther.com/index.php/home
https://eurjther.com/index.php/home
https://eurjther.com/index.php/home/forms
https://eurjther.com/index.php/home/forms
https://www.nlm.nih.gov/mesh/meshhome.html
https://www.nlm.nih.gov/mesh/meshhome.html
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Figures and Figure Legends

When there are figure subunits, the subunits should not be merged to form 
a single image. Each subunit should be submitted separately through the 
submission system. Images should not be labeled (a, b, c, etc.) to indicate 
figure subunits. Thick and thin arrows, arrowheads, stars, asterisks, and 
similar marks can be used on the images to support figure legends. Like 
the rest of the submission, the figures too should be blind. Any information 
within the images that may indicate an individual or institution should be 
blinded. To prevent delays in the evaluation process, all submitted figures 
should be clear in resolution and large in size (minimum dimensions: 100 
× 100 mm). 

Figures must be saved at a resolution of at least 600 dpi.
Figures, graphics, and photographs should be submitted as separate files 
(in TIFF or JPEG format) through the submission system (e.g. figure 1, 
figure 2 and figure 3).
The files should not be embedded in a Word document or the main 
document.
Figures should not be embedded in the manuscript text file.
Figure legends should be listed at the end of the main document.
All acronyms and abbreviations used in the manuscript should be 
defined at first use, both in the abstract and in the main text.
The abbreviation should be provided in parentheses following the 
definition.

Authors are responsible for the accuracy of references.
 
References

You can download the file named “EndNote style of the Eur J Ther” on 
the journal web page at the link.

In references, the names of all authors should be written. Usage of “et 
al” should not be preferred.
If available, please always include DOIs as full DOI links in your 
reference list.
(e.g. “https://doi.org/............”).

Use abbreviations for journal names. Journal titles should be abbreviated 
in accordance with the journal abbreviations in Index Medicus/ 
MEDLINE/PubMed.

While citing publications, preference should be given to the latest, most 
up-to-date publications. Authors should avoid using references that are 
older than ten years. The limit for the old reference usage is 15% in 
the journal. If an ahead-of-print publication is cited, the DOI number 
should be provided. Journal titles should be abbreviated in accordance 
with the journal abbreviations in Index Medicus/MEDLINE/PubMed. 
In the main text of the manuscript, references should be cited using 
Arabic numbers in parentheses. The reference styles for different types 
of publications are presented in the following examples.
 

Journal Article
Yurci A, Gungor ND, Gurbuz T (2021) High Endometrial Thickness 
Does not Affect IVF/ICSI Outcomes. Eur J Ther. 27(1):94-98. https://
doi.org/10.5152/eurjther.2021.20102

Example for Journal Article without English Titles
Aktan-İkiz A, Üçerler H, Orhan M (2007) Anatomic features of fossa 
navicularis at the skull base and its clinical importance [Kafa iskeletinde 
fossa navicularis’in anatomik özellikleri ve klinik önemi]. Sendrom 
19:34–36 ([In Turkish])

Epub Ahead of Print Articles
Doruk M, Mustafaoglu R, Gül H (2023) The Impact of Using 
Technological Devices on Mental and Physical Health in Adolescents. 
Eur J Ther https://doi.org/10.58600/eurjther.20232902-592.y

Book
Anderson DM (2012) Dorland’s illustrated medical dictionary, 32nd 
edn. Saunders Elsevier, Philadelphia

Book chapter
Gray H (1858) Anatomy Descriptive and Surgical 1st edn. In: John W, 
Parker and Son (eds), London, pp 150-155

Online Document
Bergman RA, Afifi AK, Miyauchi R (2007) Persistent congenital 
arterial anastomoses. Available from http://www.anatomyatlases.org/
AnatomicVariants/Cardiovascular/Images0200/0232.shtml Accessed 
22 Jan 2022

Reference citations in the text should be numbered in square brackets.
Some examples:

Parent et al. [3] reported that ......
....... on medical radiation [21, 22].
....... sleep quality among adolescents [15, 18-21, 22, 25-30].
....... anxiety, depression, and a decrease in proprioception [5, 16-18].

Author-Suggested Reviewers

Authors are required to propose at least five reviewers when submitting 
their manuscripts.
It should be noted that there should be no conflict of interest between these 
proposed reviewers and the authors, and that these recommendations 
should comply with international ethical standards.
Recommended reviewers should have competence in the subject of the 
article.
The proposed reviewers must not have collaborated with the authors of 
the article in the last three years and must not be working in the same 
institution.

REVISIONS

When submitting a revised version of a paper, the author must submit 
a detailed “Response to the reviewers” that states point by point how 
each issue raised by the reviewers has been covered and where it can be 
found (each reviewer’s comment, followed by the author’s reply and line 
numbers where the changes have been made) as well as an annotated copy 
of the main document. Revised manuscripts must be submitted within 
30 days from the date of the decision letter. If the revised version of the 
manuscript is not submitted within the allocated time, the revision option 
may be canceled. If the submitting author(s) believe that additional time 

https://eurjther.com/index.php/home/libraryFiles/downloadPublic/34
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is required, they should request this extension before the initial 30-day 
period is over.
 
Accepted manuscripts are copy-edited for grammar, punctuation, and 
format. Once the publication process of a manuscript is completed, it is 
published online on the journal’s webpage as an ahead-of-print publication 
before it is included in its scheduled issue. A PDF proof of the accepted 
manuscript is sent to the corresponding author and their publication 
approval is requested within 2 days of their receipt of the proof.

Corrections, Retractions, and Republications

European Journal of Therapeutics follows and implements the 
International Committee of Medical Journal Editors (ICMJE) 
recommendations on Corrections, Retractions, Republications and 
Version Control.

Corrections, Retractions, Republications and Version Control*

Honest errors are a part of science and publishing and require publication 
of a correction when they are detected. Corrections are needed for errors 
of fact. Matters of debate are best handled as letters to the editor, as print 
or electronic correspondence, or as posts in a journal-sponsored online 
forum. Updates of previous publications (e.g., an updated systematic 
review or clinical guideline) are considered a new publication rather 
than a version of a previously published article.

If a correction is needed, journals should follow these minimum 
standards:
•	 The journal should publish a correction notice as soon as possible 

detailing changes from and citing the original publication; the 
correction should be on an electronic or numbered print page that is 
included in an electronic or a print Table of Contents to ensure proper 
indexing.

•	 The journal also should post a new article version with details of 
the changes from the original version and the date(s) on which the 
changes were made.

•	 The journal should archive all prior versions of the article. This 
archive can be either directly accessible to readers or can be made 
available to the reader on request.

•	 Previous electronic versions should prominently note that there are 
more recent versions of the article.

•	 The citation should be to the most recent version.

Pervasive errors can result from a coding problem or a miscalculation 
and may result in extensive inaccuracies throughout an article. If 
such errors do not change the direction or significance of the results, 
interpretations, and conclusions of the article, a correction should be 
published that follows the minimum standards noted above.

Errors serious enough to invalidate a paper’s results and conclusions 
may require retraction. However, retraction with republication (also 
referred to as “replacement”) can be considered in cases where honest 
error (e.g., a misclassification or miscalculation) leads to a major 
change in the direction or significance of the results, interpretations, and 
conclusions. If the error is judged to be unintentional, the underlying 
science appears valid, and the changed version of the paper survives 
further review and editorial scrutiny, then retraction with republication 

of the changed paper, with an explanation, allows full correction of the 
scientific literature. In such cases, it is helpful to show the extent of 
the changes in supplementary material or in an appendix, for complete 
transparency.

* Corrections, Retractions, Republications and Version Control https://
www.icmje.org/recommendations/browse/publishing-and-editorial-
issues/corrections-and-version-control.html  Date of Access: 05.10.2023

Editor in Chief: Prof. Ayşe Balat
Address: Gaziantep Üniversitesi Tıp Fakültesi, 27310 Şehitkamil, 
Gaziantep, Türkiye
E-mail: info@eurjther.com
 

Publishing Service: Pera Publishing Services
Address: Ataköy 3-4-11 Kısım Mah. Dr Remzi Kazancıgil Cd. O-114 
N:12 D:7 Bakırköy İstanbul, Türkiye
E-mail: info@perayayincilik.com
Web page: perayayincilik.com

https://www.icmje.org/
https://www.icmje.org/recommendations/browse/publishing-and-editorial-issues/corrections-and-version-control.html
https://www.icmje.org/recommendations/browse/publishing-and-editorial-issues/corrections-and-version-control.html
https://www.icmje.org/recommendations/browse/publishing-and-editorial-issues/corrections-and-version-control.html
https://www.icmje.org/recommendations/browse/publishing-and-editorial-issues/corrections-and-version-control.html
https://www.icmje.org/recommendations/browse/publishing-and-editorial-issues/corrections-and-version-control.html
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Dear Colleagues,

We have started to reap the rewards of the improvements we have realized within about a year 
of being appointed to the editorial team. We are happy to see that the number of articles sub-
mitted to the Eur J Ther is increasing day by day. Moreover, this situation allows us to be even 
more selective in article acceptance.

Due to many improvements and updates, we can now publish many articles in early view. 
Moreover, the early view articles of the Eur J Ther are now indexed as “Early Access” by Web 
of Science without being assigned to the issue [1].

On the occasion of this editorial, we would like to thank once again all the authors, reviewers, 
editors, and technical team who contributed to the Eur J Ther. We encourage you to submit 
your valuable work to the Eur J Ther. 

We hope to continue to bring you good news on future issues. 

Sincerely yours,

© 2024, European Journal of Therapeutics, 
Gaziantep University School of Medicine.
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March 14 Medicine Day

Alphan Cura 
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© 2024, European Journal of Therapeutics, 
Gaziantep University School of Medicine.

Throughout history, people have assigned special meanings to some days of the year and 
commemorated that day or days every year in line with their ascribed meaning. Some of 
these are universal, such as the first day of the New Year or the beginning of spring. Those for 
commercial purposes, such as Mother’s, Father’s, and Valentine’s Days, have also spread to 
large audiences. However, the most common are the special days of the faiths.  There are also 
special days celebrated on different dates in different societies, which are similar in meaning 
and content, on which that group of people have achieved success, profit and superiority. 

A few special days are specific to professions, such as Medicine Day. Most of them are 
ignored even among colleagues within that profession. Because of the strong influence of 
the medical profession on society, Medicine Day is celebrated in many countries on different 
days (July 1 in India, August 23 in Iran, December 3 in Cuba, etc.). Special days that drift on 
the flowing river of time have changed, except those which belong to the world of faith. For 
example, while Turkish society initially experienced November 10 (the passing away day of 
Mustafa Kemal Atatürk) as a day of great pain and mourning, it now commemorates it as a 
day of gratitude, respect and hope for a bright future. 

Medical education in the Ottoman Empire began for the first time on March 14, 1827, during 
the reign of Sultan II. Mahmud. March 14 is also the name of the resistance against foreign 
occupation forces in 1919, during an unfortunate period when the Ottoman Empire was in 
its last days and the homeland was occupied. This day is considered a special day for those 
working in the medical field. The starting point of March 14, Medicine Day, is attributed 
to the Medical School student Hikmet Boran. However, just ten years ago, the number of 
people who knew the name of Hikmet Boran among medical students was very small. What 
is the history of this name? Why has the name Hikmet Boran come to the fore today? While 
examining the concept of March 14, perhaps we can reach the real definition of March 14 and 
understand whether it is a feast.

During the reign of reformist Sultan II. Mahmut (1808 – 1839), the structure of the army and 
the military education began to be reorganized. The opportunity to learn foreign languages 
arose in military schools, and while the eastern languages such as Arabic and Persian declined, 
French and German came to the fore. When military school students began to read magazines 
and publications in foreign languages, they started to develop the concept of social class, 
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followed by their search for national identity. The discussions 
on freedom, independence and democratic government that 
began in military schools shook the monarchy order and 
brought constitutional government to the country’s agenda. In 
this context, the military Medical School, which had its share on 
reform movements and was called “Mektep-i Tıbbiye-i Şahane-i 
Hümayun” since 1839, played a leading role. In 1867, a civilian 
Medical School, “Mektep-i Tıbbiye-i Mülkiye”, was established 
in a room of the military Medical School, and 1908, military 
and civilian Medical Schools were combined under the name 
“Darulfünun Faculty of Medicine”.

Military Medical School students would live barracks life and 
receive medical education with the order and discipline of a 
boarding school. The students’ uniforms were elegant and 
worthy of a Sultan. Friday was a holiday. Students would leave 
school wearing clothes equipped with gold cords, epaulettes, 
silver rapiers, patent leather boots and silver spurs. When the 
Sultans went to the Friday greetings, the people gathered there 
traditionally shouted, “Don’t be arrogant, my Sultan; there is a 
God greater than you!” Upon exit, all university students lined 
up according to their faculty. Similarly, as the royal carriage was 
passing in front of them, they shouted, “Long live my Sultan” 
upon the signal given. Every new Medical School student 
had been informed by an older one in the upper class on the 
first Friday morning that the “Medical School students do not 
shout at the Friday greetings”. This action, carried out with 
the discourse of a superior, is important in understanding the 
differences of military students. After the daily education, in the 
evening meetings, an expert assistant or sometimes a successful 
senior elder brother, called a “repetitor (re-teller),” would briefly 
re-explain the lessons taught that day to the cadets and clarifies 
unclear issues. Repetitors would also convey information about 
the country’s situation and military, political and economic 
problems to military students who was lack communication 
opportunities those days. Students were encouraged to ask 
questions, propose and discuss their own solutions. With 
this ideological background, some Medical School students 
participated in the Balkan wars (October 8, 1912 - August 10, 
1913) as bouncers. The İttihat ve Terakki Fırkası, which came 
to power under Ottoman rule, established Teşkilatı Mahsusa 
units, which would operate secretly under state control. Medical 
School students interrupted their education and volunteered 
in this organization, and some were dispersed to regular army 
units. The Medical School did not have any graduates in 1915. 
In 1917, only 17 students graduated from the school as Medical 

Captains.

It is understandable that the students of an institution whose 
culture is engraved with the ideals and love of homeland and 
nation, independence and freedom, join the lines of fire as 
volunteers when the homeland is in danger. These students 
discussed the issue of identity and chose their sides at a very 
young age. The ideas of autonomy, freedom and independence 
of military Medical School students have been transmitted, 
inherited and protected as a genetic code for years.

The British partially occupied Istanbul on 13 November 1918 
and fully occupied on 16 March 1920. The Medical School in 
Haydarpaşa is a majestic building overlooking the Marmara 
Sea. When the occupying forces wanted to evacuate the building 
and use it for their purposes, they encountered unexpected 
resistance from the medical faculty, experts, assistants and 
students. The resistance bore fruit, with the intervention of 
the Ottoman administrators, a border separation was created 
in the school with a wooden curtain, and British forces settled 
on one side of the school. On the other side, students resisted, 
sometimes enduring harsh conditions, but decidedly did not 
leave the building.

The Medical School supported the Anatolian movement, which 
started in May 1919, with all its might and stood behind Mustafa 
Kemal Pasha. Ahmet Nuri (Bursa), a senior student (congress 
member), and Hikmet (Boran), a third-year student, were selected 
to attend the Sivas congress held in September. Ahmet Nuri 
(Bursa), who spoke before the vote in an environment where the 
idea of a mandate was dominant, changed the atmosphere of the 
Congress with his high oratory power and faithful nationalist 
words. When the session was recessed, opponents of the 
mandate, including Mustafa Kemal, met together, and Hikmet 
spoke. In line with the education he received and the awareness 
he gained, Hikmet uttered those words by saying, “On behalf 
of the Medical Schools that I represent”. That young man says, 
“We cannot accept the mandate regime. Either Independence or 
Death”. Hikmet, an enterprising student, became the symbol of 
resistance as he hung the Turkish Flag on the school’s towers 
among all the Medical School students who resisted the British 
forces trying to occupy the school on March 14, 1919. After this 
resistance and action, the date of March 14 came to the country’s 
agenda once again with the spirit and mentality represented by 
the Medical School. Medical students are the pioneers of the 
rebellion of the people accustomed to freedom. Therefore, we 
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must remember our debt of gratitude to them. We have Medical 
School elders who have created a Medical School tradition that 
integrates with March 14, who prioritize the homeland above 
all else, who do not evade responsibility even in the most 
challenging conditions, who are sent to duty for the homeland 
both themselves and their children just like Ahmets and 
Hikmets, and stand behind them like the mountains.

We wish “gratitude and respect to our teachers” in the medical 
oath. It is very appropriate. We, and those who will join the 
profession afterwards, should remember our teachers who have 
grown Hüseyin Hulkis, Ahmet Nuris, and Hikmet Borans, who 
created the concept of March 14 with all their sacrifices, even 
with their lives. We should remember our martyrs with God’s 
mercy and grace.

Is March 14 a feast?
Dear colleagues, March 14 has changed depending on the year. 
Sometimes, it was a feast, balls were held, and sports festivals 
were celebrated. Sometimes, there was disappointment and 
pain. Halls were raided asking, “Can we celebrate March 14 
under these conditions?” and sometimes, anthems were sung, 
and oaths of freedom and independence were sworn. However, 
each passing year, March 14 as a concept has risen and become 
a monument. March 14 is the epic of the efforts and sacrifices 
Medical School students gave to our country at the expense of 
their lives on the path to freedom and independence. It is sacred. 
It should be celebrated in any way, according to the conditions 
of the time and in line with the concept it contains.

Sincerely yours,

Professor Alphan Cura, MD
Retired Professor, Department of Pediatric Nephrology, Faculty 
of Medicine, Ege University, Bornova, Izmir, Türkiye
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Biostatistics Leader in Türkiye from the Eyes of His Students: 
Prof. Kadir Sümbüloğlu
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5 , Mustafa Berhuni 6 

1 Department of Biostatistics, Gaziantep University School of Medicine, Gaziantep, Türkiye
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3 Retired Professor, Brain and Nerve Surgery, Antalya, Türkiye
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In the scientific community, there has always been a need for leaders who will benefit and 
guide everyone. Thanks to these leaders, future generations will undoubtedly be able to reach 
their goals more easily [1]. 

In this special editorial, we aimed to tell about a master and leader, Dr Kadir Sümbüloğlu, 
who was the pioneer of biostatistics in Türkiye and who guided us, his students, opened our 
horizons and made important contributions to our academic life to get to this point and to 
express our gratitude to our teacher.

Regards,

Seval Kul, PhD
İlkay Doğan, PhD
Ayşe Balat, MD
Bektaş Açikgöz, MD
Zeliha Nazan Alparslan, PhD
Alper Serçeli̇k, MD
Mustafa Berhuni̇, MD

From Prof. Seval Kul
The Leader of the Biostatistics Community in Türkiye, Prof. Kadir Sümbüloğlu (PhD)
The academic and scientific legacy of Prof. Kadir Sümbüloğlu stands as a cornerstone in 
Türkiye’s medical education and research landscape. His influence has been felt broadly, from 
his students to his colleagues. Kadir Sümbüloğlu’s pioneering role in the field of biostatistics 
paved the way for a profound transformation at Hacettepe University and medical education 
institutions throughout Türkiye.

© 2024, European Journal of Therapeutics, 
Gaziantep University School of Medicine.
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Kadir Sümbüloğlu’s life symbolizes the beginning of an era 
that revolutionized medical education and scientific research. 
His education in community health at the Gevher Nesibe Health 
Education Institute directed him towards becoming a trailblazer 
in the fields of medical statistics and biostatistics. His academic 
journey at Hacettepe University under the guidance of Nusret 
Fişek led to the official establishment and development of 
biostatistics in Türkiye.

Throughout his teaching career, Kadir Sümbüloğlu’s dedication 
to his students and colleagues solidified his role as a pioneer 
in advancing science and academic development. Under his 
leadership, the importance of research and educational programs 
in biostatistics at Hacettepe University Faculty of Medicine 
grew significantly. His wisdom, courtesy, and exemplary 
character among his students made him not just a teacher but 
also a mentor and guide.
In this editorial, I will delve into a comprehensive analysis 
of Kadir Sümbüloğlu’s academic achievements and personal 
attributes, accompanied by heartfelt expressions from his 
students. Many academics and researchers he has influenced 
will share their experiences, emphasizing the significant impact 
of Kadir Sümbüloğlu as a prominent figure in their careers and 
personal development as well as mine.

After sharing his CV, I leave you alone with these valuable 
writings.

Regards,

Prof. Seval KUL, PhD
Gaziantep University, Medical Faculty, Head of Department of 
Biostatistics, Gaziantep, Türkiye

Prof. Kadir Sümbüloğlu’s Curriculum Vitae
Prof. Kadir Sümbüloğlu (Fig. 1) was born in Sivas, Zara, on June 
1, 1936. He completed his primary and secondary education 
in Sivas. In 1968, he graduated from Gevher Nesibe Health 
Education Institute with a degree in Public Health. In the same 
year, he was appointed as an assistant in the Department of 
Community Medicine under Prof. Nusret Fişek’s supervision at 
Hacettepe University Faculty of Medicine. Prof. Fişek expressed 
his intention to train him as a medical statistics professor.

Fig. 1. Prof. Kadir Sümbüloğlu

He obtained his PhD in Medical Statistics and Medical 
Documentation from Hacettepe University Faculty of Health 
Sciences in 1972. He was appointed as the coordinator of this 
program in the same year and continued his duties as a lecturer 
in the Department of Community Medicine. These two roles 
are the official starting point of Biostatistics in Türkiye. During 
those years, “medical statistics” was recognized as a department 
by the Interuniversity Board for Associate Professorship, and its 
name was changed to “Biostatistics” in 1975.

After becoming an Associate Professor of Biostatistics in 1977, he 
initiated efforts to establish Biostatistics as an interdisciplinary 
field in medical faculties, with Hacettepe University taking 
the lead. After the establishment of the Higher Education 
Council (Yükseköğretim Kurulu-YÖK) in 1981, he ensured 
the establishment of the Biostatistics Department within the 
Department of Medical Biology at Hacettepe University Faculty 
of Medicine in 1982. He was granted the title of Professor of 
Biostatistics in 1988. Since 1993, the Biostatistics departments 
have been affiliated with the Department of Basic Medical 
Sciences.

In 1997, Prof. Kadir Sümbüloğlu founded the Biostatistics 
Association with seven founding members to promote the 
development of biostatistics, elevate the academic careers of 
healthcare personnel, and protect the rights of its members. 
He served as the president of the association until 2014 and 
is currently its Honorary President. Throughout his academic 
career, he supervised the theses of 13 master’s and 12 doctoral 
students and made significant contributions to the training of 
numerous faculty members in Biostatistics.
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Prof. Kadir Sümbüloğlu has authored 26 national books and eight 
international book chapters in the field of biostatistics. One of his 
internationally authored chapters is in the book titled “Formation 
Patterns and Health” by the World Health Organization (WHO). 
He was thanked in the preface of the book for his valuable 
contributions as an author to WHO’s book titled “Teaching 
Health Statistics Lesson and Seminar Outlines Second Edition”. 
He has published 17 national and international articles in addition 
to providing biostatistics and research consultancy for numerous 
scientific studies. He has been the principal investigator in four 
national and two international scientific projects. He received a 
one-year international scholarship from WHO and a five-month 
international scholarship from Fulbright.

He served on the Sub-Committee for Health Information 
Systems of the 7th and 8th Development Plans, provided 
statistical consultancy in the Türkiye Clinics Medical Sciences 
Competitions from 1986 to 1993, and offered consultancy 
services in various capacities for institutions such as the 
Ministry of Health, State Planning Organization (Devlet 
Planlama Teşkilatı: DPT), State Institute of Statistics (Devlet 
İstatistik Enstitüsü: DİE), and WHO. He has also participated in 
two different book projects with WHO.

Prof. Kadir Sümbüloğlu retired in 2003 but continues to 
attend biostatistics conferences, where he meets with all the 
academicians he has contributed to and continues to share his 
knowledge and experiences.

From Prof. Ayşe Balat; 
Dear Prof. Kadir Sümbüloğlu
It was my first year at Hacettepe University, Faculty of 
Medicine. While we focused on health-related courses and tried 
to understand people with all our strengths, we met a teacher 
in biostatistics explaining the importance of numbers. He said, 
“You will have a lot of data throughout your lives, but what 
is important is how you make sense of this data”. He defined 
biostatistics and emphasized the importance of collecting data 
accurately and transforming it into information while providing 
healthcare services and/or working as a researcher. He explained 
many comparison methods and comments on numbers and 
pointed out that some things we think are important may only 
work if they are statistically significant.

He made a classic exam that we all fear but stated that we could 

use the book. We were all surprised. Later, he congratulated me 
as a student with 100 points on this exam. I said, “Sir, the book 
was already open, and I did it easily”. He gave another lesson: 
“The important thing is not to memorize statistical methods, but 
to know which method to use and where.”

This professor is the esteemed Prof. Kadir Sümbüloğlu, the 
Founding Head of the Biostatistics Department at Hacettepe 
University between 1982 and 1987. I always remember with 
respect our valuable teacher, who first taught us statistical 
literacy and made us like biostatistics. I am proud to be one of 
the thousands of students he trained.

Regards,

Prof. Ayşe Balat, MD
Gaziantep University, Medical Faculty, Department of Pediatric 
Nephrology & Rheumatology, Gaziantep, Türkiye

From Prof. Bektaş Açıkgöz; 
Dear Prof. Kadir Sümbüloğlu
Taking into consideration the scientific discussions within 
the European Association of Neurological Surgeons and the 
European Academy of Neurosurgery, the Department of 
Neurosurgery at Hacettepe University offered a PhD program 
within the Hacettepe University Institute of Neurological 
Sciences to ensure that Neurosurgeons are trained as 
academicians in the post-residency period.

I began this program as a PhD student in February 1988, and 
the first course I enrolled in at the institute was the biostatistics 
course, where I had the opportunity to get to know Prof. 
Kadir Sümbüloğlu. In his classes, he taught us the methods of 
questioning as a scientist, searching for answers to questions, 
evaluating findings based on previous experiences, and drawing 
conclusions from these findings.

Throughout the PhD program and beyond, I personally observed 
the contributions of Prof. Kadir Sümbüloğlu in our participation 
in national and international scientific meetings, our research 
activities, and publications, and how his efforts enriched us and 
paved the way forward.

During my tenure as Dean of the Faculty of Medicine at 
Zonguldak Karaelmas University and later as Rector, our 
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faculty members expressed their desire to receive biostatistics 
training. We immediately contacted our mentor. They and their 
team came to Zonguldak and devoted days and labor to training 
our faculty members. With our insistence, they left Prof. Vildan 
Sümbüloğlu (his wife and biostatistician) at our university.

Prof. Vildan Sümbüloğlu established the biostatistics PhD 
program, trained many valuable faculty members, and worked 
tirelessly for the institutionalization of science at the university.
At this stage, my wife and I consider ourselves very fortunate 
to have gained the friendship of Prof. Kadir and Prof. Vildan 
Sümbüloğlu.

We wish Prof. Kadir and Prof. Vildan Sümbüloğlu many healthy 
and happy years.

With our regards.

Prof. Bektaş Açıkgöz, MD
Retired Professor
Zonguldak Bülent Ecevit University, Medical Faculty, Head of 
Department of Neurosurgery, Zonguldak, Türkiye

From Prof. Z. Nazan Alparslan; 
Dear Prof. Kadir Sümbüloğlu,
I would like to begin by reiterating the words I expressed when I 
received my retirement plaque from our professional association 
(2022):

“My greatest gratitude in my professional life belongs to Kadir 
Sümbüloğlu, my mentor, who took my hand 40 years ago and 
never let go through my challenges.”

When I moved to Adana due to marriage (winter of 1980), I was 
offered the opportunity to teach “medical statistics (as it was 
called at that time)” at the Faculty of Medicine of Çukurova 
University. Since my undergraduate and graduate education 
were suitable, I accepted the offer and started working in the 
summer of 1980.

The discipline of biostatistics was still very new in our country, 
and training personnel was necessary. In 1982, news of Hacettepe 
University’s doctoral program in my field reached my faculty.

It was at this stage Prof Kadir Sümbüloğlu entered my life, 

and at each stage of my professional life, I discovered different 
characteristics of my mentor. When I went to Ankara for the 
exam, the way I learned about the exam results gave me the first 
clue about my mentor. Over time, I named this characteristic: 
“dedication to the field he founded.” My mentor was relentless; 
he informed me of the exam results of a candidate in Adana 
through an “intercity” phone call. Thus, a new path opened up 
for me.

Prof. Kadir Sümbüloğlu was attentive, compassionate, helpful, 
and understanding. I completed my doctorate by travelling back 
and forth to Ankara.

After my doctorate, there are, of course, stages, and there are 
staff matters. This time, I saw other characteristics of my mentor: 
extremely protective and supportive of me, self-sacrificing, 
but demanding (sometimes uncompromisingly) towards my 
institution when necessary. During these years, my mentor, 
who came to Adana to support the courses I opened for faculty 
members and the student juries I organized, also participated in 
rector’s programs.

In addition to all these supportive characteristics, and in 
my opinion, the most important feature, is that Prof. Kadir 
Sümbüloğlu is ‘reliable’. I always trusted my mentor. Prof. Kadir 
Sümbüloğlu’s energy and positive attitudes have always been a 
source of motivation for me as well. There were certainly times 
and situations when he was pessimistic, but he never reflected it; 
he always showed his positive, cheerful, fatherly side.

To my dear mentor, whom I always felt the spiritual support of 
even during my spouse’s illness and passing: I wish you many 
healthy, peaceful years with your loved ones and those who love 
you.

Prof. Z. Nazan Alparslan, PhD
Retired Professor, Department of Biostatistics, Çukurova 
University, Faculty of Medicine, Adana, Türkiye

From Assoc. Prof. Alper Serçeli̇ k; 
A Legend; Prof. Kadir Sümbüloğlu
In the late 1980s, we were studying at the medical faculty of 
Hacettepe University. For each topic we were about to start, we 
would search for references. We did the same research when we 
were about to start to study biostatistics. No matter whom we 
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asked about biostatistics references, the answer always led to 
one address: Prof. Kadir Sümbüloğlu. That was the first time 
I heard his name. He had many books on biostatistics. I also 
learned that he was the founding chairman of the Biostatistics 
department at Hacettepe University. Then, he began teaching 
our classes.

His self-confidence while teaching was remarkable. His sense 
of humor allowed us to follow his lectures without getting 
bored. His lectures were followed with great interest by the 
students. I have seen many professors at Hacettepe University 
who added value to their departments with their presence. Prof. 
Kadir Sümbüloğlu was one of them. We learned a lot from him 
medically and for personal development. He was one of the 
legends of Hacettepe University.

Decades later, I learned that he was the husband of Prof. Vildan 
Sümbüloğlu, the head of the Biostatistics department at our 
university. Seeing my legendary mentor 35 years later at Sanko 
University Hospital, where I worked, touched, and excited me. 
Despite his advanced age, his mental functions were superb. 
When the time came, he continued with his subtle touches of 
humor. He had some heart-related problems, and I feel lucky to 
have had the opportunity to help my mentor with this.
My mentor, you are one of the people who add color to this 
world. May God bless you with health and a long life. I will 
always remember you with gratitude.

Assoc. Prof. Alper SERÇELİK, MD
Department of Cardiology, SANKO University, Faculty of 
Medicine, Gaziantep, Türkiye

From MD Surg. Mustafa Berhuni̇; 
To my mentor, and mentor of mentors; Prof. Kadir Sümbüloğlu,

During the years when I led a very simple life in the Ceylanpınar 
district of Şanlıurfa and harbored great dreams, I had only one 
goal: to get admitted to Hacettepe University Faculty of Medicine. 
And I achieved this goal in the year 2000. I was literally flying 
with joy. I got into the best medical faculty. Until the age of 
eighteen, I had never ventured beyond Şanlıurfa. I was going to 
live in Ankara, a big and capital city. I was filled with excitement. 
Upon my first arrival in Ankara, what caught my attention 
were the crowds and the traffic of the city, which made me 
nervous. The first year of my university life, joining preparatory 

class, was a chance for me to acclimate to the city. After the 
preparatory class, I started the first grade in 2001. But among 
them was one professor who, from the very first sight, I declared 
as my idol: Prof. Kadir Sümbüloğlu. His stance, mastery of the 
subjects and fatherly attitude caught my attention. Some of our 
friends did not take the biostatistics course seriously. Actually, 
these friends did not aware of that; being a physician was not 
just about diagnosis and treatment of patients, it was also about 
being a good researcher and scientist. We later understood how 
important biostatistics was in scientific and academic research. 
Indeed, when it came to biostatistics in Türkiye, perhaps even 
globally, Prof. Kadir Sümbüloğlu was one of the few names 
that came to mind. Prof. Kadir Sümbüloğlu was the mentor of 
mentors and had trained many professors. After biostatistics 
courses, I would approach him and ask questions related to the 
lessons. He was extremely gentle, calm, and sweet-tongued. He 
would listen to our questions with great seriousness and answer 
them in the best way possible. I must also mention this, Prof. 
Kadir Sümbüloğlu was also very charismatic. When he entered 
the classroom, everyone would fall silent, and no one would 
make a noise. I never witnessed him warning the class to be 
quiet. All the students showed him a serious respect. Prof. Kadir 
Sümbüloğlu had become an idol in my mind during my teenage 
years. Years flew by. I graduated from medical school in 2007 
and started my residency in Ophthalmology at Kayseri Erciyes 
University Faculty of Medicine. I completed my residency in 
2013. One day, while working in the ophthalmology clinic at 
Gaziantep Dr. Ersin Arslan Training and Research Hospital, I 
suddenly saw Prof. Kadir Sümbüloğlu and his esteemed wife 
Prof. Vildan Sümbüloğlu in front of me. The memories of my 
youth at the faculty flashed before my eyes, and I became very 
excited. Prof. Vildan Sümbüloğlu asked me to examine my mentor 
Prof. Kadir Sümbüloğlu. At that moment, I kissed the hands of 
both, and said, “I am your student, you have a special place in 
my heart,” and we chatted for a while. They both had come to 
SANKO University. I was fortunate enough to examine my idol, 
Prof. Kadir Sümbüloğlu. After that, we met occasionally, and I 
provided follow-up and treatment for my mentor. Prof. Vildan 
Sümbüloğlu provided me with great support in my scientific 
research. Both of them have hearts as pure as diamonds. I wish 
them both a healthy, happy, and peaceful life.

With endless respect...

MD Surg. Mustafa BERHUNİ
Ophthalmologist
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INTRODUCTION
Gynecological examination in Ottoman Empire was a practice 
established since the era of the medical evolution during the 
Golden Age of Caliphs [Figure 1A]. In some cases, female 
physicians were completely devoted into examining female 
patients due to cultural issues of the Empire [Figure 1B]. 
However, female physicians were performing operations in 
female bodies, while evidence of some female medical practice 
in the Ottoman Empire do exist, originally named as “tabibe” 
(meaning female physician) [1]. Furthermore, there was a long 
tradition of females practicing midwifery during the Ottoman 
reign and midwives appear in legal texts, palace archives and 
court records. Midwives were present on harem and attending 
procedures as witnesses to birth and related matters [2-3]. Three 
classes of midwifes were being referred, i) those of the palace 
(saray-i hümayun ebesi), ii) those of the noble (kibar ebesi), and 

iii) those of the common people (ahad-i nas ebesi). There is a 
general perception that females had preferred to be treated at 
their residence by female physicians, midwives or healers. This 
predilection was only made for the protection of the female 
according to Muslim culture and did not signify any concept of 
underrating them. In need, male physicians, even non-Muslims, 
were allowed to treat female patients for a life to be saved.
Progressively “ethno-gynecology” in Ottoman Empire moved 
towards a western type reforms. The Imperial Medical School 
of Istanbul reports male physicians, some non-Muslim, treating 
Muslim female patients at the school clinic [3].

Among those non-Muslim men who treated females in 
Ottoman Empire, was the Greek physician Panagiotis Lefakis, 
an obstetrician who practiced obstetrics and gynecology in 
Dedeagats (today Alexandroupolis, modern Greek territory).

Abstract
Sometimes, during an era of clashes, appears a man to promote humanism. Such a man was 
Panagiotis Lefakis who dedicated his life to treat the helpless inhabitants of Dedeagats (later 
Alexandroupolis) regardless of nationality and religion. With studies in Constantinople and Paris 
he practiced general medicine and obstetrics in Thrace. Lefakis, completely lost his eyesight by 
cause of retinal detachment but continued his work. With the help of his daughter Elli, he was the 
most preferable physician among the Muslims, as his blindness was an advantage due to cultural 
reasons. Muslim families felt secure as a blind man could not offend a Muslim female patient or a 
pregnant woman. His skills and temper helped him to achieve greatness and although he had been 
accused by his countrymen, the Ottoman authorities recognized his contribution. 
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Early years and life
Panagiotis Lefakis (?-1940) [Figure 2], son of Aristides Lefakis, 
who was a captain from the island of Andros, was a student of 
the High School in Chalkida city, where he was a classmate 
with prolific novelist Alexandros Papadiamantis (1851-1911). 
He continued his studies to become a physician initially in 
Constantinople and later in Paris, during the Russian-Turkish 
war in 1878. His first child, named Aristides after his grandfather, 
was born in Paris and studied mineralogy, Unfortunately, he had 
lost his life in the Black Sea when the ship he was traveling with, 
sank under unknown conditions. His second child, Katina, was 
born in 1883 in Alexandroupolis, which shows that the family 
had already settled in the city, where her daughters Elli and Cleio 
were also been born [4]. Dedeagats was built in poor land full 
of marshes and villagers suffered by continuous infections [5]. 
Lefakis and his family were among the first parishioners from 
Greece, having a Hellenic citizenship to settle in Dedeagats 
[Figure 3 A-D] [4]. Lefakis is mentioned in the Trade Guides of 
the era, appearing in “L’ Indicateur Ottoman du Commerce” of 
the year 1881 in Dedeagats, meaning he had already established 
his private cabinet [6].

Figure 1. A. Depiction of a speculum, Bibliothèque Nationale 
de France, Turc 693 f. 113r & B. Female gynecologist removes 
with the help of a speculum a fetus that died during labor. 
Bibliothèque Nationale de France, Turc 693 f. 118v. Imperial 
Surgery, Şerafeddin Sabuncuoğlu (1385-1468), 1465.

Figure 2. Panagiotis Lefakis, portrait, Archive of his great-
grandson, Professor of Medicine Ioannis Tentes. 

Figure 3. A. Municipality Garden street in Dedeagatch, B. The 
Lighthouse street, C. Inauguration of the Ottoman Imperial 
Bank in 1909 & D. The Hotels street. Photo-archive of George 
Alepakos.

In addition to being an excellent physician, he was also a great 
humanist. He lived in times of clashes, revolts and war but his 
home rendered to a treatment place for the afflicted regardless 
of nationality and religion [Figure 4 A-B]. In 1906, following 
the proposal of the Greek Consul Ion Dragoumis (1878-1920), 
he was decorated for his practice with the Silver Cross medal. 
On May 31, 1910 in the French newspaper “Le Temps”, in a text 
originated from the “Societe de medecine de Paris”, Lefakis’ 
scientific opinion was recorded. Lefakis sent for publication 
three cases of complete heterotaxy (Situs Inversus Totalis), 
describing the complete inversion of the viscera of the chest and 
abdomen. He noted that in malarial countries the hypertrophy of 
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the spleen may help physicians to diagnose the inversion of the 
visceral organs. Lefakis was one of the beloved physicians of 
the Greek Orthodox Metropolitan Bishop of Smyrna, and later 
a Saint, Chrysostom (1867-1922) [7]. On February 17, 1911, he 
wrote a letter to Prime Minister Eleftherios Venizelos (1864-
1936), to express his complaints about the behavior of the Vice-
consul Apostolos Tserepis (who later attempted to assassinate 
Venizelos in Paris) and physician Georgios Papadopoulos, 
as they had denounced him to the Grand Vizier as a figure 
conspirator against the Empire [8]. The Ottomans rightfully 
neglected the accusations and Lefakis stayed and practiced 
obstetrics and general medicine in Dedeagats, where he died in 
July 17th of 1940 at an age of over 90 years [7].

Figure 4. A. The first house of the Greek physician Panagiotis 
Lefakis in Alexandroupolis, Photo-archive of Eleftherios 
Sindarakis & B. The two floor second house of Panagiotis 
Lefakis, later on Town Hall for the Bulgarians and then for 
the Greeks of the city of Alexandroupolis, Photo-archive of 
Athanasios Kritou.

Lefakis, completely lost his eyesight due to retinal detachment 
sometime in the year 1870, while he was still living in Paris 
during the siege of the city by the Prussians. However, it is of 
interest that his daughter Cleio also lost her eyesight by retinal 

detachment signifying a potential genetic trait. Nevertheless, 
despite his blindness, Lefakis, wrote a number of books, medical 
and other. His most famous treatise was “The Fight against 
Alcoholism” (Greek: Ο Ανταλκοολικός Αγών) in 1931. Lefakis, 
was also a benefactor, donating his home to the Municipality 
of Alexandroupolis for the 4th Primary School to be built 
and named after him. Ha had also donated a piece of land 
where Alexandroupolis’ City Hall and offices of the Medical 
Association of Evros are housed today [4]. 

The snake folklore tale
Lefakis’ charismatic nature as a physician may be demonstrated 
by the following oral testimony of his great-grandson Ioannis 
Tentes, Professor of the School of Medicine of the Democritus 
University of Thrace in Greece. A mentally disturbed Greek 
peasant boy was brought by his parents to Lefakis. The boy was 
under the strong belief that he had swallowed a snake. For hours 
Lefakis had tried hard to convince him that such a thing could 
not have been happened. The only remaining solution to the 
problem was to improvise of a placebo trick. To that end, Lefakis 
gave the boy a number of pills made of flour powder, sugar and 
other non-curative ingredients to be taken daily for two weeks as 
the only possible effective treatment. In the meantime, Lefakis 
ordered his assistant to find him a snake. When the young boy 
returned upon completion of the regimen, Lefakis gave him an 
emetic containing grated chalk to drink. Naturally, the peasant 
boy suddenly started to vomit. While the boy was in a state 
of mess and vomiting hard in a basin, Lefakis craftily threw 
the snake in, as a standing proof that he was finally relieved of 
the physical cause of his torment. The boy left Lefakis’ house 
absolutely convinced that he was cured [7].

The obstetrician
Lefakis had practiced obstetrics in the city of Alexandroupolis, 
gaining high reputation for his skills. His fame resulted into 
requests for neighboring areas. Occasionally, he had to traveled 
to Soufli, Makri, Maronia, Ainos, and Samothrace and other 
neighboring places in order to help the locals. Lefakis’ blindness, 
a huge and immense misfortune for others, did not prevent him 
from practicing medicine. He was driven and guided from house 
to house to examine patients by his friend and assistant Nikolaos 
Kavourtzikis from Antheia and later on by his daughter and 
secretary Elli Manatou (Elli was married then to a lawyer 
named Konstantinos Manatos). Soon, Elli, started helping 
her father as a practical midwife. Surprisingly, his incapacity 
became a benefit among the Ottomans and especially among 
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the Turkish population. Turkish families felt protection and 
a kind of security and had all been choosing him to examine 
their wives and help them upon delivery, exactly because his 
contact offered the best possible discretion for he, a non Moslem 
practitioner, could not offend them. This fact alone, that he could 
not see them, provided an ethical advantage according to their 
cultural beliefs. Elli, for several years, was always invariably 
been stood in by his side, and her presence was an additional 
advantage for Lefakis, as her gender made her too, a favorite for 
the Turks [9-10]. 

Epilogue
Panagiotis Lefakis was a skillful obstetrician and humanist. He 
was blind but with a great desire to exercise his art. He had lived 
in times and lands of great turbulence. However, he had tried to 
keep the balance between Greece and the Ottoman Empire and 
always had a good medical practice for all, for both Christians 
and Muslims.
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To address the evolving, quantitative nature of healthcare in the twenty-first century, it is 
imperative to integrate artificial intelligence (AI) with healthcare education. To bridge this 
educational gap, it is imperative to impart practical skills for the utilisation and interpretation 
of AI in healthcare settings, integrate technology into clinical operations, develop AI 
technologies, and enhance human competencies [1].

The swift rise of AI in contemporary society can be ascribed to the progress of intricate 
algorithms, cost-effective graphic processors, and huge annotated databases. AI has been 
a crucial component of healthcare education in recent years and has been implemented 
by numerous medical institutions globally. AI is widely prevalent in medical education in 
Western countries, in contrast to developing countries. The disparity could be mitigated 
through more infrastructural assistance from medical institutions in underdeveloped nations. 
It is crucial to raise awareness among medical educators and students regarding AI tools to 
facilitate the development and integration of AI-based technologies in medical education [2].
AI can impact the student learning process through three methods: direct instruction 
(transferring knowledge to the student in a teacher-like role), instructional support (assisting 
students as they learn), and learner empowerment (facilitating collaboration among multiple 
students to solve complex problems based on teacher feedback). Incorporating artificial 
intelligence (AI) tools into education can augment students’ knowledge, foster skill 
acquisition, and deepen comprehension of intricate medical topics [2,3].

Virtual reality (VR) can enhance the immersion of learning sessions with virtual patients. 
Virtual Reality (VR) is a software-driven technology that generates a virtual environment 
with three-dimensional characteristics. Virtual Reality (VR) uses a head-mounted display 
or glasses to build a computer-simulated environment that provides a convincing and 
lifelike experience for the user. Conversely, augmented reality (AR) enhances the real-world 
environment by superimposing virtual elements onto a user’s perspective of the actual world 
through a smartphone or similar device. By integrating these technologies, learners are 
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able to investigate and actively participate in intricate clinical 
situations, resulting in a more pleasurable and efficient learning 
experience [4,5].

AI-powered games utilise data mining methodologies to examine 
the data gathered during gameplay and enhance the player’s 
knowledge and abilities. In addition, they provide a personalised 
and engaging encounter that adapts the speed and level of 
challenge according to the player’s achievements. Incorporating 
game components such as points, badges, and leaderboards 
enhances the enjoyment and engagement of the learning process. 
The implementation of gamification in the learning process 
boosts student engagement, fosters collaborative efforts, and 
optimises learning results. Additionally, they offer chances for 
clinical decision-making without any potential risks and provide 
instant feedback to the students, thereby becoming an essential 
component of undergraduate medical education [6].

By incorporating artificial intelligence (AI) techniques into 
learning management systems (LMS), learners are equipped 
with the necessary resources to achieve mastery at their own 
individualised pace. These computer algorithms assess the 
learner’s level of understanding and deliver personalised 
educational material to help them achieve mastery of the 
content. The AI-powered platforms guide learners by effectively 
organising and arranging learning experiences, and then 
implementing targeted remedial actions. These customised and 
adaptable teaching techniques enhance the effectiveness and 
efficiency of learning.

Virtual patients are computer-based simulations that replicate 
real-life clinical events and are used for training and education 
in health professions. Virtual patients are built to simulate 
authentic symptoms, react to students’ treatments, and create 
dynamic therapeutic encounters. The student assumes the 
position of a healthcare provider and engages in activities 
such as gathering information, proposing potential diagnoses, 
implementing medical treatment, and monitoring the patient’s 
progress. These simulations can accurately reproduce a range 
of medical settings and expose trainees to the problems they 
might encounter in real-world situations. Medical students can 
enhance their communication and clinical reasoning skills by 
engaging with virtual patients in a simulated environment that 
closely resembles real-life situations [6,7].

Furthermore, AI-driven solutions can be advantageous for 

educational purposes in diagnostic fields such as radiology, 
pathology, and microbiology. Content-based image retrieval 
(CBIR) is a highly promising method utilised in the field 
of radiology for educational and research purposes. CBIR 
facilitates the search for photos that have similar content with 
a reference image, utilising information extracted from the 
images [8]. Moreover, artificial intelligence (AI) integrated 
with machine learning techniques is currently being employed 
to accurately diagnose microbial illnesses. This application of 
AI has significant potential in training and educating specialists 
in the field of microbiology. Conversely, the current progress 
in AI-driven deep learning technologies that specifically target 
cellular imaging has the potential to revolutionise education in 
diagnostic pathology [9].

Ultimately, incorporating AI training into the medical education 
curriculum is a transformative step that will shape the future 
of healthcare practitioners. This sequence provides enhanced 
diagnostic precision, personalised learning prospects, and 
heightened ethical awareness. These potential benefits surpass 
the obstacles, initiating a new era in medical education where 
human beings and technology collaborate to deliver optimal 
patient care. The purposeful and calculated integration of AI 
into medical education will have a pivotal impact on shaping 
the future of healthcare as we navigate this unexplored territory.

