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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
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ABSTRACT
Objective: This study aims to examine the sociodemographic and clinical characteristics 
of child and adolescent psychiatry consultations and to compare characteristics of 
outpatient and inpatient consultations.
Methods: A total of 354 patients who were consulted to child and adolescent psychiatry 
department of a university hospital were included in the study. Data were collected 
regarding sociodemographic characteristics of patients, departments requesting 
consultation, diagnoses, and treatment methods.
Results: The cases included in the study had a mean age of 10.6±4.8 years,with 51.4% 
being girls. Adolescent girls formed the majority of the inpatient group. The pediatric 
neurology outpatient clinic had the highest frequency of requested consultations 
(22.3%), and the most common reason for consultation was a suicide attempt (12.1%). 
Of the cases for which consultation was requested, 67.8% were diagnosed with at least 
one psychiatric disorder, and the most common diagnoses were anxiety disorders, with 
12.7%. In the inpatient group, impulsive suicide attempts and depressive disorders 
were more frequent compared to the outpatient group, while intellectual disability was 
less common. Parent education was provided for 97.2% of the cases, pharmacological 
treatment was recommended for 44.6% of the cases, and the most commonly prescribed 
medications were selective serotonin reuptake inhibitors. Psychotherapy and special 
education were significantly more common in the outpatient group compared to the 
inpatient treatment group.
Conclusion: The current study revealed significant differences in consultations 
requested from child and adolescent psychiatry between the outpatient and inpatient 
groups regarding consultation reasons, diagnoses, and treatment modalities. The 
findings provide valuable information for clinical practice and service development.

Keywords: Consultation, child, adolescent, psychiatry, inpatients, outpatients
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Main Points;
• The most common reasons for consultation were 

suicidal attempts and irritability.
• Anxiety disorders were the most common diagnoses.
• Parental education was provided for most cases, and 

SSRIs were frequently prescribed.
• In the inpatient group, impulsive suicide attempts and 

depressive disorders were more frequent compared to 
outpatients.

• There were significant differences in the distribution 
of recommended therapeutic interventions, such 
as psychotherapy and special education, between 
outpatient and inpatient consultations.

INTRODUCTION
Psychiatric problems may occur frequently in both inpatients 
and outpatients. and psychiatric disorders or problems can 
significantly impact managing and treating medical and 
surgical illnesses [1]. Consultation-liaison (C-L) psychiatry for 
children and adolescents is a specialized field. It focuses on 
the assessment and treatment of mental disorders in pediatric 
patients with concurrent medical or surgical conditions [2].

There are differences in the demographic and clinical 
characteristics of inpatients and outpatients consulted to child 
and adolescent psychiatry. Studies focusing on child and 
adolescent psychiatric consultations requested for inpatients 
display a higher representation of girls during adolescence [3]. 
Additionally, it is noteworthy that inpatients tend to have more 
chronic diseases. A recent study suggested that depression 
and childhood trauma in chronic diseases may contribute to 
treatment resistance [4]. Furthermore, most studies examining 
inpatients indicate that depressive disorder is the most frequently 
diagnosed condition [3,5], and psychopathology may be more 
prevalent among inpatients [5,6]. Moreover, a study found that 
the timing of psychiatric consultation in patients hospitalized for 
medical or surgical reasons shortened the length of hospital stay 
and was associated with reductions in total hospital costs [7]. 
On the other hand, our understanding of child and adolescent 
psychiatric consultations for outpatients, encompassing various 
medical and surgical reasons [2,8] and our knowledge regarding 
the comparison between inpatients and outpatients remains 
limited.

The characteristics, reasons for referral, diagnoses, and 
recommended treatments of child and adolescent psychiatric 
consultations may vary between outpatient and inpatient 
settings [9]. Identifying these differences can be beneficial for 
developing child and adolescent psychiatric services, meeting 
needs, and resolving problems [2,9].

The aim of the current study is to compare the sociodemographic 
and clinical characteristics of inpatient and outpatient children 
and adolescents referred to the child and adolescent psychiatry 
clinic of a university hospital. The study hypotheses are (i) there 
will be significant differences in age and gender distribution, 
and (ii) the departments requesting consultations, reasons for 
requesting consultations, diagnostic patterns, and treatment 
recommendations will vary between inpatient and outpatient 
groups.

MATERIALS AND METHODS
Sample
Between July 2014 and June 2016, medical records of patients aged 
0-18 in a univesity hospital were reviewed retrospectively. Cases 
for whom a consultation was requested from the Department 
of Child and Adolescent Psychiatry were included in the study. 
Cases with missing archive files were excluded. The data 
examined included the sociodemographic characteristics of the 
referred patients, the departments requesting the consultations, 
the psychiatric diagnoses given following the evaluations, the 
treatment methods employed, and the preferred psychiatric 
agents if pharmacological treatment was administered. Our 
clinic has implemented a routine practice for diagnostic 
evaluation, especially for consultation cases. Additionally, cases 
were evaluated by at least two child and adolescent psychiatrists.

This routine practice involved individual interviews with the 
patients, family interviews, and the administration of the Kiddie 
Schedule for Affective Disorders and Schizophrenia Present and 
Lifetime Version – Turkish version (K-SADS-PL-T), which is a 
semi-structured psychiatric interview. This interview form has 
been validated and has demonstrated reliability for psychiatric 
disorders in children and adolescents. The inter-rater reliability 
of the form is between 0.625 and 0.875[10]. Diagnoses like 
pervasive developmental disorders that weren’t included in the 
interview form were excluded by the clinician using appropriate 
scales during the interview. These scales were not included in 
our study. The localethics committee approved the research 
protocol under protocol number 2018/1378 on April 12, 2018.
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Statistical Analysis
The data were analyzed using IBM SPSS Statistics version 
27.0 (IBM Corp. Released 2020. IBM SPSS Statistics for 
Windows, Version 27.0. Armonk, NY: IBM Corp.) statistical 
software package. The normality of the data was assessed 
using the Kolmogorov-Smirnov test. Descriptive statistics were 
reported in percentages, and the mean and standard deviation 
were provided for normally distributed data. For non-normally 
distributed data, the median and minimum-maximum values 
were reported. Student’s t-test was employed to compare the 
study groups for normally distributed data. Chi-square analysis 
was used for categorical variables. A significance level of p < 
0.05 and a 95% confidence interval were considered statistically 
significant. The figure was created using RStudio, an integrated 
development environment for R. Additionally, the “Venn 
Diagram” R package was used [11,12].

RESULTS
According to the data obtained from the information processing 
center of the hospital, between July 2014 and June 2016, 14,556 
pediatric and adolescent patients under 18 received inpatient 
treatment, while 171,601 received outpatient treatment. 
Additionally, 405 children with medical or surgical problems 
were consulted to child and adolescent psychiatry. Of the 
child psychiatry consultations, 275 were receiving outpatient 
treatment whereas 130 were receiving inpatient treatment. 
However, 51 of the inpatient cases did not have any medical 
records or had outpatient psychiatric clinic visits. Therefore, our 
study included a total of 354 children and adolescents, consisting 
of 130 (36.7%) patients receiving inpatient treatment and 224 
(63.2%) patients receiving outpatient treatment.

Table 1. Comparison of sociodemographic characteristics between outpatient and inpatient groups

Variables
Outpatient group 

(n=224)
Inpatient group 

(n=130)
Statistics p

Age, year, mean±SD 9.43±4.78 12.48±4.29 t=6.17 < 0.001

n (%) n (%)

Sex
   Male
   Female

124 (55.4)
100 (44.6)

48 (36.9)
82 (63.1)

χ 2=11.19
0.001

Type of birth
   Cesarean section
   Vaginal delivery

71 (31.7)
153 (68.3)

26 (20.0)
104 (80.0)

χ 2=5.66 0.017

Cronic Disease
   Present
   Absent

75 (33.5)
149 (66.5)

44 (33.8)
86 (66.2)

χ 2=0.005 0.944

Mother’s employment status
   Employed
   Unemployed

58 (25.9)
166 (74.1)

44 (33.8)
86 (66.2)

χ 2=2.54
0.111

Maternal psychiatric history
   Present
   Absent

19 (8.5)
205 (91.5)

25 (19.2)
105 (80.8)

χ 2=8.73 0.003

Father’s employment status
   Employed
   Unemployed

214 (95.5)
10 (4.5)

113 (86.9)
17 (13.0)

χ 2=8.66 0.003

Paternal psychiatric history
   Present
   Absent

12 (5.4)
212 (94.6)

10 (7.7)
120 (92.7)

χ 2=0.77 0.380

Consanguineous marriage
   Present
   Absent

32 (14.3)
192 (85.7)

19 (14.6)
111 (85.4)

χ 2=0.007 0.932
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The mean age of all cases was 10.6±4.8 years. Among the patients 
for whom consultation was requested, 20.3% (n=72) were under 
six years old, 28.8% (n=102) were between 6-12 years old, and 
50.8% were 12 years and older. The distribution of cases was 
51.4% (n=182) female and 48.6% (n=172) male. There were 
significant differences in age means and gender distributions 
between the outpatient and inpatient groups (p<.001; p=.001, 
respectively). Sociodemographic characteristics are presented 
in Table 1.

Table 2 includes the clinics from which consultations were 
requested. 92.1% of all consultations (n=326) were requested 
from departments related to pediatric health and diseases and 
pediatric surgery. The rate of requesting child and adolescent 
psychiatry consultations for outpatient cases was 0.9%, while 
it was 0.16% for inpatient cases. The clinics with the highest 
number of consultation requests were the pediatric neurology 
outpatient clinic (n=79), the general pediatrics outpatient 
clinic (n=77), and the general pediatrics ward (n=34). Non-
pediatric clinics refer to ophthalmology, otolaryngology, plastic 
surgery, dermatology, orthopedics, and physical therapy and 
rehabilitation departments.

Suicidal attempts (12.1%; n=43) and irritability (11.3%; n=40) 
were the most common reasons for consultation (Table 3). The 
consultation was requested for two or more reasons in 18 cases. 
Other causes included various complaints such as academic 
failure, hair pulling, and confusion. Further details regarding 
the reasons for consultation can be found in Table 3.

According to the consulted cases, 32.2% (n=114) received 

counseling that consisted of general recommendations only. 
Among them, 67.8% (n=240) received at least one psychiatric 
disorder diagnosis. Additionally, 45 cases received two different 
diagnoses, and 6 cases received three different diagnoses. The 
most common diagnosis among cases referred for consultation 
from child and adolescent psychiatry were anxiety disorders 
(12.7%; n=45) (Table 4). Almost all consulted cases (97.2%; 
n=344) received parental education. It was found that 87.9% of 
the cases (n=311) received two or more treatment modalities. 
No treatment method was applied to 7 cases. The diagnoses are 
provided in Table 4, and the treatment modalities are visualized 
in Figure 1.

Pharmacological treatment was recommended for 44.6% 
(n=158) of the consulted children and adolescents. The most 
frequently recommended psychopharmacological agent was 
selective serotonin reuptake inhibitors (SSRIs) (21.8%; n=77). 
The recommended pharmacological treatments are shown in 
Table 5.

There were significant differences between the outpatient and 
inpatient groups in terms of impulsive suicide attempts (p < 
.001), intellectual disabilities (p = .011), and depressive disorders 
(p = .003). Counseling, psychotherapy, and special education 
were significantly more prevalent in the outpatient group (p = 
.02, p < .001, and p < .001). Of all consultations, 13.6% (n=48) 
began receiving special education following the consultation. 
Additionally, 66.9% of the cases (n=237) attended three or more 
follow-up visits. The comparison of diagnoses and treatment 
modalities between outpatient and inpatient groups is detailed 
in Table 6. 

Figure 1. Distribution of treatment methods
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Table 2. Clinics requesting consultations from child and adolescent psychiatry

Clinics Outpatients n=224 (%) Inpatients n=130 (%) Total
n=354 (%)

General pediatric clinic 77 (34.4) 34 (26.2) 111 (31.4)

Pediatric neurology 79 (35.3) 12 (9.2) 91 (25.7)

Pediatric endocrinology 26 (11.6) 8 (6.2) 33 (9.3)

Pediatric surgery 2 (0.9) 29 (22.3) 31 (8.8)

Pediatric emergency department - 17 (13.1) 17 (4.8)

Pediatric intensive care unit - 13 (10.0) 13 (3.7)

Pediatric gastroenterology 11 (4.9) - 11 (3.1)

Other clinics related to pediatrics 14 (6.3) 4 (3.1) 18 (5.1)

Non-pediatric clinics 15 (6.7) 13 (10.0) 28 (7.9)

Total 224 (63.3) 130 (37.7) 354 (100.0)

Table 3. Reasons for requesting child and adolescent psychiatric consultations

Reasons for requesting consultations n (%)

Suicide attempts 43 (12.1)

Irritability 40 (11.3)

Non-compliance or resistance to treatment 31 (8.8)

Speech delay 24 (6.8)

Attention deficit/hyperactivity 16 (4.5)

Stuttering / Speech difficulty 11 (3.1)

Enuresis / Encopresis 10 (2.8)

Unhappiness 10 (2.8)

Headache 10 (2.8)

Health council 10 (2.8)

Behavioral problems 9 (2.5)

Suspicion of autism 9 (2.5)

Fears 9 (2.5)

Developmental delay 9 (2.5)

Dizziness 8 (2.3)

Sleep problems 8 (2.3)

Eating problems 8 (2.3)

Crying 8 (2.3)

Syncope 8 (2.3)

Tic 7 (2.0)

Fecal retention 7 (2.0)

Vomiting 7 (2.0)

Abdominal pain 7 (2.0)

Substance use 6 (1.7)

Social withdrawal 6 (1.7)

Obsessions 6 (1.7)

Inability to learn writing and reading 6 (1.7)
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Nail biting 6 (1.7)

Chest pain 6 (1.4)

Hallucination 6 (1.4)

Other reasons 37 (10.0)

Table 4. Distribution of psychiatric diagnoses based on evaluation results

Psychiatric disorders n (%)

Anxiety disorders 44 (12.4)

Impulsive suicide attempts 36 (10.2)

Intellectual disabilities 35 (9.9)

Conduct disorder 29 (8.2)

Attention deficit/hyperactivity disorder 29 (8.2)

Depressive disorders 23 (6.5)

Speech and language disorder/delay 19 (5.4)

Enuresis / Encopresis 16 (4.5)

Autism spectrum disorder 13 (3.7)

Adjustment disorder 12 (3.4)

Somatoform disorder 11 (3.1)

Stuttering 6 (1.7)

Sleep disorders 6 (1.7)

Eating disorders 5 (1.4)

Obsessive-compulsive disorder 4 (1.1)

Bipolar disorder 3 (0.8)

Counseling 114 (32.2)

Table 5. Pharmacological treatments recommended as a result of consultation (n=354)

Psychotropic Medications n (%)

Selective Serotonin Reuptake Inhibitors (SSRIs) 59 (16.7)

Antipsychotics 39 (11.0)

Psychostimulants 21 (5.9)

SSRIs + Antipsychotics 17 (4.8)

Tricyclic Antidepressants 16 (4.5)

Anxiolytics 2 (0.6)

Atomoxetine 2 (0.6)

Antipsychotics + Psychostimulants 1 (0.3)

SSRIs + Psychostimulants 1 (0.3)

Total 158 (44.6)
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DISCUSSION
In this retrospective study, the sociodemographic and clinical 
characteristics of outpatient and inpatient treatment groups were 
compared in consultations requested from child and adolescent 
psychiatry. Although numerous descriptive studies evaluate 
consultations requested from child and adolescent psychiatry, 
studies comparing outpatient and inpatient treatment groups 
are limited. Our findings revealed several notable differences 
between the two groups, which have significant implications for 
clinical practice and service development.

Previous studies revealed that the average age of cases ranged 
between 10 and 13, with a majority of girls [13-15]. However, 
only a few studies examining consultations requested fromchild 
and adolescent psychiatry have shown a predominance of 
boys [5]. In our current study, there was a higher proportion of 
adolescent girls. Furthermore, the inpatient group had a much 
higher proportion of girls than the outpatient group. Previous 
research found that the majority of child and adolescent 
psychiatric consults were requested for inpatients [3, 14-16]. In 
contrast, most patients consulted in this study were outpatients, 
with more boys as inpatients and girls as outpatients. 

According to studies, pediatric clinics request consultations on 
child and adolescent mental health most often [3, 5] particularly 

pediatric neurology clinics [14]. Pediatrics was the department 
that sought the most consultations in our study, with the child 
neurology outpatient clinic accounting for 22.3% (n=79) of all 
consultations. Mental and neurological symptoms are known 
to be inextricably linked and can occasionally overlap [17]. It 
should be kept in mind that psychiatric symptoms may often 
accompany neurological symptoms in nervous system diseases, 
and patients may present to the neurology clinic with psychiatric 
symptoms.

In studies conducted in our country, the most common reason for 
requesting consultations from child and adolescent psychiatry 
were suicide attempts [3, 5, 15, 16, 18]. Suicide risk assessment 
was the most common reason for referral to child psychiatry in 
a recent review [2]. In our study, the most common reasons for 
seeking consultation from child and adolescent psychiatry were 
suicide attempts and irritability. It is known that suicide attempts 
are more frequently observed in females and the adolescent 
and young adult age group [19]. The predominance of female 
patients and the adolescent group among the consulted cases 
may have been caused by the predominance of suicide attempts.

Interestingly, despite the high number of consultations related 
to suicide attempts, emergency department consultations were 
relatively low (4.8%; n=17). However, previous studies reported 

Table 6. Comparison of outpatient and inpatient groups in terms of diagnoses and treatments

Variables
Outpatients
n=224 (%)

Inpatients
n=130 (%)

Statistics p

Anxiety disorders 31 (13.8) 14 (10.8) χ 2=0.699 0.403

Impulsive suicide attempts 2 (0.9) 34 (26.2) χ 2=57.460 < 0.001

Intellectual disability 29 (12.9) 6 (4.6) χ 2=6.408 0.011

Conduct disorder 17 (7.6) 12 (9.2) χ 2=0.295 0.587

Attention deficit/hyperactivity disorder 23 (10.3) 6 (4.6) χ 2=3.495 0.620

Depressive disorders 8 (3.6) 15 (11.5) χ 2=8.595 0.003

Counseling 82 (36.6) 32 (24.6) χ 2=5.418 0.020

Psychotherapy 166 (74.1) 115 (88.5) χ 2=10.36 0.001

Pharmacotherapy
   SSRIs

130 (58.0)
36 (16.1)

66 (50.8)
41 (31.6)

χ 2=1.76
χ 2=2.432

0.185
0.119

Parent education 220 (98.2) 124 (95.4) χ 2=2.40 0.121

Special education 42 (18.8) 6 (4.6) χ 2=14.02 < 0.001

Follow-up visits
   <3 visits
   ≥3 visits

71 (31.7)
153 (68.3)

46 (35.4)
84 (64.6)

χ 2=0.506 0.477
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that the emergency department was the most frequent department 
requesting  child and adolescent psychiatry consultations [16, 
20]. After the initial intervention of patients who present with a 
suicide attempt in our emergency service, they are subsequently 
followed up in either the pediatric ward or the pediatric intensive 
care unit. After the patients who have attempted suicide achieve 
stability and are no longer in immediate life-threatening 
danger, they are referred to child and adolescent psychiatry for 
consultation Which may have been the primary reason for the 
lower number of consultations from the emergency department 
in our study sample.

Two-thirds of the evaluated children and adolescents have been 
diagnosed with at least one mental disorder. The most common 
diagnosis is anxiety disorder, with a prevalence rate of 12.7%. 
Additionally, in the inpatient group, there were significantly 
higher rates of impulsive suicide attempts and depressive 
disorders compared to the outpatient group, while intellectual 
disability was significantly lower. However, there was no 
significant difference between the two groups regarding anxiety 
disorders. The rates of obtaining a diagnosis in consultations 
for child and adolescent psychiatry generally range from 50% 
to 84% [6, 16, 21]. However, there are variations in the most 
commonly reported diagnoses across studies. Most studies 
have reported that depressive disorders are the most frequent 
diagnosis [5, 15]. Nevertheless, one study identified anxiety 
disorders as the most common diagnosis in consultation 
psychiatry [22]. The diagnostic differences can be attributed to 
our study’s combined evaluation of the outpatient and inpatient 
groups, the higher number of cases in the outpatient group, and 
the increased likelihood of requesting consultations from the 
pediatric neurology outpatient clinic.

In our study, at least one pharmacological agent was 
recommended for 44.6% of the cases, with SSRIs being the most 
commonly used agents. The outpatient and inpatient groups 
had no significant difference in pharmacotherapy and SSRI 
prescription. Significant variations exist in pharmacological 
agent use in similar studies conducted in our country. Our 
findings regarding pharmacological agent use are consistent 
with several recent studies [16, 21]. However, it should be 
highlighted that some studies show utilization rates higher than 
70% [6, 22]and lower than 30% [3, 5], indicating significant 
variation in practice. In our study, anxiety disorder was the most 
common diagnosis, influencing the choice of SSRI medication. 

Medication usage rates varied due to geographical, cultural, 
and socioeconomic differences. Further research is necessary to 
assess drug efficacy and safety in child psychiatric consultations.

Finally, there was a higher rate of psychoeducation and special 
education in the outpatient group than in the inpatient group. 
Moreover, 13.6% (n=48) of all consultation cases started to 
receive special education after the consultation. In population-
based studies, special education rates are between 10-20% 
[23]. Notably, a consultation study conducted in our country 
reported that 28% of the consulted cases were directed to special 
education [24]. Current findings indicate that cases requiring 
consultation from child and adolescent psychiatrists require 
a higher level of special educational support than the general 
population. Concomitant developmental and mental disorders 
can significantly affect treatment compliance. Therefore, the 
high rate of special education in the outpatient group emphasizes 
the importance of comprehensive evaluation for developmental 
and mental disorders and subsequent referral to appropriate 
educational services.

Limitations and Strengths
The most important limitation of the study is its cross-sectional 
design and retrospective data collection. Some case records 
were missing or inaccessible. It was also not possible to 
verify the accuracy and timeliness of the data. Therefore, the 
generalizability of the research findings is limited. Another 
limitation is the non-random sampling method. Additionally, 
the research environment, being a university hospital, may have 
partially influenced the randomization process. Certain patient 
groups may be more likely to present to a university hospital, 
which may lead to selection bias. Therefore, it’s essential to 
acknowledge these potential biases when interpreting the study 
results. Finally, data should be interpreted with caution due to 
the lack of inter-rater standardization.

The descriptive and correlational design is a key strength of the 
study. This design allowed detailed description and comparison 
of the characteristics and treatment methods of outpatient and 
inpatient cases referred for psychiatric consultation. Using the 
K-SADS-PL tool as a data collection tool in our clinic contributed 
to the objective and standardized diagnosis of the cases. Finally, 
to the best of our knowledge, another critical aspect of the study 
is that it is the first comparison of outpatient and inpatient groups 
and serves as a reference for future research.
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CONCLUSION
The current retrospective study examined sociodemographic 
and clinical characteristics of child and adolescent psychiatry 
consultations, comparing outpatient and inpatient treatment 
groups. The findings revealed notable differences between the 
two groups in terms of age, gender, departments requesting 
consultation, reasons for seeking consultation, diagnoses, 
and treatment options. These findings contribute to the 
understanding of various aspects of child and adolescent 
psychiatric consultations requested in outpatient and inpatient 
settings.
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ABSTRACT
Objective: The objective of this study was to evaluate the dimensions and the morphology 
of the sella turcica, as well as maxillary cephalometric landmarks, in patients with and 
without clefts.
Methods: Lateral cephalometric radiographs of 55 cleft patients and 55 non-cleft 
(control) patients were included in the study. The morphology of the sella turcica, 
including its shape, height, width, and diameter was evaluated. Additionally, maxillary 
cephalometric measurements, comprising four lengths and two angles, were assessed 
on the radiographs. The chi-squared test was employed to compare sella turcica shapes 
between the cleft and non-cleft groups. Independent samples t-tests were conducted to 
analyze dimensional parameters between groups and genders.
Results: Significant relationship was found between groups with cleft and non-cleft 
for sella shapes (p=0.032). There was no statistical association for sella dimensions 
according to the cleft presence (p>0.05). All maxillary cephalometric measurements 
were significantly greater in individuals of the non-cleft group compared to those in the 
cleft group (ANS-PNS, A-PNS, S-N-ANS , S-N-A, N-A) except R-PNS.
Conclusion: Patients with clefts more frequently exhibited a flattened sella shape, 
whereas those without clefts tended to have a round sella shape. Maxillary cephalometric 
dimensions were lower in the individuals of cleft group.

Keywords: Cleft lip; cleft palate; lateral cephalometric radiography; maxilla
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INTRODUCTION
Cleft lip and palate (CLP), a widespread developmental 
malformation, affecting the craniofacial region [1]. Significant 
ethnic differences exist in the incidence of CLP, the reported 
range changes between 1/700 and 1/1000 [2]. Although the 
etiology of CLP is not known exactly, it is known that many 
cases are multifactorial [1]. 

Embryonic development entails intricate interactions among the 
oral cavity, hypothalamus, and pituitary gland. Any abnormalities 
during the development of these structures can lead to anatomical 
and functional disorders [3]. The sella turcica has a shape 
resembling a saddle, located on the sphenoid bone body and hosts 
the pituitary gland [3, 4]. The pituitary gland develops prior to the 
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Main Points

• CLP influences the craniofacial region in many different 
ways.

• Cleft presence does not affect the sella dimensions but 
causes a decrease in maxillary dimensions.

• Maxillary dimensions are lower in cleft group compared 
to non-cleft group.

• Flattened sella was most common in cleft group, and 
round sella was most common in non-cleft group.

formation of the sella turcica, so any abnormalities in pituitary 
gland development could influence the size and morphology of 
the sella turcica [1,5]. Literature shows some differences in shape 
and size of the sella in the presence of pathologies, syndromes 
and anomalies associated with the craniofacial region [1,5-9]. 
The presence of CLP has been determined to cause abnormal 
and/or smaller sella turcica [1,3,8-9].

CLP influences the craniofacial development in many 
different ways as developmental defects, secondary functional 
disturbances, and iatrogenic factors secondary to surgical 
treatment [10]. Iatrogenic outcomes such as surgical technique, 
time of performing the surgery, approach and experience of 
the surgeon affect maxillary growth to some extent. However, 
significant interindividual differences were observed in a group 
of patients operated on by a single surgeon, minimizing iatrogenic 
variations. This implies that individual-specific intrinsic factors 
can have a notable impact on maxillary growth potential. Because 
maxillary growth potential is influenced by multiple factors, 
ongoing research continues to explore the causes of maxillary 
hypoplasia and associated occlusion disorders [6,11].

The lateral cephalometric radiographs provide imaging 
and evaluation of many oral and craniofacial structures. 
Cephalometric radioraphy is still frequently used in cleft patients 

[4,12]. In these images, which are already taken for diagnostic 
reasons, the sella turcica region is visible. Significant changes 
in both the morphology and dimesion of the sella turcica can 
be demonstrated on lateral cephalometric radiographs [4,6]. At 
the same time, lateral cephalometric radiographs are considered 
clinically valuable to identify growth predictors [12].

The objective of the present study was to compare the sella 
turcica morphology, sella turcica dimensions and maxillary 
cephalometric dimensions between individuals with 
nonsyndromic cleft and non-cleft counterparts by using lateral 
cephalometric radiographs. The null hypothesis of this research 
proposed that there would be no difference in the morphology 
and dimensions of the sella turcica, as well as in maxillary 
cephalometric measurements, between cleft and non-cleft patient 
groups.

MATERIALS AND METHODS
Ethics committee approval of the study was obtained from the 
Non-Interventional Ethics Committee of Selcuk University 
Faculty of Dentistry. (Approval No: 2022/41).

Sample Size Estimation
The sample size of the study was assigned using G*Power (v. 
3.1.9.7). Sample size for the independent samples t-test was 
calculated according to the Cohen’s medium effect size (d=0.5) 
as a minimum 51 individiuals in each group with %80 power and 
%95 confidence interval (α=0.05). Considering the possibility of 
data loss, the number of samples for the groups was set to 55.

Study Design
Our retrospective study was conducted on 55 non-syndromic 
cleft and 55 non-cleft patients, aged 9-24 years, who applied to 
Selcuk University Department of Orthodontics for diagnosis and 
treatment. Our study was carried out on radiographs that were 
taken with the same device (Planmeca ProMax 2D, Planmeca 
Oy, Helsinki, Finlandiya) in accordance with standard lateral 
cephalometric radiograph taking rules. The cephalostat also 
had a reference ruler thus magnification could be measured. 
All sella turcica and maxillary cephalometric measurements on 
radiographic images were made with ImageJ (1.52a) (a publicly 
available software for image analysis). The radiographs of the 
patients whose anamnesis revealed any surgical intervention in 
the maxillofacial and pituitary region, syndrome and systemic 
disease related to the craniofacial region except cleft lip and 
palate, orthodontic treatment history, hormonal drug usage, 
and any disease or trauma affecting the craniofacial region 
were exclusion criteria for the study. Inclusion criteria included 
images with adequate image quality and no artifacts that would 
affect the evaluation.
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Sella Turcica Dimensional Measurements and Morphology
Size of the sella turcica (length, depth, and diameter) was 
measured according to method of Silverman [13]. The length 
was determined as the distance between tuberculum sella and tip 
of dorsum sella and the depth was measured perpendicular to 
this line to the deepest point of sellar floor. The diameter of the 
sella turcica was evaluated as the distance from tuberculum sella 
to a point on the posterior inner wall of the fossa located at the 
farthest point from the tuberculum sella [1, 4]. All measurements 
were converted to milimeter (mm) according to the reference 
ruler. Morphologies of sella turcica were evaluated by using 
the method described by Camp [14] (Figure 1). A maxillofacial 
radiologist with 11 years of experience peformed all the 
measurements and an orthodontist with 19 years of experience 
evaluated the morphology of sella turcica seperately. 

Maxillary Cephalometric Measurements;
Six lateral cephalometric structures were identified (Sella (S), 
nasion (N), registration point (R), anterior nasal spine (ANS), 
posterior nasal spine (PNS) and cephalometric A point (A). 
Four length and two angle measurements were made over these 
anatomical structures (Figure 2).

Statistical Analysis;
SPSS 22.0 was used for all statistical analyses. The distribution 
of data by groups and gender was analyzed with descriptive 
statistics. Interobserver reliability was calculated by using kappa 
(κ) statistics. Shapiro-wilk test was used to test the normality of 
data. A chi-squared test was applied to determine the relationship 
between cleft presence and sella morphology. To analyze the 
difference between cleft group and non-cleft group in terms 

Figure 1. The basic classification method of sella turcica morphology as flattened, round and oval.

Figure 2. Tracing of a lateral cephalometic radiography showing landmarks and measurements.
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of sella turcica and maxillary cephalometric measurements 
independent sample t-test was used. 

RESULTS
The average age of patients with cleft palate was 14.53 years 
(±3.99), while for the non-cleft group it was 13.93 years (±2.97). 
Among the participants, 61 (55.5%) were under 15 years old, 
and 49 (44.5%) were 15 years or older. Demographic data of the 
patients are shown in Table 1.

There was a very high agreement between the two observers in 
the evaluation of sella tucica morphologies (κ-value=0.945). The 
different observations were re-evaluated by the two observers 
and the final decision was made. The predominant sella shape in 
the non-cleft group was round, whereas in the cleft group, it was 
flattened. The difference in sella shapes between the groups was 

statistically significant (p=0.032). The distribution of the sella 
shapes according to the cleft presence was seen in Table 2. The 
shapes of the sella turcica based on gender in both groups are 
given in Table 3 and there was no statistical difference between 
the genders for both groups (p>0.05). 

When comparing the linear measurements of sella turcica 
no statistically significant difference was observed between 
cleft and non-cleft groups. When we compared the maxillary 
cephalometric measurements between the groups, it was seen 
that all dimensions were higher in the non-cleft group and this 
difference was statistically significant for all measurements 
except R-PNS (Table 4). The distribution of dimensional 
measurements in cleft and non-cleft groups according to gender 
and age groups is shown in Table 5.

Table 1. Demographic data of the patients.

Cleft Presence
Non-cleft Cleft Total

Gender 
n (%)

Female 23 (20.9%) 37 (33.6%) 60 (54.5%)
Male 32 (29.1%) 18 (16.4%) 50 (44.5%)
Total 55 (50%) 55 (50%) 110 (100%)

Age 
Min. 9 9 9
Max. 19 24 24

Mean±SD 13.93±2.97 14.53±3.99 14.23±3.51

Table 2. The distribution of different shapes of sella turcica in cleft and non-cleft groups.

Cleft group
n(%)

Non-cleft group
n(%)

p

Round 29 (52.7%) 17 (30.9%)

0.032
Oval 7 (12.7%) 16 (29.1%)
Flattened 19 (34.5%) 22 (40%)
Total 55 (100%) 55 (100%)

Table 3. The distribution of different shapes of sella turcica according to genders in the groups.

Cleft group
n (%)

Non-cleft group
n (%)

Female Male Total Female Male Total
Round 4 (7.3%) 13 (23.6%) 17 (30.9%) 19 (34.5%) 10 (18.2%) 29 (52.7%)
Oval 6 (10.9%) 10 (18.2%) 16 (29.1%) 2 (3.6%) 5 (9.1%) 7 (12.7%)
Flattened 8 (14.5%) 14 (25.5%) 22 (40%) 11 (20%) 8 (14.5%) 19 (34.5%)
Total 18 (32.7%) 37 (67.3%) 55 (100%) 32 (58.2%) 23 (41.8%) 55 (100%)
χ2 0.622 0.206
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Table 4. Dimensions of the sella turcica and cephalometric landmarks according to the cleft presence. (Independent samples t test; 
p<0.05 is statisticallly significant)

Cleft group
n=55

Non-cleft group
n=55

p

Diameter (mm) 8.41±1.86 8.36±1.68 0.897

Depth (mm) 7.53±1.88 7.35±1.59 0.598

Length (mm) 8.44±2.18 8.62±2.19 0.667

ANS-PNS (mm) 45.57±4.34 48.31±3.95 0.001

A-PNS (mm) 40.91±4.9 43.09±3.62 0.009

S-N-ANS (o) 82.32±4.8 84.96±3.59 0.001

S-N-A (o) 77.49±5.41 79.23±3.47 0.047

N-A (mm) 50.05±4.55 52.43±3.66 0.003

R-PNS (mm) 44.1±5.14 45.84±4.28 0.055

Table 5. Dimensions of the sella turcica and cephalometric landmarks in the subjects according to gender and age in cleft and non-
cleft groups. (Independent samples t test; p<0.05 is statisticallly significant)

Cleft group
(mean±SD)

Non-cleft group
(mean±SD)

Female
n=18

Male
n=37

p
Female
n=32

Male
n=23

p

Diameter (mm) 8.11±2.43 8.6±2.08 0.907 8.16±1.2 8.64±2.17 0.344

Depth (mm) 7.96±1.93 7.31±1.84 0.235 7.17±1.32 7.61±1.89 0.311

Length (mm) 8.44±1.79 8.38±1.93 0.441 8.17±1.66 9.24±2.68 0.098

ANS-PNS (mm) 45.48±3.47 45.61±4.76 0.918 47.47±3.18 49.48±4.66 0.062

A-PNS (mm) 40.88±4.58 40.93±5.11 0.976 42.18±2.81 44.35±4.28 0.028

S-N-ANS (o) 83.32±5.65 81.82±4.33 0.280 84.68±3.72 85.35±3.46 0.501

S-N-A (o) 78.38±6.37 77.06±4.93 0.400 78.81±3.59 79.82±3.29 0.292

N-A (mm) 49.27±3.27 50.43±5.06 0.379 52.43±3.35 52.41±4.12 0.987

R-PNS (mm) 42.26±3.19 44.99±5.69 0.064 45.14±2.9 46.82±5.6 0.195

˂15
n=29

≥15
n=26

p
˂15

n=23
≥15

n=32
p

Diameter (mm) 8.05±2.01 8.81±1.62 0.132 7.92±1.73 8.99±1.39 0.018

Depth (mm) 7.19±1.75 7.9±1.98 0.161 6.89±1.38 8±1.65 0.009

Length (mm) 7.95±2.19 8.98±2.09 0.081 8.46±2.18 8.83±2.23 0.548

ANS-PNS (mm) 44.96±4.04 46.24±4.65 0.278 49.83±3.93 47.22±3.64 0.014

A-PNS (mm) 40.97±4.4 40.85±5.5 0.929 44.03±3.94 42.42±3.28 0.105

S-N-ANS (o) 83.1±4.96 81.44±4.56 0.205 84.61±3.59 85.45±3.62 0.394

S-N-A (o) 78.69±5.37 76.15±5.22 0.081 79.06±3.32 79.47±3.72 0.673

N-A (mm) 47.47±2.91 52.93±4.35 0.000 51.85±3.6 53.23±3.66 0.169

R-PNS (mm) 41.33±4.29 47.17±4.22 0.000 44.25±3.74 48.07±4.04 0.001
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DISCUSSION
In this study the morphology, sella dimensions, and maxillary 
cephalometric measurements on lateral cephalometric images 
were assessed and compared between CLP patients and non-
cleft patients. The present study results showed no significant 
difference in the sella dimensional measurements between cleft 
and non-cleft groups. In the literature, it is seen that there are 
different results in studies evaluating the interrelation between 
the cleft presence and the sella dimensions [1,3,8,15-21]. Yalcin 
[1] reported that, only the difference for length was statistically 
significant, dimensions of the sella turcica was smaller in the cleft 
group compared to non-cleft indviduals. On the contrary, Yasa et 
al [3] conducted larger depth, length and diameter for the sella 
turcica in cleft group according to the non-cleft group. Alike our 
results, Canıgür Bavbek et al [9] told that, the difference between 
the cleft and non-cleft groups was not statistically significant as to 
sella dimensions. Similar to this study, no statistically significant 
difference was found between the groups in our study. In a recent 
three-dimensional study conducted by El Tabakh et al [19] on 
cone beam computed tomography images, no relationship was 
found between sella dimensions and the presence of cleft. Van 
der Plas et al [22] analyzed the difference in pituitary volume 
between isolated cleft and non-cleft patients, and reported no 
significant difference in average pituitary volumes between 
groups. The significant differences between study results may 
be due to the study population size, imaging methods, age 
distribution and the study group’s cleft phenotypes.

There were no gender-based differences observed in sella turcica 
dimensions within both groups like the studies of Yalcin [1], Yasa 
et al [3] and Shah et al [23]. Kumar and Govindraju [4] noticed 
that the sella length was higher in men, depth was higher in 
women and there was no difference in mean diameter in both 
genders.

In point of the age of the individuals although sella dimensions 
were not statistically significant in cleft group, depth and 
diameter was longer in patients ≥15 years of age in the non-cleft 
group. Similarly to our results, Yalcin [1], stated that diameter 
and depth of sella were found to be longer in the older non cleft 
age group. Yasa et al [3] conducted that the length of the sella 
turcica in the cleft group and the depth of the sella turcica in the 
non-cleft group are affected by age. In the general evaluation, 
it was observed that age increases the sella depth and diameter. 
Alkofide et al [8] found a significant increase in all sella turcica 
dimensions in both cleft and non-cleft subjects. Shresta et al [24] 

assessed the interrelation between sella dimensions and age, in 
the group of 18-30 years old individuals, and the authors found 
no statistically significant relation. Choi et al [25] deduced that 
the sella turcica size increase continues up to 25 years old and 
over the age of 26, no significant difference is seen. Considering 
all these findings, it is seen that age has an effect on the sella 
dimensions of non-cleft individuals.

According to our study, morphology of sella was evaluated 
according to the basic classification method (round, oval, 
flattened). Flattened sella turcica was more common in cleft 
group. In the studies by Yalcin [1] and Yasa et al [3], in which 
the shape of the sella turcica was evaluated with a similar 
classification method, they found that the flattened shape 
was more common in the cleft group, similar to our study. 
Since the objectivity and reproducibility of the morphological 
evaluations were controversial, the two observers were evaluated 
all radiographs separately and then the different ones were re-
evaluated together.

Cleft also affects craniofacial development for different 
reasons such as intrinsic developmental deficiencies, functional 
distortions, and iatrogenic consequences [10]. According to the 
cephalometric studies spatial relationships between maxilla and 
mandible varies in children with and without cleft [10, 26]. In the 
present study, all ANS-PNS (mm), A-PNS (mm), S-N-ANS (o), 
S-N-A (o), N-A (mm) values were statistically higher in the non-
cleft group. According to Khanna et al [10] observations reflect 
the posterior positioning of the premaxilla with respect to cranial 
base in surgically operated cleft patients. Similarly, in this study, 
the S-N-A measurement was significantly reduced in patients 
belonging to the cleft group. In a study it is reported that in all age 
groups of the study population S-N-ANS angle was decreased in 
un-operated cleft patients according to non-cleft group [27]. This 
has been interpreted as supporting the possibility of maxillary 
hypoplasia. In the same study, it was concluded that dimensional 
parameters related to facial height also varied between cleft and 
non-cleftgroups, and maxillary hypoplasia was observed even in 
the absence of surgical intervention [27].

The limitations of this study are that a two-dimensional imaging 
method was used, although it still maintains its importance in the 
orthodontic treatment process. Apart from this, the presence of 
clefts was not separated as unilateral and bilateral. It is thought 
that these subgroups to be formed in larger sample groups will 
contribute to the literature.
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CONCLUSION 
In our study on cephalometric radiographs, which are still 
indispensable in orthodontic diagnosis and treatment, it was 
shown that cleft did not affect the sellar dimensions, but caused a 
decrease in maxillary dimensions and maxillary hypoplasia. Also 
the study demonstrated flattened sella was most common in cleft 
group, and round sella was most common in non-cleft group. 
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ABSTRACT

Objective: New polymorphisms are formed in human leucocyte antigen (HLA) genes 
with point mutations, gene conversions, and duplication, and the diversity continues 
to increase. Various new HLA alleles have significant roles in transplantation, and 
epidemiologic and population studies. The aim of our study was to determine the 
status of HLA alleles in the Turkish population, which is uncommon, well-defined, and 
non-defined in the world population according to the international ImMunoGeneTics 
information system® (IMGT) database.
Methods: We performed HLA-A, -B, -C, -DQB1, and DRB1 loci at the four-field 
resolution level, using Sanger- sequence-based typing (SBT) for 5592 healthy, unrelated 
bone marrow donor volunteers from Istanbul Province. The uncommon alleles were also 
confirmed using high-throughput next-generation sequencing (NGS).
Results: Uncommon alleles were determined at five loci as follows: HLA-A*01:155, 
02:66, 02:90, 02:110, 02:343, 03:82, 24:28, 24:146, 24:276, 24:356, 31:23,33:33, 68:38; 
HLA-B *07:240, 18:19, 35:193, 40:303, 51:69, 51:169; HLA-C*04:39, 06:40, 07:93, 
12:149, 15:73; HLA-DRB1*11:149, 13:14:02 and HLA-DQB1*03:27. All alleles were 
arranged according to the common and well‐documented (CWD) 3.0.0 catalog.
Conclusion: This is the first study to show uncommon alleles in our population. These 
reported data increase the knowledge of HLA polymorphisms in the Turkish population 
and provide a basis for further studies in population genetics. This information may also 
be useful in determining whether a matched, unrelated donor is unlikely to be found so 
that a mismatch strategy, an extended family search, or alternate therapy, can be pursued, 
thus saving time and cost for patients.

Keywords: HLA; uncommon HLA alleles; next-generation sequencing; sequencing-
based typing; HLA catalog
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Main Points;

• Uncommon alleles detected in a population of Istanbul 
Province.

• The NGS technique will bring new changes and alleles.

• All alleles were arranged according to the CWD 3.0.0 
catalog.

INTRODUCTION
Highly polymorphic human leucocyte antigen (HLA) class 
I and class II molecules are the key molecules for controlling 
the specificity of antigen presentation. They work with other 
sets of molecules located within the HLA region to process the 
antigen into peptides or other fragments [1-4]. HLA typing, such 
as sequence-specific oligonucleotide probe polymerase chain 
reaction (PCR-SSOP), sequence-specific primer (PCR-SSP), 
and sequence-based typing (SBT) are traditional “gold standard” 
assays are labor-intensive, costly, and relatively low throughput 
[5-7].  

The next-generation sequencing (NGS) used as the routine 
clinical work of HLAs has led to the development of population-
specific HLA typing data pools (Allele Frequency Net Database 
(AFND)) and better assessment of regional HLA specificity [8]. 
The introduction of NGS technologies, which provide clonal 
sequence information and may be used to determine phase over 
long stretches of DNA, has the potential to overcome many of 
the limitations of SBT, and 38,909 HLA and related alleles have 
been described [9].

Significant differences in the frequency of common and well-
documented alleles (CWD) recently identified in Europe have 
been demonstrated. This number continues to increase with the 
discovery of new HLA alleles. In addition, new polymorphisms 
are occurring in HLA genes through point mutations, gene 
transformations, and fragment changes. New alleles may 
probably be detected at a low frequency in the population. HLA 
studies associated with viral agents suggest that rare HLA alleles 
confer a ‘selective advantage’ to the host against the virus [10,11]. 
Three catalogs for HLA alleles have been organized to date. The 
first catalog was prepared by ASHI in 2007 and revised by EFI 
in 2012 and updated to version 2.0.0. With these updates, alleles 
have been categorized as CWD. Accordingly, common alleles 
were defined as alleles with a frequency of over 0.001 observed 
in a population of at least 1500 individuals. Well-documented 

alleles are less frequent than common alleles, detected at least 
five times in the population or three times in a shared haplotype. 
Apart from these, an allele group is alleles that have been detected 
1-3 times in the population after identification. The frequencies of 
these alleles are extremely low and have been termed non-CWD 
alleles. The latest updated version of the catalog was published 
by Hurley et al. It has been updated to version CWD 3.0.0 with 
the article published in January 2000 [12]. 

Türkiye has a genetically diverse population due to its 
geographic location and historical migration routes. However, 
comprehensive and high-resolution data on how this diversity 
is reflected in HLA allele distribution are limited. In this 
study, we aimed to identify rare HLA alleles in the Turkish 
population classified as uncommon, well-defined, and non-
defined in the world population according to the international 
ImMunoGeneTics information system® (IMGT) database. 
Also, to provide detailed information on the frequency, genetic 
variation, and potential clinical significance of these alleles. An 
important lesson learnt from genetic studies in HIV is that viral 
replication is significantly inhibited by the immune system with 
less common or even rare HLA alleles.

The study was conducted retrospectively and included the typing 
results of 3 consecutive years (2016-2019). The data of different 
groups in the Turkish population : the first group used as a data 
source were unrelated volunteer donors from the Istanbul Bone 
Marrow Donor Registry and the second group was the healthy 
individuals.

The study includes the following objectives: 
HLA allele diversity: To determine the diversity and frequency of 
rare HLA alleles belonging to HLA-A, HLA-B, HLA-C, HLA-
DRB1 and HLA-DQB1 loci in the Turkish population.
Genetic Analysis: To perform comparative genetic analysis 
of the obtained HLA sequences with other known HLA 
alleles worldwide and to examine the genetic similarities and 
differences of the HLA profile of the Turkish population with 
other populations.
Creating a Database: In light of the data obtained, to create 
a database containing HLA alleles specific to the Turkish 
population and integrate these data into global HLA databases.

MATERIALS AND METHODS
Participants and Sample Collection
healthy individuals (n=5592) who voluntarily participated in 
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Istanbul University Istanbul Faculty of Medicine between 2016-
2019 and gave informed consent were included in the study. 
Genomic DNA was isolated from blood samples obtained from 
the participants. DNA isolation was performed using a Qiagen 
EZ1 Advanced XL instrument and the isolated DNA samples 
were stored at -20°C.

HLA Typing
Sanger sequencing-based typing (Sanger-SBT) was used to 
determine HLA alleles. HLA typing was performed in the tissue 
typing laboratory at Istanbul Medical Faculty. This laboratory is 
accredited by the European Federation of Immunogenetics (EFI) 
for clinical HLA typing. The HLA loci and exons typed were 
as follows: HLA-A and HLA-B: Exons 1-5, HLA-C: Exon 1-7, 
HLA-DR Exon 2-3, HLA-DQ Exon 2-3.

Allele Detection and Data Analysis
In total, 11,184 HLA alleles were detected. Twenty-seven 
of these alleles were detected for the first time in the Turkish 
population. These rare alleles were evaluated using the IMGT 
database (version 3.55.0, 2024-01).

Verification with NGS
Confirmation of rare alleles was performed using NGS methods. 
Multiple long-range PCR primers were designed to amplify 
HLA-A, HLA-B, HLA-C, DRB1, and DQB1 genes from the 
promoter region to the 3’-UTR region for NGS typing. Omixon 
Holotype HLA™ kit was used for NGS and the One Lambda 
Secore Locus Sequencing Kit was used for Sanger sequencing.

Statistical Analysis
Descriptive statistics are given as mean±standard deviation for 
numerical variables and number for categorical variables. The 
SPSS for Windows version 21.0 package software was used for 
statistical analysis. The IMGT-HLA database system was used 
for the detection of uncommon alleles. 

The uncommon alleles detected were analyzed in the IMGT 
database, aligned to the closest available allele sequence. This 
database enables the validation of newly identified HLA alleles 
by aligning them with the closest allele sequences already known 
and catalogued. This alignment is done to confirm the accuracy 
of the identified alleles and understand the genetic variation of 
the new alleles. In this way, it is indicated that the rare HLA 
alleles obtained in the study have been compared and validated 
against the closest similar allele sequences in the IMGT database.

RESULTS
Five thousand five hundred ninety-two volunteers were included 
in our study (F/M: 3256/2336; age range; 19-46 years; mean 
age 37.79 ± 9.2 years). Among the 11,184 alleles detected, the 
uncommon, well-defined, and non-CWD allele distributions were 
as follows: HLA-A*01:155, 02:66, 02:90, 02:110, 02:343, 03:82, 
24:28, 24:146, 24:276, 24:356, 31:23,33:33, 68:38; HLA-B 
*07:240, 18:19, 35:193, 40:303, 51:69, 51:169; HLA-C*04:39, 
06:40, 07:93, 12:149, 15:73; HLA-DRB1*11:149, 13:14:02, and 
HLA-DQB1*03:27.

When the whole HLA gene was amplified, we also detected 
nucleotide positions (Table 1). All alleles were arranged 
according to the CWD 3.0.0 catalog. When these alleles were 
also checked against the HLA-IMGT database, we found that 
most were confirmed by only one laboratory. The table contains 
the IMGT/HLA accession numbers, version number, the most 
closely matched allele information and nucleotide change, and 
exon numbers in which the change was detected for these alleles. 
All this information was obtained using the IMGT-HLA database 
(Table 1).

In our study, among the HLA alleles detected using Sanger and 
NGS methods, we identified alleles that were rarely detected 
in the Turkish population and in most populations. Although 
the separation force of some tools is more limited in Sanger 
sequencing, the allele can be precisely distinguished using NGS. 
According to the IMGT database, the ethnic groups of 10 alleles 
were determined, but nine were not determined (Table 2).

The characteristics of variation in HLA class I loci, possibly 
caused by single point mutations, are described in detail based 
on the sequences of alleles submitted to the IPD-IMGT/HLA 
database. We know that the frequency of HLA alleles in different 
populations reflects the evolutionary history of the population, 
and this effect is manifested in CWD allele frequencies.

The comparison of the 27 alleles we identified in our population 
with the information in the IMGT-HLA database showed that 
the well-defined alleles were generally identified in the Middle 
East and North Africa (MENA) and/or European (EURO) 
populations. Other alleles were those that have not been observed 
in other populations since they were first identified (Table 2). 
The name A*01:155 was officially assigned by the World Health 
Organization (WHO) Nomenclature Committee for Factors of the 
HLA System in March 2014. This follows the agreed policy that, 
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subject to the conditions stated in the most recent Nomenclature 
Report, names will be assigned to new sequences as they are 
identified. In August 2023, our Confirmatory HLA sequence 

(delivery number HWS10061798) was officially named by the 
WHO Nomenclature Committee for factors of the HLA System.

Table 1. IMGT/HLA accession numbers, version number, the most closely matched allele information and nucleotide change, exon 
numbers 

IMGT/HLA IMGT/HLA 3.45.0

Locus IPD Accession Alel name Closest match Position/Base change Exon

A HLA11389 A*01:155 A*01:01:01:01/ A*01:155 810 G>A 4

HLA01781 A*02:66 A*02:01:01:01 / A*02:66 750 C>T 4

HLA02374 A*02:90 A*02:01:01:01 / A*02:90 292 C>G 2

HLA02776 A*02:110 A*02:01:01:01 / A*02:110 355 G>A 3

362 G>T 3

368 A>T 3

HLA04893 A*02:243 A*02:01:01:01 / A*02:243 97 T>C 2

98 T>C 2

HLA05359 A*03:82 A*03:01:01:01 / A*03:82 411 C>T 3

412 C>G 3

413 G>A 3

414 G>A 3

418 G>C 3

527 A>T 3

538 T>C 3

539 T>A 3

HLA01268 A*24:28 A*24:02:01:01 / A*24:28 292 G>C 2

299 A>G 2

301 A>G 2

307 C>G 2

311 T>C 2

313 G>C 2

314 C>T 2

317 T>G 2

319 C>G 2

HLA05673 A*24:146 A*24:02:01:01 / A*24:146 411 C>T 3

412 C>A 3

HLA10976 A*24:276 A*24:02:01:01 / A*24:276 209 A>G 2

HLA15818 A*24:356 A*24:02:01:01 / A*24:356 349 C>T 3

HLA03417 A*31:23 A*31:01:02:01 / A*31:23 811 G>A 4

HLA05633 A*33:33 A*33:01:01:01 / A*33:33 463 C>A 3

468 T>C 3

https://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=imgthla;id=HLA11389
https://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=imgthla;id=HLA01781
https://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=imgthla;id=HLA02776
https://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=imgthla;id=HLA04893
https://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=imgthla;id=HLA05359
https://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=imgthla;id=HLA01268
https://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=imgthla;id=HLA05673
https://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=imgthla;id=HLA10976
https://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=imgthla;id=HLA15818
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583 C>T 3

HLA02859 A*68:38 A*68:01:01:01 / A*68:38 102 C>T 2

376 G>A 3

B HLA12761 B*07:240 B*07:02:01:01 / B*07:240 301 A>G 2

302 G>A 2

HLA01782 B*18:19  B*18:01:01:01 / B*08:19 527 T>A 3

538 C>T 3

539 T>G 3

HLA07692 B*35:193 B*35:01:01:01 / B*35:193 134 G>C 2

419 C>T 3

HLA13250 B*40:303 B*40:01:02:01 / B*40:303 103 G>T 2

106 A>G 2

363 G>C 3

499 T>A 3

512 T>G 3

603 C>G 3

605 A>C 3

610 G>C 3

618 T>G 3

693 T>C 4

959 T>C 5

1008 T>C 5

HLA03716 B*51:69 B*51:01:01:01 / B*51:69 475 G>A 3

HLA11052 B*51:169 B*51:01:01:01 / B*51:169 670 A>T 4

C HLA03735 C*04:39 C*04:01:01:01 / C*04:39 568 G>C 3

HLA05184 C*06:40 C*06:02:01:01 / C*06:40 544 G>A 3

HLA04399 C*07:93 C*07:01:01:01 / C*07:93 445 G>A 3

912 C>T 5

HLA13043 C*12:149 C*12:03:01:01/ C*12:149 173 T>C 2

C*15:73 C*15:02:01:01 / C*15:73 454 G>C 3

DRB1 HLA10205 DRB1*11:149 DRB1*11:01:01:01 / DRB1*11:149 181 T>C 2

189 A>G 2

197 A>T 2

429 C>G 3

HLA01154 DRB1*13:14:02 DRB1*13:01:01:01/DRB1*13:14:02 181 C>T 2

189 G>A 2

196 A>T 2

258 T>C 2

261 C>T 2

286 A>T 2
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Table 2. According to IMGT database alleles etnic group.

A*01:155

A*02:66

A*02:90 WD (NOT MENA)
A*02:110 WD (MENA, EURO)
A*02:243

A*03:82 NONE
A*24:28 WD (EURO, HIS)
A*24:146 WD (MENA)
A*24:276 NONE
A*24:356 NONE
A*31:23

A*33:33 WD (MENA)
A*68:38 WD (MENA)
B*07:240 NONE
B*18:19 WD (EURO,MENA)
B*35:193 WD (MENA)
B*40:303 NONE
B*51:69 WD (EURO, MENA)
B*51:169 NONE
C*04:39 WD (MENA)
C*06:40 NONE
C*07:93 WD (EURO, MENA)
C*12:149 WD (NOT MENA)
C*15:73

DRB1*11:149 NONE
DRB1*13:14:02 WD
DQB1*03:27 NONE

MENA: Middle east and North Africa, EURO: Europian 
Population, HIS: Hispanic

DISCUSSION
The literature related to this subject give us an idea about how 
NGS will bring new changes and alleles to the field of HLA 
typing. Our data show that the diversity of HLA alleles and 

haplotypes is a result of the mixing of different populations in 
Türkiye. The coexistence of people from different populations 
will further increase the diversity of HLA alleles and haplotypes 
in the Turkish population in the coming years. As a result, it will 
be difficult to find suitable donors for human stem cell, tissue, 
and solid organ transplantation. Therefore, continuous updating 
of allele and haplotype frequency information will increase the 
accuracy and reliability of information about the immunogenic 
profile of the population. Thus, suitable donors can be found 
quickly, waiting lists for transplants can be shortened, and 
survival rates among recipients may be increased.

Today, using molecular methods, it has been shown to be 
possible to identify hundreds of different HLA alleles that differ 
in one or more nucleotides. Even single amino acid differences 
are known to cause immunological responses to donor antigens 
after haematopoietic stem cell transplantation. [12]. In our 
population, we found 27 well-defined and non CWD allele such 
as HLA-A*01:155, 02:66, 02:90, 02:110, 02:343, 03:82, 24:28, 
24:146, 24:276, 24:356, 31:23, 33:33, 68:38; HLA-B *07:240, 
18:19, 35:193, 40:303, 51:69, 51:169; HLA-C*04:39, 06:40, 
07:93, 12:149, 15:73; HLA-DRB1*11:149, 13:14:02 and HLA-
DQB1*03:27.

Kamenaric et al. identified six new HLA alleles (HLA-A*01:200, 
A*02:836, A*11:01:01:44, B*08:251, B*18:169 and 
C*05:46:01:02 and very rare (HLA-B*08:78, DRB1*12:39, 
DRB1*13:23:02 and DQB1*06:09:04) or rare (HLA-A*24:41, 
B*39:40:01N, B*51:78:01, DRB1*01:31 and DRB1*14: 111) 
in the Croatian population [13]. In another study conducted in 
the Croatian population, it was reported that eight HLA alleles 
from the ‘rare’ and ‘very rare’ categories were in the process 
of being sent to the rare allele database; A*02:11, one of these 
alleles, was also present among the rare alleles identified in our 
study. In a study conducted with donors registered in the DKMS 
(Deutsche Knochenmarkspenderdatei) database, it was reported 
that the 02:11 allele was also observed in Romanian, Bosnian, 

298 G>A 2

299 A>G 2

344 T>G 3

345 G>T 3

DQB1 DQB1*03:27 DQB1*03:01:01:01 / DQB1*03:27 343 T>C 3
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Polish, Greek, Croatian, Turkish, and United States Hispanic 
populations [14]. The alleles A*02:11, A*68:38, B*18:19, 
B*51:69, C*04:39, C*07:93, C*15:73, DRB1*13:14, which 
were reported to be detected in Turkish donors in the allele 
frequency analysis of the same study, were similar to the rare 
alleles detected in our study [14].
The A*68:38 and DRB1*13:14 alleles detected in a study 
conducted with HLA-A, HLA-B, HLA-C, HLA-DRB1, HLA-
DQB1 and HLA-DPB1 allele frequencies of Saudi stem cell 
donors were similar to the rare alleles detected in our study [15]. 
Analysis of the Buddhist Tzu Chi Stem Cell Center’s (BTCSCC) 
HLA database of 291,677 bone marrow volunteer donors from 
1993 to 2008, showed that 27 rare alleles were identified and 
six new alleles were discovered in Taiwan population. Rare 
alleles were confirmed using an SSP typing protocol and/or 
an SBT method [16]. The rare alleles detected in these studies 
have differences from the alleles detected in our study. Creating 
such databases by uncovering new/rare HLA alleles and 
haplotypes in each population will facilitate donor search and 
speed up the turnaround time of the procedure, as well as help 
transplant centers to quickly decide whether to search for an 
HLA-matched unrelated donor or cord blood unit or to proceed 
with a haploidentical donor [17]. In our study, we identified 
11,184 alleles from 5592 volunteer donors. Of these alleles, we 
identified 13 HLA-A, six HLA-B, five HLA-C, three HLA-DR, 
and one HLA-DQ allele as well-defined or not yet categorized 
according to the IMGT database and CWD3.0.0 catalog.