Keywords: Medical education, Artificial intelligence, 
Curriculum development, Healthcare technology, Adaptive 
learning
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ABSTRACT
Objectives: Bibliometrics serves as a valuable tool for assessing scholarly articles. The objective 
of this study is to conduct a bibliometric analysis of Brazilian literature on oral and maxillofacial 
surgery across various years.
Methods: Following the principles outlined in the Leiden Manifesto, a bibliographic search was 
conducted on the Web of Science using oral and maxillofacial terms. Parameters such as number 
of citations, citations per year, authors, and publication year were examined. Visual representations 
of authorship and keywords were generated using VOSviewer. These steps were essential for 
compiling a comprehensive list and comparing it to all published articles on the topic. Statistical 
tests were carried out, with significance determined at a 95% confidence interval.
Results: A ranking comprising 71 articles across seven different subject areas was compiled, with 
variables discussed individually. The USA leads in terms of publication volume, followed by Brazil. 
Noteworthy authors and institutions were identified through citation analysis. The visualization of 
data was assessed, and findings regarding subscription versus open access articles were discussed. 
The importance of selecting appropriate keywords was also highlighted.
Conclusions: This study presents a thorough bibliometric analysis of Brazilian literature on oral 
and maxillofacial surgery. The presence of Brazil among the top ten most prolific countries in 
oral and maxillofacial surgery underscores its significant contribution to the global discourse and 
advancements within the field. It serves as a valuable reference and source of inspiration for oral and 
maxillofacial surgeons, academics, and researchers.

Keywords: Bibliometrics; Citation Analysis; Scientometrics; Top-cited articles; Orthognathic 
Surgery; Maxillofacial Injuries; Surgery, Oral; Pathology, Oral; Ameloblastoma; Cleft Lip

INTRODUCTION
Knowledge has intrigued mankind for thousands of years. In the 
beginning, science involved speculation and dogmatism, but the 

procedures have been changed over the years. Galileu Galilei 
developed the scientific method, and for this reason is considered 
the father of the modern science [1]. From Galileu onwards, 
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Main Points:

•	The article highlights the importance of scientometrics 
and specifically bibliometrics in measuring the impact 
and productivity of scientific research. The use of 
citation analysis as a method for assessing scientific 
impact is emphasized, particularly in the field of oral and 
maxillofacial surgery.

•	The study explores the geographic distribution of research 
output in oral and maxillofacial surgery. The article 
provides insights into the collaboration trends, research 
productivity, and global ranking of Brazil in various 
subtopics within the field.

•	The University of São Paulo emerges as a leading 
institution in terms of research output in oral and 
maxillofacial surgery. Prolific authors such as Prof. 
Ricardo Santiago Gomez and Prof. Belmiro Cavalcanti 
do Egito Vasconcelos are highlighted, along with their 
respective h-index and citation counts, showcasing their 
significant contributions to the field.

•	The article discusses the trends in the number of 
publications over the years for different topics within 
oral and maxillofacial surgery. Additionally, it notes 
the dominance of English as the primary language for 
publications, highlighting the need for international 
collaboration and suggesting the potential benefits 
of national or international cooperation programs for 
research universities.

science made great strides. Remarkable advances were seen more 
and more. But one question remains. Can we measure science? 
A useful tool is scientometrics, the metric values of scientific 
papers. Bibliometrics is only one method used in scientometrics 
[2]. It uses statistical methods to measure books, articles and 
other scholarly works. A common instrument of bibliometrics 
is citation analysis, a traditional method for assessing scientific 
impact [3,4]. From simple events to rocket science, any scientific 
matter could be evaluated. Each with its own peculiarities. Oral 
and maxillofacial surgery (OMFS) is part of this great diversity.

OMFS in Brazil has witnessed a remarkable evolution, shaped by 
historical context and contemporary advancements. Originating 
in the early 20th century to address facial trauma, the field has 
undergone significant refinement, bolstered by dedicated training 
programs and technological breakthroughs. Brazil now stands 

as a global highlight in OMFS research and innovation, with a 
focus on Virtual Surgical Planning protocols, interdisciplinary 
collaboration, and public health initiatives [5]. Academic 
institutions offer robust training programs, ensuring a steady 
supply of skilled professionals, while outreach efforts target 
prevalent oral health issues. As OMFS in Brazil continues to 
evolve, fueled by a commitment to excellence and patient care, 
its practitioners are poised to make enduring contributions to the 
field and improve outcomes for patients nationwide.

Geographic bibliometrics plays a crucial role in understanding 
the distribution of research output across different regions, 
fostering collaboration, and identifying geographic trends, 
thereby contributing significantly to the advancement of 
scientific knowledge and global research networks [6]. Hence, the 
objective of this study was to conduct a bibliometric assessment 
of Brazilian literature on OMFS. A comprehensive compilation 
of the top 10 most referenced articles within each OMFS-related 
topic has been established. This research serves as a valuable 
resource for those engaged in the field, offering updated scientific 
insights and supporting ongoing scholarly endeavors.

MATERIALS AND METHODS
This work follows the principles of the Leiden Manifesto [7]. 
The selection criteria for articles in this literature search aimed to 
ensure the retrieval of relevant and high-quality literature within 
the field of OMFS. Articles with at least one Brazilian author 
were included to focus on international contributions, while 
only those indexed on Web of Science (WS) were considered 
to maintain consistency and reliability. Additionally, articles 
unrelated to OMFS were excluded to uphold the relevance of 
the retrieved literature. The choice of bibliometric indicators, 
including sorting by main topic, year of publication, and journal 
impact factor (IF), facilitated the organization and analysis of 
the data, enabling easy comparison across different subjects, 
tracking temporal trends, and assessing the quality and influence 
of the journals in which the articles were published. These 
criteria and indicators were selected to enhance the validity 
and comprehensiveness of the literature search, ultimately 
contributing to a better understanding of advancements within 
the field.

The data collected underwent manual input into Mendeley 
software (Elsevier, London, UK) to compile bibliometric 
indicators. Following refinement, all documents and results 
were gathered. Microsoft Excel was utilized for the collection 
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and analysis of values retrieved from Web of Science (WS). 
A global comparison with Brazil was conducted across all 
topics, considering variables such as institutional affiliation, 
publication language, Hirsch index (h-index), citations, and 
authorship. Inclusion and exclusion criteria for articles were 
determined through consensus between two authors (RG and 
AMB). Adjustments to the general search were made to ensure 
a maximum of 10,000 articles in each search, involving the 
removal of conference articles, specific search terms, or year of 
publication restrictions, as WS does not allow citation reports 
with more than 10,000 results. Impact Factor (IF) and Scimago 
Journal Ranking (SJR) journals were obtained from the same 
source to mitigate bias. A compilation of the 10 most cited 
articles on each topic was generated, including reference, year 
of publication, number of citations by WS, and citation density 
(number of citations per year). Articles from specialties unrelated 
to OMFS were excluded from this top 10 list. 

Graphs and tables were crafted using Microsoft Excel and 
Microsoft PowerPoint (Microsoft Corporation, Redmond, 
USA) to facilitate bibliometric visualization. VOSviewer free 
software (Leiden University, The Netherlands) was employed 
to create graphical representations of critical elements, offering 
a visual form of bibliometric analysis. Statistical analyses 
were conducted, considering significance at a 95% confidence 
interval. As a bibliometric analysis, this study is exempt from 
institutional review board approval, as the data were sourced 
from publicly available electronic platforms and did not involve 
specific patient information.

RESULTS
A total of 39,979 articles were retrieved, of which 3,225 were 
published by at least one Brazilian author (n=8.06%). The USA 
leads in the seven subjects assessed (n=9,410; 23.53%). Brazil 
is among the top ten most productive countries on all subjects 
assessed (Fig. 1) and ranks second in third molar (n=260), 
oral pathology (n=872) and maxillofacial trauma (n=776). In 
addition, a fourth place in cleft lip (n=656) and two fifth places 
in orthognathic surgery (n=479) and temporomandibular (TMJ) 
surgery (n=124). The subject with the fewer published articles 
worldwide, odontogenic infections (n=1,426), Brazil ranks 
seventh (n=58).

The vast majority were published in English language (n=3,159; 
97.95%). Articles were also published in Portuguese (n=57; 
1.77%), Spanish (n=8; 0.25%) and only one in German 

(n=0.03%). There has been a clear upward trend in the number 
of publications for all seven topics over the years (Fig. 2). A more 
robust trend is found in orthognathic surgery (R2 = 0.8887), oral 
pathology (R2 = 0.8597), cleft lip (R2 = 0.8554), maxillofacial 
trauma (R2 = 0.7887) and third molar (R2 = 0.7884). A moderate 
upward trend in TMJ surgery (R2 = 0.5253) and a weak upward 
trend in odontogenic infections (R2 = 0.3691).

Figure 1. World map of oral and maxillofacial publications. The 
size of the circles is related to the number of publications.

Figure 2. Number of Brazilian publications on this topic over 
the years

The University of São Paulo leads as institutional affiliation 
(n=987; 30.60%), followed by the University of Campinas 
(n=448; 13.89%) and the State University of São Paulo 
(n=338; 10.48%). Table 1 summarizes the first ten examples 
of each. Of particular note are Prof. Ricardo Santiago Gomez 
(n=423, H-index=39, citation count=11,215) from the Federal 
University of Minas Gerais and Prof. Belmiro Cavalcanti do 
Egito Vasconcelos (n=147, H-index=21, citation count=1,456), 
from the Federal University of Pernambuco. They are the most 
prolific authors related to oral pathology (Prof. Gomez) and 
maxillofacial surgery (Prof. Belmiro). Prof. Gomez is one of the 
more prolific not only from Brazil but from all over the world. 
Figure 3 shows a graphical representation of the authorship with 
VOSviewer.
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The most cited article is “Mutations in IRF6 cause Van der 
Woude and popliteal pterygium syndromes” [8] by Kondo et 
al (582). The article with the highest citation density article is 
“Essentials of oral cancer” [9] by Rivera (46.71). A list of the 10 
more cited publications on each topic was compiled, reaching 71 
articles (Table 2) [10-78].

The Journal of Craniofacial Surgery was the journal with the 
most publications (n=273). The mean h-index of the journals 
with the ten greatest number of publications on each topic can be 
regarded as very high (h-index=90.39). A table listing the more 
common journals in each topic was created (Table 3).

Four themes were associated with a higher number of median 
citations in subscription access articles (third molar, orthognathic 
surgery, oral pathology, and maxillofacial trauma). While for 
three topics (TMJ surgery, cleft lip, and odontogenic infections) 
the number of average citations were higher in open access. A 
t-test was performed to assess the correlation between the type of 
article access and the number of citations. Neither subscription 
article nor open access articles are associated with a higher 
number of citations for OMFS (t = -0.157106; p = 0.88031).

After removing generic words “humans”, “male”, and “female”, 
the most frequent keywords in the articles were “adults”, “middle 
aged”, “aged”, “adolescent” and “mouth neoplasms”. Figure 
4 shows a graphical representation of the MeSH keywords 
using a network visualization (VOSviewer, Leiden University, 
Netherlands). VOSviewer is a tool helpful to construct and 
visualize bibliometric networks. The sizes of the circles are related 
to the numbers of citations using the determined keywords.

Figure 3. Graphic analysis of authorship 

Figure 4. Graphic analysis of MeSH keywords

Table 1. Strategies used in bibliographic search.

1.	 (“third molar” AND surgery)

2.	 (Orthognathic surgery)

3.	 (Odontogenic Cysts OR Odontogenic Tumors OR Ameloblastoma OR Mouth Neoplasms)

4.	 (Temporomandibular Arthrocentesis OR Temporomandibular Arthroplasty OR Temporomandibular Joint Prosthesis OR 
Temporomandibular Ankylosis) 

5.	 (Mandibular Fractures OR Maxillary Fractures OR Zygomatic Fractures)

6.	 (“Cleft lip”)

7.	 (Odontogenic infections)
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Table 2. The ten most cited articles by Brazilian authors on each topic

Third molar surgery
rank reference year title citations CD

1 Laureano Filho et al 2005
The influence of cryotherapy on reduction of swelling, pain and trismus 
after third-molar extraction - A preliminary study [10]

67 3.94

2 de Santana-Santos et al 2013
Prediction of postoperative facial swelling, pain and trismus following third 
molar surgery based on preoperative variables [11]

65 7.22

3 Gomes et al 2008
Sensitivity and specificity of pantomography to predict inferior alveolar nerve 
damage during extraction of impacted lower third molars [12]

63 4.50

4 Alcantara et al 2014
Pre-emptive effect of dexamethasone and methylprednisolone on pain, 
swelling, and trismus after third molar surgery: a split-mouth randomized 
triple-blind clinical trial [13]

57 7.12

5 Falci et al 2012
Association between the presence of a partially erupted mandibular third 
molar and the existence of canes in the distal of the second molars [14]

56 5.60

6 Cerqueira et al 2004
Comparative study of the effect of a tube drain in impacted lower third 
molar surgery [15]

53 2.94

7 Colombini et al 2006
Articaine and mepivacaine efficacy in postoperative analgesia for lower third 
molar removal: a double-blind, randomized, crossover study [16]

52 3.25

8 Santos et al 2007
Epinephrine concentration (1 : 100,000 or 1 : 200,000) does not affect the 
clinical efficacy of 4% Articaine for lower third molar removal: A double-
blind, randomized, crossover study [17]

47 3.13

9 Rosa et al 2002
Influence of flap design on periodontal healing of second molars after 
extraction of impacted mandibular third molars [18]

47 2.35

10 Célio-Mariano et al 2012
Comparative Radiographic Evaluation of Alveolar Bone Healing Associated 
With Autologous Platelet-Rich Plasma After Impacted Mandibular Third 
Molar Surgery [19]

42
4.20

Orthognathic surgery

1 de Oliveira et al 2009
Observer reliability of three-dimensional cephalometric landmark 
identification on cone-beam computerized tomography [20]

132 10.15

2 Aragon et al 2016
Validity and reliability of intraoral scanners compared to conventional gypsum 
models measurements: a systematic review [21]

83 13.83

3 Mattos et al 2011 Effects of orthognathic surgery on oropharyngeal airway: a meta-analysis [22] 66 6.00

4 Gonçalves et al 2008
Postsurgical stability of counterclockwise maxillomandibular 
advancement surgery: Affect of articular disc repositioning [23]

60 4.28

5 Esperão et al 2010 Oral health-related quality of life in orthognathic surgery patients [24] 54 4.50

6 Weissheimer et al 2015
Fast three-dimensional superimposition of cone beam computed tomography 
for orthopaedics and orthognathic surgery evaluation [25]

51 7.28

7 Nicodemo et al 2008
Effect of orthognathic surgery for class III correction on quality of life as 
measured by SF-36 [26]

50 3.57

8 Magalhães et al 2010
The influence of malocclusion on masticatory performance A systematic 
review [27]

48 4.00

9 Brasileiro et al 2009
An in Vitro Evaluation of Rigid internal Fixation Techniques for Sagittal Split 
Ramus Osteotomies: Advancement Surgery [28]

48 3.69

10 Haas et al 2015 Computer-aided planning in orthognathic surgery-systematic review [29] 46 6.57

10 Trindade et al 2003
Effects of orthognathic surgery on speech and breathing of subjects with cleft 
lip and palate: Acoustic and aerodynamic assessment [30]

46 2.42
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Oral Pathology
1 Rivera 2015 Essentials of oral cancer [9] 327 46.71

2 Guha et al 2007
Oral health and risk of squamous cell carcinoma of the head and neck and 
esophagus: Results of two multicentric case-control studies [31]

225 15.00

3 Barreto et al 2000 PTCH gene mutations in odontogenic keratocysts [32] 148 6.72

4 Fregnani et al 2003
Lipomas of the oral cavity: clinical findings, histological classification and 
proliferative activity of 46 cases [33]

147 7.73

5 Pires et al 2007
Intra-oral minor salivary gland tumors: A clinicopathological study of 546 
cases [34]

144 9.60

6 Schlecht et al 1999
Interaction between tobacco and alcohol consumption and the risk of cancers 
of the upper aero-digestive tract in Brazil [35]

112 4.86

7 Lopes et al 1999 A clinicopathologic study of 196 intraoral minor salivary gland tumours [36] 97 4.21
8 Crivelini et al 2003 Cytokeratins in epithelia of odontogenic neoplasms [37] 95 5.00

9 Velly et al 1998
Relationship between dental factors and risk of upper aerodigestive tract 
cancer [38]

95 3.95

10 Ledesma-Montes et al 2008
International collaborative study on ghost cell odontogenic tumours: calcifying 
cystic odontogenic tumour, dentinogenic ghost cell tumour and ghost cell 
odontogenic carcinoma [39]

92 6.57

TMJ Surgery

1 Lobo Leandro et al 2013
A ten-year experience and follow-up of three hundred patients fitted with the 
Biomet/Lorenz Microfixation TMJ replacement system [40]

73 8.11

2
Manganello-Souza, 
Mariani

2003 Temporomandibuar joint ankylosis: Report of 14 cases [41] 72 3.78

3 Ribeiro-Dasilva et al 2009
Estrogen receptor-alpha polymosphisms and predisposition to TMJ disorder 
[42]

70
5.38

4 Cevidanes et al 2014
3D osteoarthritic changes in TMJ condylar morphology correlates with specific 
systemic and local biomarkers of disease [43]

52 6.50

5 Vasconcelos et al 2009
Surgical treatment of temporomandibular joint ankylosis: Follow-up of 15 
cases and literature review [44]

43 3.30

6 Dela Coleta et al 2009
Maxillo-mandibular counter-clockwise rotation and mandibular advancement 
with TMJ Concepts ® total joint prostheses Part I – Skeletal and dental 
stability [45]

41 3.15

7 Wolford, Gonçalves 2015 Condylar resorption of the temporomandibular joint: How do we treat it? [46] 38 5.42
8 Firmino et al 2017 Oral health literacy and associated oral conditions. A systematic review [47] 36 7.20

9 Pinto et al 2009
Maxillo-mandibular counter-clockwise rotation and mandibular advancement 
with TMJ Concepts ® total joint prostheses Part III – Pain and dysfunction 
outcomes [48]

33 2.53

10 Pereira et al 1995
Surgical treatment of the fractured and dislocated condylar process of the 
mandible [49]

32 1.18

Maxillofacial trauma

1 Brasileiro, Passeri 2006
Epidemiological analysis of maxillofacial fractures in Brazil: A 5-year 
retrospective study [50]

199 12.43

2 Kramer et al 2003 Traumatic dental injuries in Brazilian preschool children [51] 120 6.31

3 Gabrielli et al 2003
Fixation of mandibular fractures with 2.0-mm miniplates: Review of 191 cases 
[52]

106 5.57

4 Rocha, Cardoso 2001
Traumatized permanent teeth in Brazilian children assisted at the Federal 
University of Santa Catarina, Brazil [53]

103 4.90
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5 Oliveira et al 2007
Traumatic dental injuries and associated factors among Brazilian preschool 
children [54]

96 6.40

6 Chrcanovic et al 2012
1,454 mandibular fractures: A 3-year study in a hospital in Belo Horizonte, 
Brazil [55]

88 8.80

7 Cunha et al 2001 Oral trauma in Brazilian patients aged 0-3 years [56] 82 3.90
8 Passeri et al 1993 Complications of nonrigid fixation of mandibular angle fractures [57] 75 2.58

9 Passeri et al 1993
Relationship of substance-abuse to complications with mandibular fractures 
[58]

69 2.37

10 Cardoso, Rocha 2002
Traumatized primary teeth in children assisted at the Federal University of 
Santa Catarina, Brazil [59]

64 3.20

Cleft lip

1 Kondo et al 2002
Mutations in IRF6 cause Van der Woude and popliteal pterygium syndromes 
[8]

582 29.10

2 Zucchero et al 2004
Interferon regulatory factor 6 (IRF6) gene variants and the risk of isolated cleft 
or palate [60]

433 24.05

3 Beaty et al 2010
A genome-wide association study of cleft lip with and without cleft palate 
identifies risk variants near MAFB and ABCA4 [61]

408 34.00

4 Suzuki et al 2000
Mutations of PVRL1, encoding a cell-cell adhesion molecule/herpesvirus 
receptor, in cleft lip/palate-ectodermal dysplasia [62]

244 11.09

5 Jezewski et al 2003
Complete sequencing shows a role for MSX1 in non-syndromic cleft lip and 
palate [63]

208 10.94

6 Mastroiacovo et al 2011
Prevalence at birth of cleft lip with or without cleft palate: Data from the 
international perinatal database of typical oral clefts (IPDTOC) [64]

196 17.81

7 Vieira et al 2005
Medical sequencing of candidate genes for nonsyndromic cleft lip and palate 
[65]

182 10.70

8 Rooryck et al 2011
Mutations in lectin complement pathway genes COLEC11 and MASP1 cause 
3MC syndrome [66]

158 14.36

9 Jenkins et al 2007
RAB23 mutations in carpenter syndrome imply an unexpected role for 
hedgehog signaling in cranial-suture development and obesity [67]

152 10.13

10 Lines et al 2012
Haploinsufficiency of a spliceosomal GTPase encoded by EFTUD2 causes 
mandibulofacial dysostosis with microcephaly [68]

126 12.60

Odontogenic infections
1 Siqueira, Rocas 2013 Microbiology and treatment of acute apical abscesses [69] 101 11.22
2 Sancho et al 1999 Descending necrotizing mediastinitis: a retrospective surgical experience [70] 61 2.65

3 Sato et al 2009
Eight-year retrospective study of odontogenic origin infections in a 
postgraduation program on oral and maxillofacial surgery [71]

32 2.46

4 Brito et al 2017 Deep neck abscesses: study of 101 cases [72] 30 6.00

5 Fernandes et al 2015
Association between immunologic parameters, glycemic control, and 
postextraction complications in patients with type 2 diabetes [73]

20 2.85

6 Moraes et al 2015
Distribution of genes related to antimicrobial resistance in different oral 
environments: a systematic review [74]

17 2.42

7 Martins et al 2017
The use of antibiotics in odontogenic infections: what is the best choice? A 
systematic review [75]

15 2.14

8 Antunes et al 2011 Brain abscess of odontogenic origin [76] 13 1.18
9 de Medeiros et al 2012 Orbital abscess during endodontic treatment: A case report [77] 10 1.00
10 Antunes et al 2013 Extensive cervical necrotizing fasciitis of odontogenic origin [78] 8 0.88



European Journal of Therapeutics (2024) Grillo R, et al.

109

DISCUSSION
The objective of this paper was to conduct a bibliometric 
examination of Brazilian literature in oral and maxillofacial 
surgery, encompassing the compilation of the ten most frequently 
cited articles across seven distinct topics. It is important to 
note that bibliometrics does not aim for surgical precision [7]. 
Statistical tests were conducted to enhance the comprehensibility 
of the information. Bibliometrics enables researchers and readers 
to track the development of research within a specific field over 
time, providing insights into both its progression and potential 
limitations [79].

Similar to many other fields, the United States takes the lead in 
the quantity of publications, with Brazil following closely behind. 
Two authors are considered to be the most prolific worldwide, 
Prof. Ricardo Santiago Gomez and Prof. Belmiro Cavalcanti do 
Egito Vasconcelos. Both are considered as a good h-index (n≥20) 
[80]. The h-index of the publications was considered good, 
reaching almost outstanding (n=39.21). The significance of this 
index varies across different scientific disciplines. In the field of 
OMFS, this compilation can be regarded as having a high impact, 
indicative of the increasing number of high-quality studies in this 

Table 3. Most frequently cited journals and their h-index

Journals h-index

Number of publications

trauma
third 
molar

orthognathic oral pathology TMJ cleft lip
odontogenic 

infections
American J Orthodontics Dental 
Orthopedics

129 39 18

Angle Orthodontist 91 10 11

British JOMS 78 4

Brazilian J ORL 36 19 12 3

Brazilian Oral Research 50 19 34 3 12

Cleft 83 146

Clinical Oral Investigation 88 13 9

Cranio 47 10

Dental Traumatology 86 57

International JOMS 105 35 36 66 13

J Applied Oral Sciences 49 11 14 25

J Dental Research 192 22 9 2

J Craniofacial Surgery 76 76 16 54 38 10 72 7

J Cranio Maxillofacial Surgery 82 24 8 26 7

JOMS 126 44 34 53 21 11 3

J Oral Pathology Medicine 88 69

J Maxillofacial Oral Surgery 24 6
Medicina Oral Patologia Oral 
Cirugia Bucal

61 23 45 4

OMFS 34 11 11 17 3

Oral Diseases 91 37 9 2

Oral Oncology 121 36

Quintessence International 74 13 5

Triple Oral 126 10 11 74 5

Legend: J – Journal; JOMS – Journal of Oral and Maxillofacial Surgery; ORL – Otorhinolaringology; OMFS – Oral and Maxillofacial Surgery; 
Triple Oral – Oral Surgery, Oral Medicine, Oral Pathology, and Oral Radiology
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area. This trend can be observed through comparisons of total 
citation counts, h-index values, and citation density over time. 
The recognition of highly prolific authors emphasizes the crucial 
role of individual contributions in influencing the research 
landscape.

Cleft lip and oral pathology are the subjects with a larger number 
of citations and higher citation density. On the other hand, 
odontogenic infections is a topic that deserves more attention, 
with more publications and articles in top-level journals. More 
than 95% of the articles were published in English language, 
according to other publications [81,82]. A national exchange 
or even an international cooperation program could benefit 
universities to reach a higher level of research. A significant 
number of articles were published in high or medium ranked 
journals, with a mean h-index of 90.39. Open access articles were 
cited as subscription articles, but without statistical significance 
(p = 0.88031). 

The analysis of trends and patterns observed in the data reveals 
several noteworthy insights into the landscape of OMFS research. 
The upward trend in the number of publications across all topics 
underscores the growing interest and activity within the field, 
reflecting advancements in technology, increasing collaboration, 
and expanding knowledge domains. Particularly notable is the 
robust trend observed in orthognathic surgery, oral pathology, 
cleft lip, maxillofacial trauma, and third molar topics, indicating 
areas of significant research focus and potential avenues for 
further exploration. These trends suggest a dynamic and vibrant 
research environment within OMFS, with implications for 
future research priorities, interdisciplinary collaboration, and 
the dissemination of knowledge to advance clinical practice and 
improve patient outcomes.

While the USA maintains its leading position in terms of the 
sheer number of publications, Brazil emerges as a significant 
contributor, ranking among the top ten most productive countries 
across all subjects assessed. This highlights Brazil’s growing 
influence and participation in shaping the global discourse 
within the field. Moreover, the upward trend in the number of 
publications observed in Brazil mirrors broader global trends, 
indicating a shared emphasis on advancing research and 
innovation in OMFS. While aligning with global trends in many 
respects, Brazil’s emphasis on certain topics and its contributions 
to the overall research landscape reflect its distinct priorities 
and strengths. In comparison, Africa and the Middle East 

exhibit lower levels of research output [6,83]. This underscores 
Brazil’s position as a leading contributor to OMFS research, 
with its efforts playing a crucial role in advancing the field on 
a global scale. Furthermore, Brazil’s increasing prominence in 
OMFS research underscores the importance of international 
collaboration, as partnerships with researchers and institutions 
from around the world can further enrich the field’s knowledge 
base and foster interdisciplinary innovation.

Appropriate title and keywords are critical to enable search 
retrieval, rendering a more precise, sensitive and efficient 
bibliographic search [84,85]. An effective article widespread can 
be achieved by selecting adequate keywords [86,87]. VOSviewer 
is a useful, free and easy-to-use tool for selecting these keywords 
and other actions [88,89].

This study’s limitations encompass the exclusive reliance on data 
from WS, which may introduce bias by potentially excluding 
relevant publications indexed in other databases like PubMed 
and Google Scholar (GS). PubMed, despite being a widely 
used database in the medical field, does not employ citation 
analysis, while GS does, albeit necessitating other software for 
comprehensive analysis. The lack of data from these additional 
databases could result in an incomplete representation of the 
global landscape of OMFS research, potentially overlooking 
significant contributions or trends. Moreover, the scarcity 
of geographic bibliometric analyses in the field underscores 
the need for more comprehensive data collection methods to 
provide a more holistic understanding of regional variations and 
contributions to OMFS research. 

Future research endeavors could focus on integrating data from 
multiple databases to provide a more comprehensive overview 
of OMFS research trends and patterns globally. Additionally, 
exploring collaborative networks and international partnerships 
within OMFS research could offer valuable insights into emerging 
trends and areas of mutual interest, guiding future research 
priorities and fostering interdisciplinary collaboration to advance 
the field. This bibliometric analysis serves as a foundation for 
identifying gaps and trends in OMFS research, providing a 
roadmap for future investigations aimed at addressing these 
knowledge deficiencies and driving innovation in the field.

CONCLUSIONS
This study presented a compilation of the most referenced articles 
across seven distinct topics. The bibliometric data validate that 
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Brazilian literature on OMFS ranks among the most prolific and 
frequently cited globally. The prominence of Brazil among the 
top ten most productive countries across all subjects highlights 
the nation’s growing contribution to the global body of literature 
in OMFS. This work provides a valuable reference and stimulus 
for the growing body of quality publications for oral and 
maxillofacial surgeons, academics and researchers. Choosing 
an appropriate title and keywords, in addition to publishing in 
English language, are helpful strategies for disseminating the 
article.
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ABSTRACT
Objective: This study was aimed to explore (i) the sleep characteristics of children with 
cerebral palsy (CP), and the sleep and emotional intelligence results of their mothers, and (ii) the 
relationship between these parameters both with each other and with demographic characteristics 
of the children and their mothers.
Methods: Thirty-three children with CP and their mothers were included in this study. 
The functional level of children was evaluated with the Gross Motor Function Classification 
System (GMFCS), while sleep parameters with Child Sleep Habits Questionnaire-Abbreviated 
Form (CSHQ-AF). Sleep quality and emotional intelligence of mothers were evaluated by The 
Pittsburg Sleep Quality Index (PSQI) and Revised Schutte Emotional Intelligence Scale (RSEIS), 
successively.
Results: The highest percentage of children with CP participating in the study was at level 3 
(GMFCS) with 24.24%. The mean sleep score of children with CP, according to CSHQ-AF, was 
50.33 (SD: 9.38) points. Twenty-nine (87.9%) of children with CP had pediatric sleep problem 
while 17 (51.5%) of mothers had poor sleep quality. The total score of the mothers in the RSEIS 
was 149.54 (SD: 16.94). No relationship was found between sleep and emotional intelligence of 
mothers with sleep of children with CP (p>0.05).
Conclusion: The rate of sleep problems was found to be higher in children with CP compared to 
their mothers, as expected. The lack of relationship between sleep and emotional intelligence can 
be explained by the fact that both parameters can be affected by many factors.
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INTRODUCTION
Cerebral palsy (CP) is known as one of the most common causes 
of childhood disorders worldwide, although CP is seen in 2 
to 3 per 1000 live births [1]. The definition of CP comprises 
persistent disorders of the development of movement, postural 
problems, activity restriction, and accompanied symptoms 
including secondary musculoskeletal problems and disturbances 
of sensation [2]. It has also been reported that sleep problems 
due to brain abnormalities, motor impairment, musculoskeletal 

problems, pain, behavioral problems, or epilepsy are more 
common in children with CP than in typically developing 
children; however, it is not always clear what the underlying 
causes of sleep problems are [3-10].

Sleep refers to a period of neurological and physiologic 
activity [11]. Newman et al. revealed that 44% of the children 
with CP whose Gross Motor Function Classification System 
(GMFCS) level are between I and V had clinically significant 
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Main Points;

•	Children with cerebral palsy have high risk for sleep 
problems although the causes of sleep problems are not 
always clear.

•	Mothers of children with cerebral palsy have poor 
sleep quality, and this is not related to their emotional 
intelligence and sleep problems of children with 
cerebral palsy.

•	The study highlights that sleep problems of both 
children with cerebral palsy and their mothers may 
depends on many internal and external factors such as 
pain, stress, or sleep environments.

sleep disorder, such as difficulty in initiating and maintaining 
sleep, sleep-related breathing disorders [12]. Additionally, it 
was also reported that children with spastic quadriplegia, those 
with dyskinetic CP, and those with severe visual impairment 
had more often difficulty in initiating and maintaining sleep; 
however, GMFCS level was not associated with the total sleep 
quality [12]. 

As sleep quality can be affected by several factors in children 
with CP, children’ sleep problems affect mothers’ sleep quality 
[10, 13]. Wayte et al. reported that sleep quality scores of children 
with CP were related to sleep quality scores of mothers [10]. 
Similar to this study, Lang et al. also reported that sleep quality 
in children with CP were related to caregiver sleep quality which 
in turn was related to the psychological health and well-being of 
caregiver [13]. As a result, it has been reported that caregivers 
may feel more stress, thus their quality of life may decrease, and 
their mental well-being may also be affected [14]. 

Emotional intelligence is defined as the ability of the natural 
capacity to think, use, communicate, identify, remember, learn, 
control, and know emotions [14]. Miguez-Torres et al. showed 
that the sleep duration was related to the quality of emotional 
intelligence ability [15], in addition to the relationship with 
problems in decision making and inhibitory control [16-20], 
which are components of emotional intelligence. The components 
of emotional intelligence, including stress management, were 
found to be related to sleep which regulates by the circadian 
rhythm [21]. Previous study was emphasized the circadian 
rhythm was also related to emotional regulation [21]. Emotional 
intelligence in mothers of children with CP may also be related 

to sleep which is affected by both their mood or stress and their 
children’s sleep quality. However, when we look at the literature, 
no studies have been conducted on the sleep of children with CP 
and their mothers with mothers’ emotional intelligence results 
together.

This study aimed to (i) describe sleep of children with CP and 
their mothers, and mothers’ emotional intelligence, and (ii) 
explore the relationship between these parameters each other 
and with demographic characteristics of participants.

MATERIALS AND METHODS
Design and Participants
This retrospective study was conducted in Faculty of Physical 
Therapy and Rehabilitation, Hacettepe University between 
January 2019 – September 2023. Ethical approval of this study 
was obtained from Health Science Research Ethics Board (SBA 
23/249). Data were collected in accordance with the Declaration 
of Helsinki.

Children aged between 4-10 years with CP were included. 
Excluded from the study were children with co-morbidities and 
those who had undergone surgery in the previous six months. 
The inclusion criterion for mothers was having a child with CP, 
while the exclusion criteria were (i) having another person with 
other care needs at home, (ii) having an orthopedic, neurological, 
or psychological disorder, and (iii) using any medications that 
affect sleep. 

Assessments
Demographic information and data on the children included in 
the study were obtained from archive files.

The level of motor activity and function: GMFCS was used to 
assess the clinical level of children with CP. The GMFCS is a 
system that assesses a child’s independence in performing basic 
motor activities such as walking, climbing stairs, or moving 
with assistive equipment. In this system consisting of 5 different 
levels; Level 1 means that the child can walk indepedently and 
has a mild limitation in high-level functions, while Level 5 
means that the child cannot move independently and is carried 
in a wheelchair by a career [22]. The Turkish version of the scale 
was found to have high reliability (ICC: 0.94) [23].

Sleep (for children): The sleep of the children were assessed 
using the Child Sleep Habits Questionnaire-Abbreviated Form 
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(CSHQ-AF). This questionnaire is used in children aged 4 to 
10 years. It consists of 33 items with eight sub-items including 
parameters such as bedtime resistance, night wakings, 
parasomnias, and daytime sleepiness. Items are scored on a 
scale of 1 (rarely) - 3 (usually), with a score of 1 (rarely) given 
for a behavior occurring 0-1 times per week, 2 (sometimes) 
for 2-4 times per week, and 3 (usually) for 5-7 times per week 
[24]. However, certain items are scored in the reversed way. 
A threshold above 41 points of total score is considered to be 
of clinical significance [24]. Higher scores indicate a pediatric 
sleep disorder. The Turkish version of the questionnaire is 
validated (Cronbach alpha: 0.78) and reliable (ICC: 0.81) [25].

Sleep (for mothers): The Pittsburg Sleep Quality Index (PSQI) 
was preferred to examine the sleep quality of mothers of children 
with CP. The PSQI assesses the average sleep quality over the 
last month. The questionnaire consists of 19 questions and the 7 
components [26]. Each component is scored on a 4-point Likert 
scale between 0-3 points, and the total score ranges between 
0-21 points. A total score above five points indicates poor sleep 
quality [26]. The Turkish version of the questionnaire was found 
to have high internal consistency [27].

Emotional intelligence (for mothers): Mothers’ emotional 
intelligence was determined with the Revised Schutte Emotional 
Intelligence Scale (RSEIS). Although the original form has 
33 items, the revised version used in this study consists of 41 
items. This scale comprises three factors: a) Optimism/Mood 
Regulation, b) Utilization of Emotions, and c) Appraisal of 
Emotions. 21 of the items are scored as forward-keyed while 
others are reverse-keyed [28]. Each item is scored with five point 
likert scale between 1-5 points [28]. RSEIS was found to be a valid 
(Cronbach’s alpha= 0.82) and reliable (r=0.49) instrument for 
measuring emotional intelligence in the Turkish population [29].

Statistical Analysis
IBM SPSS Statistics 26 (Statistical Package for the Social 
Sciences) analysis program was used for statistical analyses. 
Kolmogorov-Smirnov tests were performed to evaluate whether 
the variables were parametrically distributed. Numerical 
variables were expressed as mean±standard deviation (mean 
(SD)) for parametric conditions, and median (interquartile 
range (IQR)) for non-parametric conditions. Ordinal and 
nominal values were expressed as number (n) and percentage 
(%). Independent Sample(s) T Test and Chi-square Test was 
performed for the comparison of numeric and nominal values. 

The relation between the variables were calculated using 
Pearson correlation coefficient under parametric conditions 
and Spearman correlation coefficient under non-parametric 
conditions. Correlation levels were accepted as weak (0.01-
0.39); moderate (0.4-0.69); and strong (0.7-0.99) [30]. The value 
of statistical significance was set at p<0.05.

RESULTS
A total of 33 children with CP and their mothers participated in 
this study. Demographic characteristics of children and mothers 
are given in Table 1. Also, most of the mothers were housewives 
(n=29; 87.9%), and none of the mothers used alcohol.

The distribution of children with CP according to GMFCS 
is shown in Figure 1. There was no difference in sleep and 
emotional intelligence values between GMFCS levels (p>0.05).

Table 1. Clinical characteristics of children with Cerebral Palsy 
and their mothers (n=33).

Children with Cerebral 
Palsy

Female - n (%) 13 (39.4)

Birth weight (kg) - median (IQR) 2.50 (1.30-3.16)
Gestational age (weeks) - median 
(IQR)

36.00 (32.50-39.00)

Age (years) - median (IQR) 8.00 (6.00-10.00)

Height (m) - median (IQR) 1.28 (1.10-1.35)

Weight (kg) - mean (SD) 25.73 (10.24)
Body mass index (kg/m2) - median 
(IQR)

15.50 (13.60-20.35)

Types of Cerebral Palsy 

Spastic - n (%) 27 (81.8)

Dyskinetic - n (%) 4 (12.1)

Ataxic - n (%) 2 (6.1)

Presence of visual impairment, n (%) 7 (21.2)

Presence of epilepsy, n (%) 0

Mothers of Children

Age (years) - mean (SD) 36.24 (5.71)

Height (m) - mean (SD) 1.60 (5.39)

Weight (kg) - median (IQR) 68.00 (62.50-80.00)

Body mass index (kg/m2) - mean (SD) 27.34 (4.55)
The number of pregnancy - median 
(IQR)

2.00 (2.00-3.00)

Cigarette use (yes) - n (%) 5 (15.2)
Employment status (Employed) – n 
(%)

4 (12.1)
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Figure 1. Distribution of the functional level of children 
according to the GMFCS

GMFCS: Gross Motor Functional Classfication System

The sleep parameters of both children and their mothers, and 
emotional intelligence of mothers are shown in Table 2. However, 
it was found that 87.9% (n=29) of the children with CP had 
pediatric sleep problems and 51.5% (n=17) of the mothers had 
poor sleep quality. 9.1% (n=3) of the mothers had a poor sleep 
quality while the absence of sleep problems in their child. There 
was no difference between sleep and emotional intelligence 
values in the groups with and without visual problems (p>0.05).

It was determined that there was no relationship between sleep 
parameters and emotional intelligence (p>0.05). However, age 
of children was weakly related with PSQI (p=0.04, r=-0.35), and 
CSHQ-AF was moderately related with age of mothers (p=0.02, 
r=-0.40) and BMI of mothers (p=0.007, r=0.45) (Table 3).

Table 2. The results of sleep parameters and emotional 
intelligence children with Cerebral Palsy and their mothers 
(n=33).

Children with 
Cerebral Palsy

CSHQ-AF - mean (SD) 50.33 (9.38)

Mothers of Children

PSQI - median (IQR) 6.00 (4.00-8.50)

RSEIS 
Optimism/Mood Regulation - median 
(IQR)

80.00 (75.00-81.50)

Utilization of Emotions - mean (SD) 23.36 (4.45)

Appraisal of Emotions - mean (SD) 46.39 (9.60)

Total Score - mean (SD) 149.54 (16.94)

CSHQ-AF: Children Sleep Habit Questionnaire- Abbreviated 
Form, IQR: Inter-quartile range, PSQI: Pittsburg Sleep Quality 
Index, RSEIS: Revised Schutte Emotional Intelligence Scale, 
SD: Standart Deviation. 

Table 3. Relationship between sleep parameters and emotional intelligence (n=33)

Age (children) BMI (children) Age (Mothers) BMI (mothers) CSHQ-AF PSQI RSEIS

r p r p r p r p r p r p r p

Age (children) 0.08 0.6 0.40b 0.02 -0.32 0.07 -0.15 0.4 -0.35b 0.04 -0.07 0.7

BMI (children) 0.08 0.6 0.02 0.9 -0.19 0.3 -0.12 0.5 -0.08 0.6 -0.16 0.3

Age (Mothers) 0.40b 0.02 0.02 0.9 -0.12 0.5 -0.40a 0.02 -0.05 0.8 -0.02 0.9

BMI (mothers) -0.32 0.07 -0.19 0.3 -0.12 0.5 0.45a 0.007 -0.05 0.08 -0.35 0.05

CSHQ-AF -0.15 0.4 -0.12 0.5 -0.40a 0.02 0.45a 0.007 -0.05 0.8 -0.33 0.06

PSQI -0.35b 0.04 -0.08 0.6 -0.05 0.8 -0.05 0.08 -0.05 0.8 0.03 0.9

RSEIS -0.07 0.7 -0.16 0.3 -0.02 0.9 -0.35 0.05 -0.33 0.06 0.03 0.9

BMI: Body mass index, CSHQ-AF: Children Sleep Habit Questionnaire- Abbreviated Form, PSQI: Pittsburg Sleep Quality Index, 
RSEIS: Revised Schutte Emotional Intelligence Scale. a Pearson Correlation Coefficient, b Spearman’s Correlation Coefficient. 

Bold values indicate statistically significant at the p < 0.05 level
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DISCUSSION
The results of our study provide further support on the claims 
children with CP and their mothers experience a high frequency 
of sleep problems. However, there was no relationship between 
sleep quality of children with CP and mothers’ sleep quality, 
which was unexpected and contrary to the literature [10, 13]. In 
addition to these unexpected findings, the mothers’ sleep quality 
was not related to their emotional intelligence results. 

The rate of sleep problems in children with CP was determined 
to be 72.2% by Hulst et al. [31], 55% by Lang et al. [13], 44% by 
Newman et al. [12], and 20.7% by Horwood et al. [32], although 
it is difficult to identify the underlying mechanism of sleep 
problems in children with CP and to completely explain the 
relationship between CP and sleep problems. In this study, it 
was determined that children had a high rate of sleep problems 
and sleep was not affected by GMFCS level  in parallel with the 
study of Newman et al [12]. It was found that sleep problems in 
children with CP were related to the having visual impairment 
[12, 13]. However, the relationship between the sleep problems 
and having epilepsy was controversial [12, 13]. Contrary to the 
literature, our study did not find a relationship with having visual 
impairment, and none of them had epilepsy. No relationship 
between sleep and emotional intelligence may be due to the fact 
that the quality of sleep depends on many internal and external 
factors, such as pain, stress, or sleep environments [32-34].

A systematic review in 2018 by Micsinszki et al. [35] reported 
that parents of children with developmental problems, including 
children with CP, had poorer sleep quality than typically 
developing children. In studies that included only children with 
CP the rate of sleep disorders was reported as 40% by Wayte et 
al. [10], and 71% by Lang et al. [13], which are in line with rate of 
present study. Recently, Hulst et al. [36] reported that only 13.6% 
mothers of children with CP satisfied about their own sleep. In 
addition to the child’s physical problems, parents of children 
with CP had many concerns about safety and well-being of their 
child during sleep [36]. According to family statements, they 
wake up 10-15 times a night to monitor their child [36]. The 
mothers who had any orthopedic, neurological, or psychological 
disorder were not included in present study, and 9.1% of the 
mothers had a poor sleep quality despite the absence of sleep 
problems in their child. Children’s sleep can be an important 
criterion for parents’ sleep, but it is not the only criterion.

The sleep quality was related to depression, anxiety, stress, pain, 

and well-being [32-34]. However, our findings obtained in the 
relationship between the sleep quality and emotional intelligence 
show us that there was no relationship in mothers. In contrast 
to our study, previous studies tended to be the relationship 
between the sleep quality and emotional intelligence [15, 37, 
38]. Miguez-Torres et al. [15] found that some subdomain of 
emotional intelligence was related to the sleep duration, and 
Bavafa et al. [38] revealed that there was relationship between 
emotional intelligence and sleep quality. Possible explanation 
for our findings may have been the emotional intelligence is a 
complex and complicated process, including self-awareness, 
managing emotions, motivating one-self, empathy, and handling 
relationships. 

There are some limitations of the current study, including the 
sample size, which was result from the nature of the retrospective 
study. Another limitation was that we could not compare our 
findings with typically developing children. In addition, some 
characteristics information such as marital and educational 
status was missing and not included in the statistical analysis 
could have affected the results. 

CONCLUSION
In conclusion, to our knowledge, the current study is the first 
study to examine the sleep quality in children with CP and their 
mothers with the emotional intelligence of the mothers. Most of 
the children with CP were having sleep problems in this study, 
while more than half of mothers had poor sleep quality. However, 
there were no relationship between each of them. Further studies 
are needed in which more detailed information can be collected 
prospectively and advanced analyzes can be performed.
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ABSTRACT 
Objective: It has been hypothesized that a disproportionate upper body weight caused by 
macromastia places abnormal stress on the spine, which may lead to skeletal abnormalities. To 
evaluate whether there is a relationship between breast volume and the thoracic kyphosis angle 
measured on thorax CT images.
Methods: A total of 448 female patients who underwent thoracic CT examinations were included 
in this study. Breast volume (ml), by using the “organ segmentation method”; thoracic kyphosis 
angles by using Cobb’s method were made manually on the workstation.
Results: Mean right breast volume was 902.03 ± 376.47 (154.21 - 2366.20 ml), left breast volume 
was 911.01 ± 383.34 (167.93 - 2894.07 ml), total breast volume was 1810.09 ± 750.82 (354.39 - 
5100.68 ml). The total breast volume (p<0.001) and thoracic kyphosis angle (p=0.012) in patients 
aged 50-69 years were significantly higher than those aged 17-29 years. Larger total breast 
volume [p<0.001] and thoracic kyphosis angle (p<0.001) values were associated with larger BMI 
intervals. A significant positive correlation was observed between the total breast volume and 
thoracic kyphosis angle (r=0.771, p<0.001).
Conclusion: Our results showed that the thoracic kyphosis angle significantly increased in 
parallel with a larger total breast volume, and that total breast volume was an independent risk 
factor for thoracic kyphosis angle. The manual organ segmentation method we used was found to 
be reliable and easy to apply, but time-consuming technique for calculating BV. 

Keywords: Breast volume, thoracic kyphosis angle, organ segmentation technique, thorax 
computed tomography
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INTRODUCTION
Women with a larger-than-normal breast volume (BV) 
experience cervical tension, head, back, and shoulder pain, and 
poor posture more often than women with normal or small breast 
volumes [1]. It has been hypothesized that a disproportionate 
upper body weight caused by macromastia places abnormal 
stress on the spine, which may lead to skeletal abnormalities [2].

Several studies have shown that high BV is one of the mechanisms 
leading to an increase in thoracic kyphosis and cervical lordosiss 
[3,4]. Improvements in pain, functional capacity, severity of 
additional symptoms, and thoracic kyphosis angle (TKA) 
after breast reduction surgery confirm these conclusions [3,5]. 
Furthermore, a cross-sectional study reported that women with 
large breasts had greater TKA and upper-trunk musculoskeletal 
pain than those with small breasts [1].
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Main Points;

•	Our results showed that TKA was correlated with TBV 
and TBV was an independent risk factor associated with 
higher TKA 

•	TBV and TKA values in the 50-69 years age group were 
found to be significantly higher than those in the 17-29 
years age group. But there was no significant correlation 
between age and TBV and TKA.

•	Both TBV and TKA increased significantly as the BMI 
and weight increased.

•	The Cobb angle method has subsequently been widely 
used in clinical practice to measure sagittal spine curves. 
We preferred the angle between T4 and T12, which is 
commonly used in TKA measurements.

•	The manual organ segmentation method we used 
was found to be reliable and easy to apply, but time-
consuming technique for calculating BV. 

Although BV estimation is important for determining the amount 
of tissue to be removed before mastectomy and the approach 
to reconstructive surgery after mastectomy, there is still no 
standard method for measuring BV [6, 7]. Various techniques 
have been used for BV estimation, including anthropometric 
measurements, Archimedean procedure, Grossman-Rounder 
device, negative casting (plaster, paraffin, thermoplastic 
materials), 2D images such as mammography or ultrasound, 3D 
surface calculation, and Cavalieri principle [6-9].

Some of these methods have disadvantages such as being 
complex in terms of technical performance, causing discomfort 
to the patient or examiner, inadequate sensitivity, and high costs 
[7]. In existing studies assessing BV measurement methods, the 
participant count is either low or subjects only include certain 
groups (such as postmenopausesal patients with large breast). 
Therefore, a technique that can accurately measure BV in larger 
patient groups is needed.

The organ segmentation method using CT images is a technique 
developed for measuring organ volume. It has been used to 
measure the volume of intra-abdominal organs, such as the liver, 
spleen, and pancreas [10]. A few studies have used the same 
technique to measure breast volume [7, 11]. However, most of 
these studies were related to their use in breast reduction surgery.

The aim of this study was to evaluate whether there is a 
relationship between BV and the TKA on thorax CT images.

MATERIALS AND METHODS
Study Design and Ethical Issues
This retrospective, single-center study was conducted at the 
Radiology Department of the University Hospital. Ethics 
committee approval was obtained (decision number: July 
16, 2020, code:14-10) from the same location. This study 
was conducted in accordance with the ethical standards of 
the Declaration of Helsinki. Since the study was conducted 
retrospectively, informed consent was not obtained from the 
participants.

Study Population
This study included 448 female patients who underwent thorax 
CT (TCT) examination at our Radiology Department from 2019 
to 2020.

The exclusion criteria were age <17 years; impaired image 
quality due to artifacts; scoliosis; thoracic vertebral fracture; 
osteoporosis; presence of tumor or abscess at the level where 
TKA measurement would be made; having spinal, thoracic or 
breast surgery history; and having received radiotherapy at the 
site of measurement.

Data Collection, Imaging and Measuring Techniques
Patient age, height (cm), weight (kg), and TCT images were 
obtained from the hospital’s medical record database. The body 
mass index (BMI) was calculated as weight/height² (kg/m²). 
Patients were divided into 7 groups according to age (17-29, 
30-39, 40-49, 50-59, 60-69, 70-79, 80-100 years) and 3 groups 
according to BMI (<25, 25–30, ≥30) [12]. Thorax computed 
tomography examination was performed with a 320-detectors, 
640-section Toshiba Aquillion One TSX-301C 2016 (Canon 
Medical Systems, Tokyo, Japan) tomography device with the 
following settings: kV 120, mA 50, rotation time 350 ms, slice 
thickness 5 mm, and slice interval 5 mm.

Measuring Breast Volume
Axial TCT images of 448 patients were evaluated to ensure that 
both the breasts were in the field of view. Coronal and sagittal 
reformat images were obtained from axial sections of the TCTs. 
Breast volume (ml) measurements were made manually at the 
workstation (Vitrea version 6.8.0]) by an experienced radiologist, 
using the “organ segmentation method” in accordance with the 
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manufacturer’s recommended protocol. By selecting the tissues 
within the breast boundaries, volume measurements were 
performed for each breast (right and left) separately, and the 
total breast volume (TBV) was calculated automatically by the 
device (Figure 1).

Measuring Thoracic Kyphosis Angle
In the same session, TKAs were measured manually at the 
workstation (Vitrea version 6.8.0) on the sagittal plane of the TCT 
images in the bone window (W:2500, L:480) by an experienced 
radiologist and neurosurgeon as follows: First, straight lines 
were drawn in the sagittal plane, tangent to the upper end plate 
of the T4 vertebra, and the lower end plate of the T12 vertebra. 
Subsequently, two separate perpendicular lines that intersected 
these two lines were drawn. Finally, TKA was determined by 
measuring the acute angle at the intersection of the last two lines 
drawn (Cobb’s angle) (Figure 2) [13]. Figure 2. Thoracic kyphosis angle measurement technique on 

sagittal plane thorax CT image.

Figure 1. Sagittal (a, b), axial (c) 3-dimensional (d) and coronal (e) reformat images of breast volumes made with “organ segmentation 
method” on thorax CT images.
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Statistical Analysis
Statistical analyses were performed using SPSS version 25 (IBM 
Corp., Armonk, NY, USA). For the normality check, histograms 
and Q-Q plots were employed. Continuous variables are 
described as mean ± standard deviation (minimum-maximum), 
and categorical variables are reported as frequency values 
(relative and absolute). Comparison of the right and left BVs was 
performed using the paired sample t-test. Comparisons between 
age and body mass index groups were performed using one-
way analysis of variance (ANOVA). Pairwise corrections were 
performed using the Bonferroni method. Pearson correlation 
coefficients were calculated to evaluate the relationships between 
continuous variables. Multiple linear regression analysis was 
performed to determine significant factors associated with 
TKA. Two-tailed p-values of less than 0.05 were considered 
statistically significant.

RESULTS
The mean age in the study group was 56.09±16.35 (17-91) 
years, and the mean BMI was 28.46±5.76 [16.00-56.93]. The 
distributions of 448 female patients age and BMI groups are 
shown in Table 1 (Table 1). Mean right BV was 902.03±376.47 
(154.21-2366.20 ml), mean left BV was 911.01±383.34 (167.93-
2894.07 ml), mean total BV (TBV) was 1810.09±750.82 (354.39-
5100.68 ml). There was no significant difference between the 
right and left BV (p=0.104). The mean TKA was 29.98±9.14 
(5.4-73.6) degrees. 

The total breast volume (p<0.001) and TKA (p=0.012) of the 
patients in the 50-69 age range were significantly higher than 
the corresponding values in the 17-29 age group, while values in 
the other groups were similar. In addition, both TBV (p<0.001) 
and TKA (p<0.001) increased significantly with higher BMI 
intervals (Table 2).

According to the results of the Pearson correlation calculations, 
a significant positive correlation was observed between the TBV 
and TKA (r=0.771, p<0.001) (Figure 3). A significant positive 
correlation was observed between weight and TBV (r=0.524, 
p<0.001) and TKA (r=0.406, p<0.001). There was also a 
significant positive correlation between BMI and TBV (r=0.520, 
p<0.001) and TKA (r=0.405, p<0.001) (Table 3).

Table 1. Summary of patients’ characteristics and measurements.

Age range Mean (%)

17-29 37 (8.3%)
30-39 38 (8.5%)
40-49 71 (15.8%)
50-59 96 (21.4%)
60-69 109 (24.3%)
70-79 67 (15.0%)
80-100 30 (6.7%)
Mean Age ± sd (range) 56.09 ± 16.35 (17 - 91)

Mean Height ± sd, cm 160.54 ± 5.80 (145 - 185)
Mean Weight ± sd, kg 73.25 ± 14.67 (42 - 155)
Mean Body mass index ± sd, 
kg/m2

28.46 ± 5.76 (16.00 - 56.93)

Body mass index range Mean (%)

<25.0 128 (28.6%)
25.0-<30.0 157 (35.0%)
≥30.0 163 (36.4%)

Data are presented as the mean ± standard deviation (minimum 
- maximum) for continuous variables. and as frequency 
(percentage) for categorical variables.

Table 2. Distribution of total breast volume and thoracic 
kyphosis angles according to age and body mass index.

 
Total breast volume, 

ml
Thoracic kyphosis 

angle
Age

17-29 1469.48 ± 652.09 a 26.11 ± 7.58 a

30-39 1719.78 ± 724.06 ab 28.83 ± 8.51 ab

40-49 1661.59 ± 638.21 ab 29.37 ± 7.89 ab

50-59 2036.07 ± 701.00 b 31.58 ± 8.85 b

60-69 1938.98 ± 830.74 b 31.45 ± 9.69 b

70-79 1776.85 ± 815.14 ab 30.00 ± 10.60 ab

80-100 1578.87 ± 561.28 ab 27.15 ± 8.06 ab

p <0.001 0.012

Body mass index, kg/m2

<25 1269.36 ± 572.52 a 24.96 ± 7.88 a

25 to <30 1831.73 ± 658.01 b 30.00 ± 8.21 b

≥30.0 2213.88 ± 697.16 c 33.91 ± 9.02 c

p <0.001 <0.001

Data are presented as mean ± standard deviation. The same 
letters denote a lack of statistically significant differences 
between groups.
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Multiple linear regression analysis was performed to determine 
the significant risk factors associated with higher TKA rates. 
We found that a large TBV (p<0.001) was a significant risk 
factor for higher TKA after adjusting for age, height, weight, 

and body mass index. Other variables included in the model, 
such as age (P=0.876), height (P=0.966), weight (P=0.993), and 
BMI (P=0.998) were found to be non-significant (Table 4).

Table 3. Correlations between breast volume, thoracic kyphosis angle and patients characteristics.
Total breast volume, ml Thoracic kyphosis angle

Total breast volume, ml r - 0.771
  p - <0.001
Age r 0.089 0.076
  p 0.060 0.110
Height, cm r 0.012 0.003
  p 0.796 0.955
Weight, kg r 0.524 0.406
  p <0.001 <0.001
Body mass index, kg/m2 r 0.520 0.405
  p <0.001 <0.001

r: Pearson correlation coefficient

Table 4. Risk factors of the high thoracic kyphosis angle, multiple linear regression analysis.

  Unstandardized β Standard Error Standardized β t p
95.0% Confidence Interval 

for β

(Constant) 14.341 36.803 0.390 0.697 -57.989 86.672

Age 0.003 0.018 0.005 0.157 0.876 -0.033 0.039

Height, cm -0.010 0.229 -0.006 -0.043 0.966 -0.461 0.441

Weight, kg 0.002 0.252 0.004 0.009 0.993 -0.493 0.497

Body mass index, kg/m2 -0.002 0.643 -0.001 -0.003 0.998 -1.266 1.262

Total breast volume, ml 0.009 0.000 0.770 21.486 <0.001 0.009 0.010

Dependent variable: Thoracic kyphosis angle; Adjusted R2=0.590; F=129.769; p<0.001

Figure 3. Scatter plot of total breast volume and thoracic kyphosis angle.
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DISCUSSION
In our study, TBV and TKA values in the 50-69 years age group 
were found to be significantly higher than those in the 17-29 years 
age group, but there was no significant correlation between age 
and TBV and TKA. In addition, both TBV and TKA increased 
significantly as the BMI and weight increased. Our study has an 
advantage over the literature in that the number of participants 
in the study population is relatively high, regardless of age and 
breast size.

Excessive BV causes biomechanical disorders such as back pain, 
avoidance of physical activity, and biopsychological problems 
such as cosmetic dissatisfaction [4, 14, 15]. In the present study, 
we showed a relationship between TBV and TKA, which may be 
associated with the development of back pain. In the correlation 
analysis, we found that a larger TBV was associated with a 
higher TKA, indicating an increased kyphosis angle. Multiple 
linear regression analysis showed that TBV was independently 
associated with higher TKA regardless of other factors. Notably, 
both weight and BMI were positively correlated with TBV and 
TKA.

Previous studies have shown that abnormal increases in BV 
that force the thoracic spine anteriorly are involved in the 
deterioration associated with sagital vertebral aksis (SVA). 
The increased load due to the large BV in the front side of the 
body can shift the body’s center of gravity in the same direction 
[14, 16, 17]. Fındıkçıoğlu et al., showed that women with large 
breasts according to cup sizes had significantly greater TKA 
(measured by lateral radiography) than women with small 
breasts [3]. Similarly, in a cross-sectional study that included 
300 women between the ages of 18-82, BV was measured using a 
hand-held three-dimensional scanner, and the participants were 
divided into four groups: small, medium, large and hypertrophic 
according to BV. TKA was measured using a flexicurve ruler. 
Although the hypertrophic group had the highest TKA value, 
breast size did not have a significant effect on TKA [5]. In a 
recent study from Türkiye, the BV of 60 women was measured 
using the Grossman-Rounder device. The cervical lordosis, 
thoracic kyphosis and lumbar lordotic Cobb’s angles were 
calculated. The average cervical lordosis angle was significantly 
higher in patients with larger breasts than in those with smaller 
breasts [4].

In another studies, found that a large BV is not only a cosmetic 
but also a functional problem and can lead to pathological 

conditions such as increased cervical lordosis and thoracic 
kyphosis and increased or decreased lumbar lordosis. They also 
reported that reduction mammoplasty can correct pathological 
angulation of the vertebral column [18-20]. 

Sanal et al. used a technique similar to the BV calculation method 
used in our study. They retrospectively screened patients who 
had undergone TCT for various reasons, and calculated TBV by 
adding the volumes of each breast separately calculated from the 
3D breast reconstruction images obtained on the CT workstation 
[11]. By examining the midsagittal planes of the same CT 
images containing the 1st thoracic to 1st lumbar levels, they 
determined the degree of degeneration at each spinal level using 
the Kellgren-Lawrence degeneration scale. They found that both 
the total degeneration grade and total number of involved levels 
were significantly higher in women with large breasts than in 
those with normal and small breasts. 

Thoracic kyphosis tends to increase with aging [21]. After 
the fourth decade of life, the kyphotic angle generally begins 
to worsen rapidly in women than in men [21,22]. Age related 
hyperkyphosis often occurs in older ages and is characterized 
by excessive forward curvature of the thoracic spine [23]. 
Currently, there is no well-defined threshold that distinguishes 
normal kyphosis from hyperkyphosis. The cut-off value for the 
hyperkyphosis angle has generally been used at a higher value 
such as greater than 40 degree or 50 degree in the literature 
[23-28]. The exact etiology of thoracic hyperkyphosis and its 
progression over time have not yet been determined. However, 
studies have examined various risk factors such as osteoporosis, 
vertebral fractures, degenerative changes, decreased mobility, 
reduced proprioception, spinal extansor musculature, and even 
heredity [29-32]. Osteoporosis is a systemic musculoskeletal 
disease that results in a decrease in bone mass and deterioration 
in bone microstructure. It causes bone fragility and an increase 
in the possibility of fractures [33]. It has been reported that 
70% of all bone fractures in adults aged 45 and over and 
one –third of vertebral fractures in women the age of 65 are 
related to osteoporosis [34]. Postural kyphosis, one of the 
leading consequences of osteoporosis, develops due to vertebral 
fractures and causes physical and psychological damage [35]. 
Hyperkyphotic posture not only increases postural back pain, 
but also increases the risk of falls and therefore the risk of bone 
fractures [35,36]. Our study was conducted retrospectively. 
Since patient datas were obtained from our hospital’s medical 
record database; bone densitometry results were not available 
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for each patient. Therefore, we could not examine the effect of 
osteoporosis on the TKA angle.

The Cobb angle method was originally proposed to evaluate the 
severity of scoliosis. However, it has subsequently been widely 
used in clinical practice to measure sagittal spine curves [37]. 
In this study, we chose to measure TKA using the Cobb angle 
method because it provides information about the anatomy of 
the vertebrae and spinal alignment. In addition, high inter- and 
intra-observer reliability has been defined for the use of the Cobb 
angle with well-trained inspectors. Owing to the superposition 
of the shoulder joints and bones, it is difficult to accurately assess 
the region from the fourth thoracic vertebra to cranial vertebra. 
Therefore, we preferred the angle between T4 and T12, which is 
commonly used in TKA measurements [13]. We obtained results 
consistent with those of previous studies. Thoracic kyphosis was 
positively correlated with TBV. Considering that age, weight, 
height and BMI may also affect TKA, we performed regression 
analysis and determined that TBV was an independent risk 
factor for TKA.

Many factors such as breast shape, the complex anatomy of the 
breast region, consistency, weight fluctuation, menstrual and 
hormonal effects, and position of the breast on the chest wall can 
affect the results of BV measurement; therefore, it is difficult to 
determine a standard BV measurement method [6]. In addition, 
because most of these methods cannot adequately measure the 
tissue lateral to the pectoral folds and/or the breast facing the 
chest wall, the results are often unreliable [7]. In addition to the 
advantages of most of the methods used to measure BV, there 
are also disadvantages, such as difficulty in implementation, 
costs, and not always being acceptable for patients [38]. The 
formula-related problems of anthropomorphic measurements, 
the inaccuracy of the Grossman-Roudner device for larger 
breasts, and the fact that the water displacement technique is 
reliable in medium or large breasts are specific disadvantages of 
previously reported methods [39-41].

It is difficult to automatically estimate breast volume because the 
breast consists of tissues of different densities, such as glands, 
fat, and skin [7, 42]. Along with technological developments, 
advances have been made in imaging systems and the three-
dimensional detailing of these images [43, 44]. Today there are 
modern MRI, CT, mammography (MG), and ultrasound (US) 
devices containing special software that can automatically and 
accurately estimate the breast volume and benign or malignant 

mass volumes in the breast [7, 45- 50]. Magnetic resonance 
imaging (MRI) has excellent soft tissue resolution, is radiation-
free, offers multiplanar and multi-sequence imaging; but is 
expensive and time consuming [51]. Computed tomography 
imaging (CT) has high spatial and intensity resolution. But it 
causes large amounts of radiation exposure and use of contrast 
agents that have negative side effects [52]. Mammography 
(MG) is the main diagnostic method in breast cancer screening 
and is the only imaging method that contributing to reducing 
breast cancer- related mortality [53]. But there is still radiation 
exposure in MG, although not as much as CT. Ultrasound 
(US) has advantages of being widespread, easily accessible, 
economical, easy to apply and does not contain radiation as CT 
or MG. It is considered the preferred imaging method for breast 
cancer [48,54]. But, volume measurement with two-dimensional 
ultrasound images is difficult; therefore 3D ultrasound (ABUS) 
which can perform automatic volume measurement of breast 
sould be used [49,55]. However, since automatic volume 
measurement softwares are expensive and not available on 
every devices, limits their clinical applications.

Studies have shown that the volume of various organs, such 
as the spleen [56], liver [57], and abdominal adipose tissue 
[58], can be measured with CT- and MRI-assisted manual 
organ segmentation. To the best of our knowledge, there are 
few publications in the literature on manual BV measurement 
utilizing the “organ segmentation method” over axial sections 
and coronal-sagittal reformat images in multislice CT. We 
preferred this method for TBV because it is objective and easily 
measurable. The comparison of these values with TKA values 
(measured using the objective Cobb method), allowed for an 
accurate assessment of the relationships between breast size and 
thoracic kyphosis.

Our study has some limitations. The retrospective and single-
center design of our study limited the addition of new data and 
the generalizability of the results. The fact that the proposed 
BV measurement method requires CT imaging means both 
radiation exposure and additional cost. In addition, the manual 
measurement of BV with organ segmentation requires a 
relatively long time. 

In conclusion, our results showed that TKA was correlated 
with TBV and TBV was an independent risk factor associated 
with higher TKA. It was observed that the increase in TBV and 
TKA values was especially evident in the 50-69 age group. The 
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manual organ segmentation method we used was found to be 
reliable and easy to apply, but time-consuming technique for 
calculating BV. 
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ABSTRACT
Objective: This study aims to compare hippocampal changes with a correlation of audiological 
testing results in patients suffering from tinnitus.
Methods: Patients diagnosed with tinnitus in the university hospital between February 2021 and 
March 2022 were prospectively included in the study by performing magnetic resonance imaging. 
The volume was determined by manually tracing the hippocampus’ margins on the images using 
the Vitrea2® workstation (Canon Medical Systems Vital Images, Minnesota, USA). Statistics 
were used to assess the correlation between the parameters of the hearing test.
Results: The distribution of the patient group (21 males, 19 females) and control group (15 males, 
15 females) was uniform, and the mean ages of the two groups were 50.23±12.09 and 32.30±7.97, 
respectively. Significant statistical differences existed in the mean ages of the groups (p<0.05). 
Bilateral hippocampal volumes, right bone, and air conduction all differed significantly (p<0.05). 
The median values in the patient group were as follows: right HC 2620 mm3 (range 1600-3610), 
left HC 2450 mm3 (range 1610-3990), right air conduction 20 dB (range 10-61), left air 21 dB 
(range 11-65), and right bone 13.5 dB (range 8-49). Age was positively correlated with bilateral 
measurements of air and bone hearing levels (p 0.05; right air r=0.513, right bone r=0.438, left 
air r=0.589, left bone r=0.487). Between the 30-39 and 60-69 age groups, there was a significant 
difference in bone and air conduction levels (p<0.05).
Conclusion: In this study, it was found that the hippocampus volumes of healthy hearing people 
with tinnitus complaints were significantly higher in MRI examinations compared to the control 
group. In addition, in cases of tinnitus accompanied by bone conduction hearing loss, hippocampus 
volumes were found to be less than those of tinnitus alone, but not less than in the control group. It is 
suggested that chronic acoustic stimulation caused by tinnitus causes an increase in hippocampus 
volume and that problems in sensorineural integrity prevent this increase.

Keywords: Hearing loss, Hippocampus, Magnetic resonance imaging, Tinnitus, Volume

INTRODUCTION
Tinnitus is one of the most prevalent hearing disorders defined 
by the perception of a sound, such as a voice or noise, when 

there is no external sound origin. It is experienced by 17% of the 
general population and 33% of the elderly [1, 2]. An estimated 
1% of the adult population suffers from tinnitus annually, of 
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Main Points:

•	 Tinnitus patients had significant hippocampal changes 
compared to non-tinnitus patients. 

•	 Tinnitus caused a significant increase in hippocampal 
volume. 

•	 Hearing loss reduces hippocampal volume, which rises 
with tinnitus.

which a severe form affects 2% of individuals and all adults 
experience tinnitus. There is no evidence that the prevalence of 
tinnitus varies between the sexes; nevertheless, it does increase 
with age (10 percent of young adults, 14 percent of middle-aged 
people, and 24 percent of the elderly) [3]. Tinnitus is a social 
challenge in aging populations.

Symptoms can be acute (within <3 months) or chronic (typically 
<12 months). It appears to be linked to hearing loss in many 
cases, as both symptoms frequently coexist. Approximately 
ninety percent of chronic tinnitus sufferers also have hearing 
loss. High-frequency hearing loss is frequently correlated with 
high-pitched tinnitus [1, 4, 5].

Several factors, including age, medications, head or neck 
trauma, otological problems, and general medical conditions 
(hypertension, cardiovascular disease, and Meniere’s 
disease), have been implicated in the development of tinnitus. 
Nevertheless, exposure to loud noises is believed to be the 
primary cause of hearing loss [1]. 

Numerous studies have established a close association between 
tinnitus and both maladaptive neuroplasticity and attention-cycle 
disorder. According to functional neuroimaging studies, several 
regions beyond the central auditory system, including the frontal 
cortex, parahippocampus, insula, cerebellum, and thalamus, 
have been implicated in tinnitus perception and accompanying 
suffering. Also, recent studies have found that subcortical nuclei 
such as the amygdala, thalamus, hippocampus, insula, and basal 
ganglia exert a significant influence on tinnitus [6-10].

Functional imaging research has identified specific regions 
within the limbic system (hippocampus) and central auditory 
pathway (auditory cortex, medial geniculate body) that exhibit 
activity in patients experiencing somatic tinnitus when they 
adjust the volume of the phantom sound by moving their face, 

jaw, or upper torso. Somatic tinnitus appears to arise from 
somatosensory system invasion of deafened auditory cortical 
areas. It has also been demonstrated that tinnitus sufferers have 
a considerable loss in hippocampus gray matter. It has also been 
demonstrated that in the tinnitus group, subcortical and cortical 
auditory areas, as well as sound detection regions (posterior 
insula, hippocampus), respond with decreased, rather than 
increased, blood oxygenation level-dependent (BOLD) activity 
[4, 11].

The importance of the hippocampus in learning, memory 
formation, and spatial navigation has been the subject of much 
research [12]. Nonetheless, because it receives information from 
the thalamus and auditory cortex, the hippocampal region is 
also intimately linked to the auditory system [13]. Due to these 
connections, the hippocampus can perform vital functions 
linked to auditory processing, such as differentiating sounds, 
integrating auditory data with other sensory inputs, and creating 
memories associated with auditory events [14]. According to 
research, the hippocampus is involved in the creation of episodic 
memories that are related to specific auditory cues [15]. Numerous 
cognitive deficiencies, such as issues with memory formation, 
spatial navigation, and auditory information processing, can 
result from hippocampal dysfunction. Volumetric changes in the 
hippocampus and its subdivisions, which play an important role 
in the formation and retrieval of memories, have been associated 
with epilepsy, Alzheimer’s disease, and other disorders [16]. 
For these reasons, the hippocampal region seems important for 
auditory and cognitive activities.

Magnetic resonance imaging (MRI), which has a very important 
place in soft tissue examination, is one of the primary tools used 
to examine the brain in the diagnosis and monitoring of various 
neurological and psychiatric diseases. MRI, which enables 
detailed examination and measurement of structures of different 
sizes in the brain with different sequences and examination 
options, provides clinicians with highly accurate and reliable 
information in monitoring the progression of diseases and 
monitoring their response to treatment. In this context, MRI-
based measurement methods are of great importance for clinical 
and research purposes in brain diseases [17]. 

This study aims to investigate the correlation of clinical and 
audiological data and radiological findings in patients diagnosed 
with tinnitus and compare hippocampal volumetric changes in 
tinnitus.
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MATERIALS AND METHODS
Ethical Consideration
The non-interventional clinical research ethics committee of the 
medical faculty approved the study protocol (a prospective case-
control study, permission number: 2021.141.05.14). All patients 
reviewed and signed the informed consent form. The people 
participating in the study were treated in accordance with the 
1964 Declaration of Helsinki and its amendments. 

Study Population
Patients aged between 18-65 years and diagnosed with tinnitus 
between February 2021 and March 2022 were prospectively 
included in the study by performing MRI.

Patients were categorized into groups including: 1) control 
group (n=30), without tinnitus and/or hearing loss (0-25 
decibels hearing level; dBHL), 2) tinnitus group (n=25), without 
hearing loss (0-25 dBHL), and 3) mild-to-moderate hearing loss 
associating tinnitus group (n=15, 26-60 dBHL).

Hippocampus (HC) volumes and hearing test metrics, including 
bilateral assessments of air and bone conduction, were compared 
between groups.

Inclusion and Exclusion Criteria
Patients aged 18-65 years, who had audiometric tests and 
MRI of optimum quality, were included in the study. Patients 
with previous surgery, trauma history, and malignancy were 
excluded.

The study subjects comprised individuals who presented with 
sensorineural hearing loss and an air-bone gap of less than 10 
dB.

Image Ocquisition
MR images were obtained using T1-weighted imaging (WI), T2-
WI, FLAIR, and postcontrast-T1-WI 3D Cube sequences on a 
1.5 Tesla device (GE Healthcare Signa, Philips Ingenia) using a 
receive-only, eight-channel, phased-array head-neck coil.

Scan Parameters
•	 3D Cube T1-WI parameters: TR (repetition time), 600 ms; 

TE (effective echo time) 29 ms; flip angle 8; matrix size 
250x250; 1 mm slice thickness; NEX 1 and 250 mm FOV. 

•	 3D Cube FLAIR parameters: TR 4800 ms; TE 306 ms; TI 
(inversion time), 1660 ms; flip angle 90; echo-train length 

125; matrix size 250x250; slice thickness 1 mm; FOV 250 
mm and NEX 1. 

•	 3D Cube T2-WI parameters: TR 2800 ms; TE 275 ms; flip 
angle 40; matrix size 250x250; slice thickness 1 mm; FOV 
250 mm and NEX 1. 

•	 3D Cube Postcontrast T1-WI: The same parameters used as 
T1-WI. MRI contrast material (Gadoterate meglumine, 0.1 
mmol/kg, intravenous injection rate 2-3 ml/sec) was used 
for evaluation.

Postcontrast T1-WI MR images were employed in the assessment 
and reconstruction of the 3D hippocampus volume (Figure 1).

Figure 1. 3D reconstruction images show bilateral hippocampal 
volumes of case and control groups (HC: hippocampus).

Measurement and Imaging Analysis
The volume and segmentation were determined by manually 
tracing both hippocampus margins on the MR images with the 
Vitrea2 ® workstation (Canon Medical Systems Vital Images, 
Minnesota, USA). Volume and segmentation were determined 
by manual tracing of both hippocampus edges on MR images 
with the Vitrea2 ® workstation (Canon Medical Systems Vital 
Images, Minnesota, USA). The segmentation and measurement 
procedures were performed by a highly experienced radiologist 
and an anatomist in accordance with the scientific method based 
on mutual consultation and current studies in the literature.

The selection process for segmenting the anatomical borders of 
the hippocampus followed the methodology outlined by McHugh 
et al. [18] (Figure 2). In the presence of mammillary bodies in 
the coronal slice, which served as a demarcation line between 
the amygdala and the hippocampus, the anterior boundary of the 
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hippocampus was delineated. Defined at the section where the 
fornix appeared as a continuous tract, the posterior demarcation 
was established. The inferior horn of the lateral ventricle was 
encompassed within the gray matter-described superior border 

of the hippocampus. By means of the collateral white matter of 
the parahippocampal gyrus, the inferior border was developed. 
The segmentation process additionally included the subiculum 
and uncal sulcus.

Figure 2. Multiplan demonstration of determined hippocampus borders in the long axis on the MR images.

Pure Tone Audiometry (PTA)
All participants underwent PTA as well. The same audiometrist 
conducted the operation in accordance with international 
standards using a two-channel audiometer (Interacoustics A/S, 
Denmark). For each ear, thresholds for frequencies ranging from 
250 Hz to 8 kHz were examined. The average PTA thresholds 
were calculated from threshold levels of 500, 100, and 2000 Hz. 
A diagnosis of auditory dysfunction was made for individuals 
whose hearing threshold exceeded 25 dBHL [19].

Statistical Evaluation
The statistical analysis was conducted utilizing version 18.0 of 
SPSS. To determine whether the data were normally distributed, 
the Kolmogorov-Smirnov normality test was applied. In the 
process of evaluation, parametric or non-parametric tests were 
employed. In order to analyze demographic data, including 
marital status, age, and gender, descriptive tests were utilized. To 
compare groups with normally distributed data, the independent 
sample T-test was applied; for non-normally distributed data, 
the Mann-Whitney U test was utilized; and for categorical 
data, the chi-square test was applied. The correlation study 
utilized the Pearson test to assess the distribution of normally 
distributed data and Spearman’s rho test to investigate data that 
was not normally distributed. P was set at a level of statistical 
significance below 0.05.

Statement
The authors employed a paraphrasing technology (QuillBot AI) 
to paraphrase the text while writing this paper. After utilizing 
this tool/service, the authors examined and modified the text 
as needed and accepted full responsibility for the publication’s 
content.

RESULTS 
The gender, age, hippocampal volume (HV), and hearing 
test results of the participants in the study are summarized in 
Table 1. The difference in mean age between the groups was 
statistically significant (p<0.05). HVs and hearing test metrics, 
including bilateral assessments of air and bone conduction, were 
compared between groups. Bilateral HVs and mean air-bone 
metrics differed significantly (p< 0.05). 

Age was positively correlated with bilateral measurements of air 
and bone hearing levels (p< 0.05; right air r=0.513, right bone 
r=0.438, left air r=0.589, left bone r=0.487). Between the 30-39 
and 60-69 age groups, there was a significant difference in bone 
and air hearing metrics (p<0.05, Figure 3).

A statistically significant difference was found between the 
control group (0-25 dBHL) and patients with tinnitus – without 
hearing loss (cases, 0-25 dBHL), and patients with tinnitus and 
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hearing loss (26-60 dBHL) in the comparison of air level and 
bilateral HVs (p<0.05, Figure 4).

There was a statistically significant difference between the 
control group (0-25 dB) and the patients with tinnitus without 
hearing loss (cases, 0-25 dBHL) in the comparison of bone level 
metric and both HV (p<0.01). In the comparison of the control 
group (0-25 dBHL) and patients with tinnitus and hearing loss 
(26-60 dBHL), the bone level metric and only the right HV were 
found to be statistically significant (p<0.01, Figure 4).

Although HVs increased compared to the control group, in bone 
level metrics HVs showed a decrease among the tinnitus groups 
(Figure 4). In the patient group with hearing loss, the air-bone 
gap was 6.5 dBHL on average.

Figure 4. Hippocampal volume changes in the control group 
and tinnitus patients based on hearing loss groupings with air 
and bone conduction (*, p<0.05; **, p<0.01; ***, p<0.001).

Figure 3. A significant difference in bone and air hearing 
metrics between the 30-39 and 60-69 age groups (p<0.05).

DISCUSSION
Tinnitus has a significant negative impact on patients’ lives 
(emotional distress, cognitive dysfunction, social withdrawal, 
and impaired work performance) [20, 21], and the disease’s causes 
and treatments are still unknown [22]. However, neurological 
approaches to the etiology of tinnitus have expanded the 
scope of tinnitus research [23]. The integrity of the complete 
hearing system, from the external ear to the auditory brain, is 
evaluated using air conduction testing. Bone conduction testing 
evaluates the sensorineural structures’ integrity (cochlea, eighth 
nerve, brainstem nuclei, and relays to the auditory cortex). 
The integration of these two assessments enables the doctor to 
classify the patient’s hearing as being within the expected range 
by utilizing essential physiological data [24].

The hippocampus, which is located in the temporal lobe of the 
central nervous system where hearing is processed, is assumed 
to play a role in the processing of auditory input, episodic 
memory, spatial navigation, and their reflection on actions [25, 
26]. Noise exposure and tinnitus, for example, have been found 
to have an effect on hippocampal development and function [27]. 

Hearing loss and dementia are also investigated in the context of 
the hippocampus-auditory process link [28].

Tinnitus patients’ left hippocampus was shown to be smaller 
than the control group paired for hearing loss [29]. Hippocampal 
surface area, on the other hand, was adversely connected 
negatively correlated with tinnitus handicap inventory scores 
which is specifically designed to evaluate the effect of tinnitus 
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in daily life and to document the results of tinnitus treatment by 
Newman et al. [7]. The right and left hippocampus volumes in 
both the patient and control groups were found to be the same 
in our investigation, and the difference between the two sides 
identified in prior studies was not seen in the current study.

The increased connection between the hippocampus and 
auditory cortex is related to louder tinnitus percepts and longer 
tinnitus duration in resting-state fMRI studies [8, 30]. It appears 
that, as compared to the control group, the left hippocampus is a 
key essential structure in chronic tinnitus patients [31].

In the study conducted by Tae et al. [7], a non-significant 
increase in left hippocampus volume was observed in 
patients with tinnitus (n=53) compared to the age and sex-
matched control (n=52) group (3.67±0.46 ml and 3.57±0.47 
ml, respectively), while a very small non-significant decrease 
in right hippocampus volume was observed (3.80±0.50 ml and 
3.84±0.55 ml, respectively). Another study found that tinnitus 
increased the volume of the hippocampus and amygdala while 
hearing loss had no effect on the volume of either region. 
However, it has been noted that the duration and severity of 
tinnitus have no effect on this volumetric change. It is stated 
that the lateralization is primarily on the right side [32]. As a 
result of the region of interest analysis conducted in another 
study, a significant decrease in gray matter concentration in 
the left hippocampus was reported [6]. In the current study, 
both hippocampi volumes were shown to be higher in patients 
with tinnitus than in the control group. This also demonstrates 
that the HVs may show variation depending on the region and 

country. The findings of this study revealed that HVs were 
higher in the tinnitus-only group compared to control group 
patients, but HVs were lower in the tinnitus group with hearing 
loss. We suggest that chronic acoustic stimulation caused by 
tinnitus causes an increase in hippocampus volume and that 
problems in sensorineural integrity prevent this increase. The 
review by Zhang et al (2022) discusses possible mechanisms 
that may support this hypothesis and is recommended for those 
who want to have detailed information [33].

In the comparison with the literature, the mean HVs showed 
variation between 3076 ± 472 mm3 (minimum) and 3573 ± 630 
mm3 (maximum) (Supplementary Table 1). The mean HV in the 
current study was 2304 ± 599 mm3 which shows the variation in 
HV according to the regions and populations.

Tinnitus is exacerbated by age, which causes cortical thinning 
and the most significant changes in the frontal and temporal 
cortices (hippocampal areas) and deeper structures (putamen, 
thalamus, nucleus accumbens). Aging causes changes in many 
brain areas that aren’t directly related to age-related sensory 
degeneration (presbycusis, presbyopia) [34, 35]. After average 
hearing loss was taken into account, it was discovered that age 
had a negative link with the gray matter volume of the bilateral 
amygdalae, hippocampi, nucleus accumbens, and thalami. 
Hearing loss was substantially associated with bilateral nucleus 
accumbens and thalamus volume, but not with amygdala or 
hippocampus volume [36]. In the current study, tinnitus showed 
a positive correlation with increasing age.

Table 1. Shows the age of participants, hippocampus volume, and hearing test metrics.

Parameters Subgroups Control Tinnitus without Hearing Loss Tinnitus with Hearing Loss

Age (years) All 32.30±7.98 47.12±12.47 53.33±8.67

Gender
Male 15 13 8

Female 15 12 7

Bone conduction (dB)
Right 11.53 ± 1.69 11.28±2.44 24.47±10.58

Left 11.70 ± 1.78 12.04±2.30 24.67±12.86

Air conduction (dB)
Right 11.73 ± 1.66 14.68±3.95 35.80±12.97

Left 11.73 ± 1.61 16.64±4.83 36.80±13.30

Mean values are provided.
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Limitations
The limitations in the current study can be listed as being a 
single-center study, the number of patients admitted during 
the study period is limited, and low voluntary participation in 
the study is low. Another issue with our study is that the total 
volume measurement values we acquired from the MR imaging 
system and the software we utilized for the measurement were 
low in comparison to other studies in the literature. The reason 
for this is assumed to be connected with slice thickness and post-
processing, which can be corrected by a variety of formulas. 
To retain the data’s authenticity, the results obtained from 
measurements taken under identical conditions were compared. 
There is no reason to be concerned about the reliability and 
accuracy of our data in the present situation.

CONCLUSION
In conclusion, tinnitus induced a substantial increase in bilateral 
hippocampi volume, and the hearing loss that accompanies 
tinnitus generated a less significant increase in patients suffering 
from tinnitus alone compared to the control group. Future 
research should look into whether the hippocampus volume 
increase, which we believe is caused by tinnitus, regresses with 
the emergence of hearing loss, or whether these two factors, 
which occur concurrently, restrict the increase in volume.
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Can Appendiceal Neoplasms Be Predicted in Patients with Presumed Acute 
Appendicitis?

Şevki Pedük 1 

1 Department of Surgical Oncology, Sancaktepe Şehit Prof. Dr. İlhan Varank Training and Research Hospital, İstanbul, Türkiye

ABSTRACT
Objective: The detection of malignancy in the final pathology report of patients undergoing 
surgery for acute appendicitis is a nasty surprise for both the patient and the clinician. To improve 
the management of this situation, we analyzed clues for predicting possible neoplasms.
Methods: We analyzed in detail the data of patients operated on in our department with a 
preliminary diagnosis of acute appendicitis over 42 months. The group whose final pathology 
was reported as primary appendiceal neoplasm was compared with the acute appendicitis group.
Results: Appendiceal neoplasm was detected in 16 patients (1%). Half of these were mucinous 
epithelial neoplasms. Neuroendocrine tumors (18.7%) were the second most common neoplasm. 
According to the logistic regression model, low hemoglobin level (p<0.01) and low Alvarado score 
(p:0.02) were the two most valuable factors in the prediction of primary appendiceal neoplasms. 
Laboratory findings of high neutrophil/lymphocyte ratio (p<0.01) and plastron formation on 
imaging (p:0.03) were more common in the neoplasm group. Advanced age, comorbidity, 
immunosuppression and inflammatory bowel diseases (IBD) were other characteristics of the 
neoplasm group.
Conclusions: Appendiceal neoplasms should always be considered in anemic patients with 
relatively low Alvarado scores.

Keywords: Appendicitis, Appendectomy, Appendiceal Neoplasms, Appendiceal Tumor

INTRODUCTION
Primary appendiceal neoplasms are a rare condition that is 
usually encountered incidentally in around 1% of appendectomies 
performed for acute appendicitis, and this rate may be as high as 
1.7% in some studies from the United States [1,2]. The lifetime 
incidence of acute appendicitis is around 8%, which increases 
the importance of incidental appendiceal neoplasms [3].

Although it is known that symptomatic appendiceal cancer cases 
present with signs of acute appendicitis, patients presenting with 
nonspecific findings constitute the group with a more advanced 

stage and worse prognosis [4]. Appendiceal neoplasms may 
have a wide histological diversity and highly variable biological 
behavior. The most common neoplasms are mucinous epithelial 
lesions, followed by neuroendocrine tumors and non-mucinous 
epithelial neoplasms [5]. As in the stomach and colon, signet ring 
cell carcinoma has a more aggressive biological behavior and 
fortunately represents a smaller group. Goblet cell carcinoma 
is known to be more aggressive than malignant carcinoid but 
has a better prognosis than colonic-type cancers. Lymphoma, 
sarcoma and nerve sheath tumors constitute a very rare non-
epithelial group [6].
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Main Points:

•	 In patients with a prediagnosis of acute appendicitis, 
the rate of neoplasm detection in the final pathology is 
approximately 1%.

•	 The fact that it is the most common acute abdomen 
surgery performed worldwide increases the importance 
of this rate.

•	 Since preoperative prediction of this condition may 
change both the operative strategy and the treatment plan, 
a number of parameters were analysed. 

•	 Appendiceal neoplasm should be considered and 
managed accordingly, especially in anaemic patients with 
low Alvarado score

It may be useful to consider some parameters when planning 
interval appendectomy in cases of plastron appendicitis, which is 
especially common in elderly patients, to prevent the progression 
of possible neoplasms [7]. At the same time, inadequate patient 
information about the results of histologic examination after 
appendectomy may bring some legal problems. Therefore, 
we aimed to present this retrospective study to improve the 
approach to patients with suspected neoplastic lesions before 
appendectomy and to increase awareness of this issue.

MATERIALS AND METHODS
The study was conducted on the data of patients operated 
with a preliminary diagnosis of acute appendicitis in Şehit 
Prof. Dr. İlhan Varank Sancaktepe Training and Research 
Hospital. Patients signed an informed consent form regarding 
the use of medical records and ethics committee approval was 
obtained from the same center. Biological and demographic 
information, imaging and laboratory results were collected from 
the hospital information management system and operative 
findings were analyzed from patient files. Patients receiving 
systemic chemotherapy for malignancy, pregnant patients and 
the population younger than 18 years were excluded. Patients 
who underwent surgery for a different cause of acute abdomen 
but were found to have appendicitis as the primary focus were 
also excluded. The study included 1598 patients who underwent 
surgery in the 42 months between September 2019 and February 
2023.

Duration of symptoms, American Society of Anesthesiologists 
score (ASA), immunosuppression status and Alvarado scores 

were also questioned. Patients with primary appendiceal 
neoplasia (neoplasm group) and patients with appendicitis 
(appendicitis group) were compared in terms of independent 
variables. The neoplasm group was divided into epithelial 
tumors and neuroendocrine tumors. Epithelial lesions were 
classified as mucinous and non-mucinous. 

Statistical Analysis
Data distribution was tested by Shapiro-Wilk analysis. Pearson 
chi-square test was used for categorical variables and the Mann-
Whitney U test for continuous variables. The logistic regression 
method was used for predictive value analysis. Cut-off values 
were calculated by the receiver operating characteristic curve 
(ROC). P ≤ 0.05 was considered statistically significant. All 
analyses were performed with SPSS version 22 for Windows 
software.

RESULTS
The median age of the 1598 patients included in the study was 
25 years (18-82). According to Tabachnick, nonparametric 
tests were used for age and other data that did not show normal 
distribution and are emphasized with * in the tables [8]. Of the 
total patients, 646 were female (40.4%). There was a total of 11 
patients with severe life-threatening conditions such as sepsis, 
newly diagnosed myocardial infarction or other serious life-
threatening conditions (ASA 4). The mean body mass index 
was 26.8. Symptom duration at presentation ranged from 12 to 
72 hours. Severe heart failure, uncontrolled diabetes, chronic 
renal failure, chronic lung parenchymal disease or neurologic 
problems were considered as comorbidities. The number of 
patients receiving treatment for inflammatory bowel disease 
was 9 (0.56%) and the number of patients receiving high-dose 
steroids and other immunosuppressants for different reasons 
was 26 (1.6%). Biological data are summarized in Table 1 and 
laboratory and imaging findings are summarized in Table 2.

The appendiceal neoplasm was detected in only 16 patients, and 
its rate among all appendectomies is around 1%. Mucinous type 
adenoma or adenocarcinoma was detected in 8 of them (50%). 
The neuroendocrine tumor was observed in three patients 
(18.7%), colonic type adenocarcinoma was observed in two 
patients (12.5%), and signet ring cell carcinoma, goblet cell 
carcinoma and lymphoma were detected in one patient each 
(6.2%). Patients with appendiceal neoplasm were relatively 
older (p<0.01). In parallel, higher ASA scores and body mass 
indexes in the neoplasm group and more comorbidities in this 
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group were thought to be associated with advanced age. It was 
statistically significant that inflammatory bowel diseases and 
immunosuppressed patients were more common in the neoplasm 
group (p:0.003, p:0.02, respectively). Weak immunity, especially 
in association with intestinal inflammation, was thought to be 
a facilitator for appendiceal neoplasms. Gender seemed to be 
insignificant in terms of appendiceal neoplasms. Smoking habits 
and the duration of appendicitis-specific symptoms did not 
provide any clue for appendiceal neoplasms. A lower Alvarado 
score (6.5-7.1) was statistically significant for tumor patients. 
The most striking imaging finding was that plastron formation 
was more common in the neoplasm group (p:0.03). Although 
the mean appendix diameter (mm) was higher, it was below the 
statistical significance level (12.6-11.8). When the laboratory 
findings were analyzed, higher neutrophil count versus lower 
lymphocyte count suggested that the neutrophil/lymphocyte 
ratio could give an idea about appendiceal neoplasms.

Table 1. Demographic and biological characteristics between 
the two groups

Biological features Neoplasm Appendicitis P value
Age* 45 25 <0.01
Sex Male 11(68.8%) 941(59.5%) 0.45
BMI 26.9 25.2 0.05
ASA score 2(1-4) 2(1-4) 0.02
Smoker 6(37.5%) 398(25.2%) 0.19
Comorbidity 8(50%) 178(11.3%) <0.01
IBD 2(12.5%) 7(0.4%) 0.003
Immunosuppression 2(12.5%) 24(1.5%) 0.02
Alvarado score 6.5 7.1 0.04
DoS* 20.5 22.4 0.13

Chi-Square , Student’s t-test, *Mann Whitney-U

BMI: body mass index; ASA: American Society of Anesthesiologists; 

IBD: inflamatory bowel disease; Dos: duration of symptoms

Table 2. Radiologic and laboratory differences between the two 
groups

Imaging & 
Laboratory Neoplasm Appendicitis P value

DoA(mm) 12.6 11.8 0.17

Appendicolith 4(25%) 466(29.5%) 0.79

Plastron 2(12.5%) 28(1.8%) 0.03

Abscess 1(6.3%) 79(5%) 0.56

Phlegmon 2(12.5%) 94(5.9%) 0.24

IAF 3(18.8%) 206(13%) 0.35

WBC(×109/L) 14.2 13.1 0.04

Lymphocyte(×109/L) 1.6 1.9 0.01

Neutrophil(×109/L) 12 11.2 0.1

Hemoglobin(g/dL) 12.2 13.9 <0.01

Platelet* (×1000/μL) 248.8 303.8 0.05

NLR 7.7 6.2 <0.01

PLR* 160 155.8 0.43

Chi-Square , Student’s t-test, *Mann Whitney-U

DoA: diameter of appendix; IAF: intra abdominal fluid; WBC: 
white blood cell; NLR: neutrophil/lymphocyte ratio; PLR: platelet/
lymphocyte ratio

When the independent variables that differed between the 
neoplasm group and the appendicitis group were examined by 
logistic regression analysis, it was seen that a low hemogram 
value was the most reliable indicator in predicting neoplasm 
(p<0.01). It was determined that each 1-point decrease in the 
Alvarado score increased the probability of neoplasm by 0.4 
times (p:0.02) (Table 3). Roc curves for both parameters were 
shown in Figure 1 (area under the curve for hemoglobin 0.83, 
for Alvarado score 0.65). The cut-off value for hemoglobin was 
13.45 g/dL and for Alvarado score was 6.5.

Table 3. Impact of variables on prediction of appendiceal 
neoplasms

Variables Exp(B) 95% C.I. for EXP(B) P value

Lower Upper

Age 1.040 0.981 1.103 0.19

BMI 1.072 0.908 1.266 0.41

ASA score 1.392 0.503 3.853 0.52

Comorbidity 0.484 0.104 2.247 0.35

IBD 0.246 0.011 5.495 0.37

Immunosuppression 0.540 0.015 19.603 0.73

Alvarado score 0.415 0.190 .906 0.02

Plastron 0.188 0.010 3.541 0.26

WBC 2.371 0.587 9.574 0.22

Lymphocyte 0.949 0.033 26.968 0.97

Neutrophil 0.502 0.088 2.869 0.43
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Hemoglobin 0.530 0.376 .746 0.00

Platelet 0.999 0.995 1.003 0.54

NLR 1.260 0.409 3.878 0.68

Logistic regression analysis(enter method)

BMI: body mass index; ASA: American Society of 
Anesthesiologists; IBD: inflamatory bowel disease; WBC: white 
blood cell; NLR: neutrophil/lymphocyte ratio

Figure 1. ROC analysis of two important parameters in the 
prediction of appendiceal neoplasms.