Limitations
The characteristic of the study population, which is restricted to 
only the Marmara region, is the most important limitation. 

CONCLUSIONS
Similar studies based on next-generation sequencing techniques, 
as in our study, are important in terms of documenting and 
recording possible new and rare alleles. These reported data 
increase the knowledge of HLA polymorphisms in the Turkish 
population and provide a basis for further studies in population 
genetics. This information may also be useful in determining 
that a matched unrelated donor is unlikely to be found so that 
a mismatch strategy, an extended family search or alternate 
therapy, can be pursued thus saving time and cost for the patient. 
The results of this study will contribute to a better understanding 
of the genetic structure of the Turkish population and the 
development of personalized medicine practices by providing 
important information in terms of both scientific and clinical 

applications. Furthermore, the identification of uncommon 
HLA alleles may significantly guide future genetic research and 
transplantation medicine.
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ABSTRACT
Objective: This cross-sectional study aimed to evaluate a group of Turkish dentists’ 
awareness, preparedness, and competence regarding the unintended effects of LAs in 
pediatric patients.
Methods: In this study, the questionnaire form titled ‘ Evaluation of the Knowledge 
Level of Dentists Regarding the Use of Local Anesthesia and its Unintended Effects 
in Pediatric Patients’ prepared in a digital environment was sent to dentists via Google 
survey application. The study investigated dentists’ awareness and knowledge of the 
maximum dose of local anesthetic (LA) drugs. The most commonly used LA drugs and 
the most common complications related to these anesthetics were also determined.
Results: According to the results obtained, the dentists’ most frequently preferred LA 
substances were Articaine+Adrenaline (A+A) and Lidocaine+Adrenaline (L+A). It was 
found that 91% of the participants performed aspiration before LA applications. It was 
found that 74% of the dentists participating in the study did not calculate the maximum 
dose per kilogram when performing local anesthesia in pediatric patients. The three 
complications encountered by the participating dentists during local anesthesia were found 
to be anesthetic failure (73%), facial paralysis (26%), and syncope (19%), respectively. 
In addition, 90% of the dentists who were asked about the first drug they would prefer 
in anaphylaxis answered adrenaline. When asked about the route of adrenaline injection, 
the majority of the dentists (64%) responded intramuscularly. 
Conclusion: Although the occurrence of anaphylaxis during dental procedures is rare, 
when it does occur, it can lead to severe complications that may result in death. Dentists 
should be familiar with the signs of systemic complications that may arise from using 
LAs. When these findings are encountered after anesthesia, it should be considered that a 
systemic complication may have occurred, and urgent intervention should be performed. 
Any delay may cause consequences that may threaten the patient’s life. This subject, 
which is of critical importance in dentistry, should be considered more in undergraduate 
and postgraduate education, and the level of knowledge should be increased by providing 
further training courses to update the information. 

Keywords: survey, local anesthesia, complications, maximum dose
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Main Points;
• Local anesthetics are the most used drugs in dentistry.
• Dentists may encounter various complications related to 

the use of local anaesthetics.
• Dentists should have adequate knowledge of local 

anesthetics, appropriate dose calculation, and 
management of complications.

• This subject is critical to dentistry and should be 
emphasized more in undergraduate and postgraduate 
education, with further training courses provided to 
update dentists' knowledge.

INTRODUCTION
Local anesthetic (LA) drugs have been primary agents for 
pain control in dentistry for year. There have been some 
concerns associated with them, including anesthesia-related 
complications. Therefore, dentists must precisely understand LA 
drugs’ application method and dosage to minimize complications 
[1]. 

LA drugs primarily act by reducing the permeability of ion 
channels to Na+ ions on the nerve membrane [2]. The nerve 
cell membrane consists of lipid layers, which are hydrophobic 
barriers, and drugs with high lipid solubility have longer 
durations of action, potential, and rapid onset compared to those 
with low lipid solubility [3]. The concentration of anesthetic 
agents in nerve fibers also affects anesthesia efficacy. LA 
drugs are primarily classified as ester and amide according to 
their chemical structure. In the field of dentistry, amide-based 
anesthetics (Lidocaine, Mepivacaine, Bupivacaine, Articaine, 
and Prilocaine) are used extensively [4]. Lidocaine is particularly 
notable for its safety profile and high tolerability, and dentists also 
prefer articaine in Türkiye. Having comprehensive knowledge of 
the usage, pharmacokinetics, contraindications, and possible side 
effects of local anesthetics is crucial. It is equally important to 
keep this information up-to-date.

As with any invasive procedure, side effects can occur during 
local anesthesia applications [5]. These reactions can vary from 
local blanching to severe reactions such as anaphylactic shock and 
systemic toxicity [6]. Life-threatening hypersensitivity reactions 
are infrequent and are known to occur in less than 1% of cases 
[7]. In dentistry, LA drugs are primarily used with the addition 
of a vasoconstrictor. Severe and life-threatening toxic reactions 
result due to relatively high doses of LAs or the vasoconstrictor 

agent. Such reactions can be prevented with proper patient 
assessment and following dosage protocols before administering 
the LA agent [8]. LAs used in dentistry are minimal in dosage, 
and systemic effects after absorption are rare.
 
However, toxic effects may occur due to incorrect vascular 
injection and rapid increases in blood levels, especially in the 
pediatric population [9]. For this reason, the correct use of LA 
agents in dental clinics is crucial. Any dentist using an anesthetic 
agent must have sufficient knowledge about the dosage and 
content of the anesthetic used [8]. It is crucial for dentists to be 
aware of the possible permanent side effects of local anesthesia 
and have the necessary equipment to handle them [10].

Therefore, this cross-sectional study aimed to evaluate a group 
of Turkish dentists’ awareness, preparedness, and competence 
regarding the unintended effects of LAs in pediatric patients. 
This study aims to assess dentists’ knowledge of LA treatment 
protocols (e.g. dosage, complications), LA preference, experience 
with adverse events, and proficiency in managing anaphylactic 
attacks in pediatric patients.

MATERIAL AND METHODS
The ethical approval for the research was obtained from 
Selcuk University Faculty of Dentistry (Decision No: 2020/02, 
dated 13.02.2020). The digitally prepared questionnaire titled 
“Evaluation of the Knowledge Level of Dentists Regarding 
the Use of Local Anesthesia and its Unintended Effects in 
Pediatric Patients” was sent to participants via the Google 
Forms application. The volunteers participating in the study 
were evaluated anonymously, and no fee was requested from the 
participants. The questionnaire consisted of 16 questions. The first 
three questions represent “demographic” data, such as the age, 
gender, and title of the individuals filling out the questionnaire. 
The continuation of the questionnaire covers 13 questions related 
to local anesthesia application methods and complications (Table 
1). The questions were prepared in multiple-choice or yes/no 
format. The survey was piloted on six dentists. Their feedback 
helped us to change some questions. Individuals who graduated 
from the dental faculty and voluntarily agreed to participate were 
included in the study. The participation period of the study was 
between 15.02.2020 and 03.11.2020. 

The IBM SPSS 20.0 package program was used for statistical 
data analysis. Descriptive statistics were presented in terms of 
frequency and percentage values. Pearson’s Chi-square Test or 
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Table 1. Survey Questions and Answers

QUESTIONS ANSWERS
1-Gender? o Male

o Female
2-Age? o 23-30

o 31-40
o 41-50
o 51 and over

3-Title? o General Dentist
o Pediatric Dentistry Resident
o Pediatric Dentistry Specialist

4-How many anesthetic syringes do you use maximum for local anesthesia in 
pediatric patients??

o 1 
o 2 
o 3 
o 4

5- Which local anesthetic do you most frequently use in the clinic? o Lidocaine+ Adrenaline
 o Articaine+ Adrenaline 
o Prilocaine 
o Others

6-Do you aspirate before administering local anesthesia? o Yes
o No

7- Do you calculate the maximum local anesthetic dose/kg  before administering 
in pediatric patients?

o Yes
o  No 

8- Have you experienced any complications during local anesthetic applications? o Syncope
o Needle breakage
o Hematoma
o Anaphylaxis
o Facial Paralysis
o Anesthetic insufficiency
o Trismus
o Others

9- Do you inquire about any medication allergies your patient may have? * o Yes
o No

10- Do you ask your patient if she/he has had local anesthesia administered before? o Yes
o No

11- Do you perform a test dose of local anesthetic in your routine procedures? o Yes
o No

12- Have you experienced systemic toxicity due to local anesthetic administration? o Yes 
o No

13- Which of the following symptoms would suggest systemic toxicity of local 
anesthetic?

o Nausea-vomiting
o Skin rash
o Sweating
o Hypotension
o Respiratory distress

14- Which of the following medications are available in your clinic? o Adrenaline
o Antihistaminics
o Steroids
o Glucagon
o Salbutamol
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Fisher’s Exact Chi-square Test was used to compare variable 
groups. The significance level was accepted as α=0.05. 

RESULTS
214 volunteer dentists, comprising 48 men and 166 women, 
participated in the study. 56% of the participants were general 
dentists (GD) (n = 120), 27% were pediatric dentistry residents 
(PDR) (n = 58), and 17% were pediatric dentistry specialists 
(PDS) (n = 36). The number of female participants in all groups 
was statistically significantly higher (GD: %68.3/31.7, PDR: 
%94.8/5.2, PDS: %80.6/19.4). The participants were divided 
into four age groups: 23-30, 31-40, 41-50, and ≥51. Their tenure 
was also categorized into 1-5 years, 6-15 years, and more than 
16 years. 

The comparison between groups regarding age and tenure 
revealed statistically significant differences (p < 0.001). The 
tenure of pediatric dentist specialists differed from that of other 
groups. Approximately 80% of specialists had a tenure of 6 years 
or more, while 87.5% of general dentists and 82.8% of residents 
had a tenure of at most five years. 

Based on the survey results, the majority of participants preferred 
Articaine+Adrenaline (A+A) (64%) or Lidocaine+Adrenaline 
(L+A) (33%) for local anesthesia. (Figure 1). It was observed 
that there were proportional differences in the A+A preferences 
of dentists with different titles. Specifically, 82.8% of PDRs, 
69.4% of PDSs, and 52.5% of GDs preferred A+A. Furthermore, 
the difference between the A+A preference of PDRs and GDs 
was found to be statistically significant (p = 0.001). 

Most participants (60%) stated they used a maximum (max) of 
two ampoules of LAs for pediatric patients. This answer is not 
statistically significant between titles and groups. When asked 
about aspiration before local anesthesia, more than 90% of the 
participants reported that they aspirated. Again, the differences 
between titles and age groups regarding whether aspiration 

was performed before local anesthesia were not statistically 
significant.

Figure 1. Local Anesthetics preference according to the titles

Most participants (74%) stated they did not calculate the dose per 
kilogram when performing local anesthesia. Response differences 
between all title groups were statistically insignificant (p=0.138). 
However, when we reduce the title groups to “PDS” and “Other 
Dentists,” the difference between these two new groups becomes 
statistically significant, although it is very close to the limit value 
(p = 0.047). Accordingly, 39% of PDS state that they calculate 
the max dose per kilogram when applying local anesthesia to 
a pediatric patient, while this rate is 23% for other participants 
(Figure 2).

Most clinicians (96%) reported inquiring about drug allergies 
in patients before treatment. Participants were asked whether 
they question patients’ previous local anesthesia experience, and 
82% responded positively. The difference between dentists who 
asked their patients about their previous experience with local 
anesthesia was found to be statistically significant, with a p-value 
of 0.048. Interestingly, general dentists showed a 23% “No” 
response to this question, which was different from the responses 

15- Which is the first-choice medication for anaphylaxis? o Adrenaline
o Antihistaminics
o Steroids
o Glucagon
o Salbutamol

16- Which route do you use for adrenaline injection? o Intramuscular
o Intravenous
o Subcutaneous 
o I do not know.
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of other groups (Figure 3).

Figure 2. Answer to Maximum dose calculation rates for local 
anesthesia (p=0.047)

Figure 3. Answers to the questioning patients’ previous local 

anesthesia experience (p=0.048). 

Figure 4. Answers to the first-choice drug in anaphylaxis 
(p=0.022) 

Figure 5. Answers to the adrenaline injection routes

Table 2. Answers to the complications during local anesthesia applications.

Complications experienced during local anesthesia applications The Whole Answers PDS PDR GD

Anesthesia Failure %73,0 %69,4 %86,2 %68,3

Facial paralysis %25,6 %36,1 %36,2 %17,5

Syncope %19,1 %25,0 %15,5 %19,2

Hematoma %10,7 %25,0 %5,2 %9,2

Trismus %5,1 %8,3 %5,2 %4,2

Emphysema %0,9 - - %1,7

Angioedema on the lip %0,5 %2,8 - -

Urticaria %0,5 %2,8 - -

Short-term epileptic seizure-style convulsions %0,5 %2,8 - -

Redness %0,5 - %1,7 -

Paresthesia %0,5 - - %0,8

Epileptic seizure %0,5 - - %0,8

I did not experience any complications %7,9 - %3,4 %12,5

Pediatric Dentistry Specialists (PDS), Pediatric Dentistry Residents (PDR), General Dentists (GD)
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Almost all (98%) participants answered ‘No’ to whether they 
performed LA test doses in their routine practice. Nearly 
all participants (99%) answered ‘No’ to the question about 
experiences with systemic toxicity due to LAs. 

When asked about the first- line drug of choice for participants 
in anaphylaxis, the primary (90%) answer was ‘adrenaline.’ 
10% of participants prefer different drugs as the first choice 
in anaphylaxis (9% Antihistaminic, 0.5% Glucagon, 0.5% 
Steroid). The preference for adrenaline was almost unanimous 
(98%) among PDR dentists, leading to a statistically significant 
difference in drug preference (p=0.022) (Figure 4).

When the question of what route they use for adrenaline, 63.6 
% intramuscular (IM), 21.5 % intravenous (IV), and 6.5 % 
subcutaneous (SC), 8.4 of the participants marked the option 
of ‘I do not know.’. Despite the IM response of 53.3 %of GD, 
PDR is 81.0 %, and PDS is 69.4 %. The difference between the 
answers given by dentists in different titles regarding the route 
used for adrenaline injection is statistically significant (p = 
0.002). (Figure 5).

Participants were asked about the complications they encountered 
during local anesthesia applications. As a result of the answers, 
the three most common complications are anesthesia failure 
(73%), facial paralysis (26%) and syncope (19%). (Table 2) 
Another question asked what the symptoms suggestive of 
LA systemic toxicity were, and the answers were as follows: 
respiratory distress (72%), nausea-vomiting (69%), sweating 
(55%), hypotension (54%), and skin rash (40%). General dentists 
preferred the ‘respiratory distress’ most (76%), PDS preferred 
nausea and vomiting the most (72%), and likewise, PDR 
preferred nausea and vomiting the most (83%) (Figure 6).

Figure 6. Answers to the symptoms suggestive of local anesthetic 
systemic toxicity

DISCUSSION
This survey study examined a group of Turkish dentists’ 
knowledge of LA dosage, side effects, and managing side effects 
in pediatric patients. 

A total of 214 volunteer dentists who are treating pediatric 
patients participated in our study. Bani-Hani et al. conducted a 
survey study to evaluate the use of LAs in pediatric dentistry. The 
study collected answers from 72 PDSs. The results showed that 
Lidocaine with 2% Adrenaline was the most used LA drug among 
the participants, with 72.2% of them using it. The second most 
frequently used drug was Articaine with 4% Adrenaline, used by 
54.2% of the participants [11]. Ezzeldin et al [12], another survey 
study collected from 61 PDS, found that the most frequently used 
LAs were Lidocaine and Articaine. The reason for having more 
participants in our study might be due to the relatively fewer 
questions in our survey and the fact that we sent the survey to 
PDSs and dentists treating pediatric patients. In many studies, 
Articaine was found to be more effective than lidocaine in terms 
of anesthetic efficacy in dentistry [13, 14]. When the results found 
in our study are compared with the literature, it is like the results 
that Articaine is preferred more than Lidocaine. A reported study 
has found that newly qualified dentists more commonly use 
Articaine [15]. This may be due to the recent adoption of Articaine 
during undergraduate education in universities in Türkiye, as 
well as the fact that 82% of the participants in the study were 
between the ages of 23 and 30. Based on these results, it is seen 
that the differences in the guidelines adopted in different dental 
schools and in the professional periods between the dentists are 
effective in the selection of LAs. In a survey study, the maximum 
number of cartridges used by dentists was questioned, and it 
was reported that most dentists (87%) could not calculate the 
correct anesthetic dose [16]. In a survey conducted by Ngan et 
al., almost half of the respondents (49%) reported using full body 
weight to determine LA dosage. 44% of respondents reported 
using the estimated size of the patient, 2% the age of the patient, 
and 5% other methods such as ‘one cartridge anesthetic dose to 
all patients [17]. In our study, 74% of the dentists surveyed do 
not calculate the dose per kilogram. The proportion of dentists 
who calculated the dose was 39% among PDS and 23% among 
other dentists. These results show similar results to other survey 
studies, revealing that dentists have insufficient knowledge about 
dose calculation when applying local anesthesia. 

Baluga et al. reviewed 5018 case reports of dental treatment 
under local anesthesia. The study reported that local anesthesia-
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related side effects were observed in only 25 cases (0.5%), and 
allergic reactions were observed in only two of these cases [18]. 
Cağıran et al. [19] reported that only one of 30 patients in whom 
allergy consultation was requested before intervention because 
of a history of atopic disease or drug allergy had a positive test 
result. Although rare in the literature, allergic reactions following 
LA injections may develop due to preservatives (methylparaben) 
or antioxidants (sulfites) in the solution [4]. If a patient describes 
a reaction that is at least clinically consistent with allergy, the 
dentist should refrain from using the offending substance until 
an allergist has assessed it. In this study, 96% of dentists stated 
that they asked their patients whether they had drug allergies 
before treatment. All PDS (100%), 97% of PDR, and 94% of 
GD responded positively to this question. Although cases of 
allergy due to local anesthesia are rare, it is essential to ask about 
allergy status during anamnesis before treatment, considering 
that complications that may develop may be fatal. 

Aspiration before administration reduces the incidence of side 
effects of LAs. Accidental IV injection may cause acute overdose 
reactions [20]. According to Malamed, the inferior alveolar nerve 
block is the technique with the highest risk of positive aspiration 
[21]. Al-Wattar et al. [22] reported that 90% of the dentists 
participating in their survey study did not perform aspiration. 
Lipp et al. showed in their study that more than 60% of dentists 
were unaware of the toxicity that may occur due to positive 
aspiration [23]. This study found that 91% of dentists performed 
aspiration before LA applications. This higher aspiration rate 
than previous studies is due to dentists’ increased knowledge and 
awareness. 

In this study, the most common complication encountered by 
dentists was an anesthetic failure (73%). The causes of anesthesia 
failure include anesthetic technique and patient-specific 
factors. Failure to detect symptoms within 10-15 minutes after 
administration is considered anesthesia failure [24]. A double or 
bifid inferior alveolar nerve may be a possible cause of anesthetic 
failure [25]. Pulpitis or apical periodontitis can lead to anesthetic 
failure [26]. Infection lowers pH levels, affecting anesthetic 
dissociation, whereas inflammation heightens patient sensitivity 
by triggering a primary region of hyperesthesia [27]. According 
to Potonick and Bajrovic, inflammation causes anesthetic failure 
in 30-45% of cases, even when the technique is performed 
correctly [28]. Repeated anesthesia should be avoided in cases 
of inflammation and infection; repeated anesthetic applications 
may cause tachyphylaxis [29]. Many authors attribute the failure 

of LA to the need for more knowledge or experience from 
dentists. This situation can be prevented by correct anatomical 
knowledge and learning application techniques. In this study, 
most participants (73%) reported anesthetic failure. To solve this 
problem, dentists in Türkiye should be trained in anatomy and 
the correct application of LAs during their undergraduate and 
specialty education, and in-service training should be provided 
regularly throughout their careers. 

LAs, frequently used in dentistry, account for most medical 
emergencies in the clinic. 70% of these are due to fear and stress, 
and 50% of the reported emergencies are syncope [21]. Das et al. 
[30] found 49% hematoma, 38% syncope, and 16% anesthetic 
failure as the most common complications after LA injection. 
According to the results of a study by Girdler and Smith, the 
most common emergency encountered by dentists was vasovagal 
syncope. Among the respondents, 63% reported that their patients 
had syncope in the last year [31]. In our study, syncope ranked 
third among the most common complications in the responses of 
PDS and PDR.GD reported syncope as the second most common 
complication. Although these results show a lower rate than 
previous studies, they clearly show that syncope is one of the 
most common complications. 

Another complication frequently encountered by dentists in this 
study was facial paralysis. Temporary facial paralysis is usually 
caused by LA entering the capsule of the parotid gland at the 
posterior border of the mandibular ramus. Temporary facial 
paralysis after local anesthesia in this area will equal the duration 
of drug-related soft tissue anesthesia [32]. In this study, 26% of 
all dentists who participated encountered facial paralysis. The 
fact that facial paralysis, a preventable complication, occurs 
so frequently suggests that it is due to a lack of knowledge and 
attention. 

In this study, dentists found trismus to be the fifth most common 
complication. The leading cause of trismus is trauma to muscles 
or blood vessels in the infratemporal space following dental 
anesthetic injections. This complication can be prevented 
by using short needles for posterior maxillary injections and 
avoiding multiple injections. Once acute trismus has developed, 
progression to chronic hypomobility can be prevented by a rapid 
treatment combination of heat, analgesics, muscle relaxants, and 
vigorous physiotherapy [33]. 

Adrenaline is the most essential drug in the treatment of 
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anaphylaxis. According to the guidelines published by the 
European Resuscitation Council (ERC) in 2015, side effects are 
rare when correct IM doses are used [34]. If the patient’s condition 
does not improve within 5 minutes, the IM dose of adrenaline 
should be repeated. Dentists should be able to recognize and 
initiate the treatment of anaphylaxis. However, numerous studies 
in different countries show that most dentists cannot adequately 
identify and treat anaphylaxis [35]. In developed countries, the 
incidence of anaphylactic reactions to local anesthesia following 
dental procedures ranges from 1 in 3,500 to 1 in 13,000 [36]. 
Although rare, dentists should have the necessary knowledge and 
equipment to manage allergic reactions, as the consequences can 
be severe. In a study conducted by Krishnamurthy et al., it was 
learned that only 62% of dentists had emergency medicine kits 
in their clinics. According to the results, although 68% of dentists 
knew that epinephrine was the preferred treatment option for 
anaphylaxis, only 28% were aware of the route of administration 
[37]. In our study, 90% of the dentists who were asked about the 
first drug they would prefer in anaphylaxis answered adrenaline. 
When asked about the route they used for adrenaline injection, 
the majority (64%) responded intramuscularly. These results are 
also compatible with the literature. 

The responses to the symptoms suggestive of LA systemic 
toxicity in our study were respiratory distress (72%), nausea 
and vomiting (69%), sweating (55%), hypotension (54%), and 
skin rash (40%). In a study of 593 cases of anaphylaxis, the 
most common symptoms were urticaria and angioedema (87%), 
shortness of breath/wheezing (59%), and hypotension (33%) 
[38]. Mortality in anaphylaxis most commonly occurs due to 
respiratory failure or cardiovascular collapse [39]. 

CONCLUSION 
Although anaphylaxis during dental procedures is rare, it can 
lead to severe complications that may even result in death. 
Therefore, it is crucial for dentists to be familiar with the signs of 
systemic complications that may arise from using LAs. If such 
findings are encountered after anesthesia, it should be considered 
that a systemic complication may have occurred, and urgent 
intervention should be performed without any delay to prevent 
consequences that may threaten the patient’s life. This subject 
is of critical importance in dentistry and should be emphasized 
more in undergraduate and postgraduate education, with further 
training courses provided to update the knowledge of dentists. 
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ABSTRACT
Objective: Body dysmorphic disorder (BDD) is a mental health disorder in which a 
person believes that their actual physical features appear worse than they truly are. 
The aim of this study is to examine the presence of BDD and its comorbidity with 
anxiety, depression, and obsessive-compulsive disorder (OCD) in patients with planned 
orthognathic surgery for dentofacial deformities.
Methods: In this study conducted on patients scheduled for orthognathic surgery, the 
presence of BDD, OCD, depression, anxiety, and stress was determined by administering 
the Florida Obsessive-Compulsive Inventory (FOCI), Depression, Anxiety, and Stress 
Scale-21 (DASS-21), and Body Image Disturbance Questionnaire (BIDQ) prior to the 
surgery. An independent samples t-test evaluated differences between group means, 
Pearson’s correlation coefficient demonstrated the linear relationship between two 
variables, and the chi-square test assessed the relationship between two categorical 
variables. A p-value below 0.05 was deemed statistically significant. A total of 108 
patients were included in the study, with 54 patients Class 2 and 54 patients Class 3.
Results: BIDQ, FOCI, depression, anxiety, and stress, males showed statistically 
significant higher results compared to females (p <0.05). There were no statistically 
significant differences in BIDQ, FOCI, depression, and stress between Class 2 and 
Class 3 patients (p>0.05). Of the 108 patients included in the study, a total of 20.4% 
(n=22) were found to be BDD positive. Among the female patients, 10% (n=6) were 
BDD positive, while among the male patients, 33.3% (n=16) were BDD positive. When 
evaluated in terms of skeletal classification, 14.8% (n=8) of Class 2 patients were BDD 
positive, while 25.9% (n=14) of Class 3 patients were BDD positive.
Conclusions: Surgeons performing orthognathic surgery should be familiar with 
common and often severe body image disturbances. When evaluating patients seeking 
orthognathic surgery, their psychological conditions should be carefully considered.

Keywords: Orthognathic surgery; Body dysmorphic disorder; Obsessive-compulsive 
disorder
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Main Points

• Body Dysmorphic Disorder (BDD) prevalence is 
significantly higher in orthognathic surgery patients 
compared to the general population.

• Male patients exhibited higher scores in BDD, OCD, 
depression, anxiety, and stress compared to female 
patients.

• Class 3 skeletal deformity patients showed higher 
anxiety levels compared to Class 2, but no significant 
difference in BDD, OCD, depression, and stress.

• Surgeons should consider the psychological conditions, 
including BDD, when evaluating patients for 
orthognathic surgery.

INTRODUCTION
Body dysmorphic disorder (BDD) is a mental health disorder in 
which a person believes that their actual physical features appear 
worse than they truly are [1, 2] In this condition, the individual 
perceives themselves as excessively ugly, shapeless, or distorted, 
and this belief can negatively impact their social life, work life, 
and daily activities [3]. People with this disorder worry that these 
flaws will be noticed, mocked, or criticized by others. As a result, 
many individuals may limit or avoid social interactions, and they 
may lose their jobs or struggle academically [4, 5]. While BDD 
can be related to specific areas of the body such as the skin, 
hair, breasts, muscles, or genitalia, the face, which is a crucial 
aspect of individuals’ social identity, tends to be the structure 
most affected by this disorder [1]. The prevalence of BDD in the 
general population ranges from 1% to 3%, but may be higher 
in some populations [1,4]. BDD can negatively impact social 
and occupational functioning and lead to other mental health 
problems such as depression and anxiety [5].

Individuals with BDD often seek general medical treatments, 
including surgery, to correct their perceived flaws [6]. However, 
in these cases, the person will still remain dissatisfied after 
treatment, and the disorder can progressively worsen and become 
more distressing [7]. Studies in the literature have reported a 
higher prevalence of BDD in patients with severe dentofacial 
deformities requiring orthognathic surgery compared to 
individuals without dentofacial deformities [8,9]. Furthermore, 
there is evidence of a reverse relationship between the severity 
of BDD symptoms and satisfaction with orthognathic surgery 

outcomes [10]. However, the relationship between the type of 
dentofacial deformity and BDD has not been examined in the 
literature.

The aim of this study is to examine the presence of BDD and its 
comorbidity with anxiety, depression, and obsessive-compulsive 
disorder (OCD) in patients with planned orthognathic surgery for 
dentofacial deformities. Additionally, the study aims to identify 
differences based on the skeletal relationship of the jaws that 
constitute the dentofacial deformity.

MATERIALS AND METHODS
This prospective cohort study has been approved by the Tokat 
Gaziosmanpaşa University Clinical Research Ethics Committee 
with the registration number 22-KAEK-043. Written and verbal 
consent has been obtained from the patients in accordance with 
the Helsinki Declaration. The study was conducted on patients 
referred to the Department of Oral and Maxillofacial Surgery 
at Tokat Gaziosmanpaşa University Faculty of Dentistry for 
the correction of dentofacial deformities and who underwent 
orthognathic surgery.

Inclusion criteria: (I) Patients aged between 18 and 40 years, 
(II) Patients with dentofacial deformities, (III) Patients who have 
completed skeletal growth and development, (IV) Patients who 
perceive their problematic area to be only their mouth and jaws 
without complaints about other parts of their body, (V) Patients 
without chronic or metabolic diseases (VI) Patients without 
a history of trauma in the jaw and facial region, (VII) Patients 
without any substance use habits.