DISCUSSION
Since appendectomy is one of the most frequently performed 
emergency operations both in our country and worldwide, we 
believe that it deserves a special approach in terms of follow-
up and outcomes [9]. If some predictive factors for appendiceal 
neoplasms can be determined preoperatively, the surgical 
technique and follow-up strategy can be appropriately developed. 
For resection to be performed by oncological principles, 
preparations such as preparation of erythrocyte suspension 
in the preoperative period, informing the patient, obtaining 
appropriate surgical consent and preparing the necessary 
surgical materials are required. In this way, the need for repeat 
surgery can be eliminated. Even if an appendiceal neoplasm 
is not detected intraoperatively, the presence of possible risk 
factors will keep in mind that the case may not be a simple 
appendicitis, so that close follow-up of the final pathology report 
may prevent advanced disease [10].

When patients who were operated on for more than 4 years 

were carefully analyzed, it was observed that the group in 
which appendiceal neoplasms were detected consisted of 
significantly older patients, which is in line with the literature 
[11, 12]. Increasing body mass index and the high incidence of 
comorbidities can be considered as a result of advanced patient 
age, although they are not directly related to the neoplasm.

Although female gender has been considered a risk factor for 
appendix malignancy in some studies [13], the general opinion in 
the literature is that gender is not a determinant [14]. In our study, 
gender was not a significant variable. The significantly lower 
Alvarado score in the neoplasm group (p:0.04) may be because 
pain migration is a symptom specific to acute appendicitis. 
Studies are emphasizing this situation [12]. Inflammatory bowel 
diseases (p:0.003) and immunosuppression (p:0.02) were found 
to be two different parameters that were more common in the 
appendiceal neoplasm group. In the literature, there are articles 
stating that the association of inflammatory bowel diseases and 
appendiceal carcinoids has no special significance [15], and there 
are also authors claiming that this is not a simple coincidence 
[16]. Although the increased risk of colon adenocarcinoma due 
to long-term epithelial inflammation has been emphasized, no 
consensus has been reached for isolated tumors of the appendix 
[17, 18]. Based on the data from our study, we suggest that weak 
immunity may constitute a risk for appendiceal neoplasms and 
that colonic inflammation further increases this risk.

When preoperative imaging features and perioperative findings 
were considered, it was found that only plastron formation was 
significantly higher in appendiceal neoplasms (12.5% - 5.9% 
p:0.02). It was found that this condition was described as a 
suspicious mass in some publications in the literature, while focal 
dilatation of the appendix was emphasized in others [12, 19]. In 
laboratory results, the mean total white blood cell count (WBC) 
was slightly higher in neoplasm patients, while lymphocytosis 
was more prominent in patients with acute appendicitis (p:0.01). 
Considering the publications that consider relatively low WBC 
as an independent predictor of appendiceal tumor [20], low 
hemoglobin value and high NLR ratio were considered to be 
more valuable parameters (p<0.001). 

Limitations
The only limitation of the study was the lack of a standardized 
description of the plastron formation during perioperative 
evaluation, which was compensated by careful CT examination 
and comparison.
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CONCLUSION
As a result of both the biological characteristics of the patients 
and laboratory findings, hemoglobin value was found to be the 
most valuable finding as a neoplasm predictor. It should be kept 
in mind that the operation of anemic patients with relatively 
low Alvarado scores under more optimal conditions will make 
undeniable contributions to improving the prognosis of the 
disease.
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ABSTRACT
Objective: Gastric neuroendocrine neoplasms (gNENs) are uncommon tumors, with growing 
understandings about the disease. Bibliometric analyzes have the advantage of visually depicting 
the dynamic evaluation of scientific knowledge of a specific topic. The aim of this study was to 
perform and report bibliometric analysis of gNENs, which was not formerly studied in the literature.
Methods: Articles published between 1980 and 2022 within the database of Web of Science Core 
Collection were included in this bibliometric analysis. Vosviewer package program and Datawrapper 
were used for bibliometric data interpretation.
Results: A total of 2270 articles about gNENs was detected with 63240 citations and an H index 
of 103. A remarkable increase was detected among the articles for years. Research have focused 
on gastroenterology and hepatology, endocrinology and metabolism, oncology, general medicine, 
pathology and surgery areas. Norwegian University of Science Technology was the leading institution 
about gNENs literature. Modlin IM, had the highest number of articles and citations among the 
authors. United States, Japan and Italy were the top three countries with the most published articles.
Conclusion: This bibliometric study provides an engrossing, insightful conclusion to the research 
and development trajectory in gNENs with a future perspective.

Keywords: neuroendocrine neoplasms, bibliometric, publication trends, research hotspots

INTRODUCTION 
Gastric neuroendocrine neoplasms (gNENs) are uncommon 
tumors of the stomach, which are derived from enterochromaffin-
like cells of the gastric mucosa [1]. While gNENs were called 
as carcinoids in the historical process, it was later classified 
according to different features and finally gNENs were 
classified as gastric neuroendorine tumors (gNETs) and gastric 
neuroendocrine carcinoma (gNEC) according to the tumor grade 
[2,3]. gNENs are seen uncommonly and represent 5%-23% of all 
digestive NENs, but the overall incidence of g-NENs increases 
with time [3,4]. A study showed that the incidence of g-NENs 

increased from 0.309 to 6.149 per 1000000 persons in 40 years 
[5]. Changes in disease frequency and classification over years, 
made gNEN a target subject for studies. Formerly g-NENs were 
classified as three distinct subtypes, but a newly defined fourth 
type is also present [6,7]. It is essential to discriminate between 
types of g-NENs, because the prognosis, managing and treatment 
differ between these types. Treatment options for g-NENs are 
follow-up without excision, endoscopic resection, surgical 
resection or medical treatment depending on the tumor subtype, 
lesion size and number, disease extent and the differentiation 
of the tumor [1,3,8]. Recently, new data on new subgroups are 
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Main Points:

•	 The study aims to fill a gap in the literature by providing 
insights into publication trends, research hotspots, 
influential authors, institutions, and countries contributing 
to the field of gNENs.

•	 The analysis revealed a steady increase in both the number 
of publications and citations over the years, highlighting 
the growing interest and research activity in the field of 
gNENs. It also identified leading journals, authors, and 
institutions contributing to gNENs research globally.

•	  Additionally, correlations between publicaetion numbers 
and economic indicators like GDP and HDI are explored. 
The study concludes that bibliometric analysis serves as a 
valuable tool for understanding the evolving landscape of 
research on gNENs and guiding future studies in the field

emerging, as well as changes in treatment and follow-up are 
present. Therefore, more studies about gNENs are expected in 
the literature.

Bibliometric was defined by Pritchard, as ‘the application 
of mathematical and statistical methods to books and other 
media of communication’ in 1969 and it was further defined 
as ‘the quantitative analysis of the bibliographic features of a 
body of literature’ by Hawkins [9,10]. Bibliometric analysis 
may also be defined as the measurement of all aspects related 
to the publication and reading of books and documents and 
bibliometric research are very popular in various areas in recent 
years [11,12]. It has the advantage of keeping abreast with the 
latest advances of interest within a particular scientific topic 
or area. Although the history of bibliometrics are quite old, it 
has become increasingly popular in recent years, especially in 
the field of medical sciences [13] To date bibliometric analyzes 
were performed for various gastrointestinal diseases, but a 
bibliometric analysis of gNENs is lacking. The aim of this study 
was to perform and report bibliometric analysis of gNENs, for 
the first time in the literature to the best of our knowledge. The 
objective of our study was to perform a bibliometric analysis 
about gNENs and we aimed to fill the gap on this subject. We 
believe that this study will serve as a guide for future researches 
about gNENs, save time to concentrate on more critical points, 
and make a notable contribution by directing gNENs research.

MATERIALS AND METHODS
The search in the Web of Science Core Collection database was 
performed on 19.02.2023. The words “gastric neuroendocrine” 
or “gastric carcinoid” were used for analyze without using any 
exclusion criteria in all fields. No filtering was used while the 
search, and publications which were published between 1980 
and 2022 were included in the search. Because including 2023 
would cause misinterpretation, it was not included in the analysis. 
The numerical statistics of the publications were examined with 
the performance analyzes using Web of Science. The Web of 
Science website allows searching with certain keywords through 
the articles and journals indexed in the database, and the results 
obtained can be evaluated by analyzing characteristics such as 
authors, years, countries, journals in which they are published, 
subject headings and citations.

After the numerical statistics were extracted, visual network maps 
of the articles about gNENs were obtained using the Vosviewer 
package program (Version 1.6.17, Leiden University’s Center 
for Science and Technology Studies). The obtained citation 
analyzes, co-citation and co-authorship analyzes, visual network 
maps of keyword analysis and the features and links of the 
researches were presented. The VOSviewer package program 
is one of the prominent analysis programs with its user-friendly 
interface in terms of visual mapping of bibliometric networks. 
With this program, downloaded data from the Web of Science 
website can be used to create visual maps. The networks which 
were detected through this program included countries, journals, 
institutions, authors or individual publications. Countries of 
origin were identified according to the first authors’ affiliation. 
Citation numbers, keywords bibliographic matching, co-citation 
and co-authorship relationships can be used for the creation of 
these Networks [14]. Additionally, “https://app.datawrapper.
de” website was used for the world map image. This website 
offers a free-to-use application that allows obtaining regional 
and worldwide maps in a wide variety of fields, from health to 
meteorology, and presenting visual data on these maps.

Correlation analysis between the number of articles produced 
by the countries and their economic and development indicators 
of GDP (gross domestic product), GDP PPP (purchasing power 
parity) and GDP per capita (data was obtained from the World 
Bank Group website - 2021 data) [15], and HDI (Human 
Development Index) (data was obtained from the United Nations 
Development Programme Human Development Report 2021-
2022) [16] were analyzed using the Spearman correlation 
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coefficient. GDP is the sum of the value of all goods and services 
produced in a country in a given year. GDP PPP is the adjusted 
version of this value in order to evaluate the real purchasing 
power by taking into account the price differences of goods and 
services between countries [15]. GDP per capita is the production 
value of goods and services per capita obtained by dividing 
GDP data by the country’s population [15]. HDI, on the other 
hand, is used as a more advanced welfare level calculation tool 
by including citizens’ statistics such as life expectancy at birth, 
literacy rate, and education period in addition to the economic 
data of the countries [16].

A citation can be defined as a reference to an article identifying the 
document in which it may be found. Citation per publication was 
calculated by dividing the total citation to the total publications 
in a particular journal. The articles are divided into four groups 
according to their impact factor. Q1 (first quartile) represents the 
top 25% journals according to the impact factor for a specific 
subject category, Q2 the top 25% between 50%, Q3 the top 50% 
between 75% and Q4 lists the last 25% part according to the 
impact factor. The H index is defined as the number of articles 
(h) that have received at least h citations.

RESULTS
Publications between 1980 and 2022 were analyzed and 3269 
manuscripts were found. After exclusion of reviews, 2270 
articles were included for analysis. Annual productivity and 
citation counts increased by year gradually especially after 2010, 
with a slight decrease in 2022 (Figure 1).

The most popular journals by the number of articles published are 
given in Table 1. World Journal of Gastroenterology, Scandinavian 
Journal of Gastroenterology, American Journal of Surgical 
Pathology, Journal of Clinical Endocrinology Metabolism and 
Digestion published 49, 39, 30, 30 and 28 articles, respectively. 
The highest total citation count among journals was detected in 
Cancer Journal with a total citation count of 4229 (citation per 
document:162.65). Among the 2270 articles, 2027 items were 
published in journals which are indexed in Science Citation 
Index Expanded. 

The top three authors were Modlin IM (55 articles), Waldum HL 
(52 articles) and Bordi C (36 articles), whereas other productive 
authors and citation numbers are presented in Table 2. Norwegian 
University of Science Technology (70 article), Yale University 
(62 article), National Institutes of Health USA (50 article), 
Uppsala University (49 article) and University of California (47 
article) were the most prolific institutions. 

Figure 1. Annual article number and citation counts according to years from 1980 to 2022. 
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Table 1. Most popular journals according to the number of articles published and citation data.

Journals Q Publication Citation Citation per publication

World Journal of Gastroenterology Q2 49 1048 21.39

Scandinavian Journal  of Gastroenterology Q4 39 1180 30.26

American Journal of Surgical Pathology Q1 30 1792 59.73

Journal of Clinical Endocrinology Metabolism Q1 30 2454 81.80

Digestion Q3 28 945 33.75

Cancer Q1 26 4229 162.65

Hepato Gastroenterology* 25 472 18.88

Medicine Q3 23 259 11.26

Alimentary Pharmacology Therapeutics Q1 21 787 37.48

Neuroendocrinology Q2 21 1096 52.19

Regulatory Peptides** 21 541 25.76

Digestive Diseases and Sciences Q3 20 559 27.95

Gastrointestinal Endoscopy Q1 20 1864 93.20

* Hepato-Gastroenterology has been discontinued. ** Regulatory Peptides was incorporated into peptides. 

Table 2. Most productive authors and their citation numbers. 

Authors Publication Citation Citation per publication

Modlin IM 55 4166 75.75
Waldum HL 52 1914 36.81
Bordi C 36 1978 54.94
Kidd M 36 3790 105.28
Sandvik AK 29 811 27.97
Fossmark R 27 657 24.33
Rindi G 25 2170 86.80
Solcia E 25 2237 89.48
Ahlman H 23 921 40.04
Jensen RT 23 1719 74.74
Qvigstad G 22 759 34.50
Capella C 21 1640 78.09
Delle Fave G 20 1149 57.45
Nilsson O 20 740 37.00
Huang CM 18 187 10.39
Wangberg B 18 629 34.94
Annibale B 17 532 31.29
Azzoni C 17 978 57.53
Li P 17 178 10.47
Varro A 17 508 29.88
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Most of the articles were produced from the United States (586 
articles), Japan (349 articles), Italy (230 articles), PR China 
(225 articles), Germany (178 articles), Sweden (118 articles), 
England (104 articles), South Korea (84 articles), Norway (78 
articles) and France (70 articles) (Figure 2). Among the top 25 
countries with the highest publication counts, highest citation 
per article numbers were achieved in Australia, Canada, France 
and Netherlands, respectively. Of the most prolific countries, 
only 3 countries had a GDP per capita level below 10000 dollars, 
whereas others had high GDP per capita values. The mean GDP 
per capita value was 43788 dollars among the top 25 countries. 
The correlation analysis between publication numbers and GDP, 
GDP PPP, GDP per capita and HDI showed that publication 
numbers increase with increased GDP, GDP PPP, GDP per capita 
and HDI (r: 0.811, 0.674, 0.521 and 0.516, respectively. p<0.001 
for all parameters). 

The total citation number of articles about gNENs was 63240, 
with an H index of 103. The average citation per item was 
calculated as 27.86. The most cited manuscript about gNENs 
was “A 5-decade analysis of 13,715 carcinoid tumors” which 
was written by Modlin IM in 2003 [17].

The top five indexed keywords except the term “neuroendocrine 
tumor” were: stomach, gastric cancer, carcinoid, 
immunohistochemistry and gastrin. Scientometric network 
analysis of the keywords is presented in Figure 3. 

The citation network analysis included 30 countries with over 
10 articles and 10 citations, which had the highest connection 
rates, and the network analysis is given in Figure 4. Similarly, the 
citation network analysis of institutions and authors with more 
than 5 articles and 5 citations are shown in Figure 5. 

Figure 2. The most prolific countries in the field of gastric neuroendocrine tumors. a) The countries are shown in the world map, b) 
Top 25 countries according their publication number and citation counts of these countries.

Figure 3. Scientometric network analysis of the mentioned keywords in articles about gastric neuroendocrine neoplasia. 
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Figure 4. The citation network analysis including 30 countries with over 10 articles and 10 citations, which had the highest connection 
rates. Lighter colors indicate more recent studies.

Figure 5. The citation network analysis of institutions and authors with more than 5 articles and 5 citations. Lighter colors indicate 
more recent studies.

DISCUSSION
Bibliometric analysis, which is a computer-based procedure 
in which all available publications on a subject are analyzed, 
benefits future studies by providing guidance based on previous 
data [18]. Bibliometric analysis, which is a computer-based 
procedure in which all available publications on a subject are 
analyzed, benefits future studies by providing guidance based 
on previous data [17]. Bibliometric analyses can be used by 

current researchers to save time. In this study, leading countries, 
organizations, authors, journals, hotspots, and trends in gNENs 
research were identified through a search of the Web of Science 
Core Collection database and VOSviewer to produce a thorough 
summary of the progress of gNENs research over the last 
40 years. To the best of our knowledge, this study is the first 
bibliometric analysis of the existing gNENs literature. 
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Although the existence of gNENs was established more than a 
century ago, many new studies on the subject are being published, 
and ongoing scientific development in this area continues. In 
particular, the nomenclature, classification, treatment, and follow-
up options for patients with gNENs are of great interest [3]. This 
data is supported by our analysis, which showed an increase in 
the number of articles and citations over the years. The number 
of citations is the basis of bibliometric analysis, and a relatively 
high number of citations per item was seen in our analysis [19]. 
The article most often cited was a large epidemiology series that 
included NENs written by Modlin IM [17]. Modlin IM was also 
found to be the most productive author, having published the 
most articles (55 articles) gNENs.

Most of the journals publishing articles on gNENs were 
indexed in Science Citation İndex Expanded. The top ten most 
popular journals were found to have high impact factors of Q1 
(first quartile), representing the top 25% of journals, or Q2, 
representing the top 25% to 50%. The high number of Q1 and 
Q2 journals shows that there is considerable interest in the study 
of gNENs. Among the 11 most popular currently publishing 
journals, six belong to the category of gastroenterology and 
hepatology, two to endocrinology and metabolism, and one each 
to general medicine, oncology and pathology, and surgery. The 
fact that studies on gNENs have been published in journals from 
diverse categories shows the breadth of interest in the topic. The 
World Journal of Gastroenterology published the most articles 
on gNENs, which may be the result of its weekly publishing 
schedule. The journal most often cited was Cancer, which is a 
Q1 journal in the field of oncology. 

The countries found to be leading in the publication of studies 
on gNENs were the United States, Japan, Italy, China, and 
Germany. The highest citation-per-article values were achieved 
in Australia, Canada, and France. Among the top 25 countries 
with the highest number of articles published, 16 are located 
in Europe, 5 in Asia, 2 in North America, 1 in South America, 
and 1 in Australia. No country in Africa placed in the top 25 
countries. Publication counts were found to positively correlate 
with GDP and HDI. It is a fact that high income level creates 
more opportunity for further research. Another issue is that upper 
gastrointestinal endoscopy, which is the diagnostic method of 
gNENs, is an invasive method with relatively higher cost. Easy 
access to endoscopic facilities in higher income countries may be 
another reason for higher numbers of articles. 

This study also determined the institutions with the greatest 
levels of production and their network analyses. The Norwegian 
University of Science Technology was the leading institution in 
the field of gNENs articles. Among the five highest-producing 
institutions, three are located in the United States and one each in 
Norway and Sweden.

Limitations
We have to mention some limitations of the study. Probably 
some articles may be missed during the search of the articles, 
because their titles or keywords did not comprise the selected 
keywords. Our study contained articles which are indexed in 
Web of Science Core Collection and other indexes were not 
searched. But Web of Science was used because it is the most 
reliable database indexing high quality journals with high impact 
factors. Although not containing other indexes we think that 
Web of Science would be sufficient for this analysis because we 
performed this bibliometric analysis with a satisfactory number 
of articles (2270 articles). Another limitation is that the countries 
were determined according to the first author, but some articles 
may have international cooperation. These limitations do not 
hinder our bibliometric results on the topic of gNENs, which is 
not formerly published in the literature.

CONCLUSION
This study examines global research trends on gastric 
neuroendocrine neoplasms (gNENs) from 1980 to 2022, revealing 
a rise in publications. The United States, Japan, and Italy are 
leading contributors, with the Norwegian University of Science 
Technology as a prominent institution. Prolific authors include 
Modlin IM, and high-impact journals in gastroenterology feature 
prominently. The analysis suggests a positive link between 
research output and economic indicators. Despite limitations, 
this study offers valuable insights for guiding future research on 
gNENs.
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ABSTRACT
Objective: Lead has been reported to cause oxidative stress in liver tissues and cause 
histopathological changes. Studies have shown that pomegranate juice has antioxidant properties 
that prevent oxidative stress. In this study, the harmful effects of lead acetate on rat liver tissue 
and the efficacy of pomegranate juice against these effects were investigated. 
Methods: 28 male Wistar albino rats were divided into four groups: control, lead acetate (50 mL/
kg), pomegranate juice (1 mL/kg), and lead acetate + pomegranate juice (50 mL/kg+1 mL/kg). 
Lead acetate and pomegranate juice were administered orally.
Results: When compared with the control group, it was seen that the lead acetate had an increase in 
the malondialdehyde level and a decrease in reduced Glutathione, Glutathione S-transferase, and 
Carboxylesterases. Group lead acetate + pomegranate juice had a reduction in malondialdehyde 
level and an increase in Glutathione, Glutathione S-transferase, and Carboxylesterases compared 
with the group lead acetate. The lead level of group lead acetate + pomegranate juice decreased 
compared to the group lead acetate. Cellular degeneration and irregular hepatic cords were 
observed in group lead acetate’s liver tissue, and the negative changes were lost in group lead 
acetate + pomegranate juice. 
Conclusion: It was observed that pomegranate juice had a protective effect against liver toxicity 
caused by lead acetate.
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INTRODUCTION
Today, industrial activities cause an increase in environmental 
waste, such as heavy metals. Lead (Pb), one of these 
heavy metals, spreads to the biosphere in developing and 
industrialized societies due to its essential role in industry, 
causing high environmental exposure. Pb can enter the body 
through water, food, and breathing air, and can accumulate in 
the tissues causing toxic effects. The most common ways of 

exposure are through consumption followed by inhalation. For 
this reason, Pb poisoning is amongst the most common heavy 
metal poisonings. Due to slow Pb excretion, even at low doses, 
living organisms can experience physiological, biochemical, 
and behavioral disorders as a result of Pb accumulation in their 
tissues. Pb has been reported in studies that cause neurological, 
immunological, renal, hepatic, and hematological disorders [1-
3]. In the antioxidant system, Pb binds to sulfhydryl groups and 
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Main Points:

•	 A decrease in the liver function of the rats was observed 
as a result of the administration of LA, according to the 
findings of our research. 

•	 Our research suggests that consuming PJ may alleviate 
the negative effects of LA-induced oxidative stress. 

is replaced by essential cofactors, copper and zinc. Nearly 90% 
of Pb is found in blood and bone, while the rest is found in the 
liver and kidneys [4, 5]. In many studies, lipid peroxidation due 
to Pb poisoning; has been reported to cause inhibition of the 
antioxidant system by causing the release of reactive oxygen 
species and free radicals. Accordingly, Pb has been reported to 
cause oxidative stress in liver tissues and cause histopathological 
changes [6].

Pomegranate (Punica granatum L.) is a fruit of nutritious and 
therapeutic value, which has been widely used in the past. Its 
medicinal properties are related to the existence of polyphenols 
(Ellagitannins, flavonoids, phenolic acids, stilbenes, tannins, 
and anthocyanins) with free radical scavenging properties. 
Pomegranate has been reported in studies with anti-carcinogenic, 
cardioprotective, antihyperlipidemic, anti-inflammatory, and 
antioxidant effects [7, 8].

Tissues produce free oxygen radicals and antioxidants in a 
regulated manner. Excessive production of free radicals leads 
to the formation of harmful substances like malondialdehyde 
(MDA). Antioxidant defense systems develop against its 
harmful effects when overproducing free oxygen radicals. 
Antioxidant defense systems show their impact by eliminating 
the detrimental effects of radicals. Glutathione (GSH) and 
Glutathione S-transferase (GST) are important antioxidants 
[9]. Carboxylesterases (Ces) are a member of esterases and 
catalyses the hydrolysis of amides, esters, and thioesters. The 
enzymatic process of converting esters into carboxylic acid and 
hydroxylated products has been identified in various tissues, 
including the liver [10].

The discovery of natural products and new substances has gained 
significant importance in treating diseases and toxic substances 
that threaten human health. Pomegranate and pomegranate juice 
(PJ), which contain phytochemicals that significantly increase 

bioactivity, have also been the subject of recent studies [11]. In 
addition, it has been reported in experimental studies that PJ 
has a histological and biochemical hepatoprotective effect by 
reducing oxidative stress and inflammation [12-14]. Studies 
have shown that consuming pomegranate juice can help prevent 
non-alcoholic fatty liver disease and inhibit the development of 
unhealthy lipid profiles. Including pomegranate juice in the diet 
of individuals at risk of fatty liver and high cholesterol can be 
beneficial [15]. We conducted a study using light microscopy 
and biochemical analysis to investigate the impact of lead 
acetate (LA) on rat liver tissue and the potential protective effect 
of PJ on these changes. Therefore, in this study, the effects of PJ 
on MDA, GSH, GST, Ces, element levels, and histopathological 
parameters in rat liver tissues exposed to LA were investigated.

MATERIALS AND METHODS
Animals
The research was carried out in the Animal Experiment Center 
of Fırat University. Ethics committee approval was obtained by 
Fırat University Animal Experiments Local Ethics Committee 
with the 2018/04 protocol number and 09 decision number. 
28 adult Wistar albino 200-250 g male rats were used in the 
research. The animals were divided into four groups, and 
experimental procedures were applied. Rats were housed at 22 
± 20C room temperature, 12 hours light, and 12 hours dark-light 
cycle, as feed and water ad-libitum.

PJ Preparation 
In our study, pomegranate grown in the Adıyaman region was 
used. After the pomegranates were washed and dried, their juice 
was obtained by pulling them out of the blender. PJ was kept at 
-20°C until used.

Chemical Content of PJ
The chemical composition of pomegranate grown in the 
Adıyaman region was investigated. The content of PJ was 
anthocyanin 137.1 mg/L, phenolic acid 490.75 mg/kg, ellagic acid 
175 mg/100g, total flavonoids 63 mg/kg, and total antioxidants 
1530 mg/kg [16].

The Study Groups and Applications
Twenty-eight male Wistar albino rats were randomly divided 
into control groups, LA, PJ and LA+PJ (n=7 in each group). The 
cages were left untouched for a week prior to the start of the 
experiment to allow for adaptation. 
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Control group: Rats were given distilled water for 30 days 
without any additional procedures conducted throughout the 
investigation.

LA group: 500 ppm Pb dissolved in acetic acid was mixed into 
drinking water per liter. Rats were administered 50 mL/kg of Pb 
through oral gavage per animal daily for 30 days, from a stock 
solution.

PJ group: PJ were given 1 mL/kg of PJ every two days for 30 
days through oral gavage [16].

Oral gavage was applied to the rats at the same time each day. 
No complications resulted from these applications. The rats were 
sacrificed by intraperitoneal injections of xylazine hydrochloride 
and ketamine hydrochloride after the 30-day study period. 
The liver tissue samples were divided into two sections for the 
biochemical analysis and histopathological examination. One 
half of the samples were stored at a temperature of -80 oC, while 
the other half was fixed in 10% formaldehyde.

Preparation of Tissue Homogenates
Tissue samples of the liver in cooled potassium phosphate buffer 
(0.1 M, pH 7.4; 0.15M KCl, 1.0 mM EDTA, 1.0 mM DTT) were 
homogenized with the device of the Homogenizer (Heidolph 
2021). Five hundred microliters of homogenate were reserved 
for use in MDA analysis. The remaining homogenates were 
centrifuged for 20 minutes at +4 °C (Hettich 460 R), 16.000 x 
g, and supernatants (S16) were taken into Eppendorf tubes for 
measurements of biomarkers other than MDA.

Determination of Liver MDA Level
MDA levels in liver tissue samples were determined using 
the technique established by Placer et al. [17]. A solution of 
0.375% thiobarbituric acid and 15% trichloroacetic acid in 0.25 
N hydrochloric acid was used. MDA reacts with thiobarbituric 
acid to form a pink-colored compound. The absorbance of 
the samples was read spectrophotometrically (ThermoTM 
Varioskan Flash, Finland) at 532 nm. In the study, MDA levels 
were shown as nmol/mg protein. This study was carried out on 
Thermo-3001 UV/VIS device with Microplate Attachment.

Determination of Liver Reduced GSH Activity
GSH analysis in liver tissues was performed at 412 nm using the 
Sedlak and Lindsay method on a Thermo-3001 UV/VIS device 
with Microplate Attachment [18]. Tissues were precipitated with 

50% TCA (Trichloroacetic acid) and centrifuged at 1000xg for 
5 minutes. 0.5 ml was taken from the supernatant in Eppendorf 
tubes removed from the centrifuge, and 2 ml Tris EDTA buffer 
(0.2 M, pH: 8.9) and 0.1 ml 0.01 M 5,5’-dithio-bis-2 nitrobenzoic 
acid were added. This mixture was left at room temperature for 
5 minutes and absorbance values were measured at 412 nm on 
the device. GSH levels were expressed as nmol/mg protein.

Determination of Liver GST Activity
The examination of GST activity involved the preparation of a 
solution comprising 10 µL of supernatant, 100 µL of GSH, and 
100 µL of phosphate buffer (0.1 M, pH 6.5). Following this, a 
solution of 20 mM 1-chloro-2,4 dinitrobenzene was prepared as 
a substrate, utilizing 96% ethanol, and subsequently transferred 
into the designated microplate wells. The microplates were 
placed within the reader system, and the corresponding 
alterations in absorbance were diligently recorded at 344 nm for 
a duration of 2 minutes, with a temperature of 25°C maintained 
throughout the process. Specific GST activity was determined 
from the nmol/min/mg protein type [19].

Determination of Liver Ces
For the analysis of Ces activity, 26 mM of nitrophenol acetates 
were utilized as a substrate, which was prepared in 96% ethanol. 
The reaction solution, consisting of a mixture of 5 µL of sample 
and 250 µL of 50 M Mtrizma buffer (pH, 7.4), was incubated for 
3 minutes at 25°C. To initiate the reaction, 5 µL of the substrate 
was added and monitored for 2 minutes at 25 °C, with readings 
taken at 405 nm. Ces activity was expressed as nmol/min/mg 
protein [20].

Determination of Total Protein
The protein amount was measured as standard using bovine 
serum albumin (0–1.4 mg BSA/mL) [20].

Determination of Liver Element Concentrations
Liver Pb, iron (Fe), manganese (Mn), zinc (Zn), calcium (Ca), 
and copper (Cu) levels were measured at Adıyaman University 
Central Research Laboratory. NexION 350 inductively coupled 
plasma mass spectrometry (ICP-MS, Perkin Elmer, MA, USA) 
was used [21]. The measurements were conducted in parts per 
billion (ppb) unit.

Histopathological Evaluation
To perform histopathological analysis, liver samples taken 
were divided into 10% formaldehyde solution by dividing into 
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separate groups. Following a week of fixation, paraffin blocks 
were prepared in accordance with standard histological tissue 
protocol. Subsequently, 5-micron thick sections were extracted 
from the paraffin blocks. The stained sections were evaluated 
using images captured by the Carl Zeiss brand Axiocam 
ERc5 model digital camera attached to a microscope for 
histopathological analysis.

Statistical Analysis
All statistical calculations were made using SPSS 22.0 program. 
The results have been calculated and presented as mean ± 
SEM. One-way analysis of variance (ANOVA) was used for the 
statistical evaluation of the groups, and the Tukey-HSD test was 
used to identify the significant groups.

RESULTS
MDA, Reduced GSH, GST, and Ces Levels in the Liver
Liver tissue biochemical parameter levels are given in Table 
1. Our study observed no statistically significant difference 
between the control group’s MDA level and the PJ group (p> 
0.05). It was determined that there was an increase in the LA 
group’s MDA level compared to the control group (p <0.001). 
In contrast, the LA+PJ group MDA level increased compared to 
the control group (p <0.001), and it was observed that the LA+PJ 
group MDA level reduced compared to the LA group (p <0.01). 
Furthermore, GSH level of LA group decreased compared to 
other groups (p <0.001; p <0.01). 

It was observed that the GST enzyme activity level decreased 
in the LA group compared to the control group (p <0.01). In 

comparison to the LA group, the GST enzyme activity level of 
the PJ group was decreased (p <0.05). In addition, there was a 
partial increase in the LA+PJ group GST enzyme activity level 
compared to the LA group. In comparison to the control group, 
the activity level of Ces enzyme was observed to decrease in the 
LA group (p <0.001). On the other hand, PJ and LA+PJ groups 
Ces enzyme activity levels were increased compared to the LA 
group (p <0.01).

Findings on the Liver Element Analysis
The results of our study indicate that there was no statistically 
significant difference in the level of Pb between the control 
group and the groups that consumed PJ (p>0.05). However, 
it was observed that the group that received Pb showed a 
significant increase in Pb levels when compared to the control 
group (p<0.001). Also, LA+PJ group showed an increase in Pb 
levels in comparison to the control group (p <0.001). However, 
the Pb levels decreased in LA+PJ group when compared to the 
LA group (p <0.01) (Table 2).

There was no significant difference in Fe level between the 
groups (p>0.05). A significant decrease was found in the Mn 
level in the LA group compared to the control group (p<0.05). 
While the Zn level decreased in the LA group compared to the 
control (p<0.001), it increased in the PJ (p<0.01) and LA+PJ 
groups compared to the LA group (p<0.05). Upon conducting 
an analysis on the levels of Ca, it has been observed that there 
is a significant increase in the PJ group in comparison to the LA 
group (p<0.01). Also, there was no significant difference in Cu 
levels between the groups (p>0.05).

Table 1. Biochemical parameters in the rat hepatic tissues

Parameters Control LA group PJ group LA+PJ group

MDA (nmol/mg protein) 8.37±0.47 20.5±0.95c 10.3±0.47z 15.1±1.1cy

GSH (nmol/mg protein) 97.8±2.80 59.9±1.44c 73.8±1.50cy 77.6±2.02cz

GST (nmol/min/mg protein) 60.3±1.89 45.7±1.71b 55.5±3.27x 52.7±1.60

Ces (nmol/min/mg protein) 1.90±0.06 1.30±0.04c 1.62±0.05y 1.61±0.07y

Values are expressed as means ± SEM; 	 n=7 for each treatment group.
Comparison with group control.		  a: p <0.05, b: p <0.01, c: p <0.001
Comparison with group LA.		  x: p <0.05, y: p <0.01, z: p <0.001
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Table 2. Element concentrations in the rat hepatic tissues

Parameters Control LA group PJ group LA+PJ group

Pb (ppb) 80.07±2.04 1337.21±35,56c 86.22±4.39z 287.37±20.22cz

Fe 145095.99±5556.20 162619.31±4478.40 159101.43±6338,39 161356.43±5609.52

Mn 3265.83±166.51 2605.15±50.82a 2971.49±100.98 2910.13±165.71

Zn 33504.42±1197.89 26729.02±30997c 31798.02±897.79y 31207.61±556.24x

Ca 117905.01±2933.38 108197.37±3356.26 130237.61±5137.38y 122698.83±3082.36

Cu 4160.26±243.01 3899.98±232.56 4247.64±52.59 4444.85±271.49

Values are expressed as means ± SEM;	 n=7 for each treatment group.
Comparison with group control.		  a: p <0.05, b: p <0.01, c: p <0.001
Comparison with group LA.		  x: p <0.05, y: p <0.01, z: p <0.001

Histologic Analysis of Liver Tissue
After analysing tissue sections belonging to both the control 
and PJ groups using hematoxylen eosin, it was observed that the 
hepatocyte cords extending from v. centralis to the periphery in 
the middle of the liver lobule, as well as the sinusoids located 
between these cords, appeared to be regular and consistent 
(Figures 1 AI and BI). The monitoring of polygonal-shaped liver 
cells revealed that the cytoplasms of hepatocytes exhibited an 
acidophilic staining feature that varied in density in accordance 
with cell activity levels. The nuclei of these cells were centrally 
located and characterized as large, round, and euchromatic. 
Additionally, some hepatocytes displayed a bi-nucleus and 
exhibited normal structural features (Figures 1 AII and BII). To 
assess the connective tissue density, we utilized Masson’s triple 
staining method on liver tissues from both the control group and 
the group that received PJ. Our analysis revealed the presence 
of dense connective tissue around the v. centralis and periportal 
area (Figures 1 AIII and BIII). The observed density of mast 
cells in the connective tissue surrounding the vessel was within 
the average range (Figures 1 AIV and BIV).

Upon examination of rat liver tissues from the group treated 
with LA, a disruption in the arrangement of hepatocyte cords 
was observed around the vena centralis, resulting in an altered 
liver structure. At slight magnification, the lobule’s structure 
and boundaries were indistinguishable. These findings may 
have significant implications in understanding the effects of 
LA on liver function (Figure 1 CI). It is of significance to note 
that in the enlarged views of the same group, the cytoplasmic 
boundaries of the hepatocytes composing the parenchyma are 
indistinguishable, the polygonal shapes are absent, and the 

variations in size and degenerative changes between the cells 
are eliminated. Certain regions of these cells exhibit a dark 
pyknotic core (Figure 1 CII). To evaluate the connective tissue 
density within the rat liver tissues of the LA group, Masson’s 
triple staining method was employed. The results revealed the 
presence of non-dense connective tissue surrounding the v. 
centralis and periportal area, which was consistent with the 
control and PJ groups. Furthermore, the examination of this 
group revealed notable dilatation observations in the structures 
of the v. centralis, portal vein, and sinusoid (Figure 1 CIII). The 
study observed a significant increase in mast cell density within 
the vascular connective tissue, as compared to both the control 
and PJ groups (Figure 1 CIV).

When the sections of rat liver tissues belonging to the LA and 
PJ treated groups are examined with H.E, hepatocytes form 
parenchyma in slight magnification, similar to control and PJ 
groups. It has been noted that there exists a stable structure 
surrounding the v. centralis (Figure 1 DI). It was noted that 
the hepatocytes, the primary cells of the liver parenchyma, 
possess a consistent structure and maintain their acidophilic 
properties even in instances of significant enlargement within 
the same group. It was observed that the presence of hepatocytes 
degenerated in places among hepatocytes still continues, but 
their density decreases (Figure 1 DII). With the triple painting 
method of Masson, it was observed that the connective tissue 
density in the v. centralis and periportal areas was similar to 
in all other groups (Figure 1 DIII). The density of mast cells 
was slightly lower in the LA+PJ group in comparison to the LA 
group (Figure 1 DIV).



European Journal of Therapeutics (2024) Pekmez, H et al.

165

Histopathological Scoring
In this study, a semi-quantitative evaluation was made using 
the histopathological scoring system adapted from Bekheet 
[21]. The evaluation was graded as 0 (absent), 1 (slight), 2 
(moderate) and 3 (severe). Inflammation, hemorrhage, fibrosis, 
cell damage, and sinusoidal dilatation findings were examined. 
Each parameter was evaluated independently and blindly by an 
expert histologist. 

In the evaluation, a statistically significant difference was found 
between the LA group with the control group and the PJ in terms of 
cell damage and sinusoidal dilatation (p<0.005). No statistically 
significant difference was detected between the groups in terms 
of fibrosis, inflammation and hemorrhage(p>0.05). Statistical 
data regarding the scoring obtained because of the evaluation 
are shown in Table 3.

Figure 1. Histological examination of the effects of LA and PJ on the rat liver tissues

AI-AIV C group, BI-BIV PJ group, CI-CIV LA group, DI-DIV LA and PJ group.
AI, BI, CI and DI: General image of the groups at x4 magnification;
AII, BII, CII and DII: Images of groups at x40 magnification-Hematoxylin and Eosin Staining;
AIII, BIII, CIII and DIII: Images of the groups at x10 magnification-Masson Trichrome Staining;
AIV, BIV, CIV and DIV: Images of the groups at x40 magnification-Toluidin Blue Staining; cv, v. centralis; dv, dilated vein; thick 
arrow, healthy hepatocyte; thin arrow, kuppfer cell; arrowhead, degenerated hepatocyte cells; star, dilated sinusoid; middle 
thick arrow, mast cell.
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DISCUSSION
Lead causes oxidative stress, and consequently, free radical 
levels increase which induces lipid peroxidation [22]. As a 
result, the MDA, a lipid peroxidation product, increases [1]. 
Liver tissue shows elevated levels of MDA and oxidative stress 
as a result of lead exposure, as indicated by previous studies 
[1, 23]. The results of these studies are similar to those of our 
research. Our investigation determined that the MDA level was 
reduced in the LA+PJ group compared to the LA group. 

Flavonoids and phenolic compounds in PJ have been reported to 
have high antioxidant activity [24]. GSH and GST are essential 
antioxidants [25]. In our study, a statistically significant 
decrease was observed in the GST and GSH levels of rats treated 
with LA compared to the control group. Numerous studies 
have demonstrated that exposure to lead in laboratory animals 
results in a reduction of GSH levels in liver tissues [1, 2, 26]. 
In line with our findings, there have been studies indicating a 
decrease in GST levels as a result of exposure to lead [1, 27]. 
The GST enzyme has many functions in the cell. Compounds 
such as hydroxyalkanels, acroneils, and hydro peroxides formed 
in the cell are destroyed by the antioxidant effect of the GST 
enzyme. The presence of the GSH molecule is essential for 
optimal GST enzyme activity [27]. Our research has revealed 
a notable decrease in both GSH molecules and GST enzymes 
in liver tissues of rats exposed to lead. This decline in GST 
enzyme levels may be attributed to the increased activation and 
excessive utilization of GSH molecules required for this activity. 

Changing enzyme activities in tissues is clinically critical 
[10, 28]. In a study conducted by Ozkaya et al. [1] on rats, the 
application of Pb resulted in a decrease in the activity level of 
the Ces enzyme in the rats’ livers. These findings parallel the 

results of our research. In our study, while Ces enzyme activity 
levels in the LA group decreased compared to the control group; 
it increased in the PJ and LA+PJ groups compared to the LA 
group. Based on our analysis, it appears that the detoxifying 
properties of the Pb molecules may be responsible for a decrease 
in enzyme activity. This suggests that Ces may be impacted by 
these effects.

Lead is one of the toxic elements that can accumulate in the 
liver. Therefore, as we expected in our study, the Pb level in 
the liver tissue increased in the LA group compared to the 
control group. It has been reported in previous studies that PJ 
reduces lead accumulation in tissues [12, 16]. Similarly, in our 
research, the Pb level decreased in the LA+PJ group compared 
to the LA group. Aksu et al. [12] reported in their study that 
LA increases the amount of Fe in the liver and does not change 
the Zn level. However, in our study, no significant difference 
was found between the groups in the Fe level. Also, the amount 
of Zn in the liver was decreased in the LA group. Fe and Pb 
tend to accumulate in similar environments within the body, 
leading to a competition between the two elements. In our study, 
it’s possible that the absorption of Pb may have restricted the 
accumulation of Fe. Furthermore, it should be noted that the 
liver plays a significant role in Zn metabolism [29]. Therefore, it 
is possible that Pb-induced liver damage may affect the amount 
of Zn in the liver tissue.

PJ contains a significant amount of Fe, Ca, and Zn minerals [12, 
30]. In this study, although Zn increased in the LA+PJ group 
compared to the LA group, no significant difference was found 
in the Fe level. Although the Ca level increased in the PJ group 
compared to LA, this increase was not significant in the LA+PJ 
group. It is known that the amount of Zn in the tissues decreases 

Table 3. Histopathological Scoring 

Parameters Control LA PJ LA+PJ

Cell damage 0.57 ± 0.535a 2.14 ± 1.069 0.43 ± 0.535b 1.00 ± 0.816

Sinusoidal Dilatation 0.71 ± 0.488c 2.29 ± 0.756 0.86 ± 0.378d 1.14 ± 0.690

Fibrosis 0.29 ± 0.488 0.43 ± 0.535 0.14 ± 0.378 0.71 ± 0.488

Inflammation 0.43 ± 0.535 0.57 ± 0.535 0.29 ± 0.488 0.71 ± 0.488

Hemorrhage 0.29 ± 0.488 0.57 ± 0.535 0.29 ± 0.488 0.57 ± 0.535

Statistical significancy compared to the LA group: a: p <0.05; b: p < 0.05, c: p = 0.005, d: p = 0.01.
Scoring data obtained because of semi-quantitative evaluation (Mean ± SD)
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in liver damage [31]. It is possible that the antioxidant properties 
of Zn, a component found in PJ, may have counteracted the 
decrease of Zn in the liver caused by Pb. Unlike our study, Aksu 
et al. [12] found that PJ decreased Fe and Zn levels in the liver 
even lower than the control group. Different concentration of 
PJ in our study compared to theirs may explain the difference 
between our results.

In this study, histopathological changes such as cellular 
degeneration and irregular hepatic cords were observed in the 
light microscopic examination of the liver tissue of rats exposed 
to Pb. Previous studies have reported that Pb causes cellular 
degeneration and irregular hepatic cords in liver tissue [1, 26, 32]. 
The histopathological findings we found in the liver regarding 
lead exposure are coherent with the results of the above studies. 
In addition, in our research, it was seen that the toxic effects of 
LA decreased with the application of PJ.

Limitations
Our study focused on the impact of PJ solely on male rats, and 
it’s worth noting that the effects could vary in female rats due to 
hormonal differences. Further research on larger sample sizes 
across different age ranges would provide more comprehensive 
results. Expanding the scope of biochemical and histological 
parameters could also lead to more effective outcomes. It’s 
worth mentioning that we did not include an analysis of the total 
weight of liver tissues in our study, which could be a pertinent 
factor in evaluating other parameters.

CONCLUSIONS
Our research findings indicate that the administration of LA 
resulted in a decline in the liver function of the rats. It was 
found that these toxic effects of LA can be prevented by the 
PJ. Toxic substances cause oxidative stress and cause cell and 
tissue damage. Antioxidants are an effective treatment method 
for preventing tissue damage caused by oxidative stress. 
Discovering natural products and new substances has gained 
significant importance in treating the adverse effects of diseases 
and toxic substances that threaten human health. Our research 
has indicated that consumption of PJ may offer potential benefits 
in mitigating the negative effects of LA-induced oxidative stress.
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ABSTRACT
Objective: The discovery of the pulmonary circulation is one of the most important issues in the 
history of medicine. Recently, an article appeared comprising an assertion that this discovery may 
have been made before Ibn al-Nafīs by Qusṭā b. Lūqā. The purpose of our study is to examine the 
text of Qusṭā b. Lūqā to ascertain whether it offers “new evidence” on the discovery of pulmonary 
circulation.
Methods: A comprehensive analysis of the text Qusṭā b. Lūqā and its different copies referenced 
for the discovery made by Qusṭā b. Lūqā has been made regarding the history of medicine.
Results: While Qusṭā b. Lūqā’s text contains detailed descriptions of cardiovascular anatomy, the 
terminologies and concepts employed were consistent with the prevailing medical knowledge of 
his time. From the perspective of the history of medicine, it can be said that Qusṭā b. Lūqā’s text 
does not sufficiently differentiate from those of his predecessors’ regarding the issue of pulmonary 
circulation. In addition, Qusṭā b. Lūqā mentions the sources he used in his text and does not 
explicitly claim that he made a discovery different from them.
Conclusion: With the available findings, it is difficult for now to say that Qusṭā b. Lūqā discovered 
the pulmonary circulation in the referenced text.

Keywords: Pulmonary circulation, lesser circulation, history of medicine, history of cardiovascular 
system
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INTRODUCTION
The history and discovery of pulmonary circulation has been a 
very important topic in the history of medicine and science and 
continues to be a topic of interest today [1]. Galen (129–200) 
has been an authority on cardiovascular anatomy and physiology 
for a long time, as with many other subjects. However, over 
time, the flaws of the system that Galen theorised have been 
observed, and today’s anatomical and physiological information 
has been obtained with the contributions of important physicians 

and scientists. It is known that one of the most important 
developments in the history of the circulatory system, which 
contradicts Galen’s system, is the work of Ibn al-Nafīs (1213–
1288) [2]. Ibn al-Nafīs was a physician who challenged the long-
held belief of the Galen School that blood could pass through 
the cardiac interventricular septum and proposed that all blood 
that reached the left ventricle passed through the lung [3,4]. 
He also predicted the existence of small communications or 
pores between the pulmonary artery and vein, which was later 
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Main Points;

•	 Is the text of Qusṭā b. Lūqā “a new evidence” on 
pulmonary circulation discovery?

•	 Qusṭā b. Lūqā’s view is not different from his 
predecessors’ views regarding the vascular relation 
between the heart and lungs.

•	 With the available findings, it is difficult for now to say 
that Qusṭā b. Lūqā discovered the pulmonary circulation 
in the referenced text.

confirmed by the discovery of pulmonary capillaries by Marcello 
Malpighi (1628–1694) 400 years later [4]. However, recently, 
some authors in an article have expressed quite interestingly that 
the discovery of pulmonary circulation may have occurred before 
Ibn al-Nafīs by referring to the work of Qusṭā b. Lūqā (860-912) 
[5]. In this study, we evaluate and discuss such a groundbreaking 
discourse by considering the sources cited by the authors of the 
article, which contains important claims about the pulmonary 
circulation history and is also very interestingly constructed.

MATERIALS AND METHODS
Depending on the importance of the assertions, as a result of our 
detailed research on this article’s sources, we have reached a text 
of Qusṭā b. Lūqā’s Kitāb al-farq bayn al-rūḥ wa l-nafs edited 
by Hilmi Ziya Ülken [6] using a facsimile, which is in İstanbul, 
Topkapı Palace Library, III. Ahmed Collection, nr. 3483 [6], and 
a different Arabic print of the same work in the literature [7], 
and an Italian translation [8] published together with the Arabic 
version [8], as well as two Turkish translations [9,10]. We also 
had the opportunity to examine a Latin translation of Qusṭā b. 
Lūqā’s aforementioned work by John of Seville [11] and a thesis 
on the work written by Judith Wilcox [12]. After examination of 
the aforementioned sources, we saw that in the authors’ articles, 
the English translations, which quoted from the mentioned work, 
were different from our English translations of the different 
copies of the Arabic texts of the work in the literature.

RESULTS AND DISCUSSION
In the Arabic texts [6-8], also in the Italian [8] and Turkish 
translations [9,10], Qusṭā b. Lūqā [6-10] does not mention the 
pulmonary artery and vena cava emerging from the heart’s right 
cavity, as the authors of the article claim, but on the contrary, 
two vessels emerge from the heart’s left cavity, one goes to the 
lung, which is called the al-shiryānī al-warīdī, and the other 

vessel is called the al-abhar (the aorta), which is divided into 
two branches at the place of origin. Also, the vessel that Qusṭā 
b. Lūqā calls al-shiryānī al-warīdī is not the today’s pulmonary 
artery, as claimed by the article’s authors, but the pulmonary vein, 
because, as Qusṭā b. Lūqā also reported, this vessel is vein-like, 
but its function is the artery’s function. According to the Galenic 
understanding of that period, this vessel brings something from 
the air to the heart, in other words, it carries the spirit:

“Statement about the spirit – The spirit is a subtle matter, 
which emanates from the heart (al-qalb) into the arteries 
(al-shiryānāt), that activates the vitality (al-hayāt), breathing 
(al-tanaffus) and pulse (al-nabḍ), and that emanates from the 
brain (al-dimāgh) into the nerves (al-aʿṣāb) and activates 
movement (al-ḥaraka) and sense (al-ḥiss) in the body. 
Physicians and philosophers, who are praised for vivisection 
practice, claimed that there are two cavities (tajwīfān) in the 
heart, one of them on the right side (jānib al-ayman) and the 
other on the left side (jānib al-aysar). In these two cavities, 
there are blood (dam) and spirit (rūḥ), and in the right cavity, 
the blood is more than spirit, and in the left cavity, the spirit 
is more than blood. Two vessels emerge from the cavity, 
which is on the left side, one of these two vessels ends in 
the lung (al-riʾa), and the heart breathes through it, because 
the heart contracts and dilates, and with its dilatation and 
contraction, the pulse (al-nabḍ) occurs in the rest of the body. 
Therefore, the pulse is indicative of natural conditions of 
the heart, which are regular, uniform, and different, which 
differs for a reason that affects the heart in itself or from some 
of its neighbouring organs. So, when the heart dilates, by 
that vessel, it draws something of the air, which arrives at 
the lungs by breathing, in order to fan the innate heat (al-
ḥarara al-gharīziyya), which is in the heart, and it becomes 
a substance for the spirit, which is in its cavities, and when 
the heart contracts, it pushes the smoky vapours, which are 
generated in the heart from the heat of fire that is in it, to 
the lungs through this [vessel], and the lungs drive them out 
of the body, and this vessel is known as the venous artery 
(al-shiryānī al-warīdī) and is called by this name because 
its shape is a vein and its action is an artery. The other 
vessel is called the aortic vessel (al-ʿirq al-abhar), and it is 
divided into two parts at its origin from the heart, one of them 
rises to the top of the body, and branches come out of it from 
the chest to the ends of the head, and through these branches, 
life arises in the human body. And the other one descends to 
the bottom of the body to the ends of the feet, and branches 
come out it, through these branches, life arises in the lower 
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part of the human body. And the divisional branches of these 
vessels, which are scattered throughout the rest of the body, 
are called arteries (al-shiryānāt), and they are the proximate 
cause of the life in the human body when it conveys to each 
member of the body from the spirit that is in the cavity of 
the heart, which is on its left side [6].”

In the light of the obtained information, we thought that the 
reason for this difference between the claims of the article’s 
authors and the information in the Arabic texts we reached may 
be the author’s translation error or a Persian translation error 
used by the authors. For this reason, we have reached the book 
used as a source by the authors, which was published by Bahrām 
Zāhdī [13] after being analysed and translated. There is a Persian 
translation of Qusṭā b. Lūqā’s work along with its Arabic in the 
aforementioned book. Although the information in the book’s 
Arabic text is the same as in the other Arabic texts, we noticed 
that the Persian text translation was different from the Arabic 
text, and it was an incorrect translation:

“A Word About the Spirit – The spirit is a subtle body, and 
spreads from the heart to the arteries (shiryānāt) in the human 
body, and life, breathing and pulse are affected by it. The part 
of the spirit that spreads from the brain to the nerves provides 
movement and sensation. Physicians and philosophers who 
are competent in the dissection of living things have said 
(claimed): There are two cavities (khufra) in the heart. One 
of them is on the right side and the other is on the left side, 
and blood (dam) and spirit (rūḥ) are in these two cavities. 
In the right cavity, there is more blood than the spirit, and 
in the left ventricle, the spirit is more than blood, and from 
the right ventricle, two vessels emerge (originate). One of 
them goes to the lungs, through which the heart breathes, 
and so heart contracts and expands, and as it expands and 
contracts, the pulse (nabż) occurs in other parts of the body, 
and therefore, in its best natural state, the heart is usually in 
a stationary state (sobriety, uniformity) and differentiation 
occurs due to damage to the heart and its adjacent organs. 
So when the heart expands, it absorbs something from the air 
through that vessel connected to the lungs [and] by breathing, 
[the air] returns to the lungs to cool (fanning) the innate heat 
(ḥararat-i gharīzī). For the spirit that is [in the heart]... (The 
text is disconnected-Persian translator’s note). When the 
heart contracts, [because of this contraction], the heart rises 
a little towards the lungs, thus the lungs remove the smoky 
vapours caused by the intense heat in the heart from the 
body. This vessel [which is a tool for the lung to perform this 

process] is known as the venous artery (shiryān-i warīdī) and 
is called by this name, because its shape is the shape of the 
vein, its action is the action of the artery. The other vessel 
is called the aortic vessel (shāh-rag/ʿırq al-abhar) and is 
divided into two parts from the very beginning in the heart. 
One of them moves to the upper parts of the body, and from 
it, some branches depart from the chest to the upper part of 
the head, so that life occurs in that part of the human body. 
The other part descends towards the lower part of the body, 
and this vessel is divided into branches and provides life to 
the lower part of the human body. The various branches of 
these kinds of vessels, which are scattered in various parts 
of the body, are also called arteries (shiryānāt). This is the 
proximate cause of the vitality of the human body. In this 
way, it provides the spirit, which is in the left cavity of the 
heart, for all organs of the body (….) [13]”

In the Latin translation of John of Seville, a similar mistranslation 
is found, among the works we studied. Judith Wilcox, who 
prepared a thesis on the work based on the aforementioned Latin 
text, also states that this translation is incorrect and makes her 
explanation of the English translation in her thesis in the 7th 
footnote:

“Spiritus is a certain subtle body which in the human body 
arises from the heart and is borne in assuirenet, that is, in the 
pulsing veins, for the vivification of the body, and it effects 
life, the breath and the pulse; and similarly it arises from the 
brain into the nerves and effects sense and motion. And some 
praiseworthy physicians and natural philosophers who were 
experienced in performing surgery on living bodies thought 
regarding this that there are two ventricles or cavities in the 
heart, one in its right part and the other in the left; and in 
these two ventricles are contained blood and spiritus, but 
in the right ventricle there is more blood than spirit, and 
in the left there is more spirit than blood. And two veins 
grow out from the right7 ventricle, one of which leads to 
the lung, and the breath of the heart is made by it. For the 
heart is contracted and extended, and by its extension and 
contraction the pulse is created throughout the whole body 
and therefore the pulse shows the state of the heart, that is, its 
own passions, regular as well as irregular, and foreign which 
occur on account of various difficulties of the heart which 
happens to it in itself or through some member near it. So 
when the heart extends, it draws in from the lung through the 
aforementioned vein part of the air which has been taken into 
the lung by breathing to cool the natural heat which is in it, 
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to be the nutriment or sustenance of that same spiritus which 
is contained in its ventricles. When the heart is contracted, it 
drives through that vein to the lung whatever is produced in it 
of smoky vapors and it expels them from the fiery heat which 
is in it, and the lung sends them out of the body, and this vein 
is called the “pulsing” one. The other vein is called by the 
Arabs alabhar, and this vein, at the very place from which it 
arises from the heart, is divided into two parts, one of which 
ascends upwards in the body; out of it from the chest to the 
top of the head proceed branches from which this part of the 
body is vivified; and the other part, leading downwards in the 
body, descends to the farthest extremities of the body to the 
feet, and from it proceed branches by which the lower part 
of the human body is vivified. And branches from each part 
of the aforesaid veins which are distributed throughout the 
rest of the body are called surienet, that is “pulsing”, and this 
is the immediate cause of life in the human body, because 
through this it carries to each member some of the spirit 
which is in the left ventricle of the heart [12].” 
“7This is an error. The Arabic has “left” ventricle, as the 
context further on clearly verifies [12].”

On the other hand, in the introduction to the treatise, Qusṭā b. 
Lūqā clearly states the sources he used for this treatise, which 
he wrote to explain the difference between spirit and soul. When 
we consider the writers from whom Qusṭā b. Lūqā has benefited, 
for on the soul, he cites Plato’s Phaedo [Bādan] and Timaeus 
[Ṭīmāūs], and Aristotle’s and Theophrastus’s On the Soul [Fī 
al-nafs], and on the spirit, he cites Galen’s On the Doctrines 
of Hippocrates and Plato [Fī ittifāq ārāʾ Buqrāṭ wa Falāṭūn], 
On Anatomical Procedures [ʿAmal al-tashrīḥ], and On the 
Usefulness of the Parts of the Body [Fī manafiʿ al-aʿḍāʾ] [6,13]:

“You inquired, may God honor you, about the difference 
between the spirit and the soul, and what the ancients 
said about it. I have drawn for you sentences on this that I 
extracted from Plato’s book called Phaedo [Bādan], from 
his book called Timaeus [Ṭīmāūs], from Aristotle’s and 
Theophrastus’s book On the Soul [Fī al-nafs], from Galen’s 
book On the Doctrines of Hippocrates and Plato [Fī ittifāq 
ārāʾ Buqrāṭ wa Falāṭūn], and from his book On Anatomical 
Procedures [ʿAmal al-tashrīḥ] and On the Usefulness of the 
Parts of the Body [Fī manafiʿ al-aʿḍāʾ] [6].”

Indeed, explanations about the issues reported by Qusṭā b. Lūqā 
are found in detail in the mentioned works of Galenus [14-16]. 
Regarding the pulmonary artery and pulmonary vein, an example 

of these is given below:
“I follow what I take to be the better view of those who 
call the vessel springing from the left ventricle of the heart 
‘venous artery’ [pulmonary vein] and that springing from the 
right ventricle ‘arterial vein’ [pulmonary artery]. I think it 
preferable (since we cannot distinguish them clearly by the 
pulse) to call the vessel containing pneuma an ‘artery’ but, 
since it has the covering of a vein, to add ‘venous.’ So to the 
other I give the name of ‘vein’ from its function, but since its 
substance is that of an artery, I add ‘arterial’ [14].”

CONCLUSION
In his work, Qusṭā b. Lūqā did not give any information about 
pulmonary circulation, as claimed by the authors. Also, taking 
into consideration the sources he used, it seems difficult to say 
that Qusṭā b. Lūqā might have benefited from Persian sources. 
It is seen that while Qusṭā b. Lūqā was writing his article, he 
carried into his work the accepted Galenic views of that period 
and shared them openly. In this respect, based on the sources 
we have used, it is possible to consider the interpretations made 
by article’s authors regarding the pulmonary circulation, without 
mentioning the sources used by Qusṭā b. Lūqā, as extreme 
interpretations. 
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ABSTRACT
Objective: The Activity Questionnaire for Adults and Adolescents (AQuAA) is used to evaluate 
physical activity (PA) levels in different age groups. Its validity and reliability in the Turkish 
language have not been studied yet. This study aims to adapt the AQuAA into Turkish and to 
investigate its validity and reliability.
Methods: A total of 124 volunteers were included in the study. After the Turkish adaptation of 
AQuAA, the AQuAA-Tr version was administered to the volunteers for test-retest reliability 
twice, with an interval of two weeks, and the International Physical Activity Questionnaire Short 
Form (IPAQ-SF) for criterion validity. For construct validity, the step counts of the volunteers 
were followed for two weeks with the Samsung Health® smartphone pedometer application. 
The reliability of the AQuAA-Tr was evaluated with intra-class correlation coefficients (ICC). 
Spearman correlation coefficients (r) were used to analyze the relationships between continuous 
variables.
Results: A total of 72 adolescents (51 females and 21 males, mean age 14.5 ± 0.1 years) and 52 
young adults (32 females and 20 males, mean age 25.8 ± 1.3 years) participated in the test-retest 
reliability and criterion validity study. Thirty-four adolescents (26 female, 8 male, mean age 14.7 
± 0.2 years) and 39 young adults (27 female, 12 male, mean age 25.6 ± 1.5 years) were included in 
the construct validity study. The test-retest reliability of the questionnaire was in the range of strong 
to very strong (ICC = 0.704 to 0.982) in adolescents and moderate to strong (ICC = 0.606 to 0.851) 
in adults for different levels of PA. In the context of the criterion validity, although there were 
moderate to strong correlations (r = 0.413 to 0.768) between some PA levels of the IPAQ-SF and 
AQuAA-Tr in adolescents and moderate correlations (r = 0.422 to 0.525) in adults, the correlations 
were mostly weak or negligible. In relation to construct validity, although there were moderate 
correlations (r = 0.435 to 0.504) between the Samsung Health® data and some PA levels of the 
AQuAA-Tr in adults, the correlations were mostly weak or negligible. There were no correlations 
between the Samsung Health® data and AQuAA-Tr in adolescents.
Conclusion: The reliability of the AQuAA-Tr was confirmed in both adolescents and adults. 
However, the criterion and construct validity of the AQuAA-Tr were not confirmed for either 
adolescents or adults. Introducing a PA questionnaire, which can provide detailed information 
about sedentary, light, moderate, and vigorous PA scores separately and total PA scores and allows 
the evaluation of PA in different categories, into our language is considered beneficial. Yet, the 
results of AQuAA-Tr should be interpreted carefully in the clinic.

Keywords: Physical Activity, Surveys and Questionnaires, Adult, Adolescent, Turkish People.
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Main Points;

•	 The Turkish version of the Activity Questionnaire for 
Adults and Adolescents is a reliable physical activity 
questionnaire in both adolescents and adults.

•	 This is the first cross-cultural adaptation study of the 
Activity Questionnaire for Adults and Adolescents.

•	 This is the first study to evaluate the criterion validity of 
the Activity Questionnaire for Adults and Adolescents.

INTRODUCTION
Evidence regarding the risks of a sedentary lifestyle and the 
gains of regular physical activity (PA) on health outcomes is now 
well known [1]. With the increase in people’s PA levels, there 
is a significant decrease in the risk of diabetes mellitus (DM), 
stroke, cancer (especially breast and colon), and heart disease 
[2]. PA assessment is important in terms of understanding the 
relationships between PA and health, as well as assessing the 
effectiveness of PA interventions [3]. PA questionnaires are 
the most frequently used assessment tools for epidemiological, 
cross-sectional, surveillance, and behaviour change studies on 
PA [4]. They are used to define the types and components of PA 
behaviours and are conducted as self-report tools or interviews 
[5].

Current evidence supports the findings that a sedentary lifestyle 
is associated with all-cause death, metabolic syndrome, 
cardiovascular disease, and type 2 DM [6, 7]. For this reason, 
the assessment of the time spent on certain sedentary lifestyle 
behaviours is also important within the scope of PA evaluation. 
However, very few PA questionnaires focus on sedentary lifestyle 
behaviour [8]. In addition, PA questionnaires are often designed 
for specific age groups, and therefore the main shortcoming of 
these questionnaires is that they do not allow comparison of PA 
levels across age groups [9]. Accordingly, there is a need for a PA 
questionnaire that can predict sedentary behaviours in a standard 
way as well as PA that can be used in dissimilar age groups.

The AQuAA is a PA questionnaire that provides data about the 
same PA variables in both adolescent and adult age groups. The 
aim of the AQuAA is to evaluate total and light, moderate, and 
vigorous PA as well as sedentary behaviours in both adolescents 
and adults [9]. This questionnaire is now widely used in the 
Netherlands to observe national trends in PA among young people 
or to evaluate PA interventions [10]. In Türkiye, the International 
Physical Activity Questionnaire (IPAQ) and its versions are 

widely used to evaluate PA in adults. However, as far as we know, 
there is no valid and reliable questionnaire used to evaluate PA, 
especially in adolescents. The validity and responsiveness of 
the AQuAA in overweight and obese pregnant women [11] and 
its psychometric properties in cancer patients [12] have already 
been studied. However, its validity and reliability in Turkish-
speaking people have not yet been studied. 

The aim of our study is to adapt the AQuAA, which was 
developed to evaluate the PA levels and effectiveness of 
interventions to increase PA in different age groups, into Turkish 
and to investigate its validity and reliability.

MATERIALS AND METHODS
Procedures
Before the study was initiated, necessary permission was 
obtained from the researchers who developed the AQuAA to 
adapt the questionnaire into Turkish and to investigate its validity 
and reliability, via e-mail. The study was carried out in Burdur/
Türkiye between December 2017 and June 2019. The approval 
of the Burdur Mehmet Akif Ersoy University Non-Interventional 
Clinical Research Ethics Committee was obtained for the study 
(date: 07.02.2018, decision number: GO 2017/28). Informed 
consent of all individuals [parents of adolescents (because 
adolescents are under 18 years of age)] included in the study 
was obtained. In this study, first, the AQuAA was adapted into 
Turkish, and then its Turkish version (AQuAA-Tr) was applied 
to adolescents and adults and its validity and reliability were 
investigated.

Translation
The adaptation of the AQuAA into Turkish was performed 
according to a protocol recommended by the American 
Academy of Orthopaedic Surgeons (AAOS) for cross-cultural 
adaptation studies [13]. The questionnaire was first translated 
from the source language (English) into the target language 
(Turkish) by independent translators, whose mother tongue 
was the target language, who were bilingual, and who were 
unaware of the concepts examined in the assessment tool being 
adapted. A common translation was produced by analyzing the 
expressions that were difficult to understand and uncertainties 
of the questionnaire by a board of translators and an observer 
recording the process. In the next step, the Turkish version of the 
questionnaire was translated back into English by a translator who 
was completely blind to the original version of the questionnaire, 
was unaware of the concepts examined in the measurement tool, 
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did not have expertise in medicine, and was fluent in Turkish 
and a native speaker of English. No discrepancies or differences 
were found between the translations. Along with the original 
questionnaire, the materials produced during the translation 
phase were reviewed by a committee of experts involving 
academics, health professionals, and translators. The pre-final 
version of the questionnaire was administered to 10 volunteers as 
a pre-test. The final version of the questionnaire was created by 
interviewing the individuals who took the pre-test and replacing 
the difficult-to-understand expressions in the target language 
with more culturally appropriate ones.

Participants
As a general rule, a sample size of at least 50 subjects is acceptable 
for studies on the evaluation of the validity and reliability 
of measurement tools [14]. In sample selection, a weighted 
stratified sampling method was used, considering the gender and 
age distribution of the people in the institutions included in the 
study. We aimed to include 50 adolescents (volunteers among 
the students of Burdur/Merkez Mehmet Uzal Social Sciences 
High School and Suna Uzal Middle School) and 50 adults 
(volunteers among the staff and students of Burdur Mehmet Akif 
Ersoy University Burdur Health Services Vocational School and 
Faculty of Education) in this study. The voluntary individuals 
who did not have a physical disability or disease that limited their 
daily activities were included. Individuals with musculoskeletal 
problems that could change their PA habits, cardiorespiratory 
problems, and diabetes mellitus were excluded from the study. 
The test-retest reliability and criterion validity study was 
completed with 124 (72 adolescents, 52 adults) individuals, 
and the construct validity study was completed with 73 (34 
adolescents, 39 adults) individuals. As a result of the study, a 
power value of 60% (r=0.219) was obtained for the correlation 
coefficient between total scores in adolescents and a power value 
of 72% (r=0.299) in adults.

Measurements
Sociodemographic information of all the individuals included 
in the study was recorded. For the test-retest reliability study, 
the AQuAA-Tr was administered to 72 adolescent and 52 adult 
individuals twice, with a two-week interval (the two-week 
time interval between the administrations was deemed long 
enough to prevent recall and short enough to avoid changes in 
the measured property). For the criterion validity study of the 
AQuAA-Tr, the IPAQ-SF was administered to 72 adolescent 
and 52 adult individuals. The relationships between sedentary, 

light, moderate, vigorous, and total activity scores obtained 
from the AQuAA-Tr and walking, moderate, vigorous, and total 
activity scores obtained from the IPAQ-SF were examined. For 
the construct validity study of the AQuAA-Tr, the step count 
data of 34 adolescent and 39 adult individuals was followed for 
two weeks on the smartphone pedometer application (Samsung 
Health®). The relationships between step counts obtained from 
Samsung Health® and sedentary, light, moderate, vigorous, and 
total activity scores obtained from the AQuAA-Tr were examined. 
Adolescents completed the questionnaires with their classmates 
under the supervision of a teacher and a physiotherapist in the 
classroom, while adults completed the questionnaires under the 
supervision of a physiotherapist. After the questionnaires were 
filled out, they were checked by a physiotherapist.

The Activity Questionnaire for Adults and Adolescents (AQuAA): 
The AQuAA is a PA questionnaire that measures both PA and 
sedentary behaviour, can be self-reported by adolescents and 
young adults, and is adequate for evaluating changes over short 
periods of time. It includes questions about different intensities 
of physical activities (light intensity, moderate intensity, 
and vigorous intensity) and examples of sedentary lifestyle 
behaviours and age-specific activities. Table 1 shows the cut-off 
values for activities of different intensities. Physical activities in 
the AQuAA are divided into five categories: commuting, work or 
school, household, leisure time, and active sports activities. For 
each activity, the duration, frequency, and perceived intensity are 
questioned. The AQuAA was developed by Chinapaw et al. [9].

The International Physical Activity Questionnaire Short Form 
(IPAQ-SF): The IPAQ was developed by a group of experts in 
1998 to facilitate PA surveillance [15]. It has become the most 
widely used PA questionnaire today [16, 17] and has a long form 
(IPAQ-LF) and a short form (IPAQ-SF). The IPAQ-SF consists 
of seven questions about varying degrees of PA and sedentary 
behaviour within the past week. It allows the classification of 
a person’s PA level in terms of MET*minute/week as walking, 
moderate, vigorous, and total. The Turkish validity and reliability 
study of this questionnaire was conducted by Sağlam et al. [18].

Step Count Tracking on the Smartphone Pedometer Application: 
Nolan et al. [19] reported that an iPhone®/iPod Touch® can 
assess movements with similar accuracy to other accelerometer-
based tools. In addition, Manohar et al. [20] reported that a 
smartphone with an accelerometer is an accurate and reliable tool 
for assessing PA in a laboratory setting. In this context, Johnson 
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et al. [21] reported that the smartphone pedometer application 
(Samsung Health®) accurately measures steps in young adults 
during walking, regardless of where the smartphone is placed 
in the body. For this reason, we used the Samsung Health® 
smartphone pedometer application to evaluate the construct 
validity of the AQuAA-Tr. For step count tracking on the 
smartphone pedometer application, the participants were assisted 
to download and install a free pedometer application, Samsung 
Health®, on their smartphones. For two weeks in a row, the 
participants were instructed to carry the same smartphone in 
their pocket from soon after waking up until they fell asleep at 
the end of the day (except when taking a shower). In addition, 
the participants were taught how to see the total number of 
steps at the end of each day on the application, how to reset the 
counter, and how to record the data on the registration form. The 
application recorded the number of steps taken a day by the study 
participants for two weeks. Table 1 shows the cut-off values for 
activities of different intensities.

Table 1. Cut-off values for activities of different intensities [9].

Activity 
Intensity

Adolescents (< 18 year) Adults  (≥ 18 year)

MET 
Range

Step Count
MET 
Range

Step Count

Sedentary 
Activity

< 2 < 699 < 2 < 699

Light 
Activity

2 - 5 700 - 4478 2 - 4 700 - 3220

Moderate 
Activity

5 - 8 4479 - 8252 4 - 6.5 3221 - 6365

Vigorous 
Activity

≥ 8 ≥ 8253 ≥ 6.5 ≥ 6366

MET: metabolic equivalent

Statistical Analysis
The statistical significance level was set at p≤0.05, and the 
Statistical Package of Social Sciences, version 24 for Windows 
(SPSS Inc, Chicago, Illinois, USA) program was used for 
data analysis. Continuous variables were expressed as mean ± 
standard deviation and categorical variables were presented 
using frequencies (n) and percentages (%). The reliability of 
the questionnaire was evaluated with intra-class correlation 
coefficients (ICC). The assumption of normal distribution was 
examined with the Shapiro Wilk test when the number of data 

was below 50 and with the Kolmogorov Smirnov test when 
the number of data was 50 and above. Spearman correlation 
coefficients (r) were used to analyze the relationships between 
continuous variables. The coefficients were interpreted as 
follows: 0.00-0.09, negligible; 0.10-0.39, weak; 0.40-0.69, 
moderate; 0.70-0.89, strong; 0.90-1.00, very strong [22].

RESULTS
Test-Retest Reliability Study
The AQuAA-Tr was administered to 72 adolescents [51 women 
(%70.8) and 21 men (%29.2) with a mean age of 14.5 ± 0.1 
years] and 52 young adults [32 women (%61.5) and 20 men 
(%38.5) with a mean age of 25.8 ± 1.3 years] twice, two weeks 
apart, for the test-retest reliability. In adolescents, ICC was 0.982 
for vigorous activity scores and ranged from 0.704 to 0.826 for 
sedentary, light, moderate, and total activity scores. In addition, 
it was found that the highest agreement was in vigorous activity 
scores, whereas the lowest agreement was in light activity scores 
in adolescents. In adults, ICC ranged from 0.709 to 0.851 for 
sedentary, light, vigorous, and total activity scores, and was 
0.606 for moderate activity scores. In addition, it was found that 
the highest agreement was in vigorous activity scores, while 
the lowest agreement was in moderate activity scores in adults. 
Table 2 shows the AQuAA-Tr scores on the first and second tests 
(MET*min/week for activities of different intensities) and ICCs.

Criterion Validity Study
For the criterion validity study of the AQuAA-Tr, the IPAQ-SF 
was administered to 72 adolescents (51 women and 21 men with 
a mean age of 14.5 ± 0.1 years) and 52 young adults (32 women 
and 20 men with a mean age of 25.8 ± 1.3 years). A moderate 
correlation (Spearman Correlation coefficients (r)=0.413, 0.471, 
0.500 and 0.660, respectively) was found between the sedentary, 
light, moderate, and vigorous activity scores of the AQuAA-
Tr and vigorous activity scores of the IPAQ-SF in adolescents. 
However, a strong (r=0.768) correlation was found between the 
total PA scores of the AQuAA-Tr and the vigorous activity scores 
of the IPAQ-SF. Other correlations were weak or negligible. A 
moderate correlation (r=0.525, 0.423, respectively) was found 
between the light and total activity scores of the AQuAA-Tr and 
walking activity scores of the IPAQ-SF in adults. However, a 
moderate (r=0.42) correlation was found between the vigorous 
activity scores of the AQuAA-Tr and the vigorous activity scores 
of the IPAQ-SF. Other correlations were weak or negligible. 
Table 3 shows the correlations between the AQuAA-Tr and the 
IPAQ-SF.
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Table 2. Test-retest correlations (ICCs) of the AQuAA-Tr scores for adolescents and adults

Adolescent (n=72)

Test 1 (test) Test 2 (re-test)
ICC %95 C.I. for ICC 

Mean ± SD Med (Min - Max) Mean ± SD Med (Min - Max)

Sedentary Activities 
(MET*min/week)

5274.05 ± 
3321.41

5094 (0 - 15261)
5612.45 ± 
3849.61

4917 (0 - 18257.2) 0.772 0.635 – 0.857

Light Activities 
(MET*min/week)

5874.58 ± 
6370.37

3872 (315 - 
28762.5)

5531.94 ± 
6205.85

3351.75 (350 - 
31692)

0.704 0.526 – 0.815

Moderate Activities 
(MET*min/week)

2655.54 ± 
4589.28

810 (0 - 21420)
2649.43 ± 
3876.34

967.5 (0 - 18361) 0.731 0.57 – 0.832

Vigorous Activities 
(MET*min/week)

2668.39 ± 
3750.38

1160 (0 - 23200)
2716.39 ± 

3831.2
1200 (0 - 23912) 0.982 0.972 – 0.989

Total AQuAA-T Score 
(MET*min/week)

16472.56 ± 
12622.51

13587 (2440 - 
58954.5)

16510.21 ± 
13505.36

11962.25 (2257.5 - 
72451.9)

0.826 0.721 – 0.891

Adult (n=52)
Test 1 (test) Test 2 (re-test)

ICC %95 C.I. for ICC
Mean ± SD Med (Min - Max) Mean ± SD Med (Min - Max)

Sedentary Activities 
(MET*min/week)

5738.08 ± 
3495.78

4920 (990 - 15990)
5510.73 ± 
3120.93

5385.75 (660 - 
12990)

0.709 0.493 – 0.833

Light Activities 
(MET*min/week)

5234.52 ± 
4512.53

4168.5 (105 - 
22312.5)

5517.06 ± 
3843.69

4960.5 (306.5 - 
18135)

0.752 0.569 – 0.858

Moderate Activities 
(MET*min/week)

1262.88 ± 
3216.62

0 (0 - 20280)
774.62 ± 
1294.93

150 (0 - 5040) 0.606 0.314 – 0.774

Vigorous Activities 
(MET*min/week)

937.4 ± 1212.35 480 (0 - 4800)
927.65 ± 
1068.06

705 (0 - 3840) 0.851 0.741 – 0.915

Total AQuAA-T Score 
(MET*min/week)

13172.88 ± 
9008.99

10706.25 (2715 - 
53002.5)

12730.06 ± 
6770.2

11922.75 (966.5 - 
31989)

0.75 0.565 – 0.857

SD: standart deviation, Med (Min - Max): median (minimum - maximum), MET*min: metabolic equivalent*minute, ICC: intraclass correlation 
coefficient; C.I: Confidence Interval

Table 3. Spearman’s rank-correlation coefficients between the AQuAA-Tr and the IPAQ-SF for adolescents and adults

Adolescent (n=72)
  IPAQ-SF 

Walking Activities
IPAQ-SF 

Moderate Activities
IPAQ-SF 

Vigorous Activities
IPAQ-SF 

Total Score
AQuAA-Tr 
Sedentary Activities

r 0.172 0.250 0.413* 0.304*

p 0.151 0.182 0.045 0.009
AQuAA-Tr 
Light Activities

r 0.150 0.024 0.471* 0.172
p 0.211 0.900 0.020 0.149

AQuAA-Tr 
Moderate Activities

r 0.060 0.117 0.500* 0.223
p 0.617 0.537 0.013 0.059

AQuAA-Tr 
Vigorous Activities

r -0.036 -0.018 0.660* 0.115
p 0.763 0.926 0.000 0.337

AQuAA-Tr 
Total Score

r 0.103 0.036 0.768* 0.219
p 0.391 0.851 0.000 0.064

Adult (n=52)
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Construct Validity Study
For the construct validity study of the AQuAA-Tr, step counts 
were followed for two weeks in 34 adolescents (26 women 
and 8 men, with a mean age of 14.7 ± 0.2 years) and 39 young 
adults (27 women and 12 men, with a mean age of 25.6 ± 1.5 
years) with Samsung Health® mobile application. In adolescents, 
correlations between activity scores of the AQuAA-Tr and step 
counts measured on Samsung Health® applications were weak 
or negligible. A moderate (r=0.504) correlation was found 
between the light activity scores of the AQuAA-Tr and step 
counts measured on Samsung Health® applications in adults. 
Other correlations were weak or negligible. Table 4 shows the 
correlations between the AQuAA-Tr and data from the Samsung 
Health® application.

Table 4. Spearman’s rank-correlation coefficients between the 
AQuAA-Tr and the Samsung Health® for adolescents and adults
  Adolescent 

(n=34)
Adult 
(n=39)

AQuAA-Tr 
Sedentary Activities

r -0.002 0.348*

p 0.990 0.030
AQuAA-Tr 
Light Activities

r 0.093 0.504*

p 0.600 0.001
AQuAA-Tr 
Moderate Activities

r -0.149 -0.009
p 0.400 0.955

AQuAA-Tr 
Vigorous Activities

r -0.144 0.011
p 0.417 0.948

AQuAA-Tr 
Total Score

r -0.061 0.435*

p 0.730 0.006

r: Spearman’s rank correlation coefficient, 
* significant correlation

DISCUSSION
In this study, the test-retest reliability, criterion validity, and 
construct validity of the AQuAA-Tr, which was created by 
applying the protocol recommended by AAOS for cross-cultural 
adaptation studies, were investigated.

As a result of our study, the Turkish version of the AQuAA 
(AQuAA-Tr), which is a PA questionnaire that allows collecting 
information about PA from both adolescent and adult age 
groups, was introduced into our language. However, while the 
reliability of the AQuAA-Tr was confirmed in both adolescents 
and adults, its criterion and construct validity was not confirmed 
in either adolescents or adults. We think that introducing a PA 
questionnaire, which can provide detailed information about 
sedentary, light, moderate and vigorous PA separately and total 
PA and allows the evaluation of PA in different categories, into 
our language will be useful for clinical and research environments 
related to PA.

Test-Retest Reliability
In the current study, the test-retest reliability of the AQuAA-Tr 
ranged from very strong to strong in adolescents and moderate 
to strong in adults. Chinapaw et al. [9] reported fair to moderate 
test-retest reliability in their study, in which they administered the 
AQuAA to healthy adolescent and adult individuals twice, with 
an interval of two weeks. Liu et al. [12] reported good to excellent 
test-retest reliability in their study, in which they administered 
the same questionnaire to cancer patients twice, with an interval 
of five days. The test-retest reliability findings of the AQuAA-Tr 
in the current study seem to be consistent with those of previous 

  IPAQ-SF 
Walking Activities

IPAQ-SF 
Moderate Activities

IPAQ-SF 
Vigorous Activities

IPAQ-SF 
Total Score

AQuAA-Tr 
Sedentary Activities

r 0.248 -0.084 0.070 0.148
p 0.082 0.719 0.763 0.294

AQuAA-Tr 
Light Activities

r 0.525* -0.306 -0.362 0.315*

p 0.000 0.178 0.107 0.023
AQuAA-Tr 
Moderate Activities

r 0.043 0.057 0.019 0.069
p 0.766 0.807 0.934 0.629

AQuAA-Tr 
Vigorous Activities

r 0.151 -0.262 0.422* 0.290*

p 0.297 0.252 0.05 0.037
AQuAA-Tr 
Total Score

r 0.423* -0.294 -0.143 0.299*

p 0.002 0.196 0.536 0.031

r: Spearman’s rank correlation coefficient, * significant correlation
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studies but slightly higher. The highest reliability findings of the 
AQuAA-Tr were observed for the scores of vigorous activities 
in both adolescents and adults. One reason for this may be that 
people can remember the vigorous activities they did during 
the last week more easily than sedentary, light, and moderate 
activities. Another reason may be that people with vigorous 
activity levels have more regular PA habits than those with 
sedentary, light, and moderate activity levels, and accordingly, 
their awareness of PA behaviours is higher.

Criterion Validity
During the development stage of the AQuAA, no criterion 
validity study was conducted on the grounds that there was no 
gold standard method for assessing the criterion validity of PA 
questionnaires [9]. However, no studies on the evaluation of 
the criterion validity of the AQuAA were found. Therefore, our 
study is thought to be the first to evaluate the criterion validity 
of the AQuAA. In the current study, the criterion validity of the 
AQuAA-Tr was generally weak and negligible in both adolescents 
and adults although some moderate and strong correlations were 
found. Therefore, the criterion validity of the AQuAA-Tr could 
not be verified. There is no consensus in the literature on defining 
PA intensity and classifying PA levels. While there are researchers 
[23] who divide PA levels into four categories (sedentary, light, 
moderate, and vigorous), there are also those [24] who divide 
them into five categories (very light, light, moderate, vigorous, 
and very vigorous). While the AQuAA is used to examine PA 
levels in four categories [9], IPAQ-SF, which we used to evaluate 
the criterion validity of the AQuAA-Tr in our study, is utilized 
to examine PA levels in three categories [15]. This situation 
makes it difficult to compare instruments used to assess PA with 
each other and may be the reason for the weak and negligible 
criterion validity between the AQuAA-Tr and the IPAQ-SF. On 
the other hand, moderate correlations were found between the 
vigorous activity scores of the AQuAA-Tr and the IPAQ-SF in 
both adolescents and adults. Therefore, it can be said that there is 
a correlation between the AQuAA-Tr and the IPAQ-SF in terms 
of the assessment of vigorous activities in both adolescents and 
adults. This may be due to the configured and usual nature of 
vigorous physical activities, which often consist of organized 
sports. Besides, in the current study, the highest correlations 
between the AQuAA-Tr and the IPAQ-SF were observed in the 
vigorous PA scores of IPAQ-SF in adolescents and in walking PA 
scores of the IPAQ-SF in adults. This suggests that the general 
tendency of individuals toward weekly physical activities is 
in favour of vigorous physical activities in adolescents and in 

favour of walking or light physical activities in adults. Therefore, 
when preparing PA programs, it will be useful to consider that the 
intensity preferences for weekly physical activities may differ 
between age groups (adolescent-adult).

Construct Validity
The construct validity of the AQuAA-Tr in the current study was 
generally weak and negligible in both adolescents and adults, 
although some moderate correlations were found in adults. 
Therefore, the construct validity of the questionnaire could not 
be verified. Chinapaw et al. [9] reported insignificant construct 
validity in their study, in which they evaluated the construct 
validity of the AQuAA in adolescents and adults by using step 
counts obtained from the ActiGraph accelerometer. Liu et al. 
[12] reported poor construct validity in their study, in which 
they evaluated the construct validity of the AQuAA in cancer 
patients by using the step counts obtained from the ActiGraph 
accelerometer. Oostdam et al. [11] reported poor construct validity 
in their study, in which they evaluated the construct validity of 
the AQuAA in overweight and obese pregnant women by using 
the step counts obtained from the ActiGraph® accelerometer. In 
their review, Sallis and Saelens [25] reported that the validity 
correlations of self-report PA questionnaires ranged from .07 to 
.88 in children and adolescents and from .14 to .36 in adults. For 
these reasons, it can be said that the construct validity findings 
of the AQuAA-Tr in our current study are similar to previous 
studies in which the construct validity of many PA questionnaires 
were examined along with the AQuAA. It was considered that 
the reason for the low correlation between the AQuAA-Tr and 
the data from the Samsung Health® application was that both 
age groups participating in the study might have had difficulty 
remembering the duration and perceived intensity of the physical 
activities they completed in the last seven days and that the 
perceived PA levels of the participants and their actual PA levels 
might have differed. Another reason for these results may be 
that the AQuAA-Tr and the Samsung Health® application do not 
focus on exactly the same parameters in terms of PA assessment. 
Therefore, in our study, while only information about the number 
of steps was obtained from the Samsung Health® application, the 
AQuAA-Tr was utilized to obtain information about different 
areas of PA and different PA intensities.

For future research, we recommend that studies with samples 
including a wider age range in both adolescents and adults 
should be conducted to have more insights into the validity of 
the AQuAA-Tr.
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Limitations
This study has several limitations. In the evaluation of the 
construct validity of the AQuAA-Tr, the number of steps was 
obtained from the Samsung Health® application not from the 
ActiGraph® accelerometer, as in the previous studies. Another 
limitation of our study is that the adults who participated in our 
study were mostly young adults, and adults from a wider age 
range could not be included in our study.

CONCLUSIONS
The AQuAA, which is used in many clinical settings and studies 
related to PA, was adapted to Turkish and its validity and 
reliability were examined. Introducing a PA questionnaire, which 
can provide detailed information about sedentary, light, moderate, 
and vigorous PA scores separately and total PA scores and allows 
the assessment of PA in different categories, into our language 
will be useful. In addition, considering that PA questionnaires 
that can be used to evaluate the PA levels of adolescents and 
young adults in our language are more limited than those used to 
assess other age groups, the AQuAA-Tr will contribute to studies 
conducted to increase the PA levels in children, adolescents, and 
young adults. However, the results of the AQuAA-Tr should be 
interpreted carefully in the clinic.
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ABSTRACT
Objective: In recent studies, the relationship between sacrum morphology and orientation and 
spondylolisthesis has gained importance. The present study aimed to compare the morphometry 
of the sacrum between patients with L5-S1 spondylolisthesis and healthy subjects on multidetector 
computed tomography (MDCT) images.
Methods: In this study, abdominopelvic MDCT images of 191 individuals (age range 20-92 years; 
101 males and 90 females; 56 patients diagnosed with L5-S1 spondylolisthesis and 135 healthy 
individuals) were retrospectively evaluated. In this study, the sacrum parameters (Intercornual 
distance (ICD), sacral hiatus length (LHS), anteroposterior diameter of hiatus at the apex of sacral 
hiatus(APCWHSA), sacral height (SH), sacral table angle (STA), sacral table index (STI), S1 
superior angle (S1A), sacral slope(SS)) evaluated morphometric and morphological in healthy 
individuals and patients with L5-S1 spondylolisthesis. Kolmogorov–Smirnov test was used to test 
the normality, which is one of the parametric test assumptions, of the data.
Results: Age parameter was found statistically significant higher in the patient group (p<0.001). 
STA, S1A, SH, LHS and APCWHSA measurements were found to be significantly higher in 
the healthy group. (p<0.001, p<0.001, p=.008, p=.005, and p=.002, respectively). STI and ICD 
were found to be significantly higher in women in the healthy group (p=.031, p=.010), while SH 
parameter was found statistically significant higher in men in the healthy group (p=.007). SS was 
found statistically significant lower in the healthy group (p<0.001). S1A, L5-S1 spondylolisthesis 
was found statistically significant higher than Grade 1, Grade 2 according to the degree of slippage 
(p=.045). 
Conclusion: The results of this study showed that sacral morphology is important in the development 
or at least progression of spondylolisthesis. 

Keywords: Morphology, multidetector computed tomography, L5-S1 spondylolisthesis, sacrum, 
spinopelvic
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Main Points:

•	 In people with L5-S1 spondylolisthesis, the morphology 
of the sacrum is disrupted and thus the sagittal balance of 
the spine is impaired.

•	 In this study, STA and S1A values were lower in people 
with spondylolisthesis and SS values were higher in 
people with spondylolisthesis. 

•	We think that STA, SS and S1A values are important in 
the development of spondylolisthesis and S1A value 
is effective in the progression of the disease.We think 
that low SH is an important factor for the development 
of spondylolisthesis, but it is not associated with the 
progression of the disease.

•	The SH value was found to be lower in people with 
spondylisthesis.

INTRODUCTION
The lumbar vertebrae in the sagittal plane should continue the 
row aligned with each vertebral body lower and upper vertebral 
body. In other words, the anterior-inferior endplate of the upper 
vertebral body should be aligned with the anterior-superior 
endplate of the lower vertebral body. Spondylolisthesis occurs 
when the upper vertebral body slips over the lower vertebral body, 
or there is an anterior subluxation. Many cases and symptoms are 
associated with chronic spondylolisthesis [1]. Spondylolisthesis 
begins to be seen over the age of 50 and many factors such as 
joint degeneration, spinal sagittal imbalance, excess weight, 
sedentary lifestyle and subsequent muscle weakness have been 
reported to affect the progression of Spondylolisthesis [2]. The 
sagittal spinal alignment is affected by various factors, including 
age, posture, spinal diseases, the pelvis, and the entire lower 
extremity. 

Previous studies have shown that sagittal spinal alignment is 
of great importance in treating degenerative spinal diseases 
and examining pathomechanisms [2,3]. In studies on the sacro-
pelvic morphology of L5-S1 spondylolisthesis, abnormal sacro-
pelvic morphology has been shown to cause deterioration of the 
global sagittal balance and sacro-pelvic orientation of the spinal 
cord. Studies have reported that findings related to sacro-pelvic 
morphology significantly influence the evaluation and treatment 
of patients with spondylolisthesis showing a high degree of 
slippage [4-6].

In our study, it was aimed to evaluate the relationship between 
multiple detector computed tomography (MDCT) images 
and the sacrum morphology of the patient group with L5-S1 
spondylolisthesis and to compare the sacro-pelvic anatomical 
parameters with the group of healthy individuals.

MATERIALS AND METHODS
The study was started with the decision taken by Selcuk 
University Ethics Committee with the date 23.08.2017 and 
number 2017/255. Informed Consent Form was obtained from 
the participants. MDCT images of a total of 191 cases (101 
males and 90 females), consisting of 56 patients diagnosed 
with L5-S1 spondylolisthesis and 135 healthy individuals by 
radiologists at the Department of Radiology, Selçuk University 
Faculty of Medicine, were included in the study. The data of the 
cases were obtained from retrospective abdominopelvic images 
obtained by MDCT with 128 slices of 1 mm slice thickness 
from the sacral region between 2010 and 2017. According to the 
cross-sectional study design, people who met the inclusion and 
exclusion criteria between 2010 and 2017 were included in our 
study. Abdominopelvic images of a total of 201 patients were 
evaluated.  

A total of 10 patients under 19 years of age (3 cases) and patients 
with outliers between observations (7 cases) were excluded. 
Patients diagnosed with spondylolisthesis at the lumbosacral 
level by radiologists in the MDCT reports were named as the 
patient group with L5-S1 spondylolisthesis, and the patients 
aged between 20 and 92 without sacral pathology were named 
as the healthy group. Patients with previous spinal surgery, 
trauma findings, lumbar scoliosis, osteoporosis, spinal metastatic 
or primary tumor, and severe congenital anomalies were not 
included in either group.The sacropelvic parameters used in the 
morphometric evaluation are the measurement parameters made 
in the literature and were made in the computer environment. 
These measurements were evaluated according to gender and 
age in healthy subjects and patients with spondylolisthesis.

Our study aimed to compare the age range (between 20-92 years) 
with the parameters examined while the cases were screened. 
Care was taken to ensure that the distribution of both genders 
was close to each other in the groups. In the group of healthy 
individuals, the gender distribution was close to each other, 
while in the group of patient individuals, the number of women 
was higher than the number of men.
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Measurements 
Grading of spondylolisthesis: In the group of patients with L5-
S1 spondylolisthesis, evaluation was made using the method that 
Meyerding staged according to the amount of vertebral slippage 
in patients with spondylolisthesis. Meyerding spondylolisthesis 
was divided into stages according to the percentage of slippage. 
According to the degree of Meyerding slip, grade 1 (0-25%) and 
grade 2 (26-50%) slip were detected in the spondylolisthesis 
group [7] (Figure 1). 

Figure 1. Spondylolisthesis slip value measurement on sagittal 
CT

Measurements of the Sacrum
Sacral table angle (STA): It is the angle between the line drawn 
along the sacral endplate and the line drawn along the posterior 
wall of the S1 vertebral corpus. Sacral table index (STI): It is 
the percentage of the anterior-posterior diameter of the superior 
endplate of the L5 vertebra to the maximum anterior-posterior 

diameter of the sacral endplate. S1 superior angle (S1A): It is the 
angle between the line drawn in the middle of the S1 vertebra 
and the perpendicular line drawn in the middle of the superior 
endplate of the S1 vertebra [8]. Sacral slope angle (sacral slope 
(SS)): It is the angle formed between the sacral endplate and the 
horizontal plane [9] (Figure 2).