Exclusion criteria: (I) Patients with cleft palate or lip, (II) 
Patients with planned genioplasty only, (III) Patients with a pre-
existing psychiatric diagnosis, (IV) Patients using psychiatric 
medications, (V) Patients with dentofacial deformities but 
without planned orthognathic surgery.

Scales Used in the Study
The included patients were given three separate self-assessment 
questionnaires prior to surgery: the Florida Obsessive-
Compulsive Inventory (FOCI) [11]1989 a, the Depression, 
Anxiety, and Stress Scale-21 (DASS-21)[12], and the Body 
Image Disturbance Questionnaire (BIDQ) [13].

The BIDQ contains 7 questions, with 2 sections: A and B, 
excluding the 3rd and 4th questions. Each question in section 
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A has Likert-type options ranging from 1 (none) to 5 (extreme), 
while section B asks individuals to describe the topic mentioned 
in the question in their own words in written form. By summing 
the scores of the 7 included questions, a value between 7 and 
35 is obtained. Additionally, this total score can be divided by 
the number of questions to obtain a single average value. In 
this study, patients with an average score of 3 or higher were 
considered positive for BDD. Higher scores indicate a negative 
body perception and severe negative impact on psychosocial 
functioning, while lower scores indicate the absence of a 
distressing issue in body image. It was necessary to have an 
evaluation from a specialist psychiatrist to assess patients’ self-
statements. Therefore, in the questions where patients provided 
written explanations, their statements were not taken into account 
in the evaluation [13].

The FOCI consists of 5 items and requires individuals to rate the 
severity of repetitive thoughts and behaviors over the past 7 days. 
Patients with an average score of 2 or higher on this questionnaire 
were considered positive for OCD [11]1989 a.

The DASS-21 questionnaire assesses depression, anxiety, and 
stress parameters within a single test. Participants can respond 
to the questions on a scale of 0 (never) to 3 (always). Based on 
the total score, patients are classified as having normal, mild, 
moderate, severe, or extremely severe levels of depression, 
anxiety, and stress [12].

Statistical Analysis
The statistical analysis was performed using IBM SPSS 
Version 26.0 software (IBM Statistical Package for the Social 
Sciences (SPSS) Version 26, SPSS Inc., IBM Co., Somers, NY). 
Descriptive analyses were conducted to provide information about 
the general characteristics of the groups. Continuous variables 
were presented as mean ± standard deviation, while categorical 
variables were presented as n (%). The normal distribution of 
the data was examined through skewness and kurtosis analyses. 
Data with skewness and kurtosis values between -3 and +3 were 
considered to have a normal distribution. Independent samples 
t-test was used to assess the significance of the difference between 
the means obtained from two independent groups. The strength of 
the linear relationship between two variables was demonstrated 
using Pearson’s correlation coefficient. The relationship between 
two categorical variables was evaluated using the chi-square 
test. If the p-value was less than 0.05, the result was considered 
statistically significant.

RESULTS
A total of 108 patients were included in the study, with 54 patients 
Class 2 and 54 patients Class 3, based on inclusion and exclusion 
criteria. Among the patients, there were 60 female individuals 
with an average age of 21.48±3.61, and 48 male individuals 
with an average age of 21.63±3.11. The age, gender, and skeletal 
relationship status of the patients are presented in Table 1.

The average total BIDQ scores for females were found to be 11.97 
± 5.624, while for males, it was 14.73 ± 6.93. When examining 
the average total depression scores, females had a score of 4.03 ± 
3.769, whereas males had a score of 7.71 ± 5.21. Looking at the 
average total anxiety scores, females had a score of 4.95 ± 4.69, 
while males had a score of 7.71 ± 4.959. As for the average total 
stress scores, females had a score of 5.95 ± 4.83, while males had 
a score of 9.23 ± 5.665. When examining the average total OCD 
scores, females had a score of 5.30 ± 4.72, whereas males had 
a score of 8.19 ± 4.945. It was observed that males had higher 
scores than females in all scales (Table 2). When analyzing the 
effect of gender on BDD, OCD, depression, anxiety, and stress, 
males showed statistically significant higher results compared to 
females (p <0.05).

The average total BIDQ scores for Class 2 patients were found to 
be 12.56 ± 6.297, while for Class 3 patients, it was 13.83 ± 6.416. 
When examining the average total depression scores, Class 2 
patients had a score of 4.93 ± 5.061, whereas Class 3 patients 
had a score of 6.41 ± 4.466. Looking at the average total anxiety 
scores, Class 2 patients had a score of 5.04 ± 4.99, while Class 
3 patients had a score of 7.31 ± 4.762. As for the average total 
stress scores, Class 2 patients had a score of 6.78 ± 5.69, while 
Class 3 patients had a score of 8.04 ± 5.313. When examining 
the average total OCD scores, Class 2 patients had a score of 5.8 
± 5.152, whereas Class 3 patients had a score of 7.37 ± 4.783 
(Table 3). According to this table, patients with Class 3 skeletal 
deformities had higher scores in all scales compared to patients 
with Class 2 skeletal deformities. When evaluating the examined 
parameters, there were no statistically significant differences in 
BIDQ, FOCI, depression, and stress between Class 2 and Class 
3 patients (p > 0.05) (Table 3). There was only a statistically 
significant difference in anxiety between Class 2 and Class 3 
patients (p < 0.05).

Of the 108 patients included in the study, a total of 20.4% (n=22) 
were found to be BDD positive. Among the female patients, 
10% (n=6) were BDD positive, while among the male patients, 
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33.3% (n=16) were BDD positive. When evaluated in terms 
of skeletal classification, 14.8% (n=8) of Class 2 patients were 
BDD positive, while 25.9% (n=14) of Class 3 patients were BDD 
positive. Among the BDD positive female patients (n=6), it was 
observed that 16.7% (n=1) had Class 2 skeletal deformity, while 
83.3% (n=5) had Class 3 skeletal deformity. On the other hand, 
among the BDD positive male patients (n=16), 43.7% (n=7) 
had Class 2 skeletal deformity, while 56.3% (n=9) had Class 3 
skeletal deformity. There was a statistically significant difference 
between females and males in terms of BDD occurrence in 
individuals (p=0.003), while there was no statistically significant 
difference between Class 2 and Class 3 deformities (p=0.152) 
(Table 4).

The Pearson correlation test was used to examine the correlation 
between the investigated parameters, and the results are shown in 
Table 5. As a result, there was a statistically significant correlation 
between depression, anxiety, stress, FOCI, and BIDQ scores (p 
<0.001). There was a very high correlation between depression 
and anxiety (r=0.827) and stress (r=0.852), while there was a 
moderate correlation between BDD and depression (r=0.575), 
and a high correlation between OCD (r=0.741). There was a 
very high correlation between anxiety and stress (r=0.859), a 
moderate correlation between anxiety and BDD (r=0.502), and a 
high correlation between OCD (r=0.752). There was a moderate 
correlation between stress and BDD (r=0.502).

Table 1. Age, gender and skeletal relationship status of the patients

Skeletal Relationship of the Jaws
Age (Mean±SD) Total

Class 2 Class 3

Gender
Female 35 25 21.48±3.61 60

Male 19 29 21.63±3.11 48

Total 54 54 108

Table 2. BIDQ, FOCI, DASS-21 scores by gender groups

95% Confidence Interval of 
Difference

Gender n Mean SD t Lower Upper p

BIDQ
Female 60 11.97 5.624

2.951 -0.391 -0.076 0.004
Male 48 14.73 6.930

Depression Female 60 4.03 3.769
-3.514 -1.429 -0.396 0.001

Male 48 7.71 5.210

Anxiety Female 60 4.95 4.699
-2.944 -1.569 -0.306 0.004

Male 48 7.71 4.959

Stress
Female 60 5.95 4.983

-3.373 -1.424 -0.368 0.001
Male 48 9.23 5.665

FOCI
Female 60 5.30 4.720

-3.573 -0.493 -0.140 0.001
Male 48 8.19 4.945
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Table 3. BIDQ, FOCI, DASS-21 scores by skeletal relationship groups

Gender n Mean SD t
95% Confidence Interval of 

Difference p
Lower Upper

BIDQ
Class 2 54 12.56 6.297

-1.434 -0.265 0.043 0.155
Class 3 54 13.83 6.416

Depression Class 2 54 4.93 5.061
-1.202 -0.834 0.204 0.232

Class 3 54 6.41 4.466

Anxiety Class 2 54 5.04 4.990
-2.925 -1.554 -0.298 0.004

Class 3 54 7.31 4.762

Stress
Class 2 54 6.78 5.699

-0.895 -0.774 0.292 0.373
Class 3 54 8.04 5.313

FOCI
Class 2 54 5.80 5.152

-1.440 -0.308 0.049 0.153
Class 3 54 7.37 4.783

Table 4. Examination of the presence of BDD according to gender and skeletal relationship status

BDD Negative BDD Positive p

Gender
Female 54 6

0.003
Male 32 16

Skeletal Relationship
Class 2 46 8

0.152
Class 3 40 14

Total 86 22

Table 5. Examining the correlation between BIDQ, FOCI and DASS-21 scores.

Depression Anxiety Stress BIDQ FOCI

Rho

Depression 1.000 0.827 0.852 0.575 0.741

Anxiety 0.827 1.000 0.859 0.502 0.752

Stress 0.852 0.859 1.000 0.482 0.714

BIDQ 0.575 0.502 0.482 1.000 0.566

FOCI 0.741 0.752 0.714 0.566 1.000

p

Depression - 0.000 0.000 0.000 0.000

Anxiety 0.000 - 0.000 0.000 0.000

Stress 0.000 0.000 - 0.000 0.000

BIDQ 0.000 0.000 0.000 - 0.000

FOCI 0.000 0.000 0.000 0.000 -
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DISCUSSION
BDD is a diagnosis that encompasses distress caused by 
perceived physical abnormalities, such as a scar or the shape 
or size of a body part, or dissatisfaction with another personal 
characteristic [14]. Individuals with BDD have unrealistic 
views about their appearance, believing they appear abnormal 
or deformed even though they are not. Many of these patients 
seek cosmetic procedures, including orthognathic surgery, for 
perceived flaws in their appearance [15]. This condition can 
have significant negative impacts on mental health, because 
available data indicates that cosmetic treatments often do not 
improve BDD symptoms, and patients with BDD are typically 
disappointed with the outcomes [16].

Our study investigated BDD and psychological issues such 
as obsession, depression, anxiety, and stress that accompany 
this disorder in patients scheduled for orthognathic surgery. 
Similar to the existing literature, self-report questionnaires were 
used to assess these parameters. The scores obtained from the 
questionnaires were evaluated, and the relationship between the 
obtained data was examined.

Studies indicate that the prevalence of BDD is significantly 
higher among individuals seeking aesthetic surgeries compared 
to the general population [17-19]. The rate of BDD in cosmetic 
surgery patients ranges from 2.21% to 56.67%, with a notable 
predominance in females (approximately 74-76%) [20]. 
Moreover, comorbidity with Obsessive-Compulsive Disorder 
(OCD) is also higher in this population, with rates around 15% 
compared to 0.2-7% in the general population [21, 22].

Ribeiro evaluated the prevalence of BDD in plastic surgery and 
dermatology patients through a systematic review and meta-
analysis [23]. The rate of BDD occurrence in plastic surgery 
patients was found to be 15.04% (ranging from 2.21% to 56.67%) 
with a mean age of 34.54 ± 12.4. Furthermore, the majority of 
BDD-positive patients were females (74.38%). When examining 
dermatology patients, the rate of BDD occurrence was 12.65% 
(ranging from 4.52% to 36.16%) with a mean age of 27.79 ± 
9.03. Once again the majority of patients were females (76.09%) 
[23].

In a study conducted by Buhlmann et al.[24]  in Germany, a 
total of 2510 patients were included. They examined patients 
who had symptoms of BDD according to the Diagnostic and 
Statistical Manual of Mental Disorders Fourth Edition (DSM-

IV) using self-report questionnaires to assess suicidal tendencies 
and the prevalence of BDD in plastic surgery patients. The 
overall prevalence of BDD in the general population was found 
to be 1.8% (n=45). Additionally, individuals with BDD reported 
significantly higher rates of cosmetic surgery history (15.6% vs. 
3.0%) compared to those without BDD as well as higher rates 
of suicidal thoughts (31.0% vs. 3.5%) and suicide attempts due 
to appearance concerns (22.2% vs. 2.1%) [24]. In another study 
conducted by Mortada et al.[25] on patients visiting a cosmetic 
and plastic surgery clinic, a total of 344 patients were included 
with 86% of them being female. The patients were asked to 
complete BIDQ, which has high sensitivity in diagnosing 
BDD. Among the included patients, 19.4% were found to be 
positive for BDD. The most commonly requested surgeries by 
the patients were abdominoplasty (21.2%) and removal of skin 
lesions (21.2%) [25].

The prevalence of BDD is higher in patients seeking orthognathic 
surgery compared to the general population [15]. When 
examining studies investigating BDD prevalence in patients 
seeking orthodontic and orthognathic surgery in the literature, it 
is observed that the rate of BDD is higher in female patients [26, 
27]. However, there are studies that show a higher rate of BDD 
in male patients, contrary to this [28]. According to the results 
of our study, 20.4% (n=22) of the 108 patients who underwent 
orthognathic surgery were found to be positive for BDD. The 
rate of BDD in female patients was 10% (n=6), while in male 
patients, this rate was 33.3% (n=16).

Patients with BDD often have other psychological problems such 
as obsession, depression, and anxiety [29]. The co-occurrence 
of Axis I disorders, especially major depressive disorder and 
anxiety disorders, with BDD is associated with increased 
impairment in functioning and a higher rate of suicide attempts 
[30, 31]. In our study, when investigating OCD in patients with 
BDD, 72.7% (n=16) of BDD-positive patients were found to 
have OCD. Among the OCD-positive patients, 45% were also 
positive for BDD.

Patients with BDD often have three times or more Axis I 
disorders compared to other psychiatric outpatients [32]. In a 
study conducted by Hollander et al., major depression was found 
to occur in 68% of BDD-positive patients [33]. Another study by 
Phillips and Diaz [34] reported a major depression rate of 82% 
in BDD-positive patients. In our study, it was found that 68% of 
BDD-positive patients exhibited moderate to severe symptoms 
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of depression.

Many studies in the literature show a high correlation between 
BDD and anxiety [35]. Studies have demonstrated anxiety rates 
ranging from 12% to 68.8% in patients with BDD symptoms 
[36]. In our study, 50% of BDD-positive patients exhibited 
severe anxiety, while 72.7% exhibited moderate to severe 
anxiety. Another study examining stress levels in BDD-positive 
patients reported statistically significant higher stress levels in 
individuals with BDD [37].

When examining patients seeking aesthetic surgical treatments 
in the literature, it is often observed that women have higher rates 
of psychological distress. However, there are also studies that 
indicate a higher prevalence of psychological distress in male 
patients. In a study conducted by Nicodemo et al.[38] on 29 
patients with Class III skeletal deformities who were planning 
orthognathic surgery, the patients self-assessed their self-esteem 
using the Rosenberg Self-Esteem Scale and filled out the Self-
Report Scale before surgery and at 6 months post-surgery. At the 
end of the study, increased self-esteem and decreased depressive 
symptoms were observed in female patients following the surgical 
intervention, while no changes in self-esteem or depression were 
observed in male patients [38]. In our study, when evaluating the 
parameters according to gender, it is observed that males have 
higher scores in all parameters compared to females. In the study 
by Mortada et al., they reported that women seeking aesthetic 
surgery had a higher prevalence of psychological disorders 
compared to men [25]. This could be attributed to the fact that 
the majority of patients seeking aesthetic and cosmetic surgery 
are women. However, more comprehensive studies with larger 
sample sizes and minimal confounding factors are needed to 
investigate the effect of gender on psychological disorders.

Contrary to the findings of our study, many studies in the literature 
have reported that levels of depression, anxiety, and stress are 
higher in female compared to male [39-41]. There are several 
potential reasons for the discrepancy between our results and 
those reported in the literature. Firstly, the impact of psychological 
conditions may vary across different age groups. Secondly, the 
cultural context of the society in which our study was conducted 
may influence how male express emotional and psychological 
difficulties. Male may be more reticent in expressing emotional 
problems and seeking help compared to female, leading to higher 
levels of depression and anxiety. Thirdly, the structure of the 
survey questions, the data collection process, and the analysis 

methods may have influenced our findings. Male might express 
themselves more openly and clearly in such surveys, which could 
result in differing outcomes.

Limitations
Our study had certain limitations. The evaluation of deformity 
severity was not included for Class 2 and Class 3 patients in our 
study. Additionally, a version of the Body Image Disturbance 
Questionnaire (BIDQ) adapted specifically for the maxillofacial 
region would allow for a more sensitive and accurate assessment. 
Furthermore, a comprehensive clinical and radiological 
evaluation by a specialist psychiatrist is necessary to diagnose 
psychological disorders such as BDD, OCD, depression, anxiety, 
and stress. Self-report questionnaires alone are not sufficient for 
making a diagnosis. In studies like these, it would be more ideal 
to consult a psychiatric specialist for patients exhibiting signs of 
psychological disorders such as BDD, OCD, depression, anxiety, 
and stress, and conduct further clinical evaluations.

CONCLUSION
In conclusion, this study examined the conditions of BDD, 
OCD, depression, anxiety, and stress in patients with Class 2 
and Class 3 malocclusions undergoing orthognathic surgery. The 
prevalence rate of BDD was 20.4%, OCD rate was 32.4%. These 
results indicate a higher incidence of psychological problems 
in patients scheduled for orthognathic surgery compared to the 
general population.

Although Class 3 patients had higher scores in all parameters 
compared to Class 2 patients, no statistically significant difference 
was found between Class 2 and Class 3 patients in terms of 
BDD, OCD, depression, and stress conditions. Only anxiety 
was significantly higher in Class 3 patients. When examining 
the impact of gender on BDD, OCD, depression, anxiety, and 
stress, males exhibited statistically significantly higher results 
than females.

Therefore, surgeons performing orthognathic surgery should 
be familiar with common and often severe body image 
disturbances. Patients with BDD have unrealistic beliefs about 
their appearance, thinking they look abnormal or deformed when 
they are not. Many of these patients seek cosmetic procedures, 
including orthognathic surgery, for perceived aesthetic flaws. 
When evaluating patients seeking orthognathic surgery, their 
psychological conditions should be carefully considered. The 
patient’s expectations should be thoroughly analyzed before 
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the operation, and the potential changes in their appearance and 
functional movements brought about by the surgery should be 
realistically explained. Future multidisciplinary studies involving 
maxillofacial surgeons, psychiatrists, and psychologists in larger 
patient populations will be useful in determining BDD and OCD 
comorbidities in the orthognathic surgery patient population.
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ABSTRACT

Objective: In the event of premature loss of primary teeth, the placement of a space 
maintainer is the safest option for preserving dental arch length; however, the appliances 
and bands of space maintainers can change the contours of the teeth, causing plaque 
accumulation and making it difficult to maintain oral hygiene. The aim of this study 
was to evaluate changes in dental plaque accumulation and the effectiveness of a plaque 
disclosing agent (PDA) in providing oral hygiene with the use of space maintainers.
Methods: Patients were divided into two groups (Group A: intervention; Group B: 
control) and the study was carried out in four stages. At each stage, pocket depth (PD), 
gingival index (GI), and plaque index (PI) were measured.
Results: There was an increase in PD, GI, and PI after space maintainers were placed. 
Following oral hygiene education (with and without the use of a PDA), PD, GI, and PI 
significantly decreased in both groups. 
Conclusion: PDAs are effective for improving oral hygiene, especially in young children; 
however, training should be repeated at frequent intervals to maintain good, continuous 
oral hygiene. 

Keywords: dental plaque, gingival index, oral hygiene, plaque index, space maintainer 
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INTRODUCTION
Although preventive dental procedures are now widespread, 
epidemiological studies have shown that early childhood caries 
still occur frequently and lead to early tooth loss [1]. Decay 
or premature loss of primary teeth leads to the mesialization 
of adjacent teeth, resulting in a decrease in arch length, which 
can lead to malocclusions in permanent teeth. In the case of 
premature loss of primary teeth, placing a space maintainer is the 
safest option for preserving dental arch length [2].

Removable and fixed space maintainers are routinely used in 
children. The bands of fixed space maintainers, placed on the 
crowns of the teeth, or the clasps of removable space maintainers 
that are used for retention can sometimes extend slightly to 
the gingival sulcus and adversely affect gingival health. The 
appliances and bands of space maintainers can change the 
contours of the teeth, causing plaque accumulation and making 
it difficult to maintain oral hygiene, which can result in gingivitis 
and dental caries [3].
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Main Points;
• Because of the colour similarity of the tooth 

surface and dental plaque, it may be challenging to 
distinguish dental plaque, even on smooth surfaces. 
For this reason, making plaque visible, by using 
plaque-disclosing tablets or liquids, may be effective 
to ensure oral hygiene.

• In the case of premature loss of primary teeth, placing 
a space maintainer is the safest option for preserving 
dental arch length. 

• Space maintainers are in direct contact with oral 
microflora, so they are ideal places for biofilm 
formation. For this reason, patients with space 
maintainers may require more careful maintenance of 
oral hygiene.

• It is thought that visualizing the plaque accumulated 
around the space maintainers with PDA and showing 
to patients and their parents will increase oral hygiene 
motivation, by the way reduce plaque accumulation.

Space maintainers are in direct contact with oral microflora; 
thus, microbial biofilms can easily develop [4]. For this reason, 
patients with space maintainers may require more careful 
maintenance of oral hygiene. In particular, patients in younger 
age groups may need extra motivation to acquire and maintain 
good oral hygiene habits. Plaque disclosing agents (PDAs) can 
have a highly motivating effect as they can enable patients to 
better visually identify dental plaque [5]. Various studies have 
shown the effectiveness of PDAs in oral hygiene education 
programs [6] and professional dental prophylaxis practices [7]. 
However, there are no studies evaluating the effectiveness of 
PDAs in providing oral hygiene in areas of the mouth that may 
increase plaque accumulation, such as space maintainers. It is 
thought that visualizing the plaque accumulated around the space 
maintainers with PDA and showing to patients and their parents 
will increase oral hygiene motivation, by the way reduce plaque 
accumulation. Considering the motivational effect of PDAs on 
children’s oral hygiene education, the aim of this study was to 
evaluate the effectiveness of PDA in improving oral hygiene in 
young children with space maintainers at different time intervals. 

MATERIALS AND METHODS
This study was conducted in the Department of Pediatrics, 
Karabük Üniversity Oral and Dental Health Training and 

Research Hospital. The study was approved by the ethics 
committee of the Karabük University (approval no 2023/1519) 
and was conducted in full accordance with the World Medical 
Association Declaration of Helsinki. Written consent was 
obtained from participants’ legal guardians.

Study Design
This interventional prospective study was conducted with 
74 patients aged 4–9 years. The participants were selected by 
simple random drawing method from a group of patients who 
were recruited from the pedodontics clinic and needed space 
maintainers due to early tooth extraction. 

Sample Size
According to the G Power analysis, the power of the study was 
found to be 90% when there were 34 people in each group. Due to 
possible issues, 80 pediatric patients were included in our study 
if the sample size decreased. As 6 patients could not continue 
the study, 74 participants were included in the study, of which 
34 were girls and 40 were boys. A total of 40 participants were 
selected for the intervention group and received oral hygiene 
training using a PDA. The remaining 34 participants were 
included in the control group and received oral hygiene training 
without a PDA.

The sample size of the study was determined as a result of the 
power analysis performed in the G-power program. As there 
are no previous studies evaluating the effectiveness of PDAs 
in removing plaque accumulated around space maintainers, the 
sample size was calculated based on a study evaluating the role 
of PDAs in professional biofilm removal [8]. With an effect size 
of 1.2 and a standard deviation of 0.05 for pocket depth (PD), 
gingival index (GI), and plaque index (PI), 68 participants were 
required to provide 90% power. The required sample size was 80 
to account for participants who did not attend their appointments. 
Six children were excluded from the study because they missed 
their follow-up appointments, reducing the sample size to 74.

Inclusion and Exclusion Criteria
Patients were included in the study if they were aged 4–9 
years, if their families agreed to their participation, if they 
were cooperative in clinical examination, if they didn’t have 
systemic disorders or disabilities and periodontal disease or 
gingival hyperplasia. Patients were excluded from the study if 
their families did not consent to their participation, if they were 
not cooperative in clinical examination, or if they had mental or 
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physical disabilities that may complicate their adaptation to the 
space maintainer and oral care.

Measurement Methods
Dental examination was performed using sterile examination kits 
containing a mirror (LS456 480/5, Carl Martin GmbH, Solingen, 
Germany), dental explorer (LS1091/33, Carl Martin GmbH, 
Solingen, Germany), and perio-probe (LS973/80 WHO, Carl 
Martin GmbH, Solingen,

Germany). PD, GI, and PI were measured from mesial, distal, 
buccal and lingual/palatal for each tooth. Pocket depth was 
measured in millimeters. The mean value for a tooth is the 
average of the values on the four surfaces. The mean index value 
for a patient was obtained by dividing the total value by the 
number of teeth. 

According to Silness and Löe’s plaque index [9]; 0 indicates 
no plaque; 1 indicates a thin layer of plaque present along the 
gingival margin that can be detected with an examination probe; 
2 indicates a moderate layer of plaque along the gingival margin 
that can be detected visually; and 3 indicates an excessive layer 
of plaque along the gingival margin, and a layer of plaque can be 
observed in the interdental areas.

According to Löe and Silness’s gingival index [10]; 0 indicates no 
visible signs of inflammation; 1 indicates a change in the colour 
and consistency of the gingiva, with no bleeding upon probing 
(by perio-probe / LS973/80 WHO, Carl Martin GmbH, Solingen, 
Germany); 2 indicates visible inflammation and bleeding upon 
probing; and 3 indicates pronounced redness, edema, and a 
tendency for spontaneous bleeding.

Data Collection
The included patients were randomly divided into two separate 
groups. For randomization, an opaque envelope included cards 
with text, control group or PDA group was used to determine 
which group the child would be allocated at the beginning of the 
study. For Group A (N 40 / intervention group), a PDA (TePe 
Plaq-SearchTM Tablets -TePe Oral Hygiene Products AB, Malmö, 
Sweden) was used as a guide for patients and families to show 
dental plaque (Figure 1). The PDA was placed in the patient’s 
mouth and the patient is asked to rub it against the teeth with the 
tongue until the tablet dissolves. All stained areas were shown 
to the patient and his/her parents. After the procedure, the areas 
stained with PDA were cleaned with water and a brush. For 

Group B (N=34 / control group), patients and their parents were 
shown the plaque accumulated around the space maintainers 
in front of the mirror (Figure 2). Then for both groups, they 
informed how to clean dental plaque. The study was carried out 
in four stages. Patients had a total of four appointments: the first 
for the installation of the space maintainer and the remaining 
three follow-up appointments for PDA application and other 
measurements. 

Figure 1. Intraoral images of Group A, a. Space maintainer was 
fixed, b. using PDA, c. removable space maintaner was placed, 
d and e) using PDA

Figure 2. Intraoral images of Group B a. Space maintainer was 
fixed, b and c. control session, d. removable space maintaner 
was placed, e. control session

The entire study was performed by a single pedodontics 
(the pedodontics installed all the space maintainers and was 
present at all the appointments for PDA application and other 
measurements). To ensure investigator standardization; PD, GI, 
and PI were assessed twice, 30 minutes apart, in 15 pediatric 
patients who were not part of the investigated sample. PD, GI, 
and PI measurements were repeated one week later at 30-minute 
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intervals in the same way. The kappa values for PD, GI, and PI 
were 0.87, 0.92, and 0.89, respectively. 

Stage 1 (appointment for space maintainer installation and 
first index measurements)
The space maintainers of the patients were fixed, and in the same 
session, the PD, GI, and PI of the supporting teeth (in which 
the bands or clasps of the space maintainers were placed) were 
noted. 

Stage 2 (1 month after first index measurements)
The patients were called upon for a follow-up appointment one 
month after the placement of their space maintainers. In this 
appointment, the PD, GI, and PI of the supporting teeth were 
measured. Then, a PDA was applied to the patients in Group A 
so that they could observe the dental plaque accumulated around 
their space maintainers and supporting teeth. In Group B, without 
the use of a PDA, dental plaque accumulated around the space 
maintainers and supporting teeth was shown to patients and their 

parents/caregivers with a mirror. In both groups, the patients and 
their parents/caregivers were informed about how to clean these 
dental areas with a visual demonstration. 

Stage 3 (1 month after second index measurements)
The patients were called one month after their second index 
measurements. In this appointment, the PD, GI, and PI of the 
supporting teeth were measured. At this stage, any short-term 
differences in plaque accumulation between the groups were 
measured and recorded. 

Stage 4 (3 months after third index measurements)
Patients were called three months after their third index 
measurement (five months after the placement of space 
maintainers). The PD, GI, and PI of the supporting teeth were 
measured. At this stage, any long-term differences in plaque 
accumulation between the groups were examined. The flow chart 
of the study is given in Figure 3.

Figure 3. Flow chart of the study
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Statistical Analysis
The data were analysed using the SPSS (SPSS Inc., Chicago, 
Version 20) program. Comparisons of PD, GI, and PI between 
groups were made using dependent t-tests and the McNemar test. 
The statistical significance level was taken as p < 0.05. 

RESULTS
The mean age was 6.8 ± 3.4 years. Demographic information 
about the patients and their space maintainers is given in Table 1.

Increases in PD, GI, and PI were observed in Stage 2 after the 
space maintainers were installed in the patients. These increases 
were greater in the mandible than in the maxilla, in boys than 
in girls, in the 7–9 age group than in the 4–6 age group, and for 
fixed space maintainers than for removable space maintainers. 
The mean PD, GI, and PI values of the patients are given in 
Figure 4, and their statistical evaluations are given in Table 2. 
In Stage 2, PD, GI, and PI increased in both groups. While PD 
and GI increased significantly (p=0.01 both PD and GI) in Group 
A, the increase in Group B was not significant (p values for PD, 
GI and PI were 0.14, 0.12, 0.06 respectively) In Stage 3, it was 
observed that PD, GI, and PI decreased in both groups. While 
this decrease was not significant in Group A (p values for PD, GI 
and PI were 0.11, 0.09, 0.2 respectively), there was a significant 
decrease in GI and PI in Group B (p values for GI and PI were 
0.03 and, 0.01 respectively). In Stage 4, it was observed that all 
values increased significantly for both groups (p values for PD, 
GI and PI were 0.0001, 0.01, 0.01 respectively for Group A and 
0.008, 0.03 and, 0.03 respectively for Group B). 