Figure 2. A. STA measurement on sagittal CT, B. STI 
measurement on sagittal CT, C. S1A angle on sagittal CT, D. SS 
angle measurement on sagittal CT

Sacrum height (SH): It is the distance measurement between 
the promontorium and apex ossis sacri notes of the anterior os 
sacrum [10]. Anterior posterior canal width of hiatus sacralis 
apex (APCWHSA): It is the distance between the anterior wall 
and posterior wall of the hiatus apex [11]. Intercornual distance 
(ICD): It is the distance between the bilateral cornu sacrales at 
their apex [12] (Figure 3). 
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Figure 3. A. SH measurement on sagittal CT, B. APCWHSA 
measurement on axial CT, C. ICD measurement on axial CT

The length of the hiatus sacralis (LHS): It is the distance between 
the midpoint of the lower opening of the canalis sacralis and the 
midpoint of the part of the os sacrum that articulates with the os 
coccygis [13]. It was calculated by multiplying the number of 
sections between the first section where the hiatus sacralis begins 
(A) and the section at the level it ends (B) on the axial CT (Figure 
4). 

Figure 4. LHS measurement on axial CT. A. Hiatus sacralis 
starting place, B. Hiatus sacralis ending point.

Statistical Analysis
Statistical analysis was performed using the software IBM SPSS 
Statistics 21. Descriptive statistics were presented as minimum-
maximum, mean±standart deviation, median, 1. Quartile and 
3. Quartile. Kolmogorov–Smirnov test was used to test the 
normality, which is one of the parametric test assumptions, of the 
data. It was statistically accepted that the distribution of the data 
of age, STA, STI, SS, SH, APCWHSA, ICD distance variables 
for each group was in accordance with the normal distribution 
(p>0,05). In additioan, the distribution of S1A, LHS variables 
was not suitable with normal distribution (p<0.05). Independent 
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Samples T test was used to compare means of groups with 
normality and Mann-Whitney U test was used to compare 
groups with non-normality for all parameters. All analyses were 
evaluated at α=0.05 significance level (95% confidence level). 
p˂0.05 is statistically significant. 

RESULTS
Findings Related to Age Variable
The age value was found to be significantly higher in patient 
individuals (p<0.001) (Table 2). The age value was not statistically 
significant between the genders in the patient and healthy groups 
(p=.162, p=.625, respectively) (Table 1). When the age variable 
was analyzed according to the L5-S1 spondylolisthesis slippage 
grade, it was found to be higher in grade 2 than in grade 1, which 
was not statistically significant (p=.748) (Table 3).

Morphometric Findings of Os Sacrum
The mean values of STA and S1A of healthy individuals were 
determined as 94.8±7.24˚ and 12.39±4.75˚, respectively. The 

mean values of LHS, APCWHSA and SS in the healthy group were 
29.32±9.06 mm and 5.5±0.20 mm and 41.26±8.90˚, respectively. 
While STA, S1A, LHS, SH and APCWHSA parameters were 
found to be significantly higher in the healthy group (p<0.001, 
p<0.001, p=.005, p=.008 and p=.002, respevtively), SS value was 
found statistically significant lower in the healthy group (p=.000). 
While STI and ICD values were found to be significantly higher 
in the healthy group of women (p=.031, p=.010), SH value was 
found statistically significant higher in the healthy group of men 
(p=.007). Comparison of parameters between healthy and patient 
groups and between genders are presented in Table 2 and Table 3. 

The mean values of grade 1 and grade 2 of S1A were 6.41±4.45%, 
4.12±4.15%, respectively. When S1A, L5-S1 spondylolisthesis 
was examined according to the degree of slippage, grade 1 was 
found statistically significant higher than grade 2 (p=.045). No 
significant difference was detected between grade 1 and grade 2 
in all other measurements. Comparison of parameters according 
to grade 1 and grade 2 is presented in Table 3. 

Table 1. Comparison of age and sacrum parameters according to gender and healthy- spondylolisthesis group

Group Gender Min.-Max. Mean±SD Median p

AGE
Healthy

Female(n=65) 22-92 50,54±16,15 49,0
0,162

Male(n=70) 20-82 46,90±16,40 43,0

L5-S1 Spondylolisthesis
Female(n=36) 24-84 58,28±15,30 60,0

0,625
Male(n=20) 39-82 57,3±15,12 50,5

STA (°)
Healthy

Female(n=65) 79-109 94,38±7,05 95,0
0,523

Male(n=70) 80-120 95,19±7,44 95,0

L5-S1 Spondylolisthesis
Female(n=36) 76-104 88,69±7,24 88,0

0,588
Male(n=20) 73-101 87,60±7,11 86,0

STI (%)
Healthy

Female(n=65) 84-11,5 98±0,65 0,98
0,031*

Male(n=70) 81-10,8 96±0,59 0,96

L5-S1 Spondylolisthesis
Female(n=36) 85-12,1 99±0,92 0,99

0,246
Male(n=20) 88-10,9 97±0,63 0,97

S1A (°)
Healthy

Female(n=65) 2-24 12,92±4,50 13,0
0,152

Male(n=70) 1-24 11,89±4,95 11,0

L5-S1 Spondylolisthesis
Female(n=36) 0-16 5,78±4,86 4,5

0,712
Male(n=20) 0-14 5,6±3,72 5,0

SS (°)
Healthy

Female(n=65) 26-64 41,98±9,44 42,0
0,364

Male(n=70) 18-64 40,59±8,40 40,5

L5-S1 Spondylolisthesis
Female(n=36) 30-76 49,64±10,55 49,0

0,307
Male(n=20) 29-62 46,65±10,08 49,0
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SH (cm)
Healthy

Female(n=65) 7,84-12,85 10,80±1,12 10,78
0,007*

Male(n=70) 8,83-13,83 11,30±1,02 11,31

L5-S1 Spondylolisthesis
Female(n=36) 7,68-12,46 10,44±1,26 10,64

0,156
Male(n=20) 8,34-13,49 10,95±1,30 10,97

APCWHSA 
(cm)

Healthy
Female(n=65) 0,12-1,01 0,54±0,21 0,53

0,476
Male(n=70) 0,17-1,30 0,57±0,20 0,56

L5-S1 Spondylolisthesis
Female(n=36) 0,0-0,96 0,46±0,21 0,44

0,786
Male(n=20) 0,15-0,72 0,45±0,16 0,45

LHS (mm)
Healthy

Female(n=65) 14,2-48,5 27,60±7,44 27,0
0,078

Male(n=70) 11,0-52,0 30,93±10,14 30,6

L5-S1 Spondylolisthesis
Female(n=36) 9,0-50,0 25,66±8,50 24,0

0,832
Male(n=20) 12,0-45,0 25,15±8,44 22,5

ICD (cm)
Healthy

Female(n=65) 0,79-2,00 1,36±0,25 1,37
0,010*

Male(n=70) 0,66-2,06 1,48±0,30 0,56

L5-S1 Spondylolisthesis 
Female(n=36) 0,70-1,90 1,35±0,28 1,35

0,750
Male(n=20) 0,71-1,93 1,38±0,34 1,34

STA sacrum table angle, STI sacrum table index, S1A S1superior angle, SS sacral slope, SH sacrum height, APCWHSA anterior 
posterior canal width of hiatus sacralis apex, LHS length of the hiatus sacralis, ICD  intercornual distance, min. minimum, max. 
maximum, show statistical signifcance (*) p˂0.05, SD—standard deviation.

Table 2. Comparison of age and sacrum parameters according to healthy-spondylolisthesis group 

Group Min.-Max. Mean±SD Median       p

AGE
Healthy(n=135) 20-92 48,65±16,32 47,0

<0,0001*
Spondylolisthesis(n=56) 24-84 57,93±15,10 59,0

STA (°)
Healthy(n=135) 79-120 94,8±7,24 95,0

<0,0001*
Spondylolisthesis(n=56) 73-104 88,3±7,15 87,5

STI (%)
Healthy(n=135) 81-11,5 97±0,63 0,97

0,083
Spondylolisthesis(n=56) 85-12,1 99±0,84 0,99

S1A (°)
Healthy(n=135) 1-24 12,39±4,75 12,0

<0,0001*
Spondylolisthesis(n=56) 0-16 5,71±4,45 5,0

SS (°)
Healthy(n=135) 18-64 41,26±8,90 41,0

<0,0001*
Spondylolisthesis(n=56) 29-76 48,57±10,39 49,0

SH (cm)
Healthy(n=135) 7,84-13,83 11,06±1,09 11,11

0,018*
Spondylolisthesis(n=56) 7,68-13,49 10,62±1,29 10,76

APCWHSA (cm)
Healthy(n=135) 0,12-1,30 0,55±0,20 0,53

0,002*
Spondylolisthesis(n=56) 0-0,96 0,46±0,19 0,45

LHS (mm)
Healthy(n=135) 11-52 29,32±9,06 29,0

0,005*
Spondylolisthesis(n=56) 9-50 25,48±8,41 23,5

ICD (cm)
Healthy(n=135) 0,66-2,06 1,42±0,28 1,43

0,168
Spondylolisthesis(n=56) 0,70-1,93 1,36±0,30 1,35

STA sacrum table angle, STI sacrum table index, S1A S1superior angle, SS sacral slope, SH sacrum height, APCWHSA anterior posterior canal width 
of hiatus sacralis apex, LHS length of the hiatus sacralis, ICD  intercornual distance, min. minimum, max. maximum, show statistical signifcance 
(*) p˂0,05, SD-standard deviation. 
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DISCUSSION
Among the studies to understand the anatomy and relationships 
of the os sacrum, methods such as dry bone, radiography, and 
MDCT are used. Because MDCT provides high-resolution 
images, it is very effective in revealing the anthropometric 
features of the sacrum [14]. There is a lot of data in the literature 
on the relationship between other anatomical parameters and the 
prevalence of spondylolisthesis. This applies in particular to the 
parameters defining the morphology of the appendages and joint 
surfaces. This feature is crucial in maintaining the stability of 
the spine and the appropriate distribution of loads acting on its 
elements because facet joints are responsible for the transmission 
of 35% of the static load and 33% of the dynamic load affecting 
the spinal column [15]. 

Degenerative spondylolisthesis is seen after the age of 40 and 
mostly in women. It is considered one of the major causes of 
low back pain among the elderly and is a major cause of spinal 
canal stenosis associated with low back and leg pain [16]. Kong 
et al. [17] reported that the mean value of age was significantly 
higher in individuals with spondylolisthesis and that there 
was a positive correlation between age and spondylolisthesis. 

In our study, individuals between the ages of 20-92 were 
examined. Similar to this study, the mean age in the patient 
group (57.93±15.10) was found to be significanty higher than 
in the healthy group (48.65±16.32) (p<0.001). However, no 
significant difference was detected between genders. The STA 
parameter is among the descriptors of sacral morphology, and 
the difference in sacral morphology in patients with L5-S1 
spondylolisthesis in the literature has increased the importance 
of STA. In the literature, it has been observed that the STA value 
decreases as the degree of spondylolisthesis slippage increases 
between spondylolisthesis and the control group, and it has been 
reported that lower STA value is an influential factor for disease 
progression and development [18]. 

Ergun et al. [19] study reported that STA was low in the 
degenerative spondylolisthesis group and reported that having a 
low STA parameter could be used to identify individuals with 
a tendency to develop degenerative spondylolisthesis. Sugawara 
et al. [20] STA of end-stage L5 spondylolysis (95.4 ± 1.5) was 
statistically significant lower than that of patients with low 
back pain (100.4 ± 0.8). We reported that STA was observed at 
a significantly higher angle in the healthy group (94.8±7.24˚) 

Table 3. Comparison of age and sacrum parameters according to grade 1 and grade 2.

Group (%) Min.-Max. Mean±SD Median p

AGE
Grade1 (n=39) 24-84 57,74±15,78 59,0

0,748
Grade2 (n=17) 26-78 58,35±13,87 59,0

STA
Grade1 (n=39) 73-104 88,79±7,67 88,0

0,441
Grade2 (n=17) 76-100 87,18±5,83 87,0

STI
Grade1 (n=39) 0,85-1,21 0,99±0,082 0,98

0,482
Grade2 (n=17) 0,85-1,16 0,98±0,088 0,97

S1A
Grade1 (n=39) 0-16 6,41±4,45 5,0

0,045*
Grade2 (n=17) 0-13 4,12±4,15 4,0

SS
Grade1 (n=39) 29-69 48,44±9,58 49,0

0,884
Grade2 (n=17) 29-76 48,88±12,38 49,0

SH
Grade1 (n=39) 8,84-13,07 10,75±1,24 10,86

0,262
Grade2 (n=17) 8,84-13,07 10,75±1,24 10,86

APCWHSA
Grade1 (n=39) 0,15-0,96 0,48±0,19 0,45

0,216
Grade2 (n=17) 0-0,82 0,41±0,19 0,39

LHS
Grade1 (n=39) 12-50 25,61±8,73 22,0

0,721
Grade2 (n=17) 9-42 25,18±7,86 24,0

ICD
Grade1 (n=39) 0,70-1,93 1,33±0,30 1,30

0,235
Grade2 (n=17) 0,73-1,90 1,43±0,30 1,44

STA sacrum table angle, STI sacrum table index, S1A S1superior angle, SS sacral slope, SH sacrum height, APCWHSA anterior posterior canal width 
of hiatus sacralis apex, LHS length of the hiatus sacralis, ICD  intercornual distance, min. minimum, max. maximum, show statistical signifcance 
(*) p˂0.05, SD—standard deviation. 



European Journal of Therapeutics (2024) Erbek E, et al.

193

than in the patient group (88.3±7.15˚). In our study, unlike the 
studies in the literature, no statistically significant difference was 
found in grade 2 compared to grade 1. This makes us think that 
STA is important in the development of spondylolisthesis but is 
not associated with its progression. Literature studies observed 
a strong correlation between pelvic incidence (PI) and STA. 
A high PI is seen in people with spondylolisthesis, and it has 
also been positively correlated with the percentage of slippage. 
It has been observed that STA is more closely related than PI 
in the development of spondylolysis and increased a decreased 
STA accompanies PI. In a cohort study, high PI was observed 
in people with spondylolisthesis, while a decrease in STA was 
observed [21,22]. 

Few studies are available in the literature for the STI parameter, 
one of the sacrum morphological evaluation parameters. The 
STI value is one of the parameters that help us understand the 
sagittal structure of the sacrum. Inoue et al. reported that STI 
was higher in people with spondylolisthesis (>102.5%) than in 
normal people (≤102%) [23]. However, another study reported 
that STI was higher in normal people (106±4%) than in people 
with spondylolisthesis (99±3%) [19]. In our study, the STI 
parameter was compared with the healthy and patient groups, 
and no significant difference was detected between them. 
However, the mean STI parameter was significantly higher 
in women (98±6.5%) than in men (96±5.9%) in the healthy 
group. We think this difference is due to the normal anatomical 
difference between the male and female pelvises. In addition, we 
think that STI may be important in gender determination. S1A, 
among the other important parameters we use to evaluate sacrum 
morphology, help define the sacrum sagittal structure. Marty et 
al. [9] showed that S1 and S2 vertebrae differ significantly in the 
adult population with spondylolisthesis. When Wang et al. [8] 
compared the spondylolisthesis group with the normal group on 
lateral radiographic images, it was found that the S1A value was 
lower in the spondylolisthesis group. In our study, similar to the 
literature, the mean of S1A in healthy individuals (12.39±4.75˚) 
was found statistically significant (p<0.001) higher than the 
mean of individuals with spondylolisthesis (5.71±4.45˚). 

It was statistically significant lower in grade 2 than in grade 
1 (p=.045). We think that the S1A value is important in the 
development and progression of spondylolisthesis. In people 
with spondylolisthesis, changes are observed in the SS, PI and 
PT angles as the pelvic positions change. It is thought that the 
increase in SS, PI and PT angles leads to the progression of 

spondylolisthesis and many spinal problems [24]. People with 
L5-S1 spondylolisthesis have an increased SS angle, which 
affects the progression of spondylolisthesis. In active young 
people, SS is an important cause of the development of isthmic 
spondylolysis. In a study of 37 people with spondylolysis and 
37 people in a control group, radiographs were analyzed. This 
study, which consisted of active young people in both groups, 
found that the SS angle was statistically 5° larger in the group 
with spondylolysis [25]. In our study, the SS value was found 
statistically significant higher in people with spondylolisthesis, 
which is consistent with the literature study (p<0.001). In the 
literature, the relationship of PI, PT, and SS spinopelvic parameters 
between age and gender was examined, but no relationship was 
found between men and women. In the literature, no statistically 
significant difference has been found between age and gender in 
PI, PT and SS parameters in normal adult individuals [26,27]. 

Our study showed no significant difference between the genders 
in the SS value in the healthy and patient groups. We reported 
that the mean SS was found to be significantly higher in the 
spondylolisthesis patient group. (p=.000). Labella et al. [28] 
grouped the degree of spondylolisthesis according to Newman’s 
grades I and IV and found that PI, PT and SS mean values 
increased as the grade increased. Unlike Labella et al. [28] no 
statistically significant difference was found between grade 1 
and grade 2 of spondylolisthesis in our study. In some studies 
in the literature, no statistically significant difference was found 
between grades in the SS mean value measured according to 
Meyerding in spondylolisthesis grading [29-31]. 

In our study, the grade was classified according to Meyerding, 
and the mean SS value was not statistically significant between 
grade 1 and grade 2 (p=.884). However, the S1A parameter was 
found statistically significant higher than Grade 1 (p=.045). It 
was concluded that as the spondylolisthesis grade increased, 
the SS value was not affected, but the S1A value decreased. 
In addition, previous studies on normal subjects have reported 
a strong correlation between PI and SS [32,33]. In the MDCT 
studies conducted in the literature, the mean SH of men and 
women were higher than in the dry bone studies. In all studies, 
men’s mean SH value was higher than women’s [34,35]. 

In our study, SH value of healthy individuals was found 
statistically significant higher in males (11.30±1.02cm) than 
in females (10.80±1.12cm) (p=.007). The SH mean value of 
healthy individuals was statistically significant higher than those 
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with spondylolisthesis (p=.018). This study was determined 
that SH was lower in patients with spondylolisthesis and 
women (within the healthy group). We think that low SH is an 
important factor for the development of spondylolisthesis, but 
it is not associated with the progression of the disease. Caudal 
epidural block is widely used in diagnosing and treating lumbar 
spinal disorders in the orthopedic field [36]. It may become 
complicated by weight gain, advancing age, and congenital and 
shape variations in the sacrum. Therefore, reaching the epidural 
space for a safe caudal epidural block is possible by knowing 
well the anatomical structure of the SH. In this application, the 
depth of the sacral canal at the apex and the intercornual distance 
are the most frequently used anatomical landmarks and require 
good anatomical knowledge of this region [13]. 

In the literature, LHS, APCWHSA, and ICD measurements 
were made on MDCT, (Ultrasonography) USG, and dry bone 
[37,38]. The literature found that the mean values of LHS and 
APCWHSA decreased with age while the mean value of ICD 
increased. In MDCT and dry bone studies, the mean value of 
LHS in men was higher than in women. In MDCT studies, the 
mean value of APCWHSA was similar in men and women, and 
it was higher in men in studies conducted with USG. In studies 
conducted in MDCT, the mean value of male and female ICD was 
found to be lower than in studies performed with USG [39-41]. 
We think that the differences seen in USG-guided interventions 
should be taken into consideration. This study observed that LHS 
was similar to studies in the literature. LHS in the healthy group 
(29.32±9.06 mm) was found statistically significant higher than 
the mean value of the patient group (25.48±8.41mm) (p=.005). 
In healthy individuals, LHS was statistically significantly 
higher in men (p=.078). We think that the differences in LHS 
may be related to the similarity to the differences in SH (lower 
in women and the group with spondylolisthesis). It is reported 
in the literature that the average anterior-posterior diameter of 
APCWHSA varies between 4.6 ± 2 mm and 6.1 ± 2.1 mm, and 
the diameter decreases with age. It has been reported that this 
diameter is less than 3.7 mm at the apex in the procedure of 
needle insertion into the caudal epidural space, and less than 1.6 
mm in the case of USG. It has been said that this attempt cannot 
be made in the variant where the hiatus sacralis is completely 
closed. The incidence of this variation has been reported as 2-3% 
in dry sacral bone studies [42]. 

In our study, APCWHSA in the healthy group (5.5±2 mm) was 
found to be significantly higher than the mean value of the patient 

group (4.6±1.9mm) (p=.002). The mean APCWHSA value was 
statistically insignificant higher in healthy male subjects than in 
female subjects (p=.476). In our study, ICD in healthy women 
was statistically significant higher than in men (p=.010). In the 
patient group with spondylolisthesis, there was no statistically 
significant difference in the mean value of ICD in men and 
women. No significant difference was detected between the 
spondylolisthesis and healthy groups (p=.168).

Limitations
 In our study, we could not find the opportunity to measure 
and evaluate PI and PT angles, which are important for sagittal 
spinopelvic balance, due to the technique we chose. In addition, 
since our study was a retrospective study, we could not evaluate 
important information such as body mass indexes, occupations, 
and sports activities of individuals in our groups. For these 
reasons, we aim to conduct prospective studies that will include 
PI and PT parameters in our future studies.

CONCLUSIONS
In conclusion, the mean age value was statistically significantly 
higher in the patient group. This result shows that the likelihood 
of spondyloisthesis increases with increasing age. The results 
obtained in this study demonstrated that sacrum morphology is 
important in the development of spondylolisthesis and spinal 
sagittal balance of the spine. As seen in previous studies, 
decreased STA, one of the important morphologic parameters of 
the sacrum, is effective in the development of spondylolisthesis 
and the likelihood of this disease is high. We think that a 
prospective and longitudinal study should be done to demonstrate 
this recommendation. A good knowledge of the changes in the 
normal anatomy of the sacrum is very important in terms of 
preventing complications in interventions to be performed in 
patients with spondylolisthesis. For this reason, we think that 
studies on patient groups with altered sacrum anatomy such as 
spondylolisthesis should be increased and the changes in the 
anatomical structure should be fully revealed.

Acknowledgments: NA

Conflict of interest: The authors declare that they have no 
conflicts of interest.

Funding: This article was not supported by any grant.

Informed Consent: NA



European Journal of Therapeutics (2024) Erbek E, et al.

195

Ethical Approval: Approval from the Selcuk University Faculty 
of Medicine noninvasive clinical research ethics committee 
(Date: 23.08.2017, Decision No: 2017/255) was obtained.

Author Contributions: Conception: EE, NUD; MO; NA; ZF, 
AKK - Design: EE, NUD - Supervision: NUD - Fundings: 
Selcuk University Faculty of Medicine -Materials: EE, MO- 
Data Collection and/or Processing: EE, NUD, MO- Analysis 
and/or Interpretation: NA- Literature - Review:  EE, NUD, ZF, 
AKK - Writing: EE - Critical Review: EE

REFERENCES

[1] Burton MR, Mesfin FB (2017) Isthmic spondylolisthesis. 
Available from https://pubmed.ncbi.nlm.nih.gov/28722876/ 
Accessed 17 Jan 2022.

[2] Leng Y, Tang C, Liao Y, Tang Q, Ma F, Pu X, He B, Wang 
Q, Zhong D (2022) Correlation between sacral slope 
and pedicle morphology of the fourth lumbar vertebra in 
degenerative lumbar spondylolisthesis. Global Spine J 
0(0):1-10. https://doi.org/10.1177/21925682221117151 

[3] Funao H, Tsuji T, Hosogane N, Watanabe K, Ishii K, 
Nakamura M, Chiba K, Toyama Y (2012) Comparative 
study of spinopelvic sagittal alignment between patients 
with and without degenerative spondylolisthesis. Eur Spine 
J. 21(11):2181-2187. https://doi.org/10.1007/s00586-012-
2374-0

[4] Shao X, Liu H, Wu J, Qian Z, Qu R, Liu T (2022) A 
retrospective comparative study of postoperative sagittal 
balance in isthmic L5-S1 spondylolisthesis using single 
segment or two-segment pedicle screw fixation. BMC 
Musculoskelet Disord. 23(1):145. https://doi.org/10.1186/
s12891-022-05098-y

[5] Roussouly P, Gollogly S, Berthonnaud E, Dimnet J (2005) 
Classification of the normal variation in the sagittal 
alignment of the human lumbar spine and pelvis in the 
standing position. Spine (Phila Pa 1976) 30(3):346-353. 
https://doi.org/10.1097/01.brs.0000152379.54463.65

[6] Labelle H, Mac-Thiong JM, Roussouly P (2011) Spino-
pelvic sagittal balance of spondylolisthesis:a review and 
classification. Eur Spine J 20(5):641-646. https://doi.
org/10.1007/s00586-011-1932-1

[7] Niggemann P, Kuchta J, Grosskurth D, Beyer HK, 
Hoeffer J, Delank KS (2012) Spondylolysis and isthmic 
spondylolisthesis: impact of vertebral hypoplasia on the use 
of the Meyerding classification.  Br J Radiol. 85(1012):358-
362. https://doi.org/10.1259/bjr/60355971

[8] Wang Z, Parent S, Mac-Thiong J-M, Petit Y, Labelle H 
(2008) Influence of sacral morphology in developmental 
spondylolisthesis. Spine (Phila Pa 1976) 33(20):2185-2191.
https://doi.org/10.1097/BRS.0b013e3181857f70

[9] Marty C, Boisaubert B, Descamps H, Montigny J, Hecquet 
J, Legaye J, Duval-Beaupere G (2002) The sagittal 
anatomy of the sacrum among young adults, infants, and 
spondylolisthesis patients. Eur Spine J. 11(2):119-125. 
https://doi.org/10.1007/s00586-001-0349-7

[10] Basaloglu H, Turgut M, Taser F, Ceylan T, Basaloglu H, 
Ceylan A (2005) Morphometry of the sacrum for clinical use. 
Surg Radiol Anat. 27(6):467-471. https://doi.org/10.1007/
s00276-005-0036-1

[11] Seema, Singh M, Mahajan A (2013) An anatomical study 
of variations of sacral hiatus in sacra of North Indian origin 
and its clinical significance. Int J Morphol. 31(1):110-114. 
https://doi.org/10.4067/S0717-95022013000100017

[12] Singh A, Gupta R, Singh A (2018) Morphological and 
morphometrical study of sacral hiatus of human sacrum. 
Nat J Integr Res Med. 9(4):65-73.

[13] Bagheri H, Govsa F (2017) Anatomy of the sacral hiatus and 
its clinical relevance in caudal epidural block. Surg Radiol 
Anat. 39(9):943-951. https://doi.org/10.1007/s00276-017-
1823-1

[14] Karakas H, Celbis O, Harma A, Alicioglu B (2011) Total 
body height estimation using sacrum height in anatolian 
caucasians: multidetector computed tomography-based 
virtual anthropometry. Skeletal Radiol. 40(5):623-630. 
https://doi.org/10.1007/s00256-010-0937-x

[15] Mazurek M, Kulesza B, Gołębiowska N, Tyzo B, Kura K, 
Szczepanek D (2023) Factors predisposing to the formation 
of degenerative spondylolisthesis-a narrative review. 
Medicina (Kaunas) 59(8):1430. https://doi.org/10.3390/
medicina59081430

[16] Kalichman L, Hunter DJ (2008) Diagnosis and conservative 
management of degenerative lumbar spondylolisthesis. Eur 

https://pubmed.ncbi.nlm.nih.gov/28722876/
https://doi.org/10.1177/21925682221117151
https://doi.org/10.1007/s00586-012-2374-0
https://doi.org/10.1007/s00586-012-2374-0
https://doi.org/10.1186/s12891-022-05098-y
https://doi.org/10.1186/s12891-022-05098-y
https://doi.org/10.1097/01.brs.0000152379.54463.65
https://doi.org/10.1007/s00586-011-1932-1
https://doi.org/10.1007/s00586-011-1932-1
https://doi.org/10.1259/bjr/60355971
https://doi.org/10.1097/BRS.0b013e3181857f70
https://doi.org/10.1007/s00586-001-0349-7
https://doi.org/10.1007/s00276-005-0036-1
https://doi.org/10.1007/s00276-005-0036-1
https://doi.org/10.4067/S0717-95022013000100017
https://doi.org/10.1007/s00276-017-1823-1
https://doi.org/10.1007/s00276-017-1823-1
https://doi.org/10.1007/s00256-010-0937-x
https://doi.org/10.3390/medicina59081430
https://doi.org/10.3390/medicina59081430


European Journal of Therapeutics (2024) Erbek E, et al.

196

Spine J. 17(3):327-335. https://doi.org/10.1007/s00586-
007-0543-3

[17] Kong Q, Wei B, Niu S, Liao J, Zu Y, Shan T (2023) Age, 
pelvic incidence, facet joint angle and pedicle-facet angle 
as correlative factors for isthmic spondylolisthesis: a 
retrospective case control study. BMC Musculoskelet 
Disord. 24(1):497. https://doi.org/10.1186/s12891-023-
06569-6 

[18] Wang Z, Parent S, de Guise JA, Labelle H (2010) A 
variability study of computerized sagittal sacral radiologic 
measures. Spine (Phila Pa 1976) 35(1):71-75. https://doi.
org/10.1097/BRS.0b013e3181bc9436

[19] Ergun T, Sahin MS, Lakadamyali H (2010) Two and three 
dimensional reformatted computed tomography imaging 
analysis of the lumbosacropelvic structure in degenerative 
anterolisthesis. Clin Radiol. 65(11):908-915. https://doi.
org/10.1016/j.crad.2010.06.012

[20] Sugawara K, Lesato N, Katayose M (2020) Comparison 
of the sacral table angles by progression stage of lumbar 
spondylolysis. Spine Deform. 8(1):123-127. https://doi.
org/10.1007/s43390-020-00043-2

[21] Baker JF (2022) Sacropelvic parameters and L5 
spondylolysis: computed tomography analysis. Asian Spine 
J. 16(1):66-74. https://doi.org/10.31616%2Fasj.2020.0442

[22] Ru N, Li J, Li Y, Sun J, Wang G, Cui X (2021) Sacral 
anatomical parameters varies in different sagittal shapes 
as well as their relations to lumbopelvic parameters. JOR 
Spine 4(4):e1180. https://doi.org/10.1002/jsp2.1180

[23] Inoue H, Ohmori K, Miyasaka K (2002) Radiographic 
classification of L5 isthmic spondylolisthesis as adolescent 
or adult vertebral slip. Spine (Phila Pa 1976) 27(8):831-838. 
https://doi.org/10.1097/00007632-200204150-00010

[24] Cosgun Z, Dagistan E, Dagistan Y (2019) Effects of 
sagittal balance differences on spondylolisthesis. Acta 
Ortop Bras. 27(2):120-123. https://doi.org/10.1590/1413-
785220192702205665

[25] Hanke LF, Tuakli-Wosornu YA, Harrison JR, Moley 
PJ (2018) The relationship between sacral slope and 
symptomatic isthmic spondylolysis in a cohort of high 
school athletes: a retrospective analysis. PM&R 10(5):501-
506. https://doi.org/10.1016/j.pmrj.2017.09.012

[26] Sudhir G, Acharya S, Kalra KL, Chahal R (2016) Radiographic 
analysis of the sacropelvic parameters of the spine and their 
correlation in normal asymptomatic subjects. Glob Spine J. 
6(2):169-175. https://doi.org/10.1055/s-0035-1558652

[27] Triwidodo A, Rahyussalim A J, Yulisa ND, Pandelaki 
J, Huraiby LS, Hadi IAN, Liosha FY (2021) Sacrum 
morphometry and spinopelvic parameters among the 
Indonesian population using computed tomography scans. 
Medicine (Baltimore) 100(47):e27955. https://doi.org/10.1
097%2FMD.0000000000027955

[28] Labelle H, Roussouly P, Berthonnaud É, Transfeldt E, O’brien 
M, Chopin D, Hresko T, Dimnet J (2004) Spondylolisthesis, 
pelvic incidence, and spinopelvic balance: a correlation 
study. Spine (Phila Pa 1976) 29(18):2049-2054. https://doi.
org/10.1097/01.brs.0000138279.53439.cc

[29] Harroud A, Labelle H, Joncas J, Mac-Thiong J-M (2013) 
Global sagittal alignment and health-related quality of life 
in lumbosacral spondylolisthesis. Eur Spine J. 22(4):849-
856. https://doi.org/10.1007/s00586-012-2591-6

[30] Min W-K, Lee C-H (2014) Comparison and correlation 
of pelvic parameters between low-grade and high-grade 
spondylolisthesis. J Spinal Disord Tech. 27(3):162-165. 
https://doi.org/10.1097/BSD.0b013e31829c07a4

[31] Lai Q, Gao T, Lv X, Liu X, Wan Z, Dai M, Zhang B, Nie 
T (2018) Correlation between the sagittal spinopelvic 
alignment and degenerative lumbar spondylolisthesis: a 
retrospective study. BMC Musculoskelet Disord. 19(1):151. 
https://doi.org/10.1186/s12891-018-2073-z

[32] Nakamae T, Nakanishi K, Kamei N, Adachi N (2019) 
The correlation between sagittal spinopelvic alignment 
and degree of lumbar degenerative spondylolisthesis. 
J Orthop Sci 24(6):969-973. https://doi.org/10.1016/j.
jos.2019.08.021

[33] Suzuki H, Imai N, Nozaki A, Hirano Y, Endo N (2019) 
Anatomical sacral slope, a new pelvic parameter, is 
associated with lumbar lordosis and pelvic incidence 
in healthy Japanese women: a retrospective cross-
sectional study. J Orthop Surg. 28(1):1-5. https://doi.
org/10.1177/2309499019888809

[34] Mishra S, Singh P, Agrawal A, Gupta R (2003) Identification 
of sex of sacrum of agra region. J Anat Soc India 52(2):132-

https://doi.org/10.1007/s00586-007-0543-3
https://doi.org/10.1007/s00586-007-0543-3
https://doi.org/10.1186/s12891-023-06569-6
https://doi.org/10.1186/s12891-023-06569-6
https://doi.org/10.1097/BRS.0b013e3181bc9436
https://doi.org/10.1097/BRS.0b013e3181bc9436
https://doi.org/10.1016/j.crad.2010.06.012
https://doi.org/10.1016/j.crad.2010.06.012
https://doi.org/10.1007/s43390-020-00043-2
https://doi.org/10.1007/s43390-020-00043-2
https://doi.org/10.31616%2Fasj.2020.0442
https://doi.org/10.1002/jsp2.1180
https://doi.org/10.1097/00007632-200204150-00010
https://doi.org/10.1590/1413-785220192702205665
https://doi.org/10.1590/1413-785220192702205665
https://doi.org/10.1016/j.pmrj.2017.09.012
https://doi.org/10.1055/s-0035-1558652
https://doi.org/10.1097%2FMD.0000000000027955
https://doi.org/10.1097%2FMD.0000000000027955
https://doi.org/10.1097/01.brs.0000138279.53439.cc
https://doi.org/10.1097/01.brs.0000138279.53439.cc
https://doi.org/10.1007/s00586-012-2591-6
https://doi.org/10.1097/BSD.0b013e31829c07a4
https://doi.org/10.1186/s12891-018-2073-z
https://doi.org/10.1016/j.jos.2019.08.021
https://doi.org/10.1016/j.jos.2019.08.021
https://doi.org/10.1177/2309499019888809
https://doi.org/10.1177/2309499019888809


European Journal of Therapeutics (2024) Erbek E, et al.

197

How to Cite; 

Erbek E, Unver Dogan N, Ozturk M, Akdam N, 
Fazliogullari Z, Karabulut AK (2024) Evaluation of Sacrum 
Measurements in Healthy Individuals and Patients with L5-
S1 Spondylolisthesis. 30(2):186-197. Eur J Ther. https://doi.
org/10.58600/eurjther1934

136.

[35] Bakici R S, Oner Z, Oner S (2021) The Analysis of sacrum 
and coccyx length measured with computerized tomography 
ımages depending on sex. Egypt J Forensic Sci. 11(1):1-13. 
https://doi.org/10.1186/s41935-021-00227-5

[36] Sekiguchi M, Yabuki S, Satoh K, Kikuchi S (2004) An 
anatomic study of the sacral hiatus: a basis for successful 
caudal epidural block. Clin J Pain. 20(1):51-54. https://doi.
org/10.1097/00002508-200401000-00010

[37] Mrudula C, Naveena S (2013) Morphometry of sacral hiatus 
and its clinical relevance. Int J Adv Res. 1(7):12-18.

[38] Saikia R, Sarma M (2016) Variations of sacral hiatus in dry 
human sacra: an anatomical study. J Evid Based Med Health 
3(60):3238-3242.

[39] Kamal AM, Ara S, Ashrafuzzaman M, Khatun K, Islam 
MS (2014) Morphometry of sacral hiatus and its clinical 
relevance in caudal epidural block. J Dhaka Medical College 
23(1):31-36. https://doi.org/10.3329/jdmc.v23i1.22690

[40] Kilicaslan A, Keskin F, Babaoglu O, Gok F, Erdi MF, 
Kaya B, Ozbıner H, Ozbek O, Koc O, Karıca BK (2015) 
Morphometric analysis of the sacral canal and hiatus using 
multidetector computed tomography for interventional 
procedures. Turk Neurosurg. 25(4):566-573. https://doi.
org/10.5137/1019-5149.JTN.10942-14.0

[41] Park GY, Kwon DR, Cho HK (2015) Anatomic differences 
in the sacral hiatus during caudal epidural injection using 
ultrasound guidance. J Ultrasound Med. 34(12):2143-2148. 
https://doi.org/10.7863/ultra.14.12032

[42] Kao SC, Lin CS (2017) Caudal epidural block: an updated 
review of anatomy and techniques. Biomed Res Int. 
2017:9217145. https://doi.org/10.1155/2017/9217145

https://doi.org/10.58600/eurjther1934
https://doi.org/10.58600/eurjther1934
https://doi.org/10.1186/s41935-021-00227-5
https://doi.org/10.1097/00002508-200401000-00010
https://doi.org/10.1097/00002508-200401000-00010
https://doi.org/10.3329/jdmc.v23i1.22690
https://doi.org/10.5137/1019-5149.JTN.10942-14.0
https://doi.org/10.5137/1019-5149.JTN.10942-14.0
https://doi.org/10.7863/ultra.14.12032
https://doi.org/10.1155/2017/9217145


198

European Journal of Therapeutics
pISSN: 2564-7784
eISSN: 2564-7040

Eur J Ther. 2024;30(2):198-199.
https://doi.org/10.58600/eurjther1880

Letter to Editor

Corresponding Author

Istemihan Coban, MD

Address: Izmir Democracy 
University Faculty of Medicine, 
Department of Anatomy, Konak, 
Izmir, Türkiye. 

E-mail: istemihancoban@gmail.com.

This work is licensed under a Creative  
Commons Attribution-NonCommercial 4.0 
International License.

Received: 2023-12-10 	 Accepted: 2023-12-21 	  Published Online:  2023-12-22

Should We Wait for Major Frauds to Unveil to Plan an AI Use License?

Istemihan Coban 1 

1 Department of Anatomy, İzmir Democracy University Faculty of Medicine, Konak, İzmir, Türkiye

Dear Editor,

I have followed with great interest your editorial content [1] which encourages academics to 
create a common mind, and the writings of our contributing colleagues, and I wanted to share my 
views and suggestions in order to offer a perspective on the subject. While the focal point of the 
debate is the question of whether AI can be included in an article as a co-author, it is evident that 
there are various debates on the periphery. When we discuss the peripheral questions, the answer 
to the focal question will emerge automatically. Thanks to the computer and internet revolution, 
we now have the simplest, fastest, and cheapest way to access any data that we have ever known, 
and this development does not seem to stop. For example, it is argued that the 6G communication 
network will enter the market in 2030–2040 and that extended reality and augmented reality 
tools will be integrated into our lives together with the internet of things with smart intelligence 
[2]. While the easy storage and accessibility of information uploaded to the Internet environment 
facilitates the production of new data, the production of false information can be uploaded to 
information repositories and circulated easily, which creates other major problems in itself, such 
as the use of reliable scientific data [3].

Artificial intelligence (AI) tools, especially large language models (LLMs), such as ChatGPT, 
which is on the agenda, have entered our lives like “aliens born on Earth” with their ability to 
access information in millions of different data sets from almost every language and culture. It 
is obvious that if this super-powered extraterrestrial from this world uses his powers on issues 
that humans demand in common, it will be described as “Superman”, and vice versa, it will be 
described as the mythological “Erlik”, and the current debate is exactly in the middle of these two 
superheroes. It is true that AI tools can be very useful when we use them to extract vast oceans 
of data or for various other academic tasks (e.g. automated draft generation, article summarizing, 
and language translation) [4]. However, at this point, it should be taken into account that the 
artificial AI tools available today may not be limited to performing the given tasks and may 
present a world reality that is adorned with “artificial hallucinations” [5]. We may end up fighting 
an unrelenting force in the production and distribution of misinformation that we lose control 
over.

We should discuss the responsibility for the control of products that will be obtained using artificial 
intelligence and prepare appropriate guidelines. Responsibility for control means that any digital 
result (whether it is an analysis of data or an analysis of a situation or an interpretation) must be 
reliable, i.e., it must be testable, rationally reproducible, and ethically attainable. Three different 
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interlocutors—the producer, the distributor, and the consumer—
have different but critical responsibilities in controlling liability. 
When using AI tools, the scientific research group (producer 
party) working on any subject unconditionally bears the 
responsibility for each and every sentence of each and every 
piece of data obtained through these digital machines, and it 
should be declared that any negative consequences that may arise 
otherwise are accepted in advance. The acceptance of these digital 
machines as a kind of co-author in scientific products (translation 
text, statistical analysis, research title determination, or any text 
that will bring the research result to the academic literature) 
obtained with AI tools that cannot legally bear responsibility is 
similar to the acceptance of the computer, operating system, or 
code groups that enable any digital operation as the author. It is 
also a fact that this topic will come up for discussion again in the 
future when the issue of the individualization of AI (in terms of 
legal responsibility and rights) begins to be discussed. Scientific 
journals and publishing houses consisting of competent referees 
at the point of control of the academic products produced are the 
gatekeepers in protecting the naivety of the literature. There are 
many examples of how these indomitable guardians can be easily 
circumvented due to bad intentions and a failure to internalize 
ethical principles. In this respect, it can be predicted that the 
use of AI tools will help publishers in their work and that the 
quality and quantity of this help will gradually increase [6]. On 
the other hand, another major problem of the near future is that 
it will become increasingly easy to circumvent the gatekeepers 
with the malicious intent and misdirection of the people who 
take responsibility for AIs, and the content of the broadcasts may 
become corrupt. At the last point, the responsibilities of us, the 
readers who will consume the product, are also increasing. While 
reading articles that are declared to be written with the help of 
AI, we should question and check each sentence we read in more 
detail and increase our positive or negative feedback. To sum up, 
the use of AI tools as a technique in research should be explained 
in detail, trainings where the effective and ethical use of the tools 
are taught and licensed should be given to researchers urgently, 
and people who do not have an AI Usage License should not take 
part in scientific articles in the near future. It might be safe to say 
that the planning of a special education accompanied by leading 
scientists from every society is behind us and that the frauds of 
today could cripple the science of the future.

Yours sincerely,

Keywords: Artificial intelligence, ChatGPT, Research Ethics
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ChatGPT’s Capabilities for Use in Anatomy Education and Anatomy Research

Yunus Emre Kundakcı 1  

1 Department of Physiotherapy and Rehabilitation, Faculty of Health Sciences, Afyonkarahisar Health Sciences University, 
Afyonkarahisar, Türkiye

Dear Editors,

Recently, the discussion of an artificial intelligence (AI) - fueled platform in several articles 
in your journal has attracted the attention of many researchers [1, 2]. I believe that including 
such current discussions in your journal will guide my future work plans on similar topics. I 
wanted to present my views on academic cooperation and co-authorship with ChatGPT (Chat 
Generative Pre-Trained Transformer) to your journal.

Innovations brought by technology undoubtedly arouse curiosity in almost every branch 
of science. Researchers are among the professional groups that follow new technological 
developments most closely because the basic nature of research consists of concepts such as 
curiosity, innovation, and information sharing. Technology-based materials may be needed for 
anatomy education to be permanent and to be used pragmatically during clinical practices. 
Especially in recent years, tools such as augmented reality, virtual reality and 3D printing, 
which offer 3D images of anatomical structures, as well as social media platforms have started 
to be used in anatomy education [3]. Similarly, anatomy is a window of opportunity for the first 
trials of many innovative researches. Indeed, it did not take long for meet with AI-based chatbot 
platforms such as ChatGPT and Artificial Intelligence Support System (AISS) [4-8]. AISS was 
reported by several researchers about a year before ChatGPT. AISS is a chatbot equipped with 
only anatomy knowledge based on a machine learning platform and neural network module 
[8]. According to the developers of the AISS, students feel comfortable making mistakes with 
this chatbot, and therefore students’ interaction with anatomy is at a high level. Recent studies 
with ChatGPT are also contributing to the critical role of these AI-based chatbots in anatomy 
education. Some studies questioned the current capabilities and potential of AI in anatomy 
education and anatomy research through interviews [5, 7]. In another study, students and 
ChatGPT were quizzed on anatomy and their knowledge was compared [6]. The results obtained 
from the studies are that ChatGPT is more successful than the students and has the potential 
to increase student participation. However, this AI software model will increase the likelihood 
of making errors in basic knowledge in anatomy as we move to complex topics. Sometimes 
the same anatomical knowledge will be presented differently depending on how widely the 
internet-based data is scanned [4]. This situation is likely to be overcome in the future with the 
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learning potential of AI. In this context, I think that the use of 
AI can help physicians and physiotherapists by increasing the 
dynamic connections between anatomy knowledge and clinical 
practices. Furthermore, advances in educational technologies 
cannot provide equal opportunities to students in every country 
and university. ChatGPT partially eliminates this limitation. At 
this point, educators who want to increase student participation 
can design an anatomy education supported by ChatGPT and 
create research opportunities for students. It is stated that AI 
chatbots can be more useful in anatomy education and can 
provide students with access to educational resources regardless 
of location or time [5].

Apart from chatbots, the use of AI in anatomy can be seen in 
anatomy teaching approaches where student-centered and 
active learning is supported. Artificial Neural Networks or 
Convolutional Neural Networks are modelled similar to neural 
networks in the human brain. Bayesian U-Net is used to diagnose 
pathological anatomical deviations based on supervised deep 
learning by learning the normal anatomical structure and 
utilizing various biomarkers [9]. AI-based tools other than 
ChatGPT can also be used to display, classify or scale differences 
in anatomical structures. Thus, it may have pragmatic benefits 
for clinicians in the management of disease processes. In some 
studies indicate that the interpretation of anatomical regions 
in ultrasound, magnetic resonance and computed tomography 
images integrated with AI is facilitated [10]. Similarly, in 
specialties (such as dermatology) that require visual-oriented 
clinical skills in the processes required for diagnosis and 
treatment, AI’s functions in recognition on images, computer-
aided diagnosis and decision-making algorithms can be useful. 
I think that the use of ChatGPT in research in these fields can 
produce innovative and practical solutions if they provide 
information from an accurate and reliable database. In addition, 
its contributions to the research cause its collaborative position 
in the research to be questioned.

In my opinion, the explanations under the heading “Promoting 
collaborative partnerships” in the third answer of this editorial, 
which includes an interview with ChatGPT, are satisfactory 
[2]. This supports traditional norms of authorship. Besides, 
concerns about co-authorship are already strictly protected by 
international organizations. The Committee on Publication 
Ethics (COPE) clearly rejects the contribution of AI tools 
such as ChatGPT or Large Language Models in co-authorship 
and explains several reasons for this in the COPE position 

statement. Responsibility for the study should be shared among 
the authors. However, it is unclear to what extent an AI can 
fulfil this criterion, which is one of the most basic requirements 
of authorship. What is known today about anatomy has been 
obtained by sharing the knowledge of many famous anatomists 
who lived in ancient history. ChatGPT is already collecting 
this information and making it available to the researcher. Can 
we talk about a real contribution at this point? Partly yes. AI 
can document this information quickly, but it can only make 
a general contribution when formulating a research question. 
For example, I asked it for an example of a research question 
that I use to examine the role of the pelvis in gait function. I 
received a response like “What is the effect of the anatomical 
and biomechanical properties of the pelvis on a person’s balance, 
stride length, stride speed and gait efficiency during walking?”. 
It is seen that the answers consist of general concepts. However, 
a researcher who has worked on the subject can broaden your 
horizons more during an in-depth conversation over a coffee. 
AI’s contribution will not require its to be a co-author. Currently, 
ChatGPT or other AI tools are not yet capable of performing 
a literature search suitable for academic writing. However, if 
ChatGPT is developed in this field, it may be suitable for use 
by researchers. If ChatGPT has been used in research, I think 
it is necessary and sufficient to indicate in one sentence in the 
acknowledgments or method section how and in what way it 
contributed to the article. The data processing, collection and 
synthesis potential of ChatGPT is used for different purposes 
in every field [9]. For example, good agricultural practices or 
research on existing jurisprudence in law. No matter how it is 
used in areas whose subject is qualified professions, there is a 
fact that does not change. It alone is not an educator; it does not 
have the conscientious conviction of a judge and it does not have 
the skill of a doctor in caring for the sick. It should only be used 
as a complementary tool in the fields where it is used. It should 
be used by all health educators and researchers, including the 
field of anatomy, with awareness of its risks.