Figure 4. Changes that occur according to appointments (mean 
values)

The changes seen in Stage 2 according to the type of space 
maintainer used are given in Table 3. Fixed space maintainers 
caused a significant increase in PD, GI, and PI (p values for PD, 
GI and PI were 0.04, 0.005, 0.01 respectively). 

After oral hygiene training was delivered to Groups A and B, 
decreases in PD, GI, and PI were observed. There was a significant 
decrease in GI and PI in patients with fixed space maintainers (p 
values for GI and PI were 0.001 and, 0.04 respectively) (Table 4).

At the last follow-up, it was observed that PD, GI, and PI 
increased significantly for those who used space maintainers 
in Group B (p values for PD, GI and PI were 0.03, 0.04, 0.000 
respectively for fixed space maintainers and 0.01, 0.04, 0.02 
respectively for removable space maintainers) (Table 5). 

Table 1. Study Groups

 Group A (N) Group B (N)

Gender
Girl 19 15

Boy 21 19

Age group
4-6 17 17

7-9 23 17

Type of space maintainers 

Fixed space maintainers 25 25

Removable space maintainers 9 6

Fixed and removable space mainteiners 6 3

Jaws

Mandibula 23 20

Maxilla 10 9

Both of the jaws 7 5
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Table 2. Changes that occur according to appointments (p values) 

Group A Group B 

1-2. Stage 1-3. Stage 1-4. Stage 1-2. Stage 1-3. Stage 1-4. Stage

Pocket Depth 0.01 0.11 0.0001 0.14 0.5 0.008

Gingival Index 0.01 0.09 0.01 0.12 0.03 0.03

Plaque Index 0.18 0.2 0.001 0.06 0.01 0.03

Statistical significance level was accepted as p < 0.05
Bold numbers indicate statistically significant values

Table 3. Changes in the 2nd session according to the type of space maintainers (mean values)

Type of spacemaintainers Stage 1 Stage 2 p value

Pocket Depth

Fixed 1.46 1.78 0.04

Removale 1.39 1.47 0.07

Both 1.61 1.86 0.22

Gingival Index

Fixed 1.16 1.58 0.005

Removale 1.13 1.4 0.21

Both 1.44 1.44 0.5

Plaque Index

Fixed 1.4 1.96 0.01

Removale 1.73 1.66 0.43

Both 1.55 1.44 0.40

Statistical significance level was accepted as p < 0.05
Bold numbers indicate statistically significant values

Table 4. Changes in the 3rd session according to the type of space maintainers (mean values)

Type of spacemaintainers Grup A Grup B 

Stage 2 Stage 3 p value Stagee 2 Stage 3 p value

Pocket Depth

Fixed 1.79 1.62 0.19 1.57 1.48 0.30

Removale 1.71 1.58 0.26 1.62 1.33 0.22

Both 1.5 1.41 0.40 2.58 2.16 0.32

Gingival Index

Fixed 1.68 0.88 0.001 1.48 0.84 0.001

Removale 1.44 1.22 0.25 1.33 1 0.29

Both 1.33 0.66 0.02 1.66 1 0.18

Plaque Index

Fixed 1.76 1.22 0.05 1.56 1 0.04

Removale 1.66 1.44 0.34 1.66 1 0.21

Both 1.16 1.33 0.39 2 1 0.14

Statistical significance level was accepted as p < 0.05
Bold numbers indicate statistically significant values
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DISCUSSION
Plaque accumulation is frequently observed and difficult to 
clean in areas where space maintainers are installed. Since space 
maintainers are in direct contact with oral microflora, they are 
ideal places for biofilm formation. The material from which 
space maintainers are made is also suitable for microorganism 
adhesion and biofilm formation [11]. In addition, the bands 
placed on the supporting teeth of fixed space maintainers and 
the retention clasps of removable space maintainers can promote 
plaque accumulation and gingival disease [12]. However, due to 
the colour similarity of the tooth surface and dental plaque, it 
may be challenging to distinguish dental plaque, even on smooth 
surfaces [13]. For this reason, making plaque visible, by using 
plaque-disclosing tablets or liquids, is considered the most 
effective way to ensure oral hygiene [14].

In this study, the effectiveness of plaque-disclosing tablets in 
preventing increased plaque accumulation and ensuring oral 
hygiene in patients aged 4-9, using space maintainers was 
evaluated.

The bands placed on supporting teeth for fixed space maintainers 
have sharp edges and penetrate deeper in the gingival sulcus than 
the Adams clasps of removable space maintainers. Additionally, 
food that becomes stuck under the loops can cause periodontal 
problems. It is known that the Adams clasps of removable space 
maintainers are positioned higher than the bands of fixed space 
maintainers and are placed in the free gum, which does not lead to 

an increase in PD [12]. In this study, a significant increase in PD 
was observed in patients with fixed space maintainers. Similar 
to this study, Arikan et al. [15] reported a significant increase in 
PD after the placement of a fixed space maintainer. Similarly, in 
this study, a significant increase in GI was observed in patients 
using fixed space maintainers. In a study by Hosseinipour et 
al. [12], a significant increase in the GI of the support teeth of 
both removable and fixed space maintainers at the end of the 
sixth month was observed. Fixed space maintainers change the 
contours of the teeth on which they are placed, which can promote 
food retention and make oral hygiene practice difficult. In this 
study, plaque accumulation increased in patients with fixed space 
maintainers while it decreased in those with removable space 
maintainers. This might be because removable space maintainers 
were not in the mouth when the user is eating or brushing their 
teeth. 

In the literature, there are some limitations in eliminating dental 
plaque via routine tooth brushing [16-18]. A study involving 
127 participants, including dentists, dental assistants, and 
dental students, reported that dental plaque remained on at least 
10% of the tooth surfaces in all groups [19]. This shows that 
despite having high amounts of knowledge about dental and oral 
hygiene, it is still difficult to ensure that plaque is sufficient. In a 
study conducted by Van der Weijden and Hioe [18], mechanical 
plaque removal was more effective in individuals who were 
given oral hygiene training than in those who were not. Oral 
hygiene education is particularly important in controlling plaque 

Table 5. Changes in the 4th session according to the type of space maintainers

Type of spacemaintainers Grup A Grup B

Stage 3 Stage 4 p value Stage 3 Stage 4 p value

Pocket Depth

Fixed 1.62 1.92 0.05 1.48 1.86 0.03

Removale 1.58 1.71 0.4 1.33 2 0.01

Both 1.41 2 0.10 2.16 2.66 0.33

Gingival Index

Fixed 0.88 1.02 0.07 0.84 1.58 0.04

Removale 1.22 1.55 0.3 1 1.56 0.04

Both 0.66 1.33 0.09 1 2 0.14

Plaque Index

Fixed 1.22 2.22 0.002 1 2 0.000

Removale 1.44 2.07 0.09 1 2.1 0.02

Both 1.33 2.1 0.18 1 2.66 0.03

Statistical significance level was accepted as p < 0.05
Bold numbers indicate statistically significant values
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accumulation and oral hygiene, especially in patients using space 
maintainers or orthodontic appliances. In the present study, the 
effect of oral hygiene training on plaque accumulation around 
space maintainers was evaluated. Consistent with other studies, 
a decrease in PD, GI, and PI was detected in both the intervention 
and control groups in the present study. Soder et al. [20] stated 
that maxillary teeth were better cleaned than mandibular teeth 
in terms of the removal of dental plaque. Similarly, in our study, 
it was observed that the increase in plaque accumulation was 
greater after a space maintainer was placed in the mandible.

The studies report that PDAs increase children’s oral hygiene 
motivation to maintain their oral hygiene [14,21]. In this study, 
significant decreases in GI and PI were observed in both groups 
one month after the patients were given oral hygiene education. 
The decrease in both groups showed that oral hygiene training 
without the use of PDA produces successful results. In the fourth 
session, in which the long-term effects of oral hygiene training 
were evaluated, a significant increase was observed only in PI 
for Group A, while a significant increase was observed in PD, 
GI, and PI for Group B. Although not all of the results were 
significant, the increase in PD, GI, and PI in both groups revealed 
the need to repeat oral hygiene training frequently. The fact that 
the increase in PD, GI, and PI in Group A was not significant 
shows that the use of the PDA produces effective results in oral 
hygiene maintenance. Similar to this study, Alencar et al. [7] 
reported that using a PDA effectively shows the accumulation 
areas of dental plaque; therefore, it ensures effective oral hygiene. 
The difficulty of reaching the palatal/lingual surfaces of the teeth 
while brushing and the developmental grooves on the occlusal 
surfaces can make cleaning plaque challenging [22]. Alencar et 
al. [7] reported that the use of a PDA was not very effective in 
cleaning the plaque on the palatal/lingual surfaces. In this study, 
fixed space maintainers increased the contours of the teeth and 
created recessed areas, making plaque accumulation difficult. 
This explains the increase in PD, GI, and PI in the second session. 

Limitations
The major limitation of this study was that the study sample 
was selected from patients in a young age group. In young 
children, effective tooth brushing is more difficult due to poor 
mind–muscle coordination, and plaque accumulation may be 
higher in these patients. Thus, parental support is needed to 
ensure oral hygiene. Therefore, the cooperation of the parents 
was effective in the results of the study. It was also observed 
that the effectiveness of oral hygiene education decreased as time 

passed, resulting in increases in PD, GI, and PI. Thus, studies 
evaluating the effectiveness of oral hygiene training repeated at 
regular intervals are warranted. 

Recommendations
It was observed that oral hygiene education with the help of a 
PDA increased the patient’s ability to effectively control plaque 
accumulation. The use of PDAs may provide useful results in 
ensuring oral hygiene in patients who do not use any appliances. 

CONCLUSION
The application of a PDA improves patients’ ability to see the 
plaque and subsequently remove it, especially in areas that are 
difficult to access, such as areas around space maintainers. Oral 
hygiene education repeated at frequent intervals will be more 
effective for controlling dental plaque.
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ABSTRACT
Objective: Circumcision is a significant issue for child health and parents, and the 
reliability and quality of information published on platforms like YouTube can affect 
patients’ access to accurate information. This study aimed to evaluate the quality and 
reliability of Turkish YouTube videos as a source of information about circumcision.
Methods: In this cross-sectional study, a search was conducted on YouTube using the 
keyword “circumcision” on June 1, 2024. After applying exclusion criteria, the 45 most 
viewed Turkish videos (more than 10,000 views) were included in the study. Videos that 
were irrelevant, contained advertisements, personal experiences, or were in languages 
other than Turkish were excluded. The duration, view count, likes, dislikes, number of 
comments, and upload date of the videos were recorded. The Video Power Index (VPI) was 
calculated to measure video popularity. Two pediatric surgeons independently assessed 
the quality and reliability of the videos using the Modified DISCERN (mDISCERN), 
Journal of the American Medical Association (JAMA), and Global Quality Scale (GQS) 
scores. Scale scores were compared between groups based on the purpose and publisher 
of the video using the Mann-Whitney U test. Correlations between video characteristics 
and scale scores were evaluated with the Spearman correlation coefficient, and inter-
observer agreement was assessed with the intraclass correlation coefficient (ICC).
Results: According to the inclusion and exclusion criteria, 39 (86.7%) of the 45 videos 
were informational, and 6 (13.3%) were surgical. The average length of the videos was 
213.5 ± 206 (35 - 1164) seconds. The average duration since the videos were published 
until June 1, 2024, was 1653 ± 980 (350 - 3985) days. The average view count of the 
videos was 73,862 ± 114,210 (11,736 – 679,985). The average Video Power Index of 
the videos was 39.9 ± 40.85 (3.69 - 247.1). The average mDISCERN score was 2.87 ± 
1.24, the JAMA score was 2.71 ± 0.7, and the GQS score was 3.38 ± 1.19. According 
to the GQS scale, 22.3% (n=10) of the 45 videos were of low quality, 33.3% (n=15) 
were of medium quality, and 44.4% (n=20) were of high quality. All scale scores of 
informational videos were statistically significantly greater compared to the surgical 
videos (P=0.008, P=0.041, P=0.024, respectively).
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Main Points

• Quality and Reliability of YouTube Videos on 
Circumcision: The study found that while Turkish 
circumcision videos on YouTube are generally more 
reliable and of higher quality compared to those in other 
studies, they are still insufficient. Videos uploaded by 
physicians were more reliable and of higher quality than 
those published by private hospitals, and informational 
videos were superior in quality and reliability compared 
to surgical videos.

• Influence of YouTube Videos on Patient Decision-
Making: The study highlighted that unreliable videos 
can also achieve high view and like counts, potentially 
misleading patients and their families. It emphasizes 
the importance of considering videos uploaded by 
specialists in the field rather than relying solely on view 
and like counts when making health-related decisions.

• Need for High-Quality Educational Content: The 
study underscores the necessity for more high-quality 
educational surgical circumcision videos created by 
expert physicians and more high-quality informational 
videos that are short, clear, unbiased, address 
controversial issues, and include necessary sources. 
This would enhance the accurate knowledge of families 
about circumcision, reducing unnecessary anxiety and 
expectations.

INTRODUCTION
The history of circumcision dates back thousands of years, 
making it one of the most commonly performed surgical 
procedures worldwide [1]. Circumcision involves the surgical 
removal of the foreskin (prepuce) from the tip of the penis. This 
procedure is widely performed globally for religious, cultural, 

and medical reasons [2]. Although circumcision is perceived as 
a simple and short procedure, it can lead to mild complications 
such as pain, edema, minor bleeding, and excessive foreskin 
removal [3], as well as more serious complications such as 
glans injury, urethral injury, and massive bleeding [4-6]. For 
parents, concerns arise from the preoperative fasting period, 
the time spent in the operating room, surgical and anesthesia 
complications, and the recovery period both in the hospital and 
at home [2].

In the past, most people obtained medical information by 
consulting healthcare professionals [7]. However, in modern 
medicine, patients’ access to information has significantly 
changed with the widespread use of the internet and social media 
platforms [8]. Today, social media has become an accessible 
source of information for everyone to reach medical knowledge 
[9]. In addition to information provided by doctors on surgical 
procedures, potential risks, and treatment options, patients 
now also acquire information about their conditions from the 
internet and social media [10]. However, since YouTube is an 
open source where anyone can upload content, the information 
is often misleading or incorrect [11]. With the rapid proliferation 
of medical content on the internet today, the reliability and 
adequacy of this information remain uncertain [11].

Circumcision is a significant issue for child health and parents, 
and the reliability and quality of information disseminated on 
platforms like YouTube can affect the access of patients and 
their families to accurate information. There is no study in the 
literature that evaluates the quality of YouTube videos about 
circumcision. This study aimed to evaluate the quality and 
reliability of Turkish YouTube videos as a source of information 
about circumcision.

Conclusion: YouTube is a significant source of information 
with the potential to influence the knowledge and behavior 
of a wide audience regarding circumcision. Patients and 
their relatives should consider videos uploaded by expert 
physicians. There is a need for more high-quality educational 
surgical circumcision videos and short, clear, unbiased, 
high-quality informational videos addressing controversial 

issues and containing necessary resources created by expert 
physicians. This will help increase the accurate knowledge 
of families about circumcision and consequently reduce 
unnecessary anxiety and expectations.

Keywords: Circumcision, YouTube™, Video analysis, 
Quality, Reliability



European Journal of Therapeutics (2024) Coskun N, Demir E.

628

MATERIAL AND METHODS
Data Collection
The data used in our study were collected from YouTube on 1 
June 2024. A search was made on YouTube using the keyword 
“sünnet” (circumcision)” and videos were ranked according to 
the number of views. Turkish language videos related to child 
circumcision with more than 10,000 views were determined as 
inclusion criteria. Irrelevant content, videos containing personal 
experiences, videos targeting adult patients, non-Turkish 
content, advertising videos, shorts videos and videos shorter 
than 15 seconds were determined as exclusion criteria and were 
not included in the analyses. As a result of YouTube search, 45 
videos with Turkish content with more than 10,000 views were 
found. Data obtained from these videos and upload sources were 
recorded. Two independent paediatric surgical experts scored all 
videos using the Modified DISCERN (mDISCERN), Journal of 
the American Medical Association (JAMA), and Global Quality 
Scale (GQS) scoring systems. Video View ratio, video Like ratio 
and Video Power Index (VPI) were also calculated using the 
data obtained from the videos. 

Evaluation Criteria
In this cross-sectional study, mDISCERN, JAMA, and GQS 
scales were used to assess the quality and reliability of Turkish-
language YouTube videos. The mDISCERN Score was used to 
assess whether the videos contained accurate information about 
the level of information, treatment options and risks. The JAMA 
Score was used to assess the medical accuracy and reliability of 
the videos. The Global Quality Scale (GQS) Score was used to 
evaluate the overall quality and informative level of the videos.

The mDISCERN scale, which was first developed by Charnock 
et al. (1999) to assess the quality of health information sources, 
was later adapted as five items by Singh et al. (2012) [12,13]. In 
particular, it aims to increase the ability of patients or individuals 
seeking information on health-related issues to evaluate health 
information sources and access accurate information. The 
scale focuses on factors such as reliability, clarity, effective 
presentation and ability to provide accurate information on 
health-related issues. Each criterion is scored 1-0 (yes/no) and 
the total score ranges from 0 to 5. A higher scale score represents 
higher video quality [12,13].

JAMA Video Quality Analysis was developed by Silberg et al. 
(1997) to evaluate the quality of videos with medical content 
[14]. This scale evaluates factors such as accuracy, scientific 

validity, effective communication and the ability to provide 
useful information to the audience, especially in the field of 
medicine. It consists of four criteria (authorship, attribution, 
disclosure, and currency), each criterion is 1 point and the total 
score varies between 0 and 4. A higher score represents higher 
video reliability [14].

The GQS is a scale developed by Bernard et al. (2007) to evaluate 
the quality of videos with medical content in terms of patient 
use [15]. This scale supports the aims of providing accurate 
and reliable information in the field of health by evaluating the 
scientific accuracy, effective communication and the capacity of 
medical videos to benefit the viewer. The quality of the video 
content is scored from 1 to 5. A score of 1 indicates that the 
video is of poor quality and useless for patients, while a score 
of 5 indicates that the video is of high quality and useful for 
patients [15].

The main purpose of the Video Power Index (VPI) developed 
by Erdem et al. (2018) is to measure the popularity, interaction 
and audience attraction power of a video or content [16]. This 
scale aims to determine how effective a video content is on 
social media platforms and how much attention it receives from 
viewers. The VPI calculation uses the number of likes, dislikes, 
views, and the time elapsed since the video was uploaded to 
YouTube. The view ratio is calculated as ([number of views] 
/ [days since the first upload]), the video-like ratio as ([100 × 
number of likes] / [number of likes + dislikes]), and the Video 
Power Index as (Video-like ratio × view ratio /100) [16].

Statistical Analyses
Statistical analyses were performed using SPSS software 
(Version 22.0, SPSS Inc., Chicago, IL, USA, License: Hitit 
University). Descriptive statistics for categorical variables were 
reported using frequency (n) and percentage (%). Descriptive 
statistics for numerical data with normal distribution were 
reported using mean ± SD, while those for numerical data 
not normally distributed were reported using median (min-
max). The normality of the distribution of numerical data was 
examined using the Shapiro-Wilks test and some graphical 
approaches. The Mann-Whitney U test was used to compare 
numerical data between two independent groups because the 
normal distribution assumption was not met. To examine the 
correlations between numerical data, the Spearman correlation 
coefficient was used according to the data normal distribution. 
The intraclass correlation coefficient (ICC) was used to determine 
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the level of agreement between two independent observers. The 
ICC estimate value was considered indicative of poor reliability 
for values less than 0.5, moderate reliability for values between 
0.5 and 0.75, good reliability for values between 0.75 and 0.9, 
and excellent reliability for values greater than 0.90. A value of 
P< 0.05 was considered statistically significant.

RESULTS
Of the 45 videos obtained according to the inclusion and 
exclusion criteria, 39 (86.7%) were informative, and 6 (13.3%) 
were surgical. The videos were uploaded by Physicians (36; 
80%), private hospitals (8; 17.8%), and an independent user (1; 
2.2%). The average length of the videos was 213.5 ± 206 (35 – 
1,164) seconds. The average time elapsed since the videos were 
published until June 1, 2024, was 1,653 ± 980 (350 – 3,985) days. 
The average view count of the videos was 73,862 ± 114,210 
(11,736 – 679,985). The average VPI of the videos was 39.9 
± 40.85 (3.69 - 247.1). Other statistical findings related to the 
videos are presented in Table 1.

The average mDISCERN score obtained for the videos was 2.87 
± 1.24, the average JAMA score was 2.71 ± 0.7, and the average 
GQS score was 3.38 ± 1.19. According to the GQS scale, 22.3% 
(n=10) of the 45 videos were of low quality, 33.3% (n=15) were 
of medium quality, and 44.4% (n=20) were of high quality. One 
of the 45 videos had a perfect mDISCERN score of 5, three had 
a perfect JAMA score of 4, and ten had a perfect GQS score of 
5. Only one video received a perfect score on all quality scales. 
This video, posted by a pediatric surgery and urology specialist, 
explained the appropriate age range for circumcision and the 
methods of circumcision.

The most viewed video among all videos was a surgical 
circumcision video. Of the total six surgical videos, four 
contained only visual content. When categorized by titles, it was 
observed that most videos were about post-circumcision care. 
Post-circumcision care videos constituted 12 out of 45 videos. 
The most viewed informative video was also a post-circumcision 
care video. Only two videos mentioned complications, and two 
videos provided general information about circumcision.

The ICC values showing the level of agreement between the 
two independent pediatric surgeons evaluating the videos are 
presented in Table 2 with 95% confidence intervals. There was 
excellent statistical agreement between the evaluators for the 

mDISCERN, JAMA, and GQS scores (respectively, ICC: 0.925, 
ICC: 0.951, ICC: 0.946, P<0.001).

Although numerically the surgical videos had higher view 
counts, like counts, and VPI values compared to the informative 
videos, these differences were not statistically significant 
(respectively; P=0.961, P=0.217, P=0.660). Numerically, the 
length of the informative videos (seconds) was higher than 
the surgical videos, but this difference was not statistically 
significant (P=0.271). All scale scores of the informative videos 
were statistically significantly greater compared to the surgical 
videos (respectively; P=0.008, P=0.041, P=0.024; Table 3).

Numerically, the videos posted by physicians had higher view 
counts, like counts, mDISCERN, and GQS scores compared to 
the videos posted by private hospitals, but these differences were 
not statistically significant (respectively; P=0.393, P=0.060, 
P=0.111, P=0.189). Numerically, the JAMA scores of the videos 
posted by physicians were lower than those of the videos posted 
by private hospitals, but this difference was not statistically 
significant (P=0.622). The video length (seconds) and VPI 
values of the videos posted by physicians were statistically 
significantly greater than those of the videos posted by private 
hospitals (respectively; P=0.007, P=0.001; Table 4).

No statistically significant relationship was found between the 
mDISCERN, JAMA, and GQS scores and the time elapsed 
since the videos were published, video length, view count, like 
count, dislike count, comment count, view ratio, like ratio, and 
VPI values (P>0.05; Table 5).

A moderately positive significant correlation was determined 
between the time elapsed since the videos were published and 
the view count and dislike count (r=0.514, P<0.001; r=0.622, 
P<0.001). A highly negative significant correlation was 
determined between the time elapsed since the videos were 
published and the like ratio (r=-0.733, P<0.001). A moderately 
positive significant correlation was determined between the 
video length and like count (r=0.602, P<0.001). A low positive 
significant correlation was determined between the video 
length and comment count (r=0.392, P=0.024). No significant 
correlation was determined between the time elapsed since the 
videos were published and video length with other variables 
(P>0.05; Table 6).
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Table 1. Characteristics of YouTube videos included in this study (n=45)

n %

Video content

Informational Video 39 86.7

Surgery Video 6 13.3

Video sources

Physician 36 80

Private Hospital 8 17.8

Independent users 1 2.2

Mean ± SD Median (min-max)

Video features

Video length (seconds) 213.5 ± 206 144 (35 – 1,164)

Time since upload (days) 1,653 ± 980 1,423 (350 – 3,985)

Number of views 73,862 ± 114,210 39,010 (11,736 – 679,985)

Number of likes 309 ± 467.2 140  (16 – 2,189)

Number of dislikes 32.98 ± 78.97 14 (0 - 485)

Comments 72.03 ± 108.9 21 (0 - 459)

View ratio 44.48 ± 49.08 28.59 (4.24 - 307.4)

Like ratio 90.57 ± 9.79 95.53 (71.05 - 100)

VPI 39.9 ± 40.85 26.43 (3.69 - 247.1)

Scales

Modified DISCERN 2.87 ± 1.24 3 (0 - 5)

JAMA 2.71 ± 0.7 3 (1 - 4)

GQS 3.38 ± 1.19 3 (1 - 5)

VPI: Video Power Index, JAMA: Journal of the American Medical Association, GQS: global quality scale

Table 2. Intraclass correlation coefficient (ICC) values showing the level of agreement between the observers

Modified DISCERN JAMA GQS

ICC (%95 CI) P ICC (%95 CI) P ICC (%95 CI) P

Observer I
&

Observer II

0.925
(0.915 – 0.932)

<0.001
0.951

(0.941 – 0.959)
<0.001

0.946 
(0.937 – 0.953)

<0.001

CI: Confidence interval
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Table 3. Statistical findings for the comparison of video length, number of views, number of likes, VPI, Modified DISCERN, JAMA 
and GQS between groups according to video purpose

Informative videos (n=39) Surgery related videos (n=6) P values

Video length (seconds)
144 (35 - 1,164) 
(218.7 ± 216.8)

162 (60 - 386) 
(179.1 ± 120.4)

0.271

Number of views
34,883 (11,736 - 402,305)

(60,634.8 ± 71,158.7)
61,097.5 (17,536 - 679,985)

(159836.8 ± 257039.3)
0.961

Number of likes
129 (16 - 2,189)
(289.5 ± 416.5)

150 (52 - 1,987)
(435.8 ± 761.5)

0.217

VPI
24.55 (3.69 - 107.8) 

(35.23 ± 27.37)
35.79 (17.22 - 247.1) 

(70.27 ± 87.82)
0.660

Modified DISCERN 
3 (0 - 5)

(3.05 ± 1.191)
1.50 (1 - 3)

(1.67 ± 0.81)
0.008

JAMA
3 (1 - 4)

(2.82 ± 0.601)
2 (1 - 3)

(2 ± 0.89)
0.041

GQS
3 (1 - 5)

(3.54 ± 1.14)
2 (1 - 4)

 (2.33 ± 1.03)
0.024

Mann Whitney U test, VPI: Video Power Index, JAMA: Journal of the American Medical Association, GQS: global quality scale

Table 4. Statistical findings for the comparison of video length, number of views, number of likes, VPI, Modified DISCERN, JAMA 
and GQS between groups according to video publisher

Physicians (n=36) Private Hospitals (n=8) P values

Video length (seconds)
149.5 (35 – 1,164) 

(232.4 ± 224)
150 (42 - 285) 
(137.2 ± 81.9)

0.007

Number of views
42,512.5 (11,736 – 679,985) 

(81,837.9 ± 124,184.4)
16,903 (14,891 – 175,531)

 (45,089.8 ± 56,079.2)
0.393

Number of likes
165.5 (26 – 2,189) 

(371.8 ± 503.8)
49 (16 - 125) 

(52.38 ± 34.15)
0.060

VPI
31.75 (8 - 247.1) 
(45.20 ± 43.19)

13.6 (3.69 - 67.97) 
(20.3 ± 20.2)

0.001

Modified DISCERN 
3 (1 - 5) 

(3.08 ± 1.07)
3 (0 - 4) 

(2.25 ± 1.38)
0.111

JAMA
3 (1 - 4) 

(2.72 ± 0.7)
3 (2 - 3)

(2.87 ± 0.35)
0.622

GQS
3 (1 - 5) 

(3.56 ± 1.13)
3 (1 - 4) 

(2.88 ± 1.12)
0.189

Mann Whitney U test, VPI: Video Power Index, JAMA: Journal of the American Medical Association, GQS: global quality scale
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Table 5. Statistical findings for correlation analysis between video characteristics and Modified DISCERN, JAMA and GQS scale 
scores (n=45)

Modified DISCERN JAMA GQS

Time since upload (days)
r 0.049 0.008 0.114

P 0.749 0.956 0.457

Video length (seconds)
r 0.029 -0.028 0.072

P 0.850 0.855 0.639

Number of views
r -0.021 -0.202 0.100

P 0.892 0.183 0.515

Number of likes
r 0.046 -0.144 0.136

P 0.764 0.344 0.375

Number of dislikes
r 0.180 0.028 0.232

P 0.237 0.854 0.125

Comments
r 0.203 -0.184 0.068

P 0.258 0.307 0.709

View ratio
r -0.094 -0.273 -0.014

P 0.538 0.069 0.929

Like ratio
r -0.109 -0.069 -0.222

P 0.475 0.651 0.143

VPI
r -0.120 -0.276 -0.049

P 0.431 0.066 0.750

VPI: Video Power Index, JAMA: Journal of the American Medical Association, GQS: global quality scale

Table 6. Statistical findings for the correlation analysis between the features of the videos (n=45)

Time since upload (days) Video length (seconds)

Number of views
r 0.514 0.128

P <0.001 0.404

Number of likes
r 0.181 0.602

P 0.233 <0.001

Number of dislikes
r 0.622 0.282

P <0.001 0.061

Comments
r -0.020 0.392

P 0.912 0.024

View ratio
r -0.191 0.259

P 0.209 0.086

Like ratio
r -0.733 -0.017

P <0.001 0.910

VPI
r -0.271 0.274

P 0.071 0.069

VPI: Video Power Index, JAMA: Journal of the American Medical Association, GQS: global quality scale



European Journal of Therapeutics (2024) Coskun N, Demir E.

633

DISCUSSION 
Circumcision is one of the most widely applied surgical 
procedures worldwide due to religious, cultural, and medical 
reasons. Despite its short duration and frequency for physicians, 
parents face important decisions regarding the timing, type of 
anesthesia, and technique of circumcision, aside from medical 
necessities. During this anxious decision-making phase, 
families are most concerned about the appropriate ages for 
circumcision, pre-circumcision preparation, type of anesthesia, 
fasting duration, circumcision technique, hospital stay duration, 
and post-discharge process. Nowadays, parents can research 
their questions about circumcision before visiting a healthcare 
facility, and the information they obtain from social media 
influences their decision-making process and expectations.

YouTube has become a widely used source for gathering health 
information [9]. The quality and reliability of YouTube videos 
have been researched for various diseases [17-24]. In surveys, 
86% of individuals using the internet to access health-related 
information believe the information is reliable, and 64% say 
it influences their treatment decisions [25]. In our study, we 
analyzed YouTube videos about circumcision. We found that the 
overall quality and reliability scores were moderate.

Zaliznyak et al. (2022) reported poor quality in their study 
analyzing 100 videos on neonatal circumcision on YouTube 
[26]. In contrast, our study found that circumcision videos were 
of higher quality and reliability. Ekenci et al. (2023) analyzed 

Figure 1. Boxplot with jitter showing the distribution of mDISCERN, Journal of the American Medical Association (JAMA), and 
Global Quality Scale (GQS) scores, and Video Power Index (VPI) valuesamong informative and surgery-related videos



European Journal of Therapeutics (2024) Coskun N, Demir E.

634

50 videos on hydrocele on YouTube and found no videos 
containing useful, complete, and clear information for patients, 
with GQS and mDISCERN scale scores of 5 [27]. In our study, 
we identified 10 videos with a GQS score of 5. One of these 
videos had perfect scores across all assessment scales. This 
video, uploaded by a pediatric surgery and urology specialist, 
explained the appropriate age and methods for circumcision. The 
other videos did not mention additional sources of information 
for viewers, preventing them from achieving full mDISCERN 
scale scores. Only 3 out of 45 videos had a perfect JAMA scale 
score of 4. The other videos did not cite sources for the shared 
information about circumcision. To make the videos more 
reliable for viewers, more videos should cite sources and provide 
additional information, addressing controversial and uncertain 
topics.

When categorizing the content of informative videos by topic, 
“post-circumcision care” was the most frequently covered 
topic. The most viewed informative video was also about post-
circumcision care. Only 2 videos mentioned complications, and 
2 videos covered all aspects of circumcision generally. It can 
be said that more high-quality and reliable videos are needed 
on social media to provide comprehensive information about 
circumcision in a single video.

Of the 45 videos selected based on inclusion and exclusion 
criteria, 39 (86.7%) were informative, and only 6 (13.3%) were 
surgical videos. Among the 45 videos, the most viewed video 
was about the surgical technique of circumcision. Numerically, 
surgical videos had higher view counts, likes, and VPI values 
compared to informative videos, but this difference was not 
statistically significant. Despite being more viewed, the number 
of surgical videos was very low, and they were of lower quality 
compared to informative videos. Ekenci et al. (2023) found a 
similar low number of surgical videos in their study, but they did 
not compare the scale scores of surgical videos with informative 
videos [27]. In our study, all scale scores of informative videos 
were statistically significantly greater compared to the surgical 
videos. Four of the surgical videos only had visuals without any 
verbal or written information about the circumcision procedure, 
resulting in low mDISCERN, JAMA, and GQS scale scores. 
Based on these results and considering the view counts, it can be 
concluded that the number and quality of surgical videos should 
be increased. Additionally, there is a need for high-quality, 
reliable, and educational surgical circumcision videos produced 
by healthcare professionals that show all techniques and provide 

information, beneficial not only for families but also for trainee 
doctors.

Except for one, all informative videos were uploaded by 
physicians. The majority of these were shared by specialists in 
pediatric surgery, pediatric urology, and urology. Additionally, 
two pediatricians and one obstetrician-gynecologist had 
published informative videos on circumcision. Most of the 
physicians uploading circumcision informative videos were 
independent practitioners, with others working in private 
hospitals. Numerically, the view counts, likes, mDISCERN, 
and GQS scores of videos posted by physicians were higher 
compared to those posted by private hospitals, while JAMA scale 
scores were lower; however, this variation was not statistically 
significantly different. Thus, the quality of videos related to 
circumcision uploaded by independent practitioners and private 
hospitals was similar. This similarity is thought to be due to 
the involvement of physicians in the private hospital videos 
providing information on circumcision. One video uploaded 
by an independent user had very low mDISCERN, GQS, and 
JAMA scale scores (0, 1, and 1, respectively). Consistent with 
our findings, Barry et al. (2023) found that videos by healthcare 
professionals were of higher quality in their study investigating 
the quality and reliability of circumcision videos on YouTube 
[28]. Zaliznyak et al. (2022) also found that impartial videos 
produced by health channels or featuring physicians had the 
highest quality ratings in their study on neonatal circumcision 
videos, consistent with our study [26]. Nason et al. (2012) found 
that videos uploaded by academicians and physicians were of 
higher quality and reliability in their study on hydrocele videos 
[29]. Based on our findings, we can suggest that families should 
pay attention to whether the videos they watch are uploaded by a 
specialist physician in the field, as this would provide them with 
more reliable information.

In our study, consistent with Barry et al.’s (2023) findings on 
circumcision [28], no statistically significant relationship was 
found between mDISCERN, JAMA, and GQS scale scores and 
the duration since video publication, video duration, view count, 
like count, dislike count, comment count, view ratio, like ratio, 
and VPI values. Based on these data, we can say that popular 
videos do not always provide the most accurate information 
and that misleading content can also achieve high view and like 
counts. We suggest that viewers should not only consider the 
number of likes, dislikes, and comments when evaluating the 
information in videos.
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Older circumcision videos had more views, while recently 
published videos received more likes. However, recent 
videos also did not sufficiently address additional sources of 
information, controversial and uncertain topics for viewers.

Limitations
This study has some limitations. Firstly, only the YouTube 
platform was used for video selection, excluding other 
social media and video-sharing platforms. This may limit 
the generalizability of the findings, but YouTube is the most 
important international video-sharing platform for patients 
and their families, addressing this limitation. Additionally, 
due to the current nature of the YouTube platform, video view 
counts change over time. Therefore, it should be known that the 
findings of video analyses based on such platforms may change 
over time. Secondly, subjective scales were used to evaluate the 
quality and reliability of the videos, which may reflect personal 
differences among evaluators. The high level of agreement 
among experts in our study addresses this limitation. However, 
more comprehensive new video evaluation scales could be used 
in future studies. Since the purpose of this study was to analyze 
Turkish videos on circumcision, the exclusion of videos in other 
languages can be considered another limitation. Furthermore, 
due to the small sample size of surgical videos in the groups 
created regarding the content of the videos, we recommend that 
future analyses be conducted with a larger number of surgical 
videos.

CONCLUSIONS
Based on our findings, we can say that the information 
patients obtain about circumcision from YouTube videos is 
not sufficiently reliable, high-quality, or adequate. Compared 
to other studies in the literature, Turkish circumcision videos 
were found to be more reliable and of higher quality, but still 
not sufficient. Videos uploaded by physicians were more 
reliable and of higher quality than those published by private 
hospitals, and informational videos were more reliable and 
of higher quality than surgical videos. It was observed that 
unreliable videos could also achieve high view and like counts. 
Patients and their families should prioritize videos uploaded by 
specialists in the field over view and like counts when evaluating 
videos. There is a need for more high-quality educational 
surgical circumcision videos created by expert physicians and 
more high-quality informational videos that are short, clear, 
unbiased, address controversial issues, and include necessary 
sources. This would increase families’ accurate knowledge 

about circumcision, thereby reducing unnecessary anxiety and 
expectations. YouTube is a widely viewed information source 
with the potential to influence patients’ knowledge and behavior 
about circumcision. We believe that quality standards for the 
verification and monitoring of health information videos should 
be implemented to ensure their accuracy and reliability.
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ABSTRACT

Objective: The aim of this study was to investigate how pinealectomy and melatonin 
application affect elements metabolism in rat testicular tissue.
Methods: The study was carried out on 32 adult male Spraque-Dawley rats. Animals 
were divided into 4 equal groups. Group 1: Control, Group 2: Melatonin, Group 3: 
Pinealectomy, Group 4: Pinealectomy+Melatonin. Group 2 and 4 animals received 
daily 3mg/kg intraperitoneal (ip) melatonin supplementation for 4 weeks. The pineal 
glands of Group 3 and 4 animals were removed under general anesthesia. At the end 
of the applications, testicular tissue samples were taken from the animals sacrificed 
under general anesthesia. Elemental determinations (µg/gram/tissue) were performed in 
testicular tissue samples using the atomic emission method.
Results: The highest cobalt, molybdenum, nickel, manganese, phosphorus, and sodium 
levels (p<0.001) and the lowest potassium levels in the testicular tissue were obtained 
in the pinealectomy group (group 3) (p<0.001). Magnesium and selenium values in 
testicular tissue were highest in the pinealectomy group (group 3) (p<0.001), and were 
higher in the pinealectomy+melatonin group (group 4) than ingroup 1 (control) and group 
2 (melatonin) (p<0.001). Testicular zinc levels were highest in group 2, where melatonin 
was administered, and lowest in group 3, which was the pinealectomy group (p<0.001).
Conclusion: The findings obtained as a result of the study show that pinealectomy 
significantly disrupts element metabolism in the testicular tissue of rats, and melatonin 
supplementation may have a regulatory effect on testicular elemental metabolism.

Keywords: Pinealectomy; melatonin administration; testicular elemental metabolism; 
rat.
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INTRODUCTION
Melatonin (MEL) is a hormone produced mainly by the pineal 
gland in the brain, which is defined as a neuroendocrine organ 
[1]. MEL, which plays a role in the sleep-wake cycle, is also 

a powerful antioxidant that clears free radicals directly and 
indirectly [2]. MEL, which also serves as a control mechanism 
that prevents the early onset of puberty, is closely related to the 
reproductive system [3]. High concentrations of the MEL lead 
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Main Points;
• Taken together, the results of our study highlight 

the important relationship between pineal gland and 
testicular element metabolism.

• This study is the first to investigate pineal gland and 
testicular element metabolism as a whole.

to a delay in biochemical reactions that regulate puberty in both 
girls and boys [4]. The results of some reports show that MEL 
can also be found in testicular tissue [5]. This situation occurs 
when MEL crosses the blood-testis barrier [5, 6]. The strong 
antioxidant effect of melatonin has also been shown to prevent 
testicular tissue damage caused by chemotherapeutic agents [7, 
8]. MEL also has a protective effect on the testicles against local 
inflammatory processes and lipid peroxidation [9]. Therefore, it 
is recommended that melatonin can be used in the treatment of 
infertility [10]. As a result, MEL, as an endogenous antioxidant, 
emerges as a strong candidate for the treatment of functional 
disorders caused by testicular tissue damage in the male 
reproductive system [11]. In addition to its known effects, there 
are limited publications on how MEL affects element metabolism 
in testicular tissue [11]. In these limited publications, it is mostly 
related to zinc metabolism, which is an important trace element 
[12]. The relationship between melatonin and elements is either 
the prevention of oxidative stress caused by some toxic elements 
in the testicular tissue with MEL support [13] or the combined 
application of some antioxidant elements with MEL in the 
prevention of oxidative stres [11, 14]. Although the effects of the 
pineal gland, an important neuroendocrine gland, on the male 
reproductive system are known, there is almost no research on 
how it affects the element metabolism in the testicular tissue. 
This study focused on the relationship between the pineal gland 
and testicular tissue.

MATERIALS AND METHODS
Animal Material and Groups
This study was carried out at Yeditepe University Experimental 
animals were obtained from the Experimental Medicine Research 
Institute of the same university. The study was conducted 
on Spraque-Dawley adult male rats. The study protocol was 
approved by the local ethics committee of the same center 
(21122009). A total of 32 male rats were used in the study and 
the animals were divided into 4 equal groups.
Group 1, Control: The group in which no application is made.

Group 2, Melatonin: Animals in this group were provided with 
melatonin support. MEL was given intraperitoneally (ip) (3 mg/
kg/day for 4 weeks)

Group 3, Pinealectomy: The pineal glands of the animals in this 
group were removed under general anesthesia in order to create 
melatonin deficiency.

Group 4, Pinealectomy+Melatonin: Animals whose pineal glands 
were removed under general anesthesia were provided with MEL 
support via ip (3 mg/kg/day for 4 weeks).

Experimental Animals and Their Nutrition
Experimental animals were fed standard rat chow and tap water 
without dietary restrictions. At the end of the experimental 
phases, the animals were sacrificed and testicular tissue samples 
were taken for elemental analysis.

Sacrifice of Animals and Collection of Tissue Samples
After the completion of the experimental stages of the study, 
all animals were sacrificed under general anesthesia and serum 
samples were taken. General anesthesia was administered to all 
animals (with intramuscular administration of a combination 
of Ketalar (60 mg/kg), Parke-Davis and xylazine (5 mg/kg) 
“Rompun, Bayer”) to avoid animal suffering. Testicular tissue 
samples taken from animals were stored at -800C until analysis.

Experimental Applications
MEL Application: Melatonin was commercially available (Sigma 
M-5250). Stock solution was prepared by dissolving melatonin 
in pure ethanol. A dose of 3 mg/kg MEL was prepared daily from 
the stock solution. MEL was injected into the peritoneal cavity of 
the animals in Groups 2 and 4 daily for 4 weeks [15].

Pinealectomy
Two methods attract attention in preventing the functions of the 
pineal gland in rats. The first of these is to suppress the function 
of the pineal gland by creating strong artificial light at night. The 
second method is to surgically remove the pineal gland. Surgical 
method was preferred in the current study. Pinealectomy was 
performed under general anesthesia in accordance with the 
method determined by Kuszack and Rodin [16]. A combination 
of ketamine hydrochloride (Ketalar, Parke-Davis) at a dose of 60 
mg/kg and xylazine (Rompun, Bayer) at a dose of 5 mg/kg was 
used to perform pinealectomy operations.
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The head of the experimental animal was placed in the stereotactic 
device. After the top of the skull skin was shaved, a 1.75 cm 
medial incision was made longitudinally, reaching the occipital 
protrusion. The periosteum of the bones where the sagittal and 
lambdoid sutures were located was scraped down to the temporal 
muscles. Then, with a dental drill, the skull bone was cut 
rostrocaudally, approximately 1.25 cm rectangularly and 0.75 cm 
mediolaterally. The bone fragment on the superior sagittal vein, 
transfer sinuses, and confluent sinum was held from the rostral 
angle and lifted. The dura was cut from the mediorostral edge 
of the transfer sinus along the lateral edges of the sagittal vein. 
Two ligatures were placed on the superior sagittal vein with 6-0 
atraumatic silk, 1 mm apart. The sagittal sinus was cut between 
the two ligatures, and its posterior part was cut following the 
dissection of the dura until the pineal gland was exposed. The 
pineal gland was removed from the anterior side by grasping the 
stem with a thin-tipped forceps. Then, both ends of the sagittal 
vein were tied together and the skull skin was sutured with 5-0 
silk.

Biochemical Analysis
Elements Analyzes in Testicular Tissue
Testicular tissue samples taken from experimental animals were 
placed in polyethylene capped tubes washed with NHO3 and 
deionized water to prevent contamination. Samples were stored 
at -80 C until the day of analysis. Then, the tissue samples were 
crushed into powder in a mortar and the wet weight of the tissue 
was recorded. Concentrated H2SO4 and concentrated HNO3 
were added (gram tissue /ml H2SO4 / ml HNO3 = 1 / 1 / 10). It 
was kept in a closed system microwave oven (CEM – Marsx5) 
at 170 psa pressure and 200C for 20 minutes. Then, the final 
volume was filled to 25 ml with deionized water and the samples 
were read by waiting for a maximum of half an hour. Analysis 
process, S. Ü. It was carried out on the Atomic Emission (ICP 
– AES Varian Australia Pty LTD, Australia) device located in 

the Soil Department of the Faculty of Agriculture. Results were 
calculated as µg/gram tissue.

Statistical Analysis
Statistical evaluation of the results was made with SPSS 22.0 
statistical software. Statistical analysis was performed with a 
computer package program. The following tests were applied 
respectively.

1.Arithmetic means and standard errors of all parameters were 
calculated.

2. Analysis of variance was applied to determine the differences 
between groups.

3. Least Significant Difference (LSD) Test was used to compare 
group averages in the variance analysis results that were found 
to be statistically significant. Differences at P<0.05 were 
considered significant.

RESULTS
No significant difference was detected between chromium, lead, 
calcium, sulfur, copper and iron parameters in the testicular 
tissue of the study groups.

The highest levels of cobalt, molybdenum, nickel, manganese, 
phosphorus and sodium in the testicular tissue were obtained in 
the pinealectomy group (group 3; p<0.001). Group 3 also had the 
lowest potassium levels (p<0.001).

Again, the highest magnesium and selenium values in testicular 
tissue were detected in group 3 (p<0.001). The same parameters 
were higher in group 4 than in groups 1 and 2 (p<0.001). 
Testicular zinc levels were highest in group 2, where MEL was 
applied, and lowest in group 3, where pinealectomy was applied 
(p<0.001; Table 1-4).

Table 1. Cobalt, Molybdenum, Chromium and Nickel Levels in Testicular Tissue of Study Groups (μg/g)

Groups Cobalt Molybdenum Chrome Nickel

Control (G1) 0.14±0.04B 0.30±0.17B 0.41±0.09 0.98±0.10B

Melatonin (G2) 0.15±0.09B 0.29±0.09B 0.40±0.07 0.98±0.20B

Px (G3) 0.24±0.10A 0.80±0.47A 0.38±0.04 2.09±1.30A

Px+Melatonin(G4) 0.14±0.06B 0.28±0.13B 0.37±0.04 1.02±0.50B

 *Means with different letters in the same column are statistically significant (P<0.001).
(A> B)
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DISCUSSION
The highest levels of cobalt, molybdenum, nickel, manganese, 
magnesium, selenium, and phosphorus in testicular tissue were 
obtained in the pinealectomy group (group 3). In Med-line 
searches, we could not find a publication with which we could 
directly compare our study in terms of the effect of the pineal gland 
on the element metabolism in the testicular tissue. Publications 
on the effects of the pineal gland and MEL on the metabolism of 
body elements other than testicular tissue are also very limited. It 
has been reported in a few publications that MEL has a regulatory 
effect on elemental metabolism in the body [17, 18]. Consistent 
with this, it has been shown that body element metabolism is 
impaired in rats after pinealectomy [19]. The high levels of cobalt, 
molybdenum, nickel, manganese, magnesium, selenium, and 

phosphorus in the testis that we obtained in our study show that 
MEL deprivation after pinealectomy significantly changes the 
element metabolism in the testicular tissue and strongly supports 
the findings of the researchers whose reports are presented 
above. The fact that MEL application after pinealectomy (group 
4) returns the levels of the mentioned elements to control values 
shows the regulatory effect of MEL on the element metabolism 
in testicular tissue. Again, the highest sodium levels and lowest 
potassium levels in testicular tissue were obtained in the 
pinealectomy group (group 3). This finding we obtained in the 
testicular tissue is evidence that the sodium-potassium balance 
is disrupted in the testicular tissue after pinealectomy and is 
compatible with the reports of Mogulkoc and Baltaci [20] who 
reported that pinealectomy caused a deterioration in the fluid-

Table 2. Manganese, Magnesium, Lead and Phosphorus Levels in Testicular Tissue of Study Groups (μg/g)

Groups Manganese Magnesium Lead Phosphorus

Control (G1) 0.54±0.07B 87.28±12.29C 0.11±0.04 275.2±99.8B

Melatonin (G2) 0.53±0.05B 84.60±14.57C 0.12±0.04 278.4±86.4B

Px (G3) 0.75±0.07A 128.83±8.76A 0.11±0.05 133.6±53.5A

Px+Melatonin(G4) 0.52±0.05B 110.00±8.30B 0.11±0.05 273.9±57.0B

   *Means with different letters in the same column are statistically significant (P<0.001).
(A> B>C)

Table 3. Potassium, Sodium, Sulfur and Calcium Levels in the Testicular Tissue of the Study Groups (μg/g)

Groups Potassium Sodium Sulfur Calcium

Control (G1) 1360.7±87.0B 1237.5±78.4A 865.7±79.3 74.41±17.95

Melatonin (G2) 1372.3±94.9A 1241.6±82.5B 855.8±78.6 82.43±20.20

Px (G3) 980.9±57.4B 1987.6±97.8A 864.9±80.3 86.54±30.42

Px+Melatonin(G4) 1356.5±93.6A 1258.9±92.2B 849.3±69.6 83.10±25.59

*Means with different letters in the same column are statistically significant (P<0.001).
(A> B)

Table 4. Copper, Iron, Selenium and Zinc Levels in Testicular Tissue of the Study Groups (μg/g)

Groups Copper Iron Selenium Zinc

Control (G1) 2.97±0.54 22.50±2.30 1.71±0.53C 23.17±4.70B

Melatonin (G2) 2.77±0.18 23.20±3.15 0.70±0.35D 29.63±2.85A

Px (G3) 2.55±0.86 22.68±2.70 4.70±1.66A 11.45±1.58C

Px+Melatonin(G4) 2.74±0.11 23.40±2.55 1.80±0.62B 24.62±2.54B

   *Means with different letters in the same column are statistically significant (P<0.001). (A> B>C).
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electrolyte balance in rats. In our study, we obtained the highest 
zinc level in testicular tissue in group 2, where MEL was applied, 
and the lowest zinc level in group 3, where pinealectomy was 
applied. Zinc, which is critical in the reproductive system [21], 
is the only metal found in almost every enzyme class [22]. The 
high concentration of zinc in both the testicles and glands of the 
male reproductive system is evidence of its critical importance in 
the reproductive system [23]. In rats, zinc deficiency causes an 
atrophic picture in the seminiferous tubules. Consistent with this, 
it also causes a deficiency in spermatogenesis [24]. Zinc is also 
critical in the physiological functions of sperm. Zinc is necessary 
for the integrity of the sperm membrane, regulation of sperm 
tail motility, and coordination of the spiral movements of the 
sperm tail [25]. There are also important relationships between 
zinc and MEL, which play an important role in testicular tissue 
and the male reproductive system [24]. While MEL increases 
the absorption of zinc, an important trace element, from the 
digestive system [26], on the contrary, pinealectomy results in 
zinc deficiency in the body [27, 28]. In our study, the low zinc 
levels we obtained after pinealectomy (group 3) or the high 
zinc levels we obtained after MEL application alone (group 2) 
are not only evidence of a significant and positive relationship 
between the pineal gland and zinc, but are also compatible with 
the studies whose findings are presented above. Defined as metal 
binding proteins, metallothioneins (MT) are low molecular 
weight proteins that play an important role in protecting against 
metal toxicity [29, 30]. The presence of specific binding sites 
for MEL in the intestines suggests that the pineal gland may 
be a fundamental mechanism in regulating the absorption 
of elements in the digestive system [31, 32]. In our study, the 
altered elemental metabolism in the testicular tissue obtained by 
pinealectomy or MEL application may be related to the altered 
elemental absorption in the gastrointestinal tract.

Taken together, the results of our study show that pinealectomy 
significantly disrupts elemental metabolism in the testicular tissue 
of rats, and MEL application may have a regulatory effect on 
testicular elemental metabolism. The current study is the first to 
consider elemental metabolism in the testicular tissue combined 
with the pineal gland and MEL. The results of the current 
study are at a level that will provide additional contributions to 
the known relationship between the pineal gland and the male 
reproductive system in terms of element metabolism.

Limitations
The limiting factor in the current study is that the relationship 
between the pineal gland and testicular tissue could not be 
demonstrated with various melatonin doses and application 
times. Addressing this gap in future studies may provide us with 
new and critical information.

CONCLUSION
Taken together, the results of our study highlight the important 
relationship between pineal gland and testicular element 
metabolism. This study is the first to investigate pineal gland and 
testicular element metabolism as a wholein rats.
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ABSTRACT

Objective: This study aimed to retrospectively compare the results of microdissection 
testicular sperm extraction (microTESE) and Intracytoplasmic sperm injection (ICSI) 
treatments in nonobstructive azoospermia (NOA) patients with different aetiologies. 
Determinants (clinical characteristics) for microTESE outcomes were compared between 
patients with successful sperm retrieval (SSR) and sperm retrieval failure (SRF).
Material and Method: A total of 510 NOA patients who underwent microTESE between 
January 2015 and January 2024 were included in this study. Patients were classified 
according to the cause of NOA and SSR, fertilisation rate, clinical pregnancy, and overall 
live birth rate were evaluated. 
Results: The SSR rate was 44.1% in the whole population.  The idiopathic patient group 
had the lowest SSR rate (X2: 34.81; p<0.01). There was no difference between the groups 
in terms of fertilisation rate, clinical pregnancy and overall live birth rate. There was a 
negative correlation between age and SSR rates in patients with idiopathic NOA (t:-0.27; 
p<0.01). SSR rates were higher in patients with cryptorchidism (right: t:0.8; P:0.003; left: 
t:0.72; p:0.002) and mumps orchitis (right: t:0.76; P<0.01; left: t:0.76; p=0.003).
Conclusion: Etiology has a significant role in terms of SSR in patients with NOA. SSR 
was found to be significantly less in patients with idiopathic NOA compared to other 
causes. In addition, age and testicular volume were significant predictive factors for SSR 
in patients with idiopathic and acquired NOA. 

Keywords: nonobstructive azoospermia, microtese, intracytoplasmic sperm injection, 
male infertility
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INTRODUCTION
Infertility is observed in 8-12% of the population and 
azoospermia occurs as a cause of this condition in some 

patients [1]. Azoospermia may result from obstructive and non-
obstructive causes [2]. Nonobstructive azoospermia (NOA) is 
the absence of spermatozoa in semen [3]. Although there are 
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Main Points:

• Azoospermia may result from obstructive and 
nonobstructive etiological factors.

• Etiology has a significant role in terms of SSR in patients 
with NOA.

• MicroTESE has a higher sperm retrieval rate (SSR) than 
cTESE

• Idiopathic NOA patients have the lowest SSR rate. 

• Age and testicular volume are important parameters for 
SSR in idiopathic and acquired NOA patients.

many factors among the etiologies of NOA, Klinefelter syndrome 
(KS), Y chromosome microdeletions (YCMDs) cryptorchidism, 
idiopathic factors and mumps orchitis are the most common 
etiologies [4].

Intracytoplasmic sperm injection (ICSI) technique is widely 
used in patients with NOA. The main aim is to extract live 
spermatozoa for assisted reproductive techniques in these 
patients [5]. Conventional testicular sperm extraction (cTESE) 
and microdissection testicular sperm extraction (microTESE) 
are the methods used to obtain viable spermatozoa [5]. 
MicroTESE has a higher sperm retrieval rate (SSR) than cTESE. 
In the literature, the results of microTESE and ICSI treatments 
in NOA patients differ according to etiologic factors [6-8].

In our study, we aimed to compare the results of microTESE 
and ICSI treatments in NOA patients according to the etiologic 
factor.  

MATERIALS AND METHODS 
Ethics committee approval was obtained from the ethics 
committee of our hospital with decision number 2024/02-19 on 
04.03.2024. Our study was conducted according to the ethical 
standards of the 1964 Declaration of Helsinki.

A total of 510 NOA patients who underwent microTESE between 
January 2015 and January 2024 for ICSI were included in this 
study. Inclusion criteria were absence of sperm in at least 2 
spermiogram tests, obstructive azoospermia, lack of radiologic 
and genetic testing, and hormonal evaluation. Exclusion 
criteria were defined as the presence of any disease that may 

be associated with infertility in the woman and patients with 
incomplete data.
In the study, patients were divided into 5 groups according to the 
cause of NOA. The patient groups were idiopathic, KS, YCMDs, 
cryptorchidism and mumps orchitis. A detailed medical history 
and physical examination were performed in all patients. Semen 
analysis, hormonal evaluation and scrotal ultrasound were 
performed to exclude obstructive pathologies. All patients in the 
study underwent genetic testing after NOA was considered, and 
patients who could not be diagnosed despite these tests were 
defined as idiopathic NOA.  The study collected microTESE 
results (SSR ratio) and ICSI results including fertilization, 
clinical pregnancy and live birth rates. All NOA patients with 
KS in the study group were non-mosaic Klinefelter males. All 
patients with YCMD had a partial mutation in the AZFc region 
on the Y chromosome. In all patients with cryptorchidism, 
testicular descent to the inguinal region was observed.

Surgical Procedure of MicroTESE
Following the midline incision, the tissues were crossed with 
blunt and sharp dissections and the tunica albugenia was reached. 
The tunica albuginea was opened with a sagittal incision of 
approximately 1,5 cm from the avascular line. The testicular 
tissue was examined under a microscope at 20 magnification 
and samples from the seminiferous tubules, which were fuller 
and more whitish, were taken and sent for examination by 
the embryologist. If no sperm was found in the examination 
of the tissues sent from the opened testicle, local anesthesia 
was applied to the contralateral vas deferens, the testicle was 
opened and samples were sent from the testicle on that side in 
the same way and sperm were searched. One sample was taken 
in pathology without scapating both testes and sent in a bovine 
solution. Tunica albuginea was closed with 4/0 monocryl. The 
scrotum skin was closed separately with 3/0 monocryl.