In conclusion, the expectations of this new AI technology in 
anatomy are on students. The 3D model feature and its potential 
contribution to case-based learning practice during clinical 
applications can be further developed in the future. On the 
other hand, it is clear that ChatGPT cannot be a co-author of a 
publication. If ChatGPT is a co-author of a publication, who and 
how will prepare the response letters to the referee comments 
on this issue? While contributing to this editorial discussion, 
I thought that the reviewer assigned to review an academic 
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publication could prepare a reviewer comment with the help of 
ChatGPT. I hope this will never happen. Otherwise, we may 
soon encounter a journal publisher consisting of AI authors and 
reviewers.

Yours sincerely,

Keywords: Anatomy, Artificial Intelligence.
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Innovative Reconstruction Techniques for Extensive Head and Neck Tumors
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5 Department of Oral and Maxillofacial Surgery, Traumatology and Prosthesis, Dental School of University of São Paulo, São Paulo, 

Brazil.
6 Department of Oral and Maxillofacial Surgery, Faculdade Patos de Minas, Brasília, Brazil.
7 Department of Oral Surgery, Clementino Fraga Filho University Hospital, Federal University of Rio de Janeiro, Rio de Janeiro, 

Brazil
8 Private Practice, Rio de Janeiro, Brazil

Abstract
In the challenging landscape of malignant head and neck tumors, surgeons grapple with intricate 
obstacles to achieve effective reconstruction. When facing extensive involvement of soft and bone tissue, 
reestablishing acceptable aesthetics and function to patients should always be focused on restoring both 
form and function, we encountered a compelling case—a significant squamous cell carcinoma deeply 
rooted in the anterior mandibular region, necessitating substantial soft tissue and bone resection. Our 
innovative approach involved a carefully tailored extended prosthesis designed for the mandible and 
its temporomandibular joint, accompanied by a skillfully deployed deltopectoral myocutaneous flap. 
This surgical intervention successfully brought about the triumphant resurgence of reconstruction of 
mandibular function, marking a state of disease-free well-being for the patient. This narrative unfolds at 
the forefront of transformative reconstruction, where the synergy of innovation and expertise redefines 
the narrative, showcasing victory over adversity in the intricate realm of head and neck tumor surgery.

Keywords: deltopectoral flap; extended temporomandibular joint prosthesis; total joint replacement; 
head and neck cancer; reconstruction surgery. 

Dear Editor,

The Deltopectoral Myocutaneous Flap (DP) with a medial base was historically regarded as the primary flap for reconstructing 
oropharyngeal and pharyngoesophageal defects. This flap derives its primary irrigation from the perforating branches of the internal 
mammary artery, coursing through the second, third, and fourth intercostal spaces. An irrigation terminal emanates from a local 
subdermal plexus [1]. In 1965, Bakamjian employed a medial deltopectoral flap for pharyngoesophageal reconstruction, bearing a 
striking resemblance to Aymard’s flap published in The Lancet half a century earlier; however, Bakamjian did not reference Aymard 
in any of his articles [2].
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The flap’s positioning relative to the head and neck renders it 
an excellent choice for reconstructing defects in this region. DP 
boasts advantages in both the quality and quantity of harvestable 
tissue. Its robust nature facilitates not only the closure of various 
defects in the head and neck but also covers reconstruction 
plates used in mandibular surgery, consequently reducing the 
likelihood of exposure of the reconstruction plate through the 
skin or mucosa [3,4].

In scenarios necessitating mandibular resection without the 
option of preserving the temporomandibular joint (TMJ), the 
consideration of customized implants catering to both the 
mandible and TMJ becomes imperative. Elledge et al. validated a 
system and classification for these defects [5]. In cases involving 
substantial losses of associated soft tissue during ablative head 
and neck cancer (HNC) surgeries with mandibular involvement, 
pedicle flaps can be deployed to shield mandibular reconstruction 
plates [6,7].

This study elucidates the application of DP for coating 
a customized implant employed in mandibular and TMJ 
reconstruction, along with soft tissue reconstruction following 
ablative surgery for oral cavity cancer.

In this case, a woman of 78 years presented with an extensive 
oral squamous cell carcinoma that had infiltrated the mandibular 
body, extending into the right parasinfisary region, and exhibiting 
exophytic characteristics in the adjacent labiogenious region 
(Figure 1). An incisional biopsy confirmed the presence of 
squamous cell carcinoma. 

Subsequent diagnostic procedures included a CT scan to assess the 
extent of the lesion’s intraosseous component and a PET SCAN 
to evaluate tumor invasion in adjacent tissues. Upon evaluation, 
it was determined that the lesion exhibited significant local 
infiltration in the skin, adjacent tissues, and mandible. However, 
there were no metastases observed in nearby lymph nodes, and 
there was no invasion into the tongue region. Consequently, 
a plan for ablative surgery involving the total resection of the 
lesion in the affected soft tissue and mandible was devised.

Given the extensive bone defect resulting from the safety margin, 
which extended from the right temporomandibular joint (TMJ) 
to the contralateral parasinfisary region, the chosen approach 
involved the utilization of an extended customized prosthesis for 
the TMJ, ramus, body, and symphysis. This prosthesis featured 

perforations to facilitate the fixation of the microvascularized 
free graft of the fibula, intended for the reconstruction of intra 
and extraoral soft tissue (Osteomed®, Rio Claro, Brazil) (Figure 
2). Simultaneously, the severely destroyed contralateral TMJ, 
afflicted by osteoarthritis, was replaced by a stock prosthesis 
(Osteomed®, Rio Claro, Brazil).

Figure 1. Extra oral view of the extensive oral squamous cell 
carcinoma in the right mandible. The exophytic pattern along 
with the bad medical status influenced in the decision of a pedicle 
flap to reconstruct the soft tissue defect created with the resection. 

Figure 2. 3D virtual planning of the extended TMJ and 
mandibular reconstruction with a customized prosthesis designed 
by Osteomed® (Rio Claro, Brazil). Note the virtual simulation 
of the bicortical screws designed for fixation of the fibula graft. 
Only after the prosthesis manufacture, the patient’s primary 
physician contraindicated the fibula graft due to her medical 
status that would make a more extensive surgery more dangerous 
to the patient. The virtual planning also showed the condylotomy 
of contralateral TMJ due to aggressive osteoarthritis for the TJR 
with a stock prosthesis (Osteomed® Rio Claro, Brazil).
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In executing a strategy for intra and extraoral soft tissue 
reconstruction, an ipsilateral deltopectoral flap was implemented. 
The initial choice of a microvascularized free fibula graft for 
reconstruction was, however, discarded at the last minute by 
the patient’s physicians due to her severe coronary disease. This 
decision was influenced by the need to avoid subjecting her to an 
extended period of general anesthesia typically associated with 
the use of this technique. The entire procedure unfolded smoothly 
over a span of 5 hours, in contrast to the potential 8 hours that 
might have been required for the use of free grafts (Figure 3).

Figure 3. Design of the deltopectoral lap elevated after dissection 
and after lesion resection and TMJ and mandibular prosthesis 
placement. Then, the flap was rotated and sutured in place 
for both intra and extra oral soft tissue reconstruction. Patient 
underwent tracheostomy for mechanical ventilation and NG tube 
for parenteral feeding. 

Although osseocutaneous free flaps are considered a superior 
option for reconstructing mandibular defects after ablative head 
and neck cancer (HNC) surgeries, their application is constrained 
in elderly patients with significant comorbidities, anticipating a 
low rate of graft absorption. Due to the advanced age and extensive 
comorbidities of our patient, we opted for the Deltopectoral 
Myocutaneous Flap (DP). This choice was motivated by its 
thickness, which effectively covers the mandibular implant 
and reconstructs all lost soft tissue following lesion resection, 
whether intra or extraoral—a capability commonly achieved by 
this flap. A retrospective study by Sekhar et al. [8], encompassing 
127 patients, demonstrated that DP is widely employed for post-
ablation reconstruction in HNC, particularly in cases involving 
extensive intra and extraoral defects without bone reconstruction. 
The flap exhibits commendable success rates, minimal recovery 
time, and favorable aesthetic outcomes, positioning it as a viable 
option for HNC treatment.

Lee et al. [6] detailed the successful use of myocutaneous pedicle 
flaps for the customized coating of titanium mesh after HNC 
ablation. Customized implants tailored to individual patients 
are extensively discussed in the literature, particularly for 
TMJ reconstructions and extensive mandibular defects. Huang 
et al. [9] emphasized the diverse anatomical considerations, 
complex mandibular movements, saliva contamination, and 
dental rehabilitation as key factors leading to the utilization 
of customized implants in maxillofacial reconstructions. The 
authors reported that, when used in conjunction with flaps 
for complex mandibular defects, patient-specific cutting and 
perforation guides corresponding to the specific reconstruction 
plate enable precise 3D orientation of bone segments. Elledge 
et al. [5] validated a protocol for the classification of extended 
alloplastic reconstructions of the temporomandibular joint 
(TMJ). According to the size of the mandibular bone defect and 
the extent of the prosthetic component involved, the prosthesis 
used corresponds to an M2, with a fossa component equivalent 
to F0.

Voss et al. [10] also described the use of customized implants for 
post-ablation reconstruction involving the mandible and TMJ, 
albeit using vascularized flaps from the scapula and latissimus 
dorsi. Notably, there was no mention of the reconstruction of the 
mandibular fossa, only the condylar component. To date, there 
are no reported cases employing our approach.

The removal of the TMJ was not directly related to cancer 
involvement but rather due to the scant bone remnant needed 
to fix a reconstruction plate. In most oncological or infectious 
processes of the head and neck, TMJ engagement is uncommon. 
This rarity can be attributed to the protective distance of most 
intraoral tumors, which initially infiltrate the mandibular body 
before extending late to the TMJ. Similarly uncommon is the 
involvement of cutaneous and subcutaneous tumors on the right 
wing, although infiltration due to parotid tumors is observed. 
The occurrence of metastatic oncological disease in the TMJ is 
infrequent and rarely warrants ablative surgery [10].

Oncological or infectious indications for TMJ reconstruction 
introduce several complex factors, including scarring and tissue 
loss from previous surgery or destruction, as well as potential 
poor vascularization. These factors contribute to increased 
complications, limited function, and decreased quality of 
life. The management of TMJ involvement in cancer patients 
varies significantly, ranging from non-reconstruction and free 
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autologous grafts to vascularized grafts and partial or total 
replacement with prostheses. Despite numerous case reports and 
comparative series, there is a scarcity of guidelines regarding the 
management of resected TMJ components in cancer patients.

Yours Sincerely,
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Ghost Passenger in the Heart: The Story of an Intracardiac Cyst Dancing with 
Coronary and Peripheral Embolisms

Nergiz Aydın 1 , Ahmet Lütfü Sertdemir 1 , Yakup Alsancak 1 

1 Department of Cardiology, Necmettin Erbakan University Faculty of Medicine, Konya, Türkiye 

Abstract
Cardiac localization of hydatid cyst, which is a parasitic disease, is rare. In this article, a case of 
mediastinal hydatid cyst invading the left atrium is presented. A 62-year-old male patient with risk 
factors for coronary artery disease presented with epigatric pain, nausea and vomiting. Coronary 
imaging was performed because ongoing epigatric pain was accompanied by ischemic changes and 
elevated troponin on electrocardiography. No occlusive lesion was observed in the epicardial coronary 
arteries. Mesenteric embolism was detected in the patient whose epigatric pain continued. The patient, 
who did not accept surgery after the initial diagnosis, developed peripheral and cerebral emboli in the 
following period, and the patient was referred for surgery.

Keywords:  Intracardiac hydatid cyst, Acute coronary syndrome, Mesenteric ischemia, 
Echinococcus granulosus, Left atrium

Dear Editor,

Hydatid cyst is a zoonotic disease caused by Echinococcus granulosus larvae. Human infection most commonly occurs in the liver 
and lungs. Mediastinal involvement is extremely rare, there are a few case examples in the literature [1,2]. Cardiac involvement 
can be observed through the adjacent mediastinal hydatid cyst. The incubation period of the disease may last for many years until 
the hydatid cyst grows large enough to trigger clinical symptoms. Cysts of cardiac origin may present with tamponade or systemic 
embolism findings, mimicking acute coronary syndrome [3]. We aimed to present our case of mediastinal hydatid cyst, which 
presented with peripheral and cerebral multiple emboli following mesenteric ischemia.

Patient Information
A 62-year-old man with a known history of hypertension and coronary artery disease presented to the emergency department with 
epigastric pain and nausea and vomiting. His electrocardiogram (ECG) was in sinus rhythm with ST depression and T negativity 
in the anterior leads. The patient with persistent pain, ischemia findings on ECG and elevated troponin was taken to the coronary 
angiography laboratory, but no occlusive lesion was observed in the epicardial coronary arteries. Mesenteric computed tomography 
angiography (CTA) was performed because of persistent epigastric pain during post-angiography follow-up. The superior mesenteric 
artery (SMA) was occluded on CTA. In addition, a mass containing cystic-necrotic areas invading the atrium was observed in 
the mediastinum. The patient was operated for mesenteric ischemia. The patient who was scheduled for surgery for intracardiac 
hydatid cyst refused the operation. One month after the initial presentation, the patient presented to the emergency room with 
speech disturbance, numbness in the legs and syncope. Diffusion magnetic resonance imaging (MRI) showed diffusion restrictions 
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in the right cerebellar region and bilateral cerebral hemispheres 
(Figure 1). Lower extremity CTA showed total occlusion of the 
right popliteal artery (Figure 2). Cardiac MRI showed a 65*50 
mm hydatid cyst lesion in the mediastinum above the left atrium, 

projecting into the lumen, smoothly circumscribed, with small 
cysts of daughter vesicles. (Figure 3). The patient was referred 
for surgery.

Figure 1.A. Diffusion restriction in the right cerebellar region,  1.B. Diffusion restrictions in bilateral cerebral hemispheres

Figure 2. Right popliteal artery occlusion
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Figure 3. Coronal and axial sections of a 65*50 mm hydatid cyst lesion in the mediastinum above the left atrium with small cysts of 
daughter vesicles projecting into the lumen, smoothly circumscribed.

DISCUSSION
Cardiac hydatid cysts account for 0.5% to 2% of cases. This is 
due to the continuous contraction of the heart, which prevents 
invasion of parasite eggs into the myocardium despite the 
presence of viable cysts [4]. The left ventricle and right 
ventricle are most commonly affected, while the pericardium, 
left atrium, right atrium and interventricular septum are less 
common locations. Most patients with cardiac hydatid cysts are 
asymptomatic due to the slow growth of hydatid cysts (~1 cm per 
year), with symptoms occurring in approximately 10% of patients 
[5]. In symptomatic cases, symptoms are non-specific and vary 
depending on the number, size, location and local damage of 
the cysts. They may mimic symptoms of valvular diseases. 
Cardiac hydatid cyst-related bundle branch block, arrhythmias, 
myocardial infarction and sudden cardiac death have been 
reported [6]. There is a tendency to cause pulmonary embolism 
and CTEPH [7]. Intracardiac hydatid cyst cases may mimic 
acute coronary syndrome [8,9]. Cases presenting with neurologic 
symptoms have been reported [10]. Chest pain and dyspnea are 
the most common symptoms, precordial pain is usually vague. 
It may occur due to compression of the myocardium by hydatid 
cysts or by coronary emboli with typical angina. This may lead to 
misdiagnosis, especially in elderly patients with risk factors for 
coronary artery disease. In our case, coronary angiography was 

performed to exclude the possibility of coronary artery disease 
because epigatric pain was accompanied by ischemic changes 
on electrocardiography. The diagnosis of cardiac hydatid cyst is 
usually made by echocardiography and serologic tests. However, 
computed tomography and magnetic resonance imaging are 
sometimes needed when echocardiography is insufficient for 
the initial diagnosis. Patients with cardiac echinococcosis may 
present with a wide range of clinical findings, including typical 
angina. Especially in endemic areas, cardiac hydatid cyst should 
be considered in the differential diagnosis of patients with chest 
pain, even in those without a history of hydatid disease.

Yours sincerely,

Funding: This study received no funding.
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and freedom from bias of the data presented and their discussed 
interpretation. Written informed consent was obtained from 
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Evaluating RDW’s Role in Heart Failure Mortality: Insights and Implications
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To the Editor,

I am writing to express my appreciation for the recent publication by Umit Yuksek, “Red 
Cell Distribution Width Is an Independent Predictor of 1-Year Mortality in a Turkish Patient 
Population with Acute Decompensated Heart Failure” [1]. This study contributes significantly 
to our understanding of prognostic factors in acute heart failure, highlighting the importance 
of red cell distribution width (RDW) as an independent predictor of 1-year mortality in patients 
with acute decompensated heart failure. The methodology used in the study, which involved a 
cohort of 101 patients, provides an analysis of the predictive value of RDW as well as traditional 
clinical predictors. The finding that a 1% increase in RDW is associated with a 44% increase 
in 1-year mortality is particularly striking and emerging as a simple but powerful prognostic 
marker in clinical practice. 

In addition to the limitations mentioned by the author, there are a few other factors that could 
potentially impact the results. First, studies on the effect of demographic characteristics on the 
value of RDW show that RDW is associated with various clinical conditions and demographic 
factors [2]. It has been reported that RDW can be affected by a number of factors, such as age, 
gender, inflammation, coronary artery disease, heart failure, hyperlipidemia, diabetes mellitus, 
pneumonia, and chronic obstructive pulmonary disease. Patients with acute decompensated heart 
failure may also be frequently intertwined with these diseases during their initial admission. 
The fact that some of these important demographic characteristics were not clearly explained in 
the patient population of the study may be important in terms of influencing the results of the 
study. The criteria for inclusion or exclusion in the study are also not comprehensive and clear. 
We think that these should be specified in more detail. In addition, the non-invasive diagnosis 
of heart failure with preserved ejection fraction (HFpEF) is difficult and controversial. For this 
reason, it is recommended to use scoring systems like H2FPEF and HFA-PEFF for the diagnosis 
of HFpEF [3,4]. We believe that if any echocardiography or laboratory parameters other than 
the EF were evaluated while considering this patient group, it would be good to mention the 
methodology section. However, mentioning this issue in the limitations section may be useful 
if it is not mentioned.

Second, when we look at the comparison of the clinical and laboratory characteristics of the 
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subgroups with normal, high, and very high RDW values, it 
is noteworthy that factors such as Killip classification, mitral 
insufficiency, atrial fibrillation, cardiogenic shock, inotropic drug 
requirement, which may have significant effects on mortality in 
acute HEART FAILURE, do not have a significant relationship 
with high RDW. It also appears that even if it is not statistically 
significant, the EF value is positively correlated with RDW. As 
a result, despite this important success of RDW in showing a 
1-year mortality estimate, it also has a weak relationship with 
many other mortality predictor parameters in acute heart failure, 
suggesting that unforeseen clinical conditions or parameters 
may potentially affect RDW in this study group.

Statistically significant findings may not always be clinically or 
biologically significant. RDW may indicate that it is a clinically 
important variable, but this effect may be small and not make 
a significant difference in practice. The reason for coming to 
this conclusion is that the important limitations mentioned 
above may affect the study results. In conclusion, we believe 
that further research is necessary to investigate the mechanisms 
underlying the association between RDW and mortality in acute 
heart failure patients and to examine the potential of RDW to 
guide therapeutic interventions. We commend the author of this 
study, which not only enriches our understanding but also opens 
avenues for future research in acute heart failure management, 
and we thank the journal for publishing it.

Yours sincerely,
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Cardiac Memory T Waves After Termination of Fascicular Ventricular 
Tachycardia in the Emergency Room
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Abstract
Left posterior fascicular tachycardia (LPFVT) is a common type of idiopathic ventricular tachycardia 
that might be misdiagnosed as supraventricular tachycardia. Memory T wave is an inverted T wave 
that is seen after altered depolarization states such as pacemaker rhythm, ablated accessory pathways, 
ventricular tachycardia, or intermittent bundle branch blocks. Herein, we presented a young male 
patient who was admitted to the emergency room with FVT. After termination of tachycardia negative 
T waves (memory T wave) were seen. Memory T waves might be seen after the termination of FVT 
and must be differentiated from other causes of inverted T waves such as ischemia. 

Keywords: Idiopathic ventricular tachycardia; T-wave inversion; memory T-wave

Dear Editor,

Left posterior fascicular ventricular tachycardia (LPFVT) is the 
most common type of idiopathic left VT [1]. The presence of the 
right bundle branch block and the left anterior hemiblock are the 
main features of electrocardiography (ECG) that are seen in these 
patients. It is usually hemodynamically well-tolerated, seen in 
patients without any structural heart disease, and responds well 
to calcium channel blockers, especially verapamil [2]. Due to its 
clinical features and ECG findings, it can be misdiagnosed as a 
supraventricular tachycardia with aberrancy.

Memory T waves, also known as the Chatterjee phenomenon, are 
one of the rare reasons for diffuse T wave inversion in ECG, seen 
after previous ventricular tachycardia, pacemaker implantation, 
bundle branch block, or Wolf-Parkinson-White syndrome. It is 
a benign process and there is no need for treatment. However, it 

must be differentiated from other reasons for T wave inversion 
such as ischemia [3].

Herein, we presented a patient with LPFVT, in which after the 
termination of tachycardia memory T waves were observed in 
the emergency room.

A 17-year-old male with no history of any diseases was admitted 
to the emergency room with a complaint of palpitations. A 12 
lead ECG revealed a wide QRS tachycardia with right bundle 
branch block and left anterior fascicular block, fascicular 
ventricular tachycardia that originated from the left posterior 
fascicle was diagnosed (Figure 1). After the first examination, 
intravenous 25 mg diltiazem was administered. Control ECG 
revealed sinus rhythm with deep symmetrically negative T 
waves at the V3-6, DII, DIII, and aVF derivations (Figure 2). 
His cardiac markers were within normal reference limits and 
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transthoracic echocardiography showed no abnormality. The 
patient underwent catheter ablation of FVT originating from the 
left posterior fascicle using a 3-dimensional electroanatomical 
mapping system after induction of the tachycardia during index 
hospitalization. The remaining hospital stay was unremarkable. 
He was discharged without any anti-arrhythmic medication.

There are several causes of T-wave inversion in the emergency 
room. An exact differential diagnosis is critical to avoid 
unnecessary tests, procedures, and prolonged hospital stay for 
the patients. In this paper, we presented a young male patient 
without any history of systemic illness, medication, or illicit drug 
use who was admitted with a wide QRS complex tachycardia 
consistent with FVT, and memory T waves were observed after 
termination of the tachycardia.

Left posterior FVT has a right bundle branch block, and left 
anterior fascicular block morphology at the ECG. Due to its ECG 
features, usually being hemodynamically well tolerated, seen 
in young patients without structural heart disease, and being 
sensitive to calcium channel blockers, it can be misdiagnosed as 
supraventricular tachycardia with aberrancy. Michowitz et al. [3] 
noted four ECG features favor FVT rather than supraventricular 
tachycardia; (a) presence of atypical V1 morphology for RBBB, 
(b) QRS duration <140 milliseconds, (c) R/S ratio ≤1 in V6 
derivation, and (d) presence of positive QRS in aVR derivation. 
The presence of 3 or more of these features favors FVT. In our 
patient, all variables (QRS width 130 ms, V6 R/S ratio <1, and 
positive aVR) except for typical RBBB morphology (0 points) 
support VT. So the total score of 3 supported the diagnosis of 
FVT [3].

Memory T waves are one cause of T wave inversions, which 
are seen in patients’ sinus rhythm ECG, when patients have 
transient abnormal ventricular conduction and turned into sinus 
rhythms, such as VT, bundle branch blocks, transient ventricular 
pacing, and intermittent Wolf-Parkinson-White patients [4]. 
First Chatterjee et al. described transient T wave inversion and 
ST segment depressions after ventricular pacing. They claimed 
T wave inversion is caused by artificial depolarization of 
ventricle changes repolarization and this finding has been seen 
as T wave inversion [5]. In 1982 Rosenbaum and colleagues 
postulated electrotonic modulation of ventricular repolarization 
and described the term, cardiac memory. They implicated, that 
T waves of the sinus follow the direction of the QRS complex 
of abnormal activation and its amplitude is proportional to the 
duration of abnormal activation so called accumulation [6]. In 
memory, T wave inversion is related to the loss of function of Ito 
and potassium channels [7].

One of the biggest challenges of T wave inversion in the 
emergency room is differentiating memory T waves from 
ischemic T wave inversion. Different algorithms are defined for 
this purpose. Shvilkin et al. [8] declared that positive T wave in 
aVL, positive/isoelectric T wave in lead I, and bigger T wave 
inversion in precordial derivations than inferior derivations 
favor memory T waves caused by ventricular pacing more 
than ischemia. Nakagawa et al. [9] also proposed criteria 
including (i) positive T wave in aVL derivation, (ii) negative or 
isoelectric T wave in lead II, and (iii) negative T wave in V4-6 
derivations, or (iv) QTc <430 ms with a 100% sensitivity and 
96% specificity for the cardiac memory compared to ischemic 
etiology. Based on proposed criteria in previous studies, T-wave 

Table 1. Review of the literature about the cardiac memory T waves after termination of the left posterior fascicular ventricular 
tachycardia (LPFVT).

Article Year Patient # Age VT type T wave inversion
Catheter 
ablation

Disappearance of 
T-wave inversion

Park et al. [10] 2012 n=1 28 yo LPFVT After electrical cardioversion Yes 3-months later
Sorgente et al. [7] 2012 n=1 26 yo LPFVT After verapamil Yes Not reported
Kim et al. [13] 2012 n=1 41 yo LPFVT After catheter ablation Yes 1-month later
Josephson et al. [11] 2015 n=1 24 yo LPFVT After verapamil Not reported Not reported

Nakagawa et al. [9] 2016 n=16
Mean 
35 ± 17 yo

LPFVT
9/16 patients after verapamil 
or electrical cardioversion

Yes Within 6-weeks

Siroky et al. [12] 2020 n=1 24 yo LPFVT After amiodarone Yes Not reported
Gunaseelan et al. [4] 2020 n=1 36 yo LPFVT After diltiazem Not reported Not reported
Kara et al. 2024 n=1 17 yo LPFVT After diltiazem Yes Not reported
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inversions in our patient’s sinus rhythm ECG were consistent 
with cardiac memory (T wave was positive in lead aVL and 
I, T waves were deeper in precordial derivations than inferior 
derivations, negative T wave in lead II, and negative T wave in 
V4-6 derivations).

In Table 1, we reviewed the previously reported patients of 
cardiac memory T waves after FVT. Park et al. [10] reported a 
patient with FVT in whom the T-wave inversion was observed 
after the termination of tachycardia with electrical cardioversion 
and T-wave inversion disappeared after 3 months. Josephson 
et al. [11] presented a case in which FVT terminated with 
intravenous verapamil infusion and also showed inverted T 
waves after termination of tachycardia. Sirotky et al. [12] and 
Kim et al. [13] represented other cases of LPVT in which T-wave 
inversions were observed after catheter ablation and disappeared 
in the first week and first month of follow-up. In our patient, 
memory T waves were also observed after termination of the 
tachycardia with diltiazem administration.  

Figure 1. The patient’s admitting ECG revealed a wide QRS 
complex tachycardia with right bundle branch block and left 
anterior fascicular block morphology, fascicular VT originating 
from the left posterior fascicle was diagnosed.

Figure 2. Control ECG after administration of intravenous 
diltiazem revealed sinus rhythm with deep, symmetrical T wave 
inversion at the V3-6, DII, DIII, and aVF derivations, and positive 
T waves at the DI, V1-2, aVL, and aVR.

In conclusion, LPFT is a common type of idiopathic ventricular 
tachycardia and memory T waves might be seen after its 
termination. Differentiation of LPFT from supraventricular 
tachycardias, and memory T waves from ischemic inverted T 
waves are challenging issues that must be solved.
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ABSTRACT
Huntington’s disease (HD) is a neurodegenerative autosomal dominant condition characterized 
by motor, behavioral, and cognitive symptoms. Aspiration pneumonia stands out as a leading 
cause of death in HD, primarily attributed to dysphagia, which gets more noticeable as the 
disease progresses. Dysphagia symptoms in individuals with HD are compounded by noticeable 
movement problems, including Chorean or rigid-bradykinetic patterns. These symptoms 
manifest in every phase of swallowing and fluctuate with the progression of HD. Lingual 
chorea, delayed swallowing initiation, and impaired swallowing-respiratory coordination are 
key indicators of dysphagia in individuals with HD. The negative impact on eating behaviors is 
further exacerbated by concurrent cognitive and sensory deficits. Consequently, dysphagia leads 
to social isolation, restrictions on activities and involvement, and a diminished quality of life for 
individuals with HD. To minimize these adverse effects, a referral to a speech-language therapist 
(SLT) for swallowing assessment should be initiated immediately upon the diagnosis of HD by 
a neurologist. Starting from the earliest stages of the disease, both clinical and instrumental 
swallowing assessments should be employed to minimize the detrimental consequences of 
dysphagia. Depending on the assessment results, compensatory and/or rehabilitative (restitutive) 
strategies can be recommended for treatment. Furthermore, the SLT actively collaborates with 
other team members, including individuals with HD, caregivers, neurologists, otolaryngologists, 
gastroenterologists, and others, contributing collectively to the decision-making process regarding 
both oral and non-oral feeding considerations. Despite the negative impact of dysphagia on 
individuals with HD and its significant role in individuals’ deterioration, the evidence for specific 
dysphagia interventions remains limited. Clinicians, therefore, rely on well-established general 
swallowing therapy practices. There is a pressing need for evidence-based research on dysphagia 
in HD. In this study, the literature on dysphagia in individuals with HD will be examined, with 
a focus on its pathophysiology and the role of SLT in diagnostic and intervention techniques.

Keywords: Huntington’s disease, swallowing, dysphagia, chorea 
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Dysphagia in Individuals with Huntington’s Disease: A Narrative Review
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INTRODUCTION
Huntington’s disease (HD) is a neurodegenerative and autosomal 
dominant disease that often manifests as progressive symptoms 
beginning in adulthood [1,2]. This condition typically emerges 

between the ages of 30 and 50, impacting 4-10 individuals per 
100,000 in the population [3-8]. HD is linked to the huntingtin 
(HTT) gene on chromosome 4p16.3, arising from an elevated 
number of cytosine-adenine-guanine (CAG) trinucleotide repeats 
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Main Points;

•	 Dysphagia is a common problem in Huntington's disease, 
affecting about 90% of individuals with the condition.

•	 As the disease progresses, symptoms worsen, leading to 
issues like malnutrition, dehydration, and pneumonia.

•	 Assessment methods include comprehensive swallowing 
evaluation like the clinical evaluation and instrumental 
assessment. 

•	 A team of healthcare professionals, including speech-
language therapists, works together to ease dysphagia 
symptoms using a mix of behavioral and medical 
approaches, with early involvement of caregivers in the 
process.

within this gene [3,9,10]. In individuals without HD, the number 
of CAG repeats typically does not exceed 34. However, for those 
with HD, this number can surpass 40 [9]. The increased count of 
CAG repeats triggers the production of the huntingtin protein, 
leading to subsequent neuronal loss [9]. Notably, neuronal loss 
is more common in the basal ganglia, specifically in the caudate 
nucleus and putamen, although it is also observable in the 
cerebral cortex [2]. HD causes motor, cognitive, and psychiatric 
disorders [11] The most characteristic feature of the disease 
is chorea, a motor disorder involving dance-like, involuntary, 
fast, and non-stereotypic hyperkinetic movements [12]. Other 
motor disorders include muscle stiffness (rigidity), dystonia 
(involuntary and prolonged muscle contractions), and slowness 
of movement (bradykinesia) [9,13,14]. Cognitive and psychiatric 
disorders associated with the disease include dementia, 
depression, personality changes, and attention deficit [12]. As 
the disease advances, a genetic test is employed to confirm 
the diagnosis when clinical symptoms, encompassing a mix of 
motor, cognitive, and behavioral disorders, raise suspicion [8,13]. 
While chorea is a common initial experience, dystonia and 
rigidity also manifest as the disease progresses [13,14]. These 
motor disruptions in motor function can result in issues like 
swallowing difficulties (dysphagia) and hyperkinetic dysarthria 
[15,16]. Alongside motor challenges which contributes to 
dysphagia, cognitive problems can influence swallowing as well 
[15]. Dysphagia, in turn, may lead to malnutrition, dehydration, 
and aspiration pneumonia [17]. Notably, aspiration pneumonia 
stands as a primary cause of death in HD [18]. Furthermore, 
dysphagia can contribute to social isolation, limitations in 
activity and participation, and a decline in overall quality of life 

[16,17]. Hence, dysphagia not only adversely affects individuals 
with HD but also may amplifies the burden on caregivers. 
Therefore, early diagnosis and treatment of dysphagia are of 
critical importance.

Dysphagia should be managed by a multidisciplinary 
team for individuals with HD. Members of the team may 
include, but are not limited to, speech-language therapists 
(SLTs), neurologists, otolaryngologists, gastroenterologists, 
nutritionists, physiotherapists, occupational therapists, and 
nurses. Referral of individuals to SLTs in the early stages of the 
disease is particularly crucial in terms of providing information 
and counseling to individuals, according to European HD 
guidelines [19]. SLTs assist in clinical decision-making for the 
immediate assessment and intervention for individuals with HD 
and dysphagia [19]. Individuals with HD and their caregivers 
are referred to SLTs and then they go through stages such as 
assessing swallowing safety of individual, identifying current 
risks for dysphagia, minimizing the individual’s and caregiver’s 
concerns, discussing intervention options during the course of 
the disease, and effectively communicating with needed health 
professionals [19]. 

Little is known about HD-related dysphagia despite the physical, 
psychological, social, and even deadly consequences. This study 
aims to provide a wide framework for SLTs and learners through 
reviewing the literature on the etiology, prevalence, symptoms, 
assessment, and treatments of dysphagia associated with HD. 
The goal is also to guide clinical practice and improve awareness 
of the role of SLTs in HD-related dysphagia among other health 
professionals on the team.  

In order to access the findings of the literature to be included 
in the review, PubMed, Scopus, and Google Scholar were 
consulted. Conference papers, seminar proceedings, and 
symposium papers were excluded from the review. Moreover, 
books were consulted to gather additional information. The 
article title, abstract, and keyword fields were examined using the 
following search ‘dysphagia in Huntington’s disease, dysphagia 
assessment in Huntington’s disease, dysphagia therapy/
intervention in Huntington’s disease. The search encompassed 
recent publications, specifically those released post-2000, with 
the exception of four publications including dysphagia-related 
scales and focusing on HD and serving as primary sources for 
information on the disease.
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Prevalence, Pathophysiology and Symptoms-Findings of 
Huntington’s Disease Related Dysphagia
Dysphagia, a common disorder in neurodegenerative diseases 
like Parkinson’s, Amyotrophic lateral sclerosis and Alzheimer’s, 
is also prevalent in HD [20-23]. Dysphagia is reported in around 
90% of IwHD [21]. It is observed in 35% of people in the early 
stage, 94% of people in the middle stage, and 100% of people 
in the late stage [24]. Neuropathological changes in HD involve 
neurodegeneration in regions such as the striatum, pallidum, 
cerebral neocortex and allocortex, brainstem, thalamus, and 
cerebellum [25]. A study highlighted the compromise of 
swallowing safety due to atrophy in a network comprising 
parietotalamocerebellar areas [26]. This network is associated 
with sensory processing, sensorimotor transformation, and 
cognitive control. Neurodegeneration in these areas leads to 
the emergence of sensory, motor, cognitive, and psychiatric 
disorders [26]. 

It is well known that dysphagia can manifest in the oral, 
pharyngeal, and esophageal phases in HD [27]. Neuromuscular 
dyscoordination in the oral and pharyngeal phases is thought 
to originate from basal ganglia or cerebellar dysfunction 
[24,25]. The impact of mutant huntingtin on oro-pharyngeal 
muscles is also presumed [24]. Silent aspiration, as observed 
in individuals with HD, may arise from sensory disturbances 
in the epiglottis and posterior wall of the hypopharynx, similar 
to other neurodegenerative disorders (e.g., Parkinson’s disease) 
[24,28]. Motor and sensory problems affecting swallowing 
can worsen with motor problems in the upper extremities 
in individuals with HD, leading to severe restrictions in self-
feeding [29]. Dysphagia symptoms in individuals with HD can 
be hyperkinetic or akinetic-rigid motor symptoms, varying 
according to the stage of HD [15,30]. Involuntary movements 
observed in HD can complicate the eating and drinking process 
by making postural control challenging, increasing the risk of 
aspiration [15,31]. Rapid lingual chorea and lingual dysfunction 
associated with swallowing coordination issues result in 
problems with bolus preparation and delivery [15,32,33]. Weak 
lingual control of the bolus can lead to premature spilling into 
the laryngeal vestibule [29]. Coughing due to laryngeal chorea 
is an early clinical symptom of HD [27]. Loss of voluntary 
feeding control is associated with late-stage symptoms such as 
aspiration pneumonia, choking, unintentional weight loss, and 
cachexia [30,27,34].

In the oral phase of swallowing, in addition to lingual 

dysfunction, impaired and involuntary lip and jaw movements 
can be observed [35]. In the pharyngeal phase of swallowing in 
individuals with HD, coordination disorders, airway protection 
issues, prolonged laryngeal elevation, decreased pharyngeal 
clearance, pharyngeal residue, and penetration/aspiration 
problems may arise [15,29,30]. Postural instability in HD 
contributes to problems in both the oral and pharyngeal phases 
[29]. In the esophageal phase, there may be gastroesophageal 
inflammation such as gastritis or esophagitis and esophageal 
dysmotility [15,36]. 

Psychiatric and cognitive problems can also impact nutrition in 
addition to motor and sensory issues. Cognitive and psychiatric 
changes pose the greatest burden on families, are associated 
with functional decline, and can predict hospitalization [37,38]. 
Individuals with HD may not be aware of social eating behaviors, 
may fragment meals during anger bursts, and may struggle to 
maintain the social aspects of eating [27]. Cognitive inhibition 
deficiencies affecting eating speed lead to insatiable appetite, 
impulsively fast eating (tachyphagia), and increased hunger in 
individuals with HD, resulting in ineffective transportation of 
food into the oral cavity and inadequate lip closure [33]. 

Common oral health issues observed among individuals with 
HD include gum inflammation, tooth decay, poor oral hygiene, 
and bruxism in a recent review [39]. Additionally, many 
medications used for psychiatric symptoms induce dry mouth 
[40]. Early referral to a dentist is essential for maintaining oral 
health, as dental procedures become more challenging as the 
disease progresses [39].

In summary, involuntary movements can impact all phases 
of swallowing in individuals with HD. Symptoms such as 
throwing food from containers, pushing food out of the mouth 
with the tongue, breathing during laryngeal swallowing, and 
regurgitation can occur [27]. Although dysphagia symptoms and 
findings emerge in all three phases, they are typically observed 
in the oral and pharyngeal phases [32,36]. Figure 1 emphasizes 
dysphagia symptoms and findings in individuals with HD based 
on swallowing stages [15,27,32]. 

Assessment of Huntington’s Disease Related Dysphagia 
It is now established that dysphagia is prevalent in HD. Various 
symptoms associated with dysphagia can manifest during 
different stages of the swallowing process. For instance, 
aspiration, even in the early stages of HD, has been reported to 
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be prevalent, with a notable incidence of silent aspiration [26]. 
Although individuals with HD may not self-report dysphagia 
symptoms during assessment, it is crucial for neurologists 
to address these symptoms explicitly and refer to SLT for 
a comprehensive swallowing evaluation, such as a clinical 
evaluation and instrumental assessment. The comprehensive 
swallowing evaluation, aligned with the International 
Classification of Functioning, Disability, and Health (ICF) 

framework, should commence the evaluation from the early 
stages of the disease [19,31]. The ICF framework emphasizes 
that dysphagia assessment should encompass (1) the evaluation 
of body structures and functions that may influence swallowing, 
eating, or drinking behaviors, (2) swallowing activities and 
participation, (3) eating or drinking activities and participation, 
and (4) personal and environmental factors that may affect 
swallowing [9,41].

Clinical evaluation of swallowing includes medical history, 
complaints about swallowing and drooling, physical examination 
(observation, oral motor assessment, respiration, phonation and 
resonance assessment, feeding assessment, test swallows) [42]. 
Dysphagia assessment includes a clinical evaluation (including 
formal and informal assessments). Information collected during 
the informal (pre-assessment/preliminary) assessment should 
adhere to the standards recommended by assessment guidelines 

[19]. A comprehensive preliminary assessment should include 
case history, medical history, dysphagia symptoms, nutrition/
swallowing history, and patient-specific information at the 
beginning of the clinical evaluation [42]. Medical reports, 
discussions with healthcare professionals, and verbal information 
from the individual or caregiver can be utilized to obtain a 
thorough medical history [42]. The formal assessment aims to 
identify the presence of dysphagia symptoms, such as mealtime 

Figure 1. Dysphagia symptoms and findings in individuals with Huntington's disease
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performance and accompanying environmental factors, during 
the clinical evaluation [9]. Patient-reported scales that provide 
preliminary information for advanced assessments can be 
employed as screening tools to assess the risk of dysphagia [31]. 
Widely used scales include the Eating Assessment Tool (EAT-
10) and Swallowing Related Quality of Life (SWAL-QOL) [43-
45]. Self-assessment tools specifically designed for individuals 
with HD, such as the Huntington Disease Dysphagia Scale 
(HDDS) and Huntington Disease Health-Related Quality of 
Life (HDQLIFE), can also be utilized [16,46]. A 90 mL water 
swallow test and bedside swallowing assessment, including 
clinician observation, can provide preliminary information for 
more advanced assessments [31,47]. Additionally, observing 
feeding in the home environment can be beneficial for assessing 
the impact of environmental factors [19]. When clinical 
evaluation symptoms in the digestive/upper respiratory tract, an 
appropriate medical referral should be made. In the final stage 
of clinical assessment, should use the gathered information to 
decide on further assessment procedures and determine the 
safety of food trials [19].

Fiberoptic Endoscopic Evaluation of Swallowing (FEES) and 
Videofluoroscopic Swallowing Study (VFSS) / Modified Barium 
Swallow Study (MBSS) are the most used instrumental methods 
for diagnosing dysphagia in individuals with HD [26,27,29]. 

However, these diagnostic approaches may be contraindicated 
if the individual cannot collaborate or participate due to 
involuntary movements or cognitive issues [19]. FEES may 
be more challenging to use in individuals with HD because 
it does not visualize the oral phase, and choreic movements 
may complicate evaluation [19]. However, various scales 
and procedures can be employed and integrated for specific 
purposes. In some studies where FEES is used for dysphagia in 
individuals with HD, it has been combined with the Penetration 
Aspiration Scale (PAS), Dysphagia Outcome and Severity 
Scale (DOSS), or Yale Pharyngeal Residue Severity Rating 
Scale [24,26,31,48-50]. Oral intake can be recorded based on 
the Functional Oral Intake Scale (FOIS) [51]. In a study using 
VFSS for dysphagia in individuals with HD, the Penetration 
Aspiration Scale and Bethlehem Assessment Scale (BAS) were 
used [29]. Additionally, high-resolution pharyngeal impedance 
manometry (HRIM) and surface electromyograph (sEMG) can 
be used [32,52]. The advantage of pharyngeal HRIM is that it 
allows the objective evaluation of swallowing biomechanics, 
contributing to understanding the pathogenesis of dysphagia and 
developing a treatment plan. Surface electromyography (sEMG) 
can be used to measure the activity of the submental muscles 
during swallowing and as a biofeedback tool. Methods and 
scales that can be used in swallowing assessments in individuals 
with HD are provided in Figure 2.

Figure 2. Swallowing assessment in individuals with Huntington's disease. 
*Scales that are used during the instrumental assessment.
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Collaborative analysis of the information obtained from 
swallowing assessments with medical professionals can 
enhance the effectiveness of diagnosis, appropriate food 
selection, postural modification, and maneuver or exercise 
options. Gaining insights into the impact of dysphagia on 
eating and drinking activities and participation, as well as the 
burden it places on caregivers, will provide a foundation for a 
holistic, sensitive, and collaborative intervention. Certainly, 
the assessment process should involve a multidisciplinary team 
comprising a neurologist, SLT, and other relevant professionals. 
Each opinion and perspective are crucial for planning the 
therapy phase.

Intervention of Huntington’s Disease Related Dysphagia 
Behavioral, medical interventions and a combination of both 
can be employed in the management of dysphagia among 
individuals with HD. SLTs play a pivotal role, particularly in 
addressing oral and pharyngeal dysphagia. Their responsibilities 
encompass tailoring treatment plans for swallowing disorders 
based on individual performance, delivering treatment, and 
establishing criteria for concluding interventions. Furthermore, 
their coordination with other healthcare professionals facilitates 
the selection of the most effective intervention method for the 
individual [42]. 

In the context of managing dysphagia in individuals with HD 
the primary objective is to alleviate symptoms rather than 
tackling the underlying cause [27]. As the disease advances, 
considerations for cognitive levels and behaviors become 
increasingly vital. Consequently, the treatment plan should 
be adjusted according to the individual’s cognitive level. 
Behavioral treatment for dysphagia falls into two categories: 
compensatory or rehabilitative (restitutive) intervention [42]. 
Compensatory intervention involves a range of strategies 
such as postural adjustments, proper equipment utilization, 
oral hygiene practices, considerations for meal quantity and 
frequency, bolus size and placement, maneuvers, feeding rate, 
nutritional modifications, and caregiver support. It is crucial 
to customize and apply these strategies with a specific focus 
on individuals with HD [19,27]. Creating a conducive feeding 
environment also contributes to improving swallowing function 
and safety [31]. Exercises and maneuvers aimed at enhancing 
swallowing function are integral components of rehabilitative 
treatment [42]. Exercises that enhance airway closure could 
be helpful [52-54]. A randomized controlled pilot study, for 
instance, examined the impact of a 4-month respiratory muscle 

strength training on 18 participants with HD, revealing benefits 
for pulmonary function in individuals with HD but no effect on 
swallowing function [53]. 

Speech-language therapists can offer recommendations and 
implement compensatory and rehabilitative interventions 
for both individuals and caregivers early on [19]. These 
recommendations may encompass raising awareness about 
swallowing, reducing concerns related to swallowing and 
eating, providing guidance on postural adjustments, alerting 
about hazardous foods and textures, minimizing distractions 
during mealtime, and establishing a comfortable environment 
[19]. Recommendations pertaining to diet modifications 
are incorporated in addition to early-stage interventions. 
Importantly, safe swallowing advice and information should 
be communicated effectively, considering both oral and written 
formats for individuals and caregivers of individuals with HD. 
Furthermore, SLTs are crucial in providing suggestions to 
modify the viscosity, textures, and temperatures of food and 
liquids for enhanced swallowing safety [19]. 

Active collaboration of SLTs in the multidisciplinary decision-
making process regarding non-oral nutrition (e.g., nasogastric 
tube [NG], percutaneous endoscopic gastrostomy [PEG]) is 
important. However, this decision-making process should be 
initiated with due consideration of the cognitive abilities of the 
individual, involving individuals with HD and their caregivers. 
Until advanced stages, oral feeding is generally feasible in HD. 
Even in advanced stages, efforts can be made to continue diet 
modifications, compensatory, and rehabilitative swallowing 
maneuvers as much as possible. Additionally, maintaining oral 
hygiene and ensuring that caregivers possess knowledge about 
safe nutrition for individuals are emphasized [19,39].

Medical interventions encompass pharmacological treatments 
and non-oral nutrition alternatives. Pharmacological treatments 
(e.g., antipsychotics, valbenazine, and tetrabenazine) can be 
advantageous in managing motor and behavioral symptoms in 
HD. However, their usage should be approached cautiously in 
individuals with mid to late-stage dysphagia [31]. Especially 
for individuals facing challenges with swallowing pills and 
capsules, alternative administration methods may be explored. 
Data from controlled laboratory studies suggest that the crushed 
content of valbenazine capsules can be incorporated into soft 
foods or liquids, including acidic ones, or administered through 
a G-tube. This holds promise for patients struggling with capsule 
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ingestion, and further evaluation in a clinical setting is warranted 
[55]. Generally, in scenarios where oral intake becomes 
problematic, and airway protection is uncertain, nutritional 

options like NG or PEG are discussed with the collaboration of 
other team members. Dysphagia intervention recommendations 
for individuals with HD are given in Figure 3 [19,27,39,52-54].