Sperm Processing 
The tissues obtained from the microTESE procedure were 
dissected by the embryologist using two needles. The dissected 
tissues were analyzed in a micromanipulator under 200 or 
400 times magnification. The tissues with spermatozoa were 
dissected thoroughly and taken into a tube with the help of a 
pipette. The tube was then vortexed for 35 minutes. The vortexed 
tube was removed from the incubator until the medium was 
warmed up. Two tubes were prepared in two layers by placing 
90% and 45% gradient solutions (1ml each from bottom to top) 
in a 15ml conical falcon tube. TESE tissue in the previously 
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incubated tube was added to the heated conical tube with the 
help of a pipette without shaking the layers. The conical tubes 
were centrifuged at 2000 rpm for 20 minutes and the supernatant 
was removed with a pipette until 0.5 ml remained at the bottom 
of the tubes. The remaining 0.5ml at the bottom was mixed with 
23ml of wash medium. Centrifuged at 1800 rpm for another 10 
minutes. The supernatant portion was discarded with a pipette 
until 0.4ml remained at the bottom of the tube. The remaining 
portion was placed in the incubator until ICSI.

Intracytoplasmic Sperm Injection Prosedure
Following the hormone protocol, ovulation induction was 
performed with a single dose of hCG approximately 36 hours 
before ovum retrieval. Oocyte cumulus complexes were collected 
by puncture of follicles under ultrasound guidance and placed 
in a universal IVF medium. After 30 seconds of hyaluronidase 
(80IU/ml) application, the cumulus was separated from the 
oocyte by up and down movements with a Pasteur pipette. 
Oocytes were incubated at 37°C and 5% CO2 until injection. 
A pool was created with the help of mediums to put sperm in 
the sterile polystyrene IVF container. The prepared sperm was 
added to the pool with a pipette. The spermatozoa were placed 
in PVP (a liquid that slows down sperm movement and allows 
the micropipette to draw sperm under control) solution with the 
help of a micropipette. The sperm whose tail was broken and 
immobilized with the help of a micropipette was removed from 
the PVP solution and an ICSI procedure was performed.

Definitions of ICSI Outcomes
Clinical outcomes were determined as fertilization, clinical 
pregnancy and live birth rates. Fertilization was defined as 
the presence of two pronuclei (2pn) and two polar bodies after 
the ICSI procedure. Pregnancy was defined as a spontaneous 
increase in HCG levels after >10 days. Clinical pregnancy was 
defined as the appearance of a gestational sac on USG >5 weeks 
after ICSI.

Statistical Analysis 
Statistical analysis in this study was performed with SPSS 
version 22.0 (SPSS Inc, Chicago, IL, United States of America). 
Continuous variables were analyzed as mean ± standard 
deviation (SD) and categorical variables were expressed as 
proportion (%). Data distribution was analyzed using the 
Kolmogorov-Smirnov test. Group differences in demographic 

and clinical data were compared with one-way analysis of 
variance (ANOVA), and post hoc contrasts were made with chi-
square test for categorical variables. Furthermore, associations 
between clinical characteristics and SSR rates were analyzed by 
Kendall’s correlation analysis. 

RESULTS
Results of MicroTESE Results According to Aetiologies
Non-clinical characteristics according to different aetiologies 
are given in Table 1. The results of patients who underwent 
microTESE for ICSI are given in Table 2. The overall SSR 
rate was 44.1% (225/510). When SSR rates were analyzed, 
the idiopathic group had the lowest SSR rate compared to the 
other groups (36.4%, 125/343).  SSR rates in other groups were 
as follows: KS: 49.3%, YCMDs: 60%, cryptorchidism: 77.1%, 
mumps orchitis: 70.5% (X2 : 34.81; p<0.01). Predictors of 
successful sperm retrical by aetiology are given in Table 3. In 
SSR patients, age was significantly lower in the idiopathic group 
(t:-1.92; p<0.05). Mean testicular volume was higher in patients 
with cryptorchidism (left: t:5.3, p<0.001; right: t:4.23, p<0.001) 
and mumps orchitis (left: :2.8, p:0.003; right: t:2.72, p:0.002). No 
significant difference was found in hormone levels (FSH, LH, T) 
in patients with SSR and SRF.

Comparison of ICSI Results According to Aetiologies
Fertilisation rate was determined as the number of patients with 
successful sperm retrieval. Clinical pregnancy was calculated 
according to the fertilisation rate. Live birth was calculated 
according to the clinical pregnancy rate. In our study, the overall 
fertilisation rate was 73.3% (165/225). No difference was found 
in fertilisation rates according to etiology (idiopathic: 76%, 
KS: 72.9%, YCMDs: 62.5%, cryptorchidism: 70.3%, mumps 
orchitis: 75%, X2 : 0.72; p:0.691) (Table 2). 

The clinical pregnancy rate was 66.67% (110/165). No difference 
was found in clinical pregnancy according to etiology (idiopathic: 
68.4%, KS: 66.6%, YCMDs: 46.4%, cryptorchidism: 68.4%, 
mumps orchitis: 77.7%, X2 : 3,76; p:0.404) (Table 2).

The overall live birth rate was 68.2% (75/110). No difference 
was found in overall live birth according to etiology (idiopathic: 
73.8%, KS: 50%, YCMDs: 42.8%, cryptorchidism: 76.9, mumps 
orchitis: 71.4%, X2 : 2.04; p:0.428) (Table 2).
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Table 1. Demographic, Laboratory and Radiological Data

Whole Cohort
(n=510)

Idiopathic
(n=343)

Klinefelter
(n=75)

Y chromosome micro 
deletion (n=40)

Cryptorchidism 
(n=35)

Mumps 
orchitis (n=17)

Age (years) 32.7 ± 4.61 33.1 ± 3.7 30.8 ± 4.2 33.7 ±6.1 27.5 ± 4.3 29.5 ± 2.8

FSH (IU/L) 19.2± 14.1 13.9 ± 11.8 39.2± 15.8 17.2 ±8.1 18.3 ± 6.2 21.7 ± 11.3

LH (IU/L 10.4 ± 7.9 8.1 ± 5.3 22.1 ± 10.4 8.8 ± 3.8 11.9 ± 4.1 13.2 ± 5.2

Testesteron (ng/mL) 9.2 ± 5.8 10.3 ± 6.6 5.8 ± 4.23 11.8 ±4.2 11.1 ± 1.3 10.9 ± 5.6

Left Testis Volume (mL) 6.4 ± 3.4 7.6 ± 3.3 2.1 ± 0.6 7.2 ± 2.3 4.9 ± 1.5 4.9 ± 1.8

Right Testis Volume (mL) 6.3 ± 3.1 7.4 ± 3.2 2 ± 0.6 7.4 ± 2.4 5.1 ± 1.3 4.8 ± 1.7

Table 2. Results of microTESE and ICSI according to Etiological Factors

 (n/%)
Whole Cohort
 (n=510)

Idiopathic
 (n=343)

Klinefelter
(n=75)

Y chromosome 
micro deletion
(n=40)

Cryptorchidism 
(n=35)

Mumps orchitis 
(n=17)

Successful sperm retrieval 225 (44.1%) 125 (36.4%)* 37 (49.3%) 24 (60%) 27 (77.1%) 12 (70.5%)

Fertilization 165 (73.3%) 95 (76%) 27 (72.9%) 15 (62.5%) 19 (70.3%) 9 (75%)

Clinical pregnancy 110 (66.6%) 65 (68.4%) 18 (66.6%) 7 (46.6%) 13 (68.4%) 7 (77.7%)

Live birth 75 (68.2%) 48 (73.8%) 9 (50%) 3 (42.8%) 10 (76.9%) 5 (71.4%)

Table 3. Predictors of SSR success according to ethylogical factors

Whole Cohort 
(44.1%)
SSR (225) / SRF 
(285)

Idiopathic
(36.4%)
SSR (125) / SRF 
(218)

Klinefelter 
(49.3%)
SSR (37) / SRF 
(38)

Y chromosome 
micro deletion 
(60%)
SSR (24) / SRF (16)

Cryptorchidism 
(77.1%)
SSR (27) / SRF 
(8)

Mumps orchitis 
(70.5%)
SSR (12) / SRF 
(5)

Age (years) 30.96 ± 4.27*/
32.92 ± 3.96*

30.8 ± 3.6*/ 
34.43 ± 3.4*

30.9 ± 4.1/
 30.9 ± 5.2

31.9 ± 5.8/ 
31.6 ± 5.2

30.8 ± 3.6/
32.1 ± 5.2

31.3 ± 3.7/ 
32.3 ± 2.1

FSH
(IU/L)

20.9 ± 16.7/
18.6 ± 14.8

15.5 ± 11.8/
12.7 ± 10.8

37.6 ± 13.9/ 
40.5 ± 14.8

17.1 ± 7.8/ 
15.4 ± 8.5

20.6 ± 6.1/
18.5 ± 3.2

21.7 ± 11.8/ 
21.5 ± 13.3

LH
(IU/L)

12.3 ±8.3/
10.5 ± 8.2

7.7 ± 4.8/
7.8 ± 5.3

24.8 ± 8.4/ 
22.2 ± 9.6

9.1 ± 4.4/
8.6 ± 4.1

11.9 ± 4.4/
12.5 ± 1.7

11.7 ± 5.6/
12.9 ± 4.7

Testesteron
(ng/mL)

9.8 ± 5.2/
9.4 ± 6.3

9.8 ± 6.1/
9.4 ± 6.2

5.5 ± 4.2/ 
5.5 ± 4.1

13.1 ± 4.3/ 
12.7 ± 4.6

10.5 ± 1.6/
11.3 ± 1.1

10.3 ± 4.1/
9.8 ± 6.7

Left Testis 
Volume
(mL)

6.1 ± 3.2/
6.2 ± 3.5

7.9 ± 2.91/
7.3 ± 3.4

2.1 ± 0.6/ 
2.2 ± 0.7

8 ± 2.4/
7.3 ± 2.2

5.3 ± 1.4*/
2.6 ± 0.7*

5.4 ± 1.6*/
3.2 ± 1.2*

Right Testis 
Volume
(mL)

6.3 ± 3.7/
6.1 ± 3.5

7.7 ± 3/
7.2 ± 3.4

2.3 ± 0.6/ 
2.1 ± 0.7

8.4 ± 2.3/ 
7.1 ± 2.5

6.1 ± 1.3*/
3.4 ± 0.7*

5.5 ± 1.7*/
2.4 ± 1.2*

SSR, successful sperm retrieval; SRF, sperm retrieval failure
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Results Between Age, Testicular Volume and SSR in Patients 
Undergoing Microtese
There was a negative correlation between age and SSR rates 
in the idiopathic patient group (t:-0.27; p<0.01). There was a 
positive correlation between testicular volume and SSR rates in 
patients with cryptorchidism (right: t:0.8; p=0.003; left: t:0.72; 
P:0.002) and mumps orchitis (right: t:0.76; p<0.01; left: t:0.76; 
p:0.003).

DISCUSSION 
The factors affecting the treatment in NOA patients who 
underwent ICSI after TESE treatment have always been a 
subject investigated by researchers interested in infertility [9]. In 
the studies performed, microTESE is considered to be the most 
successful of the TESE methods performed for ICSI. While 
the SSR rate is between 16.7-45% in patients who underwent 
C-TESE, this rate is between 42.9-63% in patients who 
underwent microTESE and the rate of finding live spermatozoa 
is approximately 1.5 times higher compared to C-TESE [9].  In 
our study, SSR rate was found to be 44.1%. SSR was found to be 
lowest in the idiopathic group and highest in the cryptorchidism 
group.

In one study, it was found that age had no effect on SSR in 
microTESE, whereas in other studies, it was shown that TESE 
performed at an early age had better SSR rates than TESE 
performed at an older age [10,11]. In our study, early TESE in 
patients with idiopathic NOA resulted in better SSR rates.

In the literature, it has been shown that a testicular volume 
has no effect on sperm detection rates and that similar success 
can be achieved even in testicular volumes below 2 ml [12]. 
Nevertheless, many studies have reported that microTESE 
success is higher in patients with larger testicular volume. 
Corona et al. reported that the SSR rate was significantly higher 
in NOA with testicular volume >12 cc compared to patients with 
testicular volume <12 cc [13]. In our study, it was observed that 
SSR rate was affected by testicular volume. This was especially 
significant in patients with cryptorchidism and mumps orchitis. 
We think that age and testicular volume are important factors 
for SSR.

Studies on the factors affecting the results of microTESE have 
been conducted primarily on SSR. In this study, we evaluated 
the results of ICSI and microTESE treatments in NOA patients 

according to the etiological factors. The overall fertilization, 
clinical pregnancy and live birth rates for all NOA patients 
were 73.3%, 66.6%, and 68.2%, respectively, with no difference 
between groups. In another study in which these factors were 
analyzed, clinical pregnancy rates were 39% and live birth rates 
were 39%. No effect of clinical characteristics and hormone 
levels on ICSI was found [14]. In a study related to fertilization, 
clinical pregnancy, and live birth rates, these rates were found to 
be higher in patients with orchitis among the etiological factors, 
whereas these rates were found to be the lowest in patients with 
YCMDs [15]. In our study, SSR rates were higher in patients 
with YCMD and KS compared to other similar studies in the 
literature.

There is a relationship between deletion localisation and SSR rate 
in YCMD patients.  No sperm is observed in AZFa and AZFb 
microdeletion patients. In patients with AZFc microdeletion, 
there is a possibility of spermatozoa [16].  SSR is 30-50% in 
patients with KS [17]. In our study, all patients with KS were 
non-mosaic KS and the SSR rate in patients with YCMD and KS 
was found to be similar to the literature.

Zang et al. [15] reported that clinical pregnancy and live birth 
rates of 46.9% and 40.6% in patients with idiopathic NOA, 54.4% 
and 50.4% in patients with KS, 20.3% and 18.8% in patients with 
YCMDs, 53.9% and 46.2% in patients with cryptorchidism, 
respectively. In our study, the clinical pregnancy rate in the 
general cohort was 66.6% and the live birth rate was 68.2%. 
When analyzed between groups, the highest clinical pregnancy 
rate was observed in mumps orchitis at 77.7%, and the lowest 
was observed in the YCMDs group at 46.6%.  In terms of live 
birth rate, the highest pregnancy rate was observed in patients 
with cryptorchidism at 76.9% and the lowest was observed 
in the YCMDs patient group at 42.8%. The higher clinical 
pregnancy and live birth rate in YCMDs patients compared to 
the literature is due to the fact that, unlike other studies, both 
fresh and frozen microTESE were performed in NOA patients 
instead of only fresh MTESE. We think that this led to higher 
clinical pregnancy and live birth rates.

There are some limitations in our study. The data of the patients 
were collected retrospectively.  In addition, etiological factors 
were classified under only 5 main groups. Other rare factors that 
cause NOA were not included in the study.
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CONCLUSION 
Etiological factors have an important role in terms of SSR in 
NOA patients. Among the etiological factors, idiopathic NOA 
patients have the lowest SSR rate. Age and testicular volume are 
important parameters for SSR in idiopathic and acquired NOA 
patients. Our study showed that the etiological factors affect the 
success of microTESE and ICSI in NOA patients.

Consent to Participate: For this type of retrospective study, 
formal consent is not required. 

Inform of Publication: The results of the study were not 
published in full or in part in the form of an abstract.
 
Research Involving Human Participants and/or Animals: 
This article does not contain any studies with animals performed 
by any of the authors. All procedures performed in studies 
involving human participants were by the ethical standards of 
the institutional and/or national research committee and with 
the 1964 Helsinki Declaration and its later amendments or 
comparable ethical standards. 

Conflict of Interest: The authors declare no competing interests.

No artificial intelligence was used in the writing of our study.

Ethics Approval: The study was approved by The University of 
Health Sciences, IzmırTepecik Training and Research Hospital 
Ethical Committee, Izmır, Türkiye (Decision No: 2024/02-19, 
Date: 04.03.2024). 

Authors Contributions; Conception: YA, MZK, AHİ; Design: 
YA, MZK, AHİ; Supervision: YA, MZK; Fundings: -; Materials: 
-; Data Collection: ED,YA; Analysis:  MZK, ED; Literature 
Review:  YA, ED; Writer: YA, ED; Critical Review: MZK, YA, 
AHİ.

REFERENCES

[1] Agarwal A, Baskaran S, Parekh N, Cho CL, Henkel 
R, Vij S, Arafa M, Panner Selvam MK, Shah R (2021) 
Male infertility. Lancet. 397(10271):319-333. https://doi.
org/10.1016/S0140-6736(20)32667-2

[2] Akhavizadegan H (2024) Male Genetic Evaluation 
in Infertility, Recurrent Abortion and Recurrent in 
Vitro Fertilization Failure; A Clinical Approach. Urol 
J.9;21(4):221-225. https://doi.org/ 10.22037/uj.v20i.8044

[3] Jiang H, Zhang Y, Ma H, Fan S, Zhang H, Shi Q (2022) 
Identification of pathogenic mutations from nonobstructive 
azoospermia patients. Biol Reprod. 107:85-94. https://doi.
org/10.1093/biolre/ioac089

[4] Chen X, Ma Y, Zou S, Wang S, Qiu J, Xiao Q, Zhou L, 
Ping P (2019) Comparison and outcomes of nonobstructive 
azoospermia patients with different etiology undergoing 
MicroTESE and ICSI treatments. Transl Androl Urol. 8: 
366-73. https://doi.org/10.21037/tau.2019.04.08

[5] Tharakan T, Luo R, Jayasena CN, Minhas S (2021) Non-
obstructive azoospermia: current and future perspectives. 
Fac Rev. 10:7. https://doi.org/10.12703/r/10-7

[6] Wang K, Tang D, Zhu Q, Yang D, Yang H, Peng J, Ding 
D, Wang J, Wang Q, Cao Y, Chen B, Zhang Z (2023) 
Micro-TESE surgery combined with ICSI regimen in the 
treatment of non-obstructive azoospermia patients and its 
effect analysis. Zygote. 31(1):55-61. https://doi.org/10.1017/
S096719942200051X

[7] Mao J, Deng C, Zhao L, Liu D, Lin H, Zhang Z, Yang 
Y, Zhang H, Li R, Hong K, Jiang H (2023) Micro-TESE 
strategy in patients with NOA caused by AZFc deletion: 
synchronous or asynchronous? Zygote. 31(1):25-30. https://
doi.org/10.1017/S0967199422000466

[8] Sharma A, Minhas S, Dhillo WS, Jayasena CN (2021) Male 
infertility due to testicular disorders. J Clin Endocrinol 
Metab. 106(2):e442-e459. https://doi.org/10.1210/clinem/
dgaa781

[9]  Esteves SC (2015) Clinical management of infertile 
men with nonobstructive azoospermia. Asian J Androl. 
17(3):459-70. https://doi.org/10.4103/1008-682X.148719

[10] Topuz B, Ebiloğu T, Sarıkaya S, Kaya E, Fidan U, Korkmaz 
C, Ceyhan ST, Bedir S, Gürdal M, Karataş ÖF (2021) The 
timing of micro-TESE: what is the ideal age for male and 
female partner to bring a child to home? Rev Assoc Med 
Bras (1992). 67(7):958-965. https://doi.org/10.1590/1806-
9282.20210290

https://doi.org/10.1016/S0140-6736(20)32667-2
https://doi.org/10.1016/S0140-6736(20)32667-2
https://doi.org/ 10.22037/uj.v20i.8044
https://doi.org/10.1093/biolre/ioac089
https://doi.org/10.1093/biolre/ioac089
https://doi.org/10.21037/tau.2019.04.08
https://doi.org/10.12703/r/10-7
https://doi.org/10.1017/S096719942200051X
https://doi.org/10.1017/S096719942200051X
https://doi.org/10.1017/S0967199422000466
https://doi.org/10.1017/S0967199422000466
https://doi.org/10.1210/clinem/dgaa781
https://doi.org/10.1210/clinem/dgaa781
https://doi.org/10.4103/1008-682X.148719
https://doi.org/10.1590/1806-9282.20210290
https://doi.org/10.1590/1806-9282.20210290


European Journal of Therapeutics (2024) Arıkan Y, et al.

651

How to Cite; 

Arikan Y, Dumanlı E, İnan AH, Keskin MZ  (2024) Evaluation 
of the Results of Intracytoplasmic Sperm Injection and 
Microdissection Testicular Sperm Extraction Treatments 
in Patients with Nonobstructive Azoospermia According to 
Etiological Factors: A Retrospective Analysis. Eur J Ther. 
30(5):645-651. https://doi.org/10.58600/eurjther2193

[11] Pook CJ, Cocca A, Grandone A, Al-Hussini M, Lam W 
(2021) The Evidence for Fertility Preservation in Pediatric 
Klinefelter Syndrome. Front Reprod Health. 3:629179. 
https://doi.org/10.3389/frph.2021.629179

[12] Bryson CF, Ramasamy R, Sheehan M, Palermo GD, 
Rosenwaks Z, Schlegel PN (2014) Severe testicular 
atrophy does not affect the success of microdissection 
testicular sperm extraction. J Urol. 191(1):175-8. https://doi.
org/10.1016/j.juro.2013.07.065

[13] Corona G, Minhas S, Giwercman A, Bettocchi C, 
Dinkelman-Smit M, Dohle G, Fusco F, Kadioglou A, 
Kliesch S, Kopa Z, Krausz C, Pelliccione F, Pizzocaro 
A, Rassweiler J, Verze P, Vignozzi L, Weidner W, Maggi 
M, Sofikitis N (2019) Sperm recovery and ICSI outcomes 
in men with non-obstructive azoospermia: a systematic 
review and meta-analysis. Hum Reprod Update. 25(6):733-
757. https://doi.org/10.1093/humupd/dmz028

[14] Achermann APP, Pereira TA, Esteves SC (2021) 
Microdissection testicular sperm extraction (micro-TESE) 
in men with infertility due to nonobstructive azoospermia: 
summary of current literature. Int Urol Nephrol. 53(11):2193-
2210. https://doi.org/10.1007/s11255-021-02979-4

[15] Zhang HL, Zhao LM, Mao JM, Liu DF, Tang WH, Lin HC, 
Zhang L, Lian Y, Hong K, Jiang H (2021) Sperm retrieval 
rates and clinical outcomes for patients with different causes 
of azoospermia who undergo microdissection testicular 
sperm extraction-intracytoplasmic sperm injection. Asian 
J Androl. 23(1):59-63. https://doi.org/10.4103/aja.aja_12_20

[16] The Trinh S, Nguyen NN, Thi Thu Le H, Thi My Pham 
H, Tien Trieu S, Tran NTM, Sy Ho H, Van Tran D, Van 
Trinh T, Trong Hoang Nguyen H, Pham Minh N, Duc 
Dang T, Huu Dinh V, Thi Doan H (2023) Screening Y 
Chromosome Microdeletion in 1121 Men with Low Sperm 
Concentration and the Outcomes of Microdissection 
Testicular Sperm Extraction (mTESE) for Sperm Retrieval 
from Azoospermic Patients. Appl Clin Genet. 16:155-164. 
https://doi.org/10.2147/TACG.S420030

[17] Küçükaslan AŞ, Çetintaş VB, Altıntaş R, Vardarlı AT, Mutlu 
Z, Ulukuş M, Semerci B, Eroğlu Z (2013) Identification of Y 
chromosome microdeletions in infertile Turkish men. Turk 
J Urol. 39(3):170-4. https://doi.org/10.5152/tud.2013.035

https://doi.org/10.58600/eurjther2193
https://doi.org/10.3389/frph.2021.629179
https://doi.org/10.1016/j.juro.2013.07.065
https://doi.org/10.1016/j.juro.2013.07.065
https://doi.org/10.1093/humupd/dmz028
https://doi.org/10.1007/s11255-021-02979-4
https://doi.org/10.4103/aja.aja_12_20
https://doi.org/10.2147/TACG.S420030
https://doi.org/10.5152/tud.2013.035


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

Eur J Ther. 2024;30(5):652-661.
https://doi.org/10.58600/eurjther2227

Original Research

652

ABSTRACT
Objective: This study aimed to evaluate and compare the therapeutic effects of 
fluoroscopy-guided triple shoulder injections with steroids and, a combination of 
steroids and ozone.
Methods: Data were retrospectively collected from the files of 70 patients diagnosed 
with non-specific chronic shoulder pain and received triple shoulder injections. The 
patients were divided into two groups. One group included triple shoulder injections 
with steroids under fluoroscopic guidance, while the other group included combination 
of steroids and ozone. Pain intensity was evaluated with the Visual Analog Scale (VAS), 
the patient’s quality of life and functionality were assessed using the Shoulder Pain and 
Disability Index (SPADI), and the active range of motion (ROM) of shoulder abduction, 
external rotation, and flexion were measured by goniometry. Beck Depression Inventory 
(BDI) was used to measure the severity of depression before the procedure. All 
measurements were recorded at baseline and 1, 3, and 6 months after the procedure.
Results: Baseline characteristics were similar in both groups. There was no statistical 
difference in VAS scores between the two groups at baseline, 1st, and 3rd months. 
However, in the 6th months, the VAS scores of patients treated with steroids plus ozone 
were significantly lower than those of patients treated with steroids (P<0.001). Both 
groups showed significant improvements in SPADI pain, disability, and total subscores 
compared to pre-treatment values (P < 0.001). There was a significant improvement in 
the ROM of the shoulder joint in both groups (p<0.001). However, patients who received 
ozone and steroid treatments showed a significantly greater increase in SPADI and 
ROM of shoulder joints in the 6th months (p<0.001). There was a positive correlation 
between BDI score and pain duration, and the severity of depression had no statistically 
significant effect on VAS scores.
Conclusion: Results of this study revealed that triple shoulder injection with steroids or 
a combination of steroids and ozone proved to be an effective therapeutic approach for 
patients suffering from shoulder pain and limited mobility. The combination of ozone 
with steroids may lead to better results than using steroids alone. Furthermore, a long 
duration of pain increases the risk of chronic depression in patients.

Keywords: Shoulder pain, Shoulder joint, Ozone treatment, Lumbar epidural steroid
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Main Points

• It has been found that triple shoulder steroid injections 
with or without ozone showed significant efficacy 
on shoulder pain and disability, however, treatment 
outcomes were better in combination therapy.

• This study demonstrates the potential benefits of ozone 
therapy as an adjunct treatment for improved outcomes.

INTRODUCTION
Shoulder pain, often caused by repetitive or excessive activities, 
is a common musculoskeletal disorder with a lifetime prevalence 
of 61% [1]. It’s often associated with a decreased range of motion. 
[2]. Common causes of shoulder pain are osteoarthritis of the 
glenohumeral or acromioclavicular joint, adhesive capsulitis, 
tendinitis, bursitis, synovial impingement, and rotator cuff tears 
[3]. Treatments aim to restore shoulder movements, reduce 
the patient’s pain, and usually require a multimodal approach. 
Initial treatment includes analgesics, anti-inflammatory 
drugs, and physical therapy. If pain relief is inadequate, other 
minimally invasive treatments are used. Fluoroscopy-guided 
triple joint injection is a shoulder intervention technique that 
includes injection of steroid and local analgesic mixture into 
the glenohumeral joint, subacromial-subdeltoid bursa, and 
acromioclavicular joint in a single session by entering from the 
AC joint [4]. Steroid injection could be effective even in advanced 
patients. The disadvantage is that the steroid has a relatively 
short duration of therapeutic action and is often not reproducible 
due to the potential risk of osteoporosis, osteonecrosis, and 
infection [5,6]. 

In recent years, ozone therapy has started to be used in the 
treatment of musculoskeletal disorders, low back pain, lumbar 
disc herniation, and osteoarthritis especially in the knee. Ozone 
provides controlled activation of antioxidant systems, increases 
blood flow, and thus increases oxygenation and the release of 
growth factors and cytokines. Intra-articular ozone injection has 
emerged as an alternative to steroids since it is effective, well-
tolerated, and without serious side effects [7-9]. 

The primary objective of this study was to compare the 
efficacy of triple shoulder injection with steroid alone and the 
combination of steroid and ozone in patients with shoulder 

pain and limitation of movement. The secondary aim was also 
to observe how it affects pain and disability after treatment by 
analysing the severity of depression.

MATERIALS AND METHODS
The study was performed in accordance with the Helsinki 
Declaration criteria, after the approval of the ethics committee 
(decision dated 13.01.2022, No: İ01-01-22) in the Ankara 
University Faculty of Medicine. Patients’ records collected 
between January and June 2021 were analyzed retrospectively. 
After reviewing 108 patient files, 38 were excluded due to 
missing information. Seventy patients, with shoulder pain 
and range of motion limitation secondary to subacromial-
subdeltoid bursitis, glenohumeral, and acromioclavicular joint 
degeneration, biceps/rotator cuff tears, tendinopathy, glenoid 
labrum injuries demonstrated on shoulder magnetic resonance 
image (MRI), were included in the study. In addition, patients 
whose psychological status was evaluated with the Beck 
Depression Inventory (BDI) were considered.

Inclusion criteria were patients aged between 30-80 years, 
body mass index (BMI)<40 kg/m2, positive shoulder abnormal 
passive range of motion (ROM), Visual Analog Scale (VAS)>4 
shoulder pain for at least 3 months, no causes such as dislocation, 
subluxation, fracture on the direct radiograph (acute shoulder 
pain causes) and exclusion criteria were patients younger 30 
and older 80 years, coagulation disorder, oral anticoagulant 
use, pain of cervical origin (excluded by routine cervical 
MRI and physical examination findings), glucose 6-phosphate 
dehydrogenase deficiency, and pregnancy. 

The same experienced pain medicine specialist performed all 
injections. Age, gender, BMI, affected side, symptom duration, 
and smoking of all patients were recorded. 