Figure 3. Recommendations for dysphagia intervention in Huntington’s Disease

CONCLUSION 
A referral and a teamwork are crucial for a thorough assessment 
of swallowing upon the neurologist’s confirmation of HD 
diagnosis, regardless of the presence of symptoms, while 
clinical evaluations and patient-reported scales are preferred 
for comprehensive swallowing assessments, they cannot replace 
instrumental evaluations. Given the neurodegenerative nature of 
the disease, MBSS should be utilized early in the progression of 
HD to assess and monitor the individual’s advancement. Even in 
the early stages, proactive swallowing maneuvers and exercises 
can be beneficial, with modifications adjusted over time based 
on the individual’s condition and preferences. The inclusive 
involvement of caregivers in the dysphagia management process 

at every stage can provide valuable support. Collaborating with 
experts from various disciplines is essential when making 
decisions about dysphagia management, especially in situations 
where oral intake is not possible. Considering the limited nature 
of existing literature summaries on dysphagia interventions in 
interventions in individuals with HD, further evidence-based 
research on this subject is necessary.
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ABSTRACT
Sleep disorders are very common in children and adolescents with Autism Spectrum Disorder 
(ASD) and can negatively impact their lives, mental health, developmental processes, families’ 
lives, and emotional well-being. It is essential to determine the specific sleep disorder and its 
underlying cause in treatment planning. Currently, nonpharmacological and pharmacological 
interventions are the main treatments for improving sleep disorders in children and adolescents 
with ASD. If nonpharmacological strategies are unsuccessful or difficult to implement, 
medications should be considered and used in conjunction with them. Melatonin, behavioral 
interventions, and parent education are the most effective treatments to improve sleep, relative 
to other pharmacological treatments. Medications used to treat sleep disorders in these children 
are used off-label. Melatonin appearing to be safe and effective may be an evidence-based and 
efficacious first-line treatment for treating insomnia symptoms in children and adolescents with 
ASD. Antipsychotics (e.g.low dose quetiapine), antidepressants with strong sedative effects such 
as trazodone and mirtazapine, antihistamines (e.g.diphenhydramine, niaprazine), alpha-adrenergic 
drugs (e.g. clonidine), benzodiazepines (e.g.clonazepam) and other hypnotic drugs, anticonvulsants 
(e.g. gabapentin), Alzheimer’s drugs (e..g donepezil), superoxide and iron treatment are other drugs 
used in pharmacological treatment. Depending on the type of sleep disorders and the presence of 
comorbidities, the most effective pharmacological treatment should be selected on a case-by-case 
basis.

Keywords: Autism Spectrum Disorder, Sleep, Sleep Initiation and Maintenance Disorders, 
Pharmacological Treatment, Melatonin

INTRODUCTION
Autism spectrum disorders (ASD) are neurodevelopmental 
disorders that cause difficulties with social interactions, 
communication, and stereotyped behavior patterns. ASD affects 
approximately one in 36 children [1]. It is common for individuals 
with ASD to have comorbid psychiatric disorders, including 
sleep disorders. Sleep is vital for a child’s overall growth and 

well-being. It plays a vital role in regulating many biological 
functions in children such as metabolism, mood regulation, 
learning, and memory [2, 3]. Sleep disorders are very common 
in ASD. According to a recent review, children with ASD have a 
higher likelihood of experiencing sleep-related disorders, with a 
prevalence ranging from 50% to 80%, in contrast to 9% to 50% 
among typical children [4].  Insomnia is the most frequently 
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Main Points:

•	 Sleep disorders, one of the most common comorbid 
disorders in children and adolescents with ASD, negatively 
affect the lives of both children and families in many ways.

•	 Melatonin appearing to be safe and effective may be an 
evidence-based and efficacious first-line treatment for 
insomnia in children and adolescents with ASD.

•	 Antipsychotics, antidepressants, antihistamines, alpha-
adrenergic drugs, benzodiazepine and other hypnotic 
drugs, anticonvulsants, Alzheimer’s drugs, superoxide and 
iron treatment are other drugs used in pharmacological 
treatment.

•	 Depending on the type of sleep disorders and the presence 
of comorbidities, the most effective pharmacological 
treatment should be selected on a case-by-case basis.

reported sleep problem. Sleep disorders such as parasomnias, 
sleep-disordered breathing, movement disorders during sleep, 
and excessive sleepiness during the day are also observed in 
children and adolescents with ASD [4, 5].

Studies show that children with ASD undergo more bedtime 
resistance, sleep onset delay, and difficulties maintaining sleep. 
They often wake up frequently at night and have irregular sleep 
patterns, a shorter sleep duration, and early morning awakening. 
Besides they suffer from sleep anxiety, excessive sleepiness 
during the day, parasomnias, and sleep-disordered breathing [5-
10]. Sleep problems in children with ASD seem to be related 
to age. Younger children experience more difficulty going to 
bed, higher levels of bedtime resistance, bedtime anxiety, night 
wakings, and parasomnias. However, older children are more 
prone to sleeplessness [11].  
Sleep problems in ASD children are commonly linked to 
conditions such as anxiety, attention problems, impulsivity, 
oppositional behavior, sensory sensitivities, digestive problems, 
and medication use [4, 12].

Sleep problems in children with ASD tend to last longer and 
endure when compared to typical children. Typical children’s 
sleep problems typically fade with age [13]. As well as being 
prevalent and persistent, sleep issues have a significant impact 
on various aspects of children’s and family’s lives. Poor sleep 
has been shown to negatively affect ASD symptoms and their 

daytime functioning. Sleep problems can lead to difficulties 
in social communication, increased stereotypical behavior, 
more dysfunctional routines, lower cognitive and academic 
performance, lower learning capacities and memory, poorer 
quality of life, higher stress and mood disorders for family 
members. Insufficient sleep has also been associated with 
increased social, emotional/behavioral problems, such as 
tantrums, defiance, aggression, irritability, self-harm, low 
mood, anxiety, fluctuations in mood, attentional deficits, and 
hyperactivity. For this reason, it is very important to recognize 
and treat sleep problems in children with ASD [2, 7, 14-17]. 

The causes of sleep problems in ASD have not yet been definitively 
established. Sleep disorder has been linked to biological factors, 
irregularities in circadian genes, abnormalities in the melatonin 
system, psychological, social and environmental factors, sensory 
hyperarousal, comorbid medical conditions, and medications [2, 
4, 5, 17]. 

Clinical Assessment and Management of Sleep Disorders in 
ASD 
The first clinical assessment of sleep problems is vital and 
frequently disregarded. Before using any medicines or other 
treatments for sleep problems, it is crucial to recognize and treat 
the underlying medical conditions causing them. To diagnose 
sleep disorders properly in ASD, Rana et al. 2021 advise following 
these steps: (1) taking a detailed history of sleep patterns, sleep 
times, wake-up times, and sleep schedules; (2) identifying any 
behavioral factors, such as struggling to understand affectionate 
expectancies ascribed to communication difficulties (3) screen 
for sleep disorders, such as nightmares, sleep apnea, night 
terrors, restless leg syndrome, sleep-related movements, and 
sleepwalking; (4) diagnosing psychiatric disorders that occur 
at the same time, like discomfort or notice attention deficiency 
hyperactivity disorder (ADHD); (5) diagnosing medical 
conditions that occur at the same time, such as seizures, nocturia, 
gastrointestinal reflux disease, eczema, night cough, and pain [5]. 

Currently, most treatments for improving sleep problems in 
children with ASD involve behavioral or pharmacological 
interventions. The National Institute for Health and Care 
Excellence (NICE) recommends that a behavioral sleep plan be 
developed in conjunction with parents or carers for individuals 
with ASD under 19 years old who have sleep problems. [18]. The 
evaluation should also consider any comorbidities, medication 
use, and environmental or psychological factors (like nearby 
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injury or bullying) that could be causing the sleep problem. It is 
suggested that drug treatments are only attempted if behavioral 
interventions have failed or if the impact on the child or their 
family is long-lasting. Similarly, in the recently published 
practice guideline of the American Academy of Neurology 
for sleep disturbance in children and adolescents with ASD, 
pharmacological treatments are recommended only when non-
pharmacological treatments do not work and all relevant factors 
have been addressed [19]. 

Non-pharmacological treatments, which are the mainstay of 
treatment of sleep disorders, include establishing sleep routines, 
sleep training, and direct behavioral intervention. These methods 
are safer and can be just as efficient as drugs, mainly for mild or 
ordinary cases [4, 19]. 

Malow and colleagues [20] analyzed 1,518 children aged 4-10 
and found that 46% of those diagnosed with a sleep disorder 
were prescribed sleep medications. To this day, the Food and 
Drug Administration (FDA) has not approved any medication 
for treating insomnia in children with ASD.

There are important conditions to keep in mind before starting 
a new medication in the treatment of sleep disorders in children 
with ASD [5, 20, 21]. (see Table 1).

Table 1. Important conditions to keep in mind before starting a 
new medication in the treatment of sleep disorders in children 
with ASD

•	 Prescription and non-prescription medications that the child may take 
should be reviewed.   

•	 The child’s age and clinical history, along with any associated medical 
conditions, should be evaluated in detail.

•	 The right choice of sleep-enhancing drugs should be made. Since there 
is insufficient scientific evidence for sleep-enhancing medications, 
the choice should be made based on the main sleep complaint and 
associated symptoms. Treatment approaches vary depending on the 
sleep problem.

•	 Sleep drugs should be started at the lowest effective dose, increased 
when necessary, and the side effects of the medications should be 
taken into account.

•	 To reduce the risk of rebound insomnia, drugs should be closely 
monitored and slowly reduced. Sudden discontinuation of sleeping 
medications should be avoided.

•	 Treatment goals should be determined together with parents and 
should be realistic and measurable. Potential side effects such as 

daytime sedation and tolerance should be discussed.

•	 It is important to screen adolescents for alcohol and drug use due to 
the additive impacts of sedative-hypnotic and entertaining drugs.

•	 Correct timing is vital when managing sleep disorders, as most 
hypnotic drugs take effect within half an hour and reach their highest 
point within one or two hours. Therefore, administering medication 

too soon or too late will result in reduced effectiveness

The Pharmacological Treatment of Insomnia and Disrupted 
Sleep Behavior 
Melatonin is frequently used in the pharmacological treatment 
of sleep disorders in children with ASD. However, if behavioral 
and melatonin treatments are insufficient, other psychotropic 
drugs may be prescribed off-label. This includes drugs like 
antipsychotics, antidepressants with strong sedative effects such 
as trazodone and mirtazapine, antihistamines, alpha-adrenergic 
drugs like clonidine, benzodiazepines, and other hypnotic 
drugs, anticonvulsants such as gabapentin, Alzheimer’s drugs 
like donepezil, superoxide and iron treatment [2, 4, 10, 20, 21]. 
Currently, there is not enough research on these medications and 
their clinical effectiveness and safety profile in treating sleep 
problems. However, surveys examining the effectiveness of 
psychotropic medication prescribed for various reasons on the 
sleep of individuals with ASD throughout their lifetime have 
been informative.

1. Melatonin 
Melatonin is the most common pharmacological medication 
prescribed for insomnia and circadian rhythm sleep-wake 
disorders in ASD [10, 22]. Melatonin is a hormone synthesized 
principally in the pineal gland, has an important function in 
the regulation of circadian rhythm and core body temperature 
rhythms, and is regulated by the suprachiasmatic nucleus of 
the hypothalamus [23]. It is thought that melatonin may help 
relieve anxiety and improve overall health [24]. Several studies 
have been carried out on patients with ASD, demonstrating 
the effectiveness of melatonin. These studies encompassed 
open-label data, randomized controlled trials, uncontrolled 
trials, control trials, retrospective studies, and meta-analyses. 
The overall consensus is that melatonin decreases sleep onset 
latency (SoL), proceeds the sleep phase, and increases total sleep 
time (TST) while reducing night wakings [10, 20, 22, 25-27].  
However, the reduction in night wakings has been reported to 
occur with sustained/prolonged-release melatonin formulations 
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rather than immediate-release melatonin [28]. A recent 
review reported that prolonged-release melatonin formulation 
treatment effectively improved both sleep onset, duration, and 
consolidation, and externalizing behaviors during the day in 
children and adolescents with ASD, as well as caregivers’ quality 
of life and gratification with their children’s sleep [22].

In a study of 125 children with ASD aged 2-17.5 years who had 
sleep problems for more than three months and did not benefit 
from behavioral intervention for four weeks, it was found that TST 
increased by 57.5 minutes and SoL decreased by 39.6 minutes 
after taking melatonin mini tablets at a dose of 2 to 5 mg for 13 
weeks [26]. In a meta-analysis of 35 researchers, the findings 
show that melatonin increases TST by 73 minutes and reduces 
SoL by 66 minutes from the standard level. Unfortunately, the 
melatonin did not present any significant improvement in night 
wakings [29]. Open-label study determined the effectiveness of 
melatonin in 24 (aged 3 to 10 years) children using doses up 
to 9 mg. The research showed that reduced SoL (on average 
21.3 minutes less, from 42.9 to 21.6 minutes), but there was no 
significant change in the TST, sleep quality, or night wakings 
after receiving therapy for 14 weeks. The study also displayed 
better behavior and less stereotypical and compulsive behavior 
[30]. A significant retrospective study investigating the use of 
melatonin with a dosage range of 3-6 mg in 107 participants 
aged 2-18 years demonstrated the absence of sleep concerns for 
around 25% of parents after 1.8 years of follow-up, based on 
objective evaluation [31]. In contrast, a different phase III trial, 
which was randomized and placebo-controlled, was carried out 
to evaluate a variety of immediate-release melatonin doses (0.5-
12 mg) for the treatment of severe sleep problems in children 
with neurodevelopmental disorders. This study revealed that 
administering melatonin resulted in limited extra sleep (increase 
of 23 minutes in TST, decrease of 38 minutes in SoL, earlier 
waking times) and also did not improve behavioral outcomes and 
night wakings [32].  

Generally, the application of melatonin is fairly well-tolerated 
and the side effects are rare and mild. Most published research 
studies have not disclosed any significant safety concerns. 
Commonly reported adverse effects of melatonin include 
headache, dizziness, hypothermia, increased enuresis, and 
morning drowsiness. A few children reported experiencing 
nightmares [17, 22, 25, 26, 29, 30].  In a recent study comprising 
80 children and adolescents who were administered melatonin 
for 104 weeks, it was concluded that melatonin is safe with minor 

side effects such as fatigue (6.3%), daytime sleepiness (6.3%), 
and mood swings (4.2%) [28].  Long-term use of melatonin has 
been found to have no negative effects on height, body mass 
index, or pubertal development, as shown by the lack of evidence 
of delay or withdrawal effects [22]. Although there are concerns 
that long-term use of melatonin may cause a delay in pubertal 
development in children, the results are inconsistent and there 
are not enough studies on this subject according to some findings 
obtained from a small number of animal studies [33].  However, it 
is important to consider metabolic phenotypes and potential drug 
interactions that may increase the risk of side effects in individuals 
with ASD. Melatonin is metabolized via the hepatic microsomal 
P450 pathway. Drug interactions of melatonin are mostly with 
inhibitors and enhancers of CYP1A2, this condition is resulting 
in the increase or the decrease in melatonin bioavailability. There 
is a theoretical concern that antiepileptic drugs that act as enzyme 
inducers, such as phenobarbital, phenytoin, and carbamazepine, 
may accelerate the elimination of melatonin [34]. 

Melatonin is available in immediate, sustained, and prolonged-
release oral tablets, intranasal spray, liquid, transdermal, and 
sublingual formulations that range from 1-10 milligrams. After 
oral administration, melatonin is absorbed rapidly, and peak 
plasma levels are observed after 40-60 minutes, which persists 
for up to 1.5 hours (depending on dosage) before declining [35]. 
It is presumed that the immediate release formulations are more 
helpful for sleep-onset insomnia and controlled-release forms 
for sleep maintenance, due to immediate-release melatonin has 
a short half-life (40 minutes) [19]. The generally recommended 
dose for administration 30-60 minutes before bedtime is 1-3 mg 
[19, 29]. The expert opinion of the European Society of Pediatric 
Neurology is that it can be administered at doses of 1-5 mg 
approximately 30 minutes before bedtime as sleep inductor, and 
it can be started at doses of 0.2-0.5 mg 3-4 hours before bedtime 
as kronobiyotic in delayed sleep phase syndrome. (It can be 
increased by 0.2-0.5 mg every week as needed until the effect is 
seen (maximum 3 mg; adolescents: 5 mg)) [36].  However, dose 
adjustments of up to 10 mg/day are possible for sleep disorders 
in ASD and age or weight is not related to an effective dose [19, 
22].

As it is classified as a dietary supplement, the safety of melatonin 
has not been subject to thorough evaluation by the FDA. 
Although the use of melatonin is generally considered safe, there 
is a shortage of rigorous data supporting its use. In addition, 
recommendations concerning the usage of melatonin in children 
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and adolescents are inconsistent. The availability of various 
brands, combined with the lack of strict regulations imposed by 
the FDA on over-the-counter medications, raises concerns about 
the actual content of melatonin in different formulations. While 
melatonin has been demonstrated to be effective in treating ASD 
in children according to numerous studies, these studies are not 
without limitations. These limitations comprise small study sizes, 
comorbid neurodevelopmental disabilities confounding factors, 
imprecision in sleep aspects differentiation, varied drug dosages 
administered, lack of long-term monitoring data, and absence of 
a placebo group [5]. 

Melatonin receptor agonists, such as agomelatine and ramelteon, 
selectively act on MT1 and MT2 melatonin receptors and are 
utilized for treating sleep problems in children with ASD. 
Administering agomelatine (25 mg/day) for three months has 
resulted in a significant increase in TST and has improved 
the sleep phase and stability of sleep in ASD children [37].  
Ramelteon (dose: 2-8 mg/day), a melatonin agonist administered 
to treat three ASD children, has been discovered to alleviate 
sleep problems, particularly insomnia, and lead to concurrent 
enhancements in behavior [38]. Ramelteon is the exclusive drug 
in this category that has received endorsement from the FDA for 
insomnia treatment in adults. Adverse effects primarily comprise 
dizziness and fatigue, and it is recommended to exercise caution 
when co-administering with Fluvoxamine.

Finally, pharmacological treatments for sleep disorders in 
children with ASD have revealed robust evidence supporting 
the effectiveness of melatonin supplementation, including the 
melatonin receptor agonist ramelteon. Nevertheless, there has 
been limited evidence for the use of other pharmacological 
treatments. Melatonin treatment for children with ASD has been 
discovered to be more effective and safer than sedatives and 
hypnotic medications [5].

2. Antipsychotics
Antipsychotic medication is commonly prescribed to address 
mood and behavioral comorbidities, such as aggression, 
irritability, and self-injurious behaviors found in individuals with 
ASD. These medications have a secondary benefit for sleep, 
although there is limited data on their efficacy and tolerability 
for treating insomnia in children. A study has demonstrated the 
efficacy of atypical antipsychotic drugs, specifically risperidone, 
in reducing SoL but not sleep duration. Nevertheless, considering 
the side effects and associated health risks related to risperidone 

treatment, it should not be prescribed for insomnia alone [39].  
A six-month open-label extension study was conducted on 56 
children and adolescents with ASD (ages 5 to 17), which revealed 
that those on higher doses of risperidone reported significant 
improvements in their sleep quality based on a sleep visual analog 
scale [40]. Children with ASD benefit from low-dose quetiapine 
to manage sleep disturbances and behavioral problems including 
aggression and irritability. During an 8-week open-label study 
involving 18 patients aged between 13-17 years old, quetiapine 
effectively alleviated their aggression and sleep problems [41].  
Risperidone, quetiapine, and olanzapine are among the atypicals 
prescribed to treat sleep disorders in children [42].  However, it 
should be noted that while these drugs are often prescribed off-
label to treat insomnia, they are not generally recommended as 
the first-line pharmacotherapeutic agent for this indication.

3. Antidepressants
There is limited data on the use and effectiveness of sedative 
antidepressants, selective serotonin reuptake inhibitors (SSRIs), 
and tricyclic antidepressants (TCAs) for sleep disorders in 
children with ASD. These medications have the potential to help 
with sleep problems, especially those associated with concomitant 
psychiatric conditions. Sedative antidepressants, mirtazapine, 
and trazodone may be advantageous for a child with concurrent 
symptoms of depression. SSRIs and TCAs may be prescribed in 
patients whose sleep onset is significantly impaired by obsessive 
thoughts and anxiety. These antidepressants promote sleep by 
counteracting wake-promoting neurotransmitters, like serotonin, 
noradrenaline, histamine, and acetylcholine. The majority of these 
antidepressants can cause suppression of REM sleep and daytime 
sedation [42]. An open-label trial investigated the effectiveness 
and tolerability of mirtazapine (at a dosage range of 7.5-45 mg/
day) in adults with ASD suffering from related symptoms. Out 
of the 26 participants, nine individuals (34.6%) were deemed as 
responders (‘much improved’ or ‘very much improved’ on the 
Clinical Global Impression-Improvement Scale) following the 
alleviation of various symptoms, such as aggression, self-harm, 
depression, anxiety, hyperactivity, irritability, and insomnia [43]. 
Trazodone is a frequently utilized medication in psychiatric 
practice. While it is commonly prescribed for insomnia, only a 
small number of case reports have demonstrated its efficacy [44]. 
Its effectiveness has primarily been established in adults with 
psychiatric illness. Trazodone acts as a 5-HT2A/C antagonist 
and is among the most sedative antidepressants, which is 
accompanied by a notable morning hangover effect. Although 
there is currently no concrete evidence to support the use of 
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trazodone in children with ASD, it is prescribed to children and 
adolescents who struggle with sleep disorders [5, 42]. The TCAs, 
amitriptyline, imipramine, and doxepin are frequently prescribed 
for their sedative effects and are often used to treat insomnia in 
adults. [45].  No evidence supports the use of amitriptyline or 
trimipramine in children with ASD. Nevertheless, amitriptyline 
has been administered to children with neurodevelopmental 
impairments in doses ranging from 5 to 50 mg [5].

4. Antihistamines
Antihistamines are the primary non-prescription medicine 
for childhood sleep disorders. However, they carry a risk of 
adverse effects ranging from sedation to severe anticholinergic 
symptoms, which include blurred vision, constipation, urinary 
retention, dry mouth, tachycardia, fever, and confusion [10, 21]. 
Diphenhydramine, a first-generation antihistamine, is frequently 
used by practitioners to treat sleep problems (dosing range: 0.5 
mg/kg up to a maximum of 25 mg per day). It functions as a 
histamine (H1) receptor antagonist in the peripheral and central 
nervous system resulting in a sedative and hypnotic effect [46]. 
In addition, Trimeprazine, another H1 receptor antagonist 
(dosing range: 45–90 mg per day), has been demonstrated to 
improve night wakings in children with chronic sleep disorders 
[47]. However, an open-label study has found niaprazine (an H1-
receptor antagonist and piperazine derivative) to be effective in 
ameliorating sleep problems in children who had ASD and mild/
moderate intellectual disability (dosage: 1 mg/kg/day, three times 
daily) [48]. Although antihistamines are widely used for patients 
with ASD, limited clinical trials have investigated their efficacy.

5. Alpha-2-adrenergic agonists 
In cases of ASD, off-label use of the two main alpha agonists, 
Clonidine and Guanfacine, has increased despite the lack of 
any randomized controlled trial evidence of their effectiveness, 
particularly in anxiety and sleep disorders. In a case series of six 
cases with neurodevelopmental disorders, the findings showed that 
clonidine (dose range: 0.05-0.225 mg/day) effectively improves 
sleep onset and sleep maintenance in severe and unmanageable 
sleep problems. Hypotension, bradycardia, dry mouth, irritability, 
and REM suppression are potential side effects of clonidine and 
may lead to rebound hypertension and rebound REM if abruptly 
discontinued [49]. An open retrospective study investigated the 
efficacy of clonidine for treating insomnia, aggressive behaviors, 
hyperactivity, inattention, mood disorder, and in a cohort of 19 
children with ASD. Oral clonidine was administered at 50 µg 
with a gradual increase up to 100 µg, 30 minutes before bedtime. 

Results showed that clonidine significantly reduced SoL and 
night waking, while its effectiveness in improving ADHD, mood 
instability, and aggression in this population has been limited. 
The adverse effects were generally tolerable [50].

Despite the frequent off-label use of immediate-release 
guanfacine (dosage range: 0.5–2 mg/day) to treat sleep problems 
in the young population, its efficacy has not been scientifically 
established [51]. A recent randomized placebo-controlled trial of 
extended-release guanfacine reported that it failed to significantly 
improve sleep patterns in individuals with ASD [52].  There is a 
shortage of placebo-controlled double-blind clinical trials that 
can offer a greater understanding of the clinical effectiveness and 
safety of these medications in ASD. 

6. Benzodiazepines and non-benzodiazepine sedative-hypnotics
Benzodiazepines exhibit inhibitory actions through GABA 
receptors, leading to sedative, anxiolytic, and muscle-relaxing 
effects [53]. Although benzodiazepines are often prescribed for 
insomnia in adult patients, they are not frequently prescribed 
for the pediatric population due to their adverse effects such as 
headaches, cognitive impairment, dizziness, sedation, rebound 
insomnia, physical and behavioral dependence. Studies in 
children are limited, but they have shown the potential for 
benzodiazepines to improve sleep disorders [21]. 

Clonazepam is the only benzodiazepine that has been studied 
for sleep disorders in ASD. Clonazepam, an intermediate-acting 
benzodiazepine, demonstrated efficacy in managing parasomnias, 
periodic limb movement disorder (PLMD), nocturnal biting, 
and partial arousals in children with developmental disabilities. 
In a case series involving 11 children with ASD, 0.5-1 mg of 
clonazepam successfully resolved sleep-related REM behavioral 
disorder in 75% of the participants. The intervention has been 
generally well-tolerated among the participants. However, one 
child exhibited a paradoxical response, experiencing increased 
activity and agitation [54]. A study examining the use of 
clonazepam in children who had developmental disabilities 
revealed its efficacy in reducing nightmares and abnormal motor 
behavior during sleep [55]. However, limitations of clonazepam 
usage include concerns over its tolerability profile, potential 
for drug dependence, and lack of evidence-based data in the 
pediatric population.  

The sedative-hypnotics, zaleplon, zolpidem, and eszopiclone, 
collectively referred to as the ‘Z-drugs’, have a pharmacology 
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similar to that of benzodiazepines but are not chemically related 
to them. They act by binding to the benzodiazepine-1 subtype 
within the GABA receptor complex and have a relatively 
short half-life. Unlike benzodiazepines, these drugs do not 
cause persistent sedation, cognitive or memory impairments 
throughout the day [56]. Additionally, these medications usually 
do not result in rebound insomnia (an increase in insomnia 
when a sleep aid is abruptly stopped), a negative consequence 
of benzodiazepines. Although zaleplon and zolpidem are used in 
children, information about eszopiclone is not extensive. There 
have been few studies on children, and there are no clinical 
trials available on the use of this type of medication for ASD. 
Clearance of non-benzodiazepine receptor agonist medications 
is three times higher in children than adults, resulting in drug 
inefficiency and potentially inducing frightening sleep states 
such as sleepwalking and sleep-related hallucinations [42]. Due 
to their low efficacy and high incidence of adverse reactions, 
these drugs have limited practical application and should only be 
considered for use in this population when all other options have 
been exhausted. However, they may be taken into consideration 
for patients who are in late adolescence or early adulthood. 

7. Anticonvulsants
Concerning the treatment of insomnia in children, there is 
limited data on the effectiveness of anticonvulsants. Most 
studies have focused on examining aggression and irritability, 
and have reported improvements in these areas. Adverse events 
observed in these studies have ranged from insomnia to sedation. 
Sedation is typically dose-dependent, and tolerance is known to 
develop [42].  Gabapentin (3-7.5 mg/kg, maximum of 15 mg/
kg) administered 30 to 45 minutes before bedtime has resulted 
in enhanced sleep among 18 out of 23 (78%) children. However, 
adverse effects, such as agitated night wakings and feeling 
peculiar, have been reported. Gabapentin is not commonly used 
as a first-line agent [57]. Nevertheless, it may have potential 
benefits for children. It could be advantageous for children and 
adolescents with ASD who have comorbid symptoms of restless 
leg syndrome (RLS), excessive PLMD, or nighttime seizures [5].

 8. Alzheimer’s medications
Donepezil is used to treat Alzheimer’s disease, acting as 
a reversible acetylcholinesterase inhibitor and enhancing 
cholinergic transmission. A nonblinded study in a limited 
number of children with ASD demonstrated the effectiveness of 
donepezil in increasing REM sleep, improving related behavioral 
and attention problems, and reducing REM sleep onset latency 

[58]. However, the trial is impeded by its small sample size. 
Possible side effects of donepezil usage include hypotension, 
vivid dreams, insomnia, bradycardia, and gastrointestinal 
symptoms (nausea, vomiting, and diarrhea) [42]. There are no 
sufficient studies on the use of donepezil in sleep problems in 
children with ASD.

9. Suvorexant
Suvorexant is a dual orexin receptor agonist that binds selectively 
to orexin-1 and -2 receptors, leading to the inactivation of 
wakefulness. The tolerability, efficacy, and safety of suvorexant 
(20 mg/kg) in treating insomnia among 30 adolescents 
approximately 6 months after commencing treatment was 
assessed by Kawabe and colleagues. Of these patients, seven 
had ASD. Out of the thirty patients, seventeen (56.7%) have 
continued to take suvorexant, leading to a noteworthy decrease 
on the Clinical Global Impression-Severity Scale as well as an 
improvement in their overall sleep quality. The lack of a control 
group and the small sample size are important limitations of the 
study. Nevertheless, it indicates that suvorexant could be a viable 
treatment option for adolescents grappling with insomnia and 
conceivably ASD [59]. In a recent study of 3 children (2 with 
ASD) and 1 adult patient with neurodevelopmental disorders, 
has been reported one patient showed a strong improvement in 
sleep onset and maintenance, and another showed a significant 
improvement in insomnia symptoms in combination therapy 
with trazodone, and two patients have shown a slight benefit or 
no benefit from suvorexant treatment [60]. 

10. Oral Iron Supplement
Iron is a cofactor for tyrosine hydroxylase, the enzyme 
responsible for converting the amino acid tyrosine into dopamine. 
It is common for children with ASD to have low serum ferritin 
levels. In a treatment study of 33 children with ASD and RLS, 
iron supplementation (6 mg/kg/day, elemental iron) for 8 weeks 
reported a significant improvement in sleep quality. The baseline 
mean ferritin level was 15.72 mcg/L (4.2-39.0 mcg/L). The mean 
ferritin level after treatment was 28.8 mcg/L (6.6-103 mcg/L), 
indicating a correlation between iron deficiency and sleep 
disorder in children with ASD. This study is limited by a small 
sample size and a lack of controls. Oral iron supplementation has 
adverse effects such as vomiting, nausea, diarrhea, constipation, 
metallic taste, and black/green stools [61]. In a retrospective 
analysis of medical records from 9,791 children with ASD, the 
study has found significantly low levels of serum ferritin linked 
to various sleep disorders, such as PLMD (27 ng/mL), disrupted 
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sleep (24  ng/mL), and substandard sleep efficiency ( 7 ng/mL ) 
[62]. Serum ferritin, which is an iron storage protein (level <50 
ng/mL), was also linked with RLS. Iron therapy is recommended 
for ferritin levels below 50 ng/mL. Iron supplementation has 
been proven to be an effective treatment for low ferritin levels in 
individuals with sleep disorders [63].

The Pharmacological Treatment for Sleep-Disordered 
Breathing
In the treatment of sleep-disordered breathing, medical devices, 
and surgical interventions are primarily used. Adenotonsillectomy 
is typically the preferred first-line surgical treatment for pediatric 
obstructive sleep apnea (OSA). Some children may need 
continuous positive airway pressure (CPAP) or further surgical 
procedures following an adenotonsillectomy, particularly 
those who are obese or have underlying medical conditions 
like craniofacial anomalies. Focusing on reducing weight and 
utilizing positional therapy can also help alleviate obstructive 
sleep apnea in children [64]. Pharmacological treatment of OSA, 
particularly for mild OSA, may involve nasal corticosteroids, 
leukotriene antagonists, or a combination of both [64-66]. 
However, the primary course of treatment for OSA ought not to 
include medication, particularly for children with ASD due to 
limited evidence on the effectiveness of these treatments, which 
have been exclusively tested on typical children. Pharmacological 
treatment strategies for OSA in children with ASD require further 
research.

The Pharmacological Treatment for Sleep-Related Movement 
Disorders
Restless legs syndrome (RLS) and PLMD, both sleep-related 
movement disorders, have been linked to low levels of iron. 
Children with ASD may have idiosyncratic dietary preferences, 
causing iron deficiencies. Therefore, if ferritin levels are low (less 
than 50 ng/dl), replenishing iron is recommended, particularly if 
sleep is disrupted [61]. As well as iron supplements, gabapentin 
is sometimes used off-label to treat RLS that begins in childhood. 
A recent study has found that gabapentin is generally well-
tolerated with no serious side effects and improves sleep quality 
or resolves insomnia in children with RLS [67].  Dopamine 
agonists are also medications used to treat RLS in older teens 
and adults [66]. The safety and efficacy of anticonvulsants and 
dopamine agonists have not been trialed in children with ASD.

The Pharmacological Treatment for Parasomnias
Parasomnias are unwanted events that occur during sleep, 

including sleepwalking, night terrors, confusional arousals, 
nightmares, REM sleep behavior disorder, and bruxism. When 
treating parasomnias, it is crucial to identify the primary diagnosis. 
Benzodiazepines and TCAs such as imipramine are generally 
used in the pharmacological treatment of parasomnias [66]. 
Clonazepam is a benzodiazepine that significantly suppresses 
third and fourth-stage NREM sleep. If sleep terrors (parasomnia) 
are frequent and severe or cause functional impairment such as 
fatigue, daytime sleepiness, and distress, clonazepam may be 
used briefly at bedtime. It is recommended to use clonazepam 
in the early hours of the night when sleep terrors predominate, at 
least 90 minutes before the child goes to sleep, for an effective 
drug level [68].  In a case series of children with ASD, it was 
reported that clonazepam could also be used in the REM sleep 
behavior disorder [54].  

Limitations 
In this review, many studies evaluating different medical 
treatments and differing methodologically in the treatment 
of sleep disorders in children with ASD have been examined. 
However, when these studies are evaluated in general; reasons 
such as small sample size, limited number of studies on specific 
sleep disorders, limited number of randomized placebo-controlled 
studies on medical treatments other than melatonin, differences 
in drug doses and methodological differences between treatment 
methods have made it difficult to establish a standard treatment 
protocol, in these population. Additionally, complementary and 
alternative treatments used by families were not evaluated in this 
review.

CONCLUSIONS
In summary, sleep disorders are very common in children and 
adolescents with ASD. Although sleep drugs are frequently 
prescribed, evidence regarding the use and effectiveness of drugs 
in these children is limited. No medications are approved by the 
FDA for sleep disorders in children who have ASD. Melatonin 
has shown good effectiveness in many studies. However, the 
long-term effects of melatonin still need to be studied extensively. 
Depending on the type of sleep disorders and the presence of 
comorbidities, the most effective pharmacological treatment 
should be selected on a case-by-case basis. Future randomized 
controlled trials are needed to elucidate the effectiveness of 
pharmacological drugs that can be used in young children and to 
examine possible side effects and drug-drug interactions for this 
population group.
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ABSTRACT
Ameloblastic Fibro-Odontoma (AFO) defined by the World Health Organization as a mixed 
odontogenic tumor. It’s rare and representing 1% to 3% of odontogenic tumors. Due to AFO’s 
rarity and poorly understood etiopathology, clinicians and pathologists may face difficulties in its 
differential diagnosis. This case report explores the diagnosis and treatment of this uncommon 
maxillofacial condition in a juvenile patient, also showcasing ChatGPT’s potential to assist 
clinicians by providing diagnosis and recommendations. In parallel to the treatment processes, an 
external researcher described the case and simulated possible diagnostic and treatment scenarios 
using ChatGPT 3.5. Although the diagnosis and recommendations obtained are not taken into 
account in the evaluation of the case, the aim is to draw attention to these tools, which depict 
a scenario similar to clinical reality. The use of Artificial Intelligence in healthcare, including 
ChatGPT, is still evolving, and more research is needed to understand its full potential in analyzing 
clinical information, providing diagnoses, and recommending treatments.

Keywords: Ameloblastic Fibro-Odontoma, Odontogenic Neoplasm, ChatGPT

INTRODUCTION
The use of artificial intelligence (AI) in medicine has shown 
promising results in improving diagnostic accuracy and 
streamlining the decision-making process [1]. One of them, 
Chat Generative Pre-Trained Transformer (ChatGPT), released 
to the public on November 30, 2022, is the largest artificial 
intelligence language model and a prototype developed by 
OpenAI, specializing in dialogue [2]. ChatGPT uses machine 
learning on extensive human-generated data to generate text 
responses [3]. The main advantages are that it reduces human 
error, provides assistance and guidance to doctors and other 
healthcare professionals, and is always accessible for patient 
services [4]. This tool holds the potential to function as a valuable 

aid and guide for clinicians, particularly in rare conditions [1]. 

Ameloblastic Fibro-Odontoma (AFO) is a uncommon benign 
odontogenic tumor, sharing similar histologic features with 
Ameloblastic Fibroma (AF) [5]. Histologically, it also includes 
enamel and dentin components [5]. AFO’s typically occur in 
the posterior regions of the mandible and maxilla and usually 
present as painless, slow-growing swellings accompanied by 
tooth eruption failure [6]. Its higher prevalence is particularly 
observed in the pediatric population [6]. AFO exhibits less 
aggressive behavior than AF although numerous case reports 
have documented locally aggressive involvement of AFO [7-
9]. Treatment varies from only the removal of the tumor to the 
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Main Points:

•	Ameloblastic Fibro-Odontoma (AFO) is a rare odontogenic 
tumor representing 1% to 3% of odontogenic tumors.

•	The diagnosis and treatment of AFO in a pediatric patient 
illustrates the unique challenges and considerations 
dentists may face in rare tumor cases.

•	At the same time, it aims to highlight the clinical utility of 
ChatGPT as a tool for diagnostic assistance and guidance 
in rare pathological conditions, underscoring the potential 
of AI to assist dentists in decision-making.

•	The integration of AI in dentistry increases diagnostic 
accuracy and improves clinicopathologic correlation, 
representing a significant advancement in the field

removal of the tumor, curettage, and extraction of the associated 
teeth [8]. Most recurrences reported in the literature are the 
result of inadequate removal, therefore surgical planning is 
critical [8].

In this case report, we investigated a scenario where the 
direct assessment from diagnosis to treatment was considered 
complicated and evaluated the suggestions of artificial 
intelligence during these stages. This exemplified the utility 
of ChatGPT in detailing the diagnosis, treatment, and follow-
up process of a rare tumoral case. At this point, an external 
researcher described the scenario of our case and asked 
ChatGPT 3.5 for appropriate prompts and possible diagnoses. 
The appropriate prompts were selected based on the study of 
Khurana and Vaddi [10]. The diagnoses and recommendations 
obtained were not taken into consideration in the evaluation of 
the case. However, it is intended to draw attention to these tools, 
which are quite relevant to clinical reality.

CASE REPORT
An 8-year-old girl with no history of systemic disease presented 
to our clinic with pain and swelling in the region of the right lower 
premolar. Clinical examination revealed a lesion in the premolar 
region of the right mandible, extending from tooth number 42 to 
tooth number 85, characterized by a painful, mild swelling of the 
vestibular mucosa and erythematous appearance of the adherent 
gingiva in the relevant region. Radiological examination 
revealed the presence of a radiopaque and radiolucent mixed 
lesion in the premolar region, localized into the bone, causing 
displacement of the erupting permanent teeth. A 3D cone 

beam tomography examination revealed that the lesion was 
bicompartmentalized, separated from the surrounding tissue 
by a soft tissue capsule and contained tooth-like hard tissues 
(Figure 1). Histologic examination of the lesion by excisional 
biopsy was planned. Written consent has been obtained from the 
family. After receiving parental consent, the hard tissue lesion 
measuring approximately 1.5 x 2.5 cm (horizontal x vertical) 
was surgically excised under general anesthesia with the aid of 
local anesthesia, by osteotomy and odontoectomy with surgical 
motor and burs. Tooth number 42, which was located into the 
lesion without any bone support, and tooth number 43, which was 
displaced excessively towards the base of the mandible by the 
lesion and had no chance of eruption, were extracted. The mental 
nerve, which emerged from the foramen, was identified, and its 
continuity was preserved. Care was taken to avoid any damage 
to teeth 44 and 41, which were in close anatomical proximity 
to the lesion. After the lesion enucleation was completed, the 
cavity was curetted and the retentive areas were removed (Figs. 
2,3). Bleeding was controlled and the area was closed primary 
tension-free. Standard medication was prescribed to control 
postoperative infections after the surgery with antibiotics 
(Augmentin BID; 625 mg, 2x1, GS, London, UK), analgesics 
for pain control (Parol; 500 mg, 2x1, Atabay, Türkiye), and an 
antibacterial mouthwash (Oroheks Plus %0.15, 3x1, Tripharma, 
Istanbul, Türkiye). At the end of the first postoperative week, 
unsatisfactory healing of the erythematous and edematous 
vestibular gingiva was observed in the wound area. The patient 
was instructed on proper oral hygiene procedures with wound 
site care and was scheduled for a follow-up visit the subsequent 
week. During the follow-up visit, it was observed that local 
infection findings such as edema and erythema increased in the 
vestibular flap and that it was traumatized by the contralateral 
occlusion (Figure 4). Due to the presence of purulent fluid 
in the cavity, tooth 83 was extracted and the cavity drained 
through the socket. Antibiotic therapy using a combination of 
Augmentin-BID 625 mg (2x1, GSK, London, UK) and Flagyl 
250 mg tablets (2x1, Sanofi, Paris, France) was initiated. 
Irrigation of the socket was maintained every three days using 
saline and povidone iodine. The subsequent week showed a 
resolution of the local infection and the appearance of normal 
tissues in the wound area (Figure 5). AFO diagnosed according 
to pathology report (Figure 6). The wound area has healed as 
intended, and the patient is currently being monitored for the 
potential recurrence of lesions and correct eruption of the teeth. 
Orthodontic consultation was also obtained to rehabilitate the 
patient’s further occlusion.
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Simultaneously with the procedures, another researcher used 
ChatGPT 3.5 to make the queries. The medical history and 
clinical findings of the patient were used to generate a case 
scenario; then, a diagnosis and treatment recommendations 
were made on October 25, 2023 (Figure 7). The diagnostic 
and treatment procedures were monitored by an external 
observer and compared to the promised scenario and treatment 
management of ChatGPT.

Figure 1. a. Preoperative view on panoramic radiography, 
b: 3D reconstruction of the lesion (Green arrows)

Figure 2. Viewing the cavity after the lesion is enucleated

Figure 3. Fragmented hard tissue specimens

Figure 4. Secondary infection at the site of the wound

Figure 5. Ensuring complete recovery after the resolution of 
local infection findings.
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Figure 6. a. In histopathological examination of decalcified 
tissue samples, both mineralized-calcified foci (blue arrow) 
and odontogenic epithelium (green arrow) are observed. 
(Hematoxylin&Eosinx100), b: In histopathological sections, 
enamel-dentin structures and pulp tissue were observed. 
(Hematoxylin&Eosinx40), and c: In this photomicrograph, there 
is primitive ectomesenchyme that resembled the dental papilla. 
(Hematoxylin&Eosinx100)

Figure 7. a. Diagnostic prompt with ChatGPT 3.5
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Figure 7. b. Treatment prompt with ChatGPT 3.5

DISCUSSION
AFO is a rare, benign odontogenic tumor with a disputed 
etiopathogenesis [9]. The proper classification, specifically 
the differentiation between hamartoma and neoplasm, is still 
a controversial subject [9]. According to the World Health 
Organization (WHO), ameloblastic fibro-odontoma (AFO) 
is recognized as a mixed odontogenic tumor [11]. AFO is 
composed of odontogenic epithelium and ectomesenchyme, 
which demonstrate hard tissue formation. It is characterized 
by ectomesenchyme resembling dental papilla, dental lamina, 
epithelial strands and nests that resemble the enamel organ, and 
the presence of both enamel and dentin [11]. Histopathological 
features of AFO may overlap with those of an immature complex 
odontoma [9]. Additionally, studies suggest a close relationship 
between AF, AFO, and odontoma (both compound and 
complex), suggesting that they may represent different stages of 
the same lesion [9]. Some propose that AF and AFO may be 
precursor stages of odontoma [12]. AFO’s diagnostic challenges 
arise from its similarity to Adenomatoid Odontogenic Tumor 

(AOT) and AF [13]. Distinguishing between AFO and AF relies 
on the presence of tooth germ differentiation elements (enamel 
or dentin), with AFO showing evidence and AF lacking such 
features [13]. Adenomatoid odontogenic tumors, which are 
benign growths, can present as a “snowflake” opacity on imaging 
[5]. It is typically located in the anterior part of the maxilla that 
may help exclude with AFO [5]. Despite its rare incidence, AFO 
should be considered in the differential diagnosis of intraoral 
radiolucencies containing radiopaque material, especially 
in young patients. However, considering that AFO is a rare 
condition, representing 1% to 3% of odontogenic tumors [6], it 
should be noted that there is a lack of evidence in the literature 
regarding the tumor’s prognosis post-excision and the necessity 
of long-term follow-up for potential malignant transformation. 
Although malignant transformation of AFO is rare, there are 
cases reported in the literature [14, 15].

For practitioners, especially in busy clinical settings diagnostic 
uncertainty is common and challenging [16]. At this point, 
the AI evaluating these pathological conditions has major 
advantages over the human evaluators. For instance, the human 
brain, limited in data storage, tends to perceive rare medical 
conditions and treatments as more challenging [1]. AI has 
no such limitations and can instantly access countless data 
sources, such as articles and reviews, deriving conclusions 
from their content [3]. It is not sensitive to factors present in 
human evaluators, such as fatigue, sleep deprivation, cognitive 
overload, noise, or psychological conditions [17]. It also 
eliminates the effects of cognitive biases, minimizing human 
error, which is important for diagnosis and treatment [18, 19]. 
However, the use of ChatGPT and similar language models for 
direct diagnosis and patient management raises ethical issues. 
These concerns arise when using ChatGPT, including potential 
issues of trustworthiness, intellectual property infringement, 
copyright violations, and bias. It is critical to conduct a careful 
evaluation and address any limitations or ethical dilemmas 
before integrating ChatGPT into practice [20]. According to the 
study by Balel, the use of ChatGPT as a patient information tool 
in oral and maxillofacial surgery is safe [21]. In addition, there 
are studies in the literature that suggest that its use in medical 
education or practice is questionable [2, 4].

One of the conclusions drawn from this case presentation is 
to exemplify that ChatGPT can serve as an auxiliary tool in 
complex scenarios, albeit not suitable for forming a preliminary 
diagnosis. Physicians can use artificial intelligence to prioritize 
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or generate diagnostic hypotheses previously unexplored [22]. 
Another conclusion to highlight in this section is that the initial 
diagnosis by the surgeon on the specimens for histological 
examination significantly reflects the patient’s medical history, 
clinical, radiological, and laboratory findings. This pre-diagnosis 
acts as a connection between the clinician and pathologist. 
In this context, ChatGPT may shows promise in enhancing 
clinicopathologic correlation.

The responsibility lies with clinicians to accurately and 
thoroughly identify the lesion, possess sufficient knowledge of 
it, and differentiate between normal and pathologic conditions. 
The pathologist’s role is significantly facilitated when the 
specimen is described in the appropriate medical jargon. 
In a study by Mehnen comparing the diagnostic abilities of 
ChatGPT and physicians, ChatGPT proved successful in 90% 
of presented scenarios, establishing it as a valuable assistant 
tool [23]. In the literature, ChatGPT has been very successful in 
scenario- and diagnosis-based studies in the fields of psychiatry, 
ophthalmology, and otolaryngology, achieving high levels of 
physician agreement [1, 24, 25].

However, there are still concerns regarding the clinical 
reliability due to its several limitations [4]. It tends to hallucinate, 
generating responses that may lack a factual basis [26, 27]. The 
model’s knowledge cut-off in September 2021 poses a risk of 
outdated information [28]. Inconsistency in responses over 
time and the potential for false references further challenge the 
reliability of the information provided [28]. Users must approach 
ChatGPT with caution, verifying information independently and 
acknowledging its constraints in handling complex, dynamic, 
and controversial topics. For ChatGPT or similar language 
models to be routinely used in maxillofacial surgery, clinical 
reliability, accurate referencing of the information it provides, 
appropriate guidelines and a framework of practice are required 
[29]. It should be noted that ChatGPT’s questioning on the case 
scenario was not considered in the surgical planning and was 
done separately. The required biopsy was taken as planned 
without any alteration to the excision margins. Given that 
pathologists are now striving to digitize their data, workflows, 
and interpretations, AI will definitely be able to assist the 
development of clinicopathologic correlation strategies [30].

CONCLUSION
In conclusion, this study sheds light on the pediatric presentation 
of ameloblastic fibro odontoma (AFO) through the case of an 

8-year-old girl and emphasizes its relevance for dentists faced 
with uncommon conditions in young patients. The diagnostic 
challenges encountered in pediatric cases, particularly in rare 
tumoral instances like AFO, underscore the distinctive obstacles 
and considerations faced by clinicians. Furthermore, the study 
introduces a noteworthy aspect by exploring the potential 
of AI, specifically ChatGPT, as a valuable diagnostic aid in 
dentistry. The use of ChatGPT to provide support and guidance 
in the diagnosis and treatment decision-making process for rare 
pediatric conditions demonstrates the promising role of artificial 
intelligence in assisting pediatric dentists in their clinical 
endeavors. The integration of AI in dentistry has the potential to 
increase diagnostic accuracy and contribute to improved patient 
care, marking a significant step forward in the field.
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