Patients were divided into two treatment groups; steroid (40 
mg triamcinolone, 1 ml) in 4 ml saline and steroid plus 15 cc 
ozone injection at a concentration of 15 μg/ml. In our clinic, 
the combination of steroids and ozone has been used as a 
routine treatment for patients experiencing long-term pain and 
presenting with multiple coexisting MRI findings in patients with 
chronic nonspecific shoulder pain. Given the recommendation 
and utilization of intra-articular 5-20 ml ozone injections at a 
concentration of 5-20 μg/ml in studies, our clinic has preferred 
15 cc ozone injection at a concentration of 15 μg/ml. 
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The procedures were performed in a supine position on the 
fluoroscopy table. The glenohumeral joint and acromioclavicular 
joint were visualized in the Anterior-Posterior (A-P) position, 
and then the 10° oblique position. A 21 G needle spinal needle 
reached the glenohumeral joint through the acromioclavicular 
joint and subacromial-subdeltoid bursa, after confirming the 
needle position with contrast medium (iohexol), injections were 
performed respectively. Ozone gas was obtained from the ozone 
generator (Dr J. Hänsler Ozonosan, Iffezheim, Germany) in 
our clinic. Figure 1 demonstrated the triple shoulder injection 
during procedure. One group received 3 mL of a mixture of 
Triamcinolone acetonide and saline into the glenohumeral 
joint. In addition to the first group, 7 cc ozone was injected 
into the glenohumeral joint in the other group. Then the needle 
was withdrawn into the subacromial bursa. It was confirmed 
by administering 2 mL of contrast medium that the needle 
was in the subacromial bursa and 1 ml of a mixture of steroid 
and saline was administered. The other patients received 5cc 
ozone additionally. The needle tip was withdrawn into the 
acromioclavicular joint and 1 mL of steroid and saline mixture 
was injected into the joint. The other patients received 3 cc of 
ozone into the acromioclavicular joint. For all patients, daily 
physical therapy was suggested after intervention.

Shoulder pain intensity was assessed using the VAS score. 
Quality of life and the functional assessment of the patients 
were evaluated using the Shoulder Pain and Disability Index 
[SPADI] [10]. These measures were taken from all patients 
before injection and at 1st, 3rd and 6th months after procedure. 
VAS scores were also recorded at the 24th hours. Furthermore, 

BDI [11] was used to assess the severity of depression before the 
procedure. The study also examined the impact of depression 
levels on the VAS score and the disability experienced by the 
participants after six months.

Patients’ recorded goniometric measurements of shoulder active 
ROM of flexion, abduction, and external rotation were also 
analyzed. 

The VAS score for the assessment of pain ranges between 
0-10 (min-max pain degree). The SPADI includes a total of 
13 questions, related pain severity (5 items) and disability (8 
items). The items in the BDI are mainly based on behaviors and 
symptoms specific to depression and are described in a series of 
sentences, and each sentence is numbered from 0 to 3.

The primary and secondary outcomes were compared with the 
baseline and between the two groups.

Statistical Analysis
Data were presented as mean ± standard deviation (SD) and 
minimum-maximum or number and percentage (n, %) as 
appropriate. Normality analysis was performed using the 
Shapiro-Wilk test, skewness-curvature, and histograms. 
Normally distributed variables are presented as mean and SD 
Numerical dependent variables were compared between groups 
using independent samples T-test and Mann-Whitney U test. 
The Mann–Whitney U test was used to assess nonparametric 
continuous variables. Categorical variables were compared 
using the Chi-squared test. Repeated measures were analyzed 

Figure 1. Fluoroscopy-guided Triple Shoulder Injection
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using Friedman and Wilcoxon tests. Changes over time were 
compared using the Bonferroni correction. The Jamovi project 
(2022, Jamovi version 2.3, computer software) was used for 
statistical analysis, and p<0.05 was considered statistically 
significant.

RESULTS
The study involved 70 patients who received triple shoulder 
injections with triamcinolone or combination of triamcinolone 
and ozone. There was no difference between the patients in 
age, gender, BMI, smoking status, pain duration, baseline VAS, 
SPADI total, and BDI scores. Detailed demographic and clinical 
characteristics of the patients in each group were presented in 
Table 1. 

There was no correlation between VAS values at all times and 
age, gender, BMI, smoking status, pain duration, and BDI scores.

There was a positive, moderate correlation between pain 
duration and BDI score (Pearson correlation r=0.602, p<0.001). 

Table 2 showed the distribution of patients according to MRI 
findings and Table 3 showed changes in baseline VAS and SPADI 
subscores at 1, 3, and 6 months. Although multiple MRI findings 
coexisted in most patients, not all findings in one patient were 
symptomatic.

No difference was found in the patients’ VAS scores between the 
two groups at 1 and 3 months. After 6 months of treatment, it 
was observed that the patients who received ozone in addition to 
steroids showed significantly lower VAS scores than the group 
receiving only steroids (p<0.001). However, both groups showed 
significant improvement in their VAS scores in six months (both 
p<0.001). 

Although the decrease in SPADI pain, disability, and total 
subscores in both groups over time was statistically significant 
(p<0.001), there were statistically significant changes in favour 
of the patients who received ozone and steroid injection in the 
3rd and 6th months as shown in Table 3.

The active ROM values of both groups showed a statistically 
significant increase compared with the baseline for all time 
points, however, this improvement was especially greater in 
the group receiving combined treatment at the 6th months. The 
detailed changes in the shoulder range of motion after treatment 
are shown in Table 4.

No significant complications reported in the patients, while 5 
patients receiving combination therapy had a short-term feeling 
of pressure in the shoulder.

Table 1. Clinical Characteristics of the Patients

Ozone+Steroid Injection Only Steroid Injection P value

n=35 n=35

Age (year±STD) 58.71±11.91 59.8±12.25 0.708a

Gender (n) Female 21 20
1.000b

Male 14 15

BMI 26.08(18.3-35.1) 25(16.9-36.6) 0.332a

Smoking Status   (+) 10 13
0.611b

 (-) 25 22

Pain duration (Month) 13(3-72) 11(3-36) 0.729c

VAS basal                                                                  8(5-10) 8(6-10) 0.966c

VAS 24h. 5(1-9) 4(3-7) 0.214 c

SPADI Total score basal 79.33±8.66 82.19±6.23 0.119a

BDI Score 14.34±7.15 15.86±7.22 0.382a

STD: Standart Deviation, BMI: Body Mass Index, VAS: Visual Analog Scale, SPADI: Shoulder pain and disability index,  BDI: Beck’s Depression 
Inventory, a: Independent Samples T-test, b: Chi-Square test, c: Mann-Whitney U test, d: Wilcoxon signed ranks test
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Table 2. Baseline MRI findings

Steroid and Ozone Injection Only steroid Injection

(n=35)  % (n=35)  %

Side

Right 23 65,71 21 60

Left 12 34,28 14 40

AC-joint osteoarthritis 10 28,6 10 28,6

 Mild 3 8,6 2 5,7

 Moderate 7 20 7 20

 Severe 0 0 1 2,85

SA/SD bursitis 13 37,14 15 42,85

Mild 3 8,6 4 11,42

Moderate 6 17,14 7 20

Severe 4 11,42 4 11,42

Partial thickness tear in RC 4 11,42 5 14,3

Full-thickness tear in RC 5 14,3 8 22,85

Tendinosis in RC 2 5,7 2 5,7

Partial thickness tear with/without tendinosis in the long head of the biceps 12 34,3 8 22,85

Full-thickness tear in the long head of the biceps 1    2,85 6 17,14

GH-joint osteoarthritis 18 51,42 15 42,85

 Mild 3 8,6 1 2,85

 Moderate                              12 34,3 10 28,6

 Severe 3 8,6 4 11,42

Tear in glenoid labrum                                  7 20 6 17,14

Small tear 6 17,14 6 17,14

Large tear 1 2,85 0 0

AC acromioclavicular, SA subacromial, SD subdeltoid, RC rotator cuf, GH glenohumeral

Table 3. The changes in baseline VAS and SPADI subscores at 1, 3, and 6 months

 Steroid and Ozone Injection        Steroid Injection
p*

median(min-max)/mean rank median(min-max)/mean rank

VAS basal 8(5-10)/4 8(6-10)/4 0.966

VAS 1m 4(2-8)/1.8 4(3-6)/1.46 0.499

VAS 3m 4(2-7)/1.84 4(3-6)/1.67 0.067

VAS 6m 4(3-7)/2.36 6(4-7)/2.87 <0.001

p** <0.001 <0.001

S.Pain score basal 80(60-90)/4 78(66-92)/3.81 0.773

S.Pain score 1m 44(28-74)/1.6 46(32-58)/1.4 0.110

S.Pain score 3m 48(22-70)/1.87 54(32-78)/1.9 0.041

S.Pain score 6m 54(28-70)/2.53 70(40-82)/2.89 0.004



European Journal of Therapeutics (2024) Bayram D, Asik I.

657

DISCUSSION
The results of the present study showed that patients who 
were treated with fluoroscopy-guided triple shoulder injection 
either with triamcinolone alone or triamcinolone plus ozone 
demonstrated significant improvement in their VAS scores, 
SPADI subscores, and active ROM in all three intervals. 
However, patients who received additionally the ozone injection 

showed greater improvement. In addition, patients’ level of 
depression did not affect their pain severity and disability. 

The healing process of chronic shoulder pain can take a long 
time to heal especially in untreated patients. Steroid injections 
are commonly used to reduce pain and facilitate exercise in 
patients with shoulder pain to increase range of motion. It is 

p** <0.001 <0.001

S.Disab. score basal 82.5(55-97)/4 85(67.5-93-7)/4 0.091

S.Disab. score 1m 42.5(18.7-80)/1.8 43.7(26.2-56.2)/1.34 0.529

S.Disab. score 3m 43.7(28.7-72.5)/1.8 48.7(25-5-68.7)/2.06 0.004

S.Disab. score 6m 47.5(37.5-72.5)/2.36 55(41.2-81.2)/2.6 <0.001

p** <0.001 <0.001

S.Total score basal 81.5(59.9-93)/4 81.5(68.4-93)/4 0.264

S.Total score 1m 42.2(23-77.6)/1.67 43.8/33-56.1)/1.37 0.210

S.Total score 3m 44.6(26.1-71.5)/1.8 49.2(37.6-71.5)/1.9 0.011

S.Total score 6m 49.2(38.4-71.5)/2.53 59.9(40.7-80.7)/2.73 <0.001

p** <0.001 <0.001  

p*: Mann-Whitney U Test, p**: Friedmann Test

Table 4. The Changes in the Range of Motion of the Joint over Time and Between the Groups

 Ozone+Steroid Injection Only Steroid Injection
p*

median(min-max)/mean rank median(min-max)/mean rank

Flexion at basal 110(78-176)/1 115(78-168)/1.03 0.557

Flexion at 1. month 155(95-180)/2.14 145(111-175)/2.43 0.284

Flexion at 3. months 165(118-180)/3.16 157(120-173)/3.54 0.035

Flexion at 6. Months 168(124-180)/3.70 152(120-172)/3 <0.001

    p** <0.001 <0.001

External rotation at basal 65(36-90)/1.06 58(35-81)/1.10 0.659

External rotation at 1. Month 75(43-90)/2.29 66(45-88)/2.73 0.010

External rotation at 3. Months 78(45-90)/3.04 68(49-88)/3.3 0.001

External rotation at 6. Months 80(45-90)/3.61 70(42-88)/2.87 <0.001

   p** <0.001 <0.001

Abduction at basal 120(75-170)/1.14 105(162-77)/1.17 0.100

Abduction at  1. Month 137(102-172)/2.04 137(107-164)/2.61 0.545

Abduction at 3. Months 150(110-175)/3.01 148(110-170)/3.56 0.359

Abduction at 6. Months 158(110-180)/3.8 143(102-168)/2.65 <0.001

   p** <0.001 <0.001  

p*: Mann-Whitney U Test, p**: Friedmann Test
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important to know that steroid injections may have local side 
effects such as infection, cartilage injury, aseptic bone necrosis, 
tendon rupture, tissue atrophy, fat necrosis, calcification, and 
depigmentation. Additionally, there are systemic side effects that 
can occur with the local application of corticosteroids, including 
impaired glucose tolerance, immunosuppression, osteoporosis, 
and exacerbation of psychosis [12]. It’s important to remember 
that every medication comes with potential risks but no major 
side effects related to steroid use were demonstrated during this 
study.

Ozone, which has no major side effects, is effective in treating 
inflammatory and degenerative disorders of the musculoskeletal 
system. It has anti-inflammatory and analgesic effects in 
the short and long term. Studies have reported the effects 
of ozone on various conditions including lumbar facet joint 
syndrome, subacromial bursitis, carpal tunnel syndrome, 
hip bursitis, shoulder adhesive capsulitis, herniated disc, and 
temporomandibular joint disorder [13]. Only five patients in the 
present study reported a temporary sensation of pressure in their 
shoulders. This indicated that the procedure was generally well-
tolerated and safe. 

Ozone has multiple benefits for joint health. It reduces oxidative 
stress, promotes joint repair, increases oxygenation, releases 
growth factors and cytokines, and inhibits pro-inflammatory 
cytokines like interferon alpha, TNF-alpha, and ILs [3]. After 
reviewing the available literature on the use of ozone in treating 
shoulder disorders, it is evident that most studies have shown 
the effectiveness of ozone therapy either alone or in combination 
with steroids. Although there have been limited studies on 
the shoulder joint, many studies have been conducted on the 
effects of ozone on knee osteoarthritis [14]. The literature on 
shoulder pain indicates that ozone therapy has proven to be 
beneficial for subacromial bursitis, calcific tendinitis, capsulitis, 
and partial rotator cuff tears [15]. Moreover, some studies 
have demonstrated the positive effects of ozone therapy on 
musculoskeletal disorders, both in the short and long term with 
a single intervention [16]. In our study, we performed the triple 
shoulder injection technique in a single session and observed 
long-term treatment efficacy in both treatment groups. While 
our study did not include patients receiving ozone therapy alone, 
it might be a promising alternative for patients who cannot 
receive steroid treatment due to contraindications or intolerable 
side effects. Furthermore, unlike steroids, ozone therapy is a 
reproducible treatment with additional advantages.

In a recent study on adhesive capsulitis treatment, Foula et al [17] 
included three groups of patients who received intra-articular 
ozone, steroid, and pulse radiofrequency (PRF) injections. The 
study found that steroid injection showed greater pain relief at 
rest compared to ozone and PRF, starting from week one after the 
intervention. However, the ozone and PRF groups had a delayed 
effect but better VAS scores at week 8 post-intervention. All 
three intervention modalities showed significant improvement 
in SPADI, with no significant difference in pain and disability 
components. In a study conducted by Benvenuti [18], it was 
reported that a patient suffering from limited joint range of 
motion and pain was given 10 ml of intra-articular ozone at a 
concentration of 15 µg/ml. Additionally, 0.5 to 1 ml was injected 
into the subacromial bursa and the long head of the biceps 
muscle. This led to a reduction in overall pain and recovery of 
shoulder function. As in our study, the severity of patients’ pain 
decreased with ozone treatment. However, we did not intend to 
inject into the bicipital sulcus as was done in the previous study, 
this indicated that ozone was capable of diffusing throughout the 
tissue, providing relief beyond the site of injection. 

Ghazani et al [6] suggested that although corticosteroids had 
short-term benefits, they lost their effect in the long term, while 
ozone had a longer therapeutic effect and improved pain and 
disability in the longer term. They reported a study of 30 patients 
with impingement syndrome and found that after injecting a 
combination of ozone and steroids into the bursa (with or without 
intra-articular injection), both VAS and SPADI scores improved 
after 2 weeks and 2 months. There was no significant difference 
between the range of motion and ultrasound measurements. 
The corticosteroid was more effective in improving pain and 
disability scores than a single injection of ozone. After following 
the patients for 6 months, we observed that both treatment 
methods showed improvement in the patients’ VAS, SPADI, and 
ROM values. However, patients who received a combination 
of ozone and steroid injections showed better improvements 
compared to patients who received steroid alone injections.

To maintain treatment efficacy and ensure long-term clinical 
improvement, Kara and Gürçay [19] suggested that injections 
should be repeated one to three times per week. In some studies, 
patients were given a higher number of injections than in the 
current study. For instance, Moretti et al [20] evaluated ozone’s 
effectiveness in treating shoulder tendinopathies, and their 
patients received 10 ml ozone (6-10 μg) at the site of maximum 
pain and 10 to 15 ml ozone (15-20 μg) for joints. These injections 
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were given twice a week for a total of 6 sessions for shoulder 
osteoarthritis. The study also had a control group consisting of 40 
patients who were treated with anti-inflammatory mesotherapy. 
The patients who received ozone injections experienced a 
greater reduction in the VAS (from 9.4 to 2.9), while in the 
mesotherapy group, the reduction was from 9 to 6. The study 
found that ozone treatment was significantly better than anti-
inflammatory mesotherapy in improving painful shoulders. In 
a study conducted by Scarchilli [21], 14 individuals who were 
suffering from shoulder pain received an injection of ozone 
into their shoulder joint and subacromial bursa. Patient’s pain 
decreased from 8.5 to 3, and further improved to 1.5 after two 
months. Furthermore, five weekly injections into the posterior 
intra-articular or lateral access improved their 2-month mean 
constant score by approximately 85%. 

Corticosteroid injections were found to be effective in treating 
tendinopathies in the short term, but not in the long term 
according to Coombs et al [22]. In addition, it has been found that 
ozone injection was an effective treatment for acute or chronic 
tendinitis, even in cases where calcium deposits are present [23]. 
A study by Gjonovich et al [24] used a larger dose of ozone (35 
ml) at a concentration of 12-15 μg/ml to treat a painful shoulder 
complicated by rotator cuff lesions. The study reported 67% 
positive results with good pain control and excellent recovery 
of joint function.

In the management of chronic musculoskeletal pain, it is 
important to consider a psychological approach in addition to 
pain control. Recent studies have shown that depression, anxiety, 
and sleep problems are common among individuals with chronic 
musculoskeletal pain [25]. In contrast, the association between 
depressive symptoms and functional and symptomatic disability 
in patients with chronic shoulder pain was poorly understood 
[26]. In a study of 130 patients (96 with rotator cuff disease, 24 
with adhesive capsulitis, and 10 with calcific tendinitis), Cho 
et al [25] reported a high prevalence of depression, anxiety, 
and sleep disturbance in patients with shoulder pain for 3 
months or longer compared with healthy subjects. The authors 
suggested that chronic shoulder pain puts patients at risk of 
developing depression and anxiety. Furthermore, in their study 
of 76 patients with frozen shoulders, Toprak et al [27]. found 
a high prevalence and close association between pain, anxiety, 
and sleep disturbance. The VAS and Beck Anxiety Inventory 
were significantly higher in the patients with frozen shoulders 

than in the controls (p<0.001). However, there was no significant 
difference between patients and controls Beck Depression 
Inventory scores (p=0.067). The current study revealed that 
the BDI scores of patients increased as the duration of pain 
increased and the level of depression have no impact on the 
pain and disability. In order to achieve complete treatment, it 
is crucial to consider the patient’s psychological well-being and 
plan a multimodal treatment approach

It is important to note that structural changes such as degenerative 
joint changes, subacromial-subdeltoid bursitis, biceps and 
rotator cuff tendon disorders, and tears, which are demonstrated 
by shoulder MRI, are prevalent in both symptomatic and 
asymptomatic patients [3]. It is crucial to keep in mind that a 
considerable number of patients might experience multiple co-
existing disorders concurrently. This means a complex challenge 
to their diagnosis and treatment. 

Limitations
The main limitation of this study was retrospective nature and 
the small sample size. Additionally, the lack of long-term follow-
up (longer than 6 months) of the patients was another limitation. 
In this study, triple shoulder injections were administered in 
a single session, were not repeated. There was also no control 
group that received sham or ozone alone injections in the study. 
However, the lack of research on the combination of steroid 
and ozone injections into the shoulder joint, along with the 
assessment of psychological factors, makes this study special. 

CONCLUSION
The results of the study suggested that fluoroscopy-guided triple 
shoulder injection with both treatments improved patient’s VAS, 
SPADI, and ROM of shoulder joint outcomes at the 6-months 
follow-up. However, results were in favour of patients treated 
with combination therapy. This highlights the potential benefits 
of ozone therapy as an adjunct treatment for improved outcomes 
and ozone could be an alternative treatment option for patients 
with shoulder pain. Additionally, the effect of a depressive 
state on the severity of pain could not be shown at any time. 
Shortening the duration of pain in patients might also reduce the 
tendency to depression. Further studies with larger sample sizes 
and randomized controlled trials with longer follow-ups would 
be needed to make a definitive decision about the efficacy of 
triple shoulder injection with steroids plus ozone for short- and 
long-term pain relief.



European Journal of Therapeutics (2024) Bayram D, Asik I.

660

Acknowledgment: During the preparation of this work the 
authors used a program to check grammar mistakes and 
translate parts of the manuscript. After using this tool/service, 
the authors reviewed and edited the content as needed and took 
full responsibility for the content of the publication.

Conflict of interest: None

Funding: This research received no external funding.

Ethical Approval: Ethics Committee of Ankara University 
Faculty of Medicine [decision dated 13.01.2022, No: İ01-01-22]

Author Contributions: Conception: DB - Design: DB- 
Supervision: DB,İA - Fundings: -Materials:DB, İA - Data 
Collection and/or Processing: DB, İA - Analysis and/or 
Interpretation: DB, İA – Literature Review: DB, İA - Writing: 
DB,İA - Critical Review: DB, İA

REFERENCES

[1] Carroll MB, Motley SA, Smith B, Ramsey BC, Baggett AS 
(2018) Comparing corticosteroid preparation and dose in the 
improvement of shoulder function and pain: a randomized, 
single-blind pilot study. Am J Phys Med Rehabil. 97:450–
455. http://dx.doi.org/10.1097/phm.0000000000000758

[2] Lee SW, Tiu T, Roberts J, Lee B, Bartels MN, Oh-Park 
M (2018) Point-of-care ultrasonography findings and care 
use among patients undergoing ultrasound-guided shoulder 
injections. Am J Phys Med Rehabil. 97:56–61. http://dx.doi.
org/10.1097/phm.0000000000000807

[3] Cuce I, Sencan, S, Demir FU, Koc A, Çalış M (2019) 
Efficacy of fluoroscopy-guided triple shoulder injection for 
older patients with nonspecific shoulder pain. Eur Geriatr 
Med 10: 595–602. https://doi.org/10.1007/s41999-018-
00159-9

[4] Erdine S (2011) Üçlü omuz bloğu. In: Erdine S (eds), 
Algolojide Girişimsel Yöntemler. İstanbul, Nobel kitabevi, 
pp 195-198.

[5] Gaujoux-Viala C, Dougados M, Gossec L (2009) Efficacy 
and safety of steroid injections for shoulder and elbow 
tendonitis: a meta-analysis of randomized controlled trials. 
Ann Rheum Dis. 68:1843–1849. http://dx.doi.org/10.1136/
ard.2008.099572

[6] Babaei-Ghazani A, Fadavi HR, Eftekharsadat B, Ebadi S, 
Ahadi T, Ghazaei F, Khabbaz MS (2019). A Randomized 
Control Trial of Comparing Ultrasound-Guided Ozone 
(O2-O3) vs Corticosteroid Injection in Patients With 
Shoulder Impingement. Am J Phys Med Rehabil. 
November. 98(11):1018-1025. http://dx.doi.org/10.1097/
phm.0000000000001240

[7] Bocci VA (2006) Scientific and medical aspects of ozone 
therapy. State of the art. Arch Med Res 37:425–435. https://
doi.org/10.1016/j.arcmed.2005.08.006

[8] Shanta H, Amruta S (2017). Ozone Therapy: An Excellent 
Treatment for Various Diseases International. Journal of 
Pharmacy and pharmaceutical research 10(3), 303-311.

[9] Babaei-Ghazani A, Najarzadeh S, Mansoori K, Forogh B, 
Madani SP, Ebadi S, Fadavi HR, Eftekharsadat B (2018) 
The effects of ultrasound-guided corticosteroid injection 
compared to oxygen–ozone (O 2–O 3) injection in patients 
with knee osteoarthritis: a randomized controlled trial. 
Clin Rheumatol. 37:2517–2527. https://doi.org/10.1007/
s10067-018-4147-6

[10] Bumin G, Tüzün EH, Tonga E (2008). The Shoulder 
Pain and Disability Index (SPADI): Cross-cultural 
adaptation, reliability, and validity of the Turkish version. 
J Back Musculoskelet Rehabil. 21(1): 57-62. http://dx.doi.
org/10.3233/bmr-2008-21108 

[11] Kapci EG, Uslu R, Turkcapar H, Karaoglan A (2008). Beck 
Depression Inventory-II: evaluation of the psychometric 
properties and cut‐off points in a Turkish adult population. 
Depress Anxiety, 25(10), E104-E110. https://doi.
org/10.1002/da.20371

[12] Kamel, SI, Rosas HG, Gorbachova T (2023) Local and 
Systemic Side Effects of Corticosteroid Injections for 
Musculoskeletal Indications. Am J Roentgenol. 1-12. 
https://doi.org/10.2214/AJR.23.30458

[13] Seyam O, Smith NL, Reid I, Gandhi J, Jiang W, Khan SA 
(2018) Clinical utility of ozone therapy for musculoskeletal 
disorders. Med Gas Res. Sep 25;8(3):103-110. http://dx.doi.
org/10.4103/2045-9912.241075

[14] Atar MÖ, Korkmaz N, Aslan SG, Tezen Ö, Köylü Sinem 
Uyar, Demir Yasin, Kesikburun S (2023) Comparison of 
ultrasound-guided subacromial corticosteroid and ozone 

http://dx.doi.org/10.1097/phm.0000000000000758
http://dx.doi.org/10.1097/phm.0000000000000807
http://dx.doi.org/10.1097/phm.0000000000000807
https://doi.org/10.1007/s41999-018-00159-9
https://doi.org/10.1007/s41999-018-00159-9
http://dx.doi.org/10.1136/ard.2008.099572
http://dx.doi.org/10.1136/ard.2008.099572
http://dx.doi.org/10.1097/phm.0000000000001240
http://dx.doi.org/10.1097/phm.0000000000001240
https://doi.org/10.1016/j.arcmed.2005.08.006
https://doi.org/10.1016/j.arcmed.2005.08.006
https://doi.org/10.1007/s10067-018-4147-6
https://doi.org/10.1007/s10067-018-4147-6
http://dx.doi.org/10.3233/bmr-2008-21108
http://dx.doi.org/10.3233/bmr-2008-21108
https://doi.org/10.1002/da.20371
https://doi.org/10.1002/da.20371
https://doi.org/10.2214/AJR.23.30458
http://dx.doi.org/10.4103/2045-9912.241075
http://dx.doi.org/10.4103/2045-9912.241075


European Journal of Therapeutics (2024) Bayram D, Asik I.

661

(O2-O3) injections in the treatment of chronic rotator cuff 
tendinopathy: a randomized clinical trial. Korean J Pain 
36(1):128-136 http://dx.doi.org/10.3344/kjp.22221

[15] Gurger M, Once G, Yilmaz E, Demir Ş, Calik I, Say Y, 
Kavakli A, Key S, Gurbuz MU, Bingollu O (2021) The 
effect of the platelet-rich plasma and ozone therapy on 
tendon-to-bone healing in the rabbit rotator cuff repair 
model. J Orthop Surg Res 16(1): 1-9 https://doi.org/10.1186/
s13018-021-02320-w

[16] Giurazza F, Guarnieri G, Murphy KJ, Muto M (2017) 
Intradiscal O2O3: rationale, injection technique,short-and 
long-term outcomes for the treatment of low back pain due 
to disc herniation. Can Assoc Radiol J 68:171–177. https://
doi.org/10.1016/j.carj.2016.12.007

[17] Foula AS, Sabry LS, Elmulla AF, Kamel MA, Hozien AI 
(2023) Ultrasound-guided Shoulder Intraarticular Ozone 
Injection Versus Pulsed Radiofrequency Application for 
Shoulder Adhesive Capsulitis: A Randomized Controlled 
Trial. Pain Physician. Jul;26(4):E329-E340. PMID: 
37535775. 

[18] Benvenuti P (2006) Oxygen-ozone treatment of the 
knee, shoulder, and hip: A personal experience. Rivista 
Italiana di Ossigeno-Ozonoterapia 5:135-144. https://sid.ir/
paper/655510/en

[19] Kara M, Gürçay E (2020) A Single-Dose Injection of Ozone 
Is Not an Alternative of Corticosteroid Injection in Shoulder 
Impingement Syndrome. Am J Phys Med Rehabil. 99(7):e89. 
http://dx.doi.org/10.1097/phm.0000000000001303 

[20] Moretti B, Lanzisera R, Sisti GL, Moretti L, Patella 
V, Simone C (2005) O2-O3 therapy in tendinopathies 
and entrapment syndromes. Rivista Italiana di 
Ossigenoozonoterapia. 4(1):20-29.

[21] Scarchilli A (2008) Indications and limits of intra-articular 
oxygen-ozone therapy for rotator cuff tendinopathy. Int J 
Ozone Ther. 7:49–52

[22] Coombes BK, Bisset L, Vicenzino B (2010) Efficacy and 
safety of corticosteroid injections and other injections 
for management of tendinopathy: a systematic review of 
randomized controlled trials. Lancet. 376:1751–1767. http://
dx.doi.org/10.1016/s0140-6736(10)61160-9

[23] Ikonomidis S, Iliakis E, Eleftheriadou A, Bratanis D, 
Thomaidis R (2003) Conservative treatment of acute 
or chronic tendinitis with oxygen-ozone mixture. A 
double-blind clinical trial. Rivista Italiana di Ossigeno-
Ozonoterapia. 2: 67–71.

[24] Gjonovich A, Girotto L, GF Sattin (2002) L’Ossigeno-
Ozonoterapia nella spalla dolorosa. (Article in Italian) 
Esperienza clinica. Riv Ital Ossigeno- Ozonoterapia 1: 37-
40.

[25] Cho CH, Jung SW, Park JY, Song KW, Yu KI (2013) Is 
shoulder pain for three months or longer correlated with 
depression, anxiety, and sleep disturbance? J Shoulder 
Elbow Surg. 22(2): 222-228. https://doi.org/10.1016/j.
jse.2012.04.001

[26] Roh YH., Lee BK, Noh JH, Oh JH, Gong HS, Baek GH (2012) 
Effect of depressive symptoms on perceived disability in 
patients with chronic shoulder pain. Arch Orthop Trauma 
Surg 132: 1251–1257. https://doi.org/10.1007/s00402-012-
1545-0

[27] Toprak M, Erden M (2019) ‘Sleep Quality, Pain, Anxiety, 
Depression and Quality of Life in Patients with Frozen 
Shoulder’. J Back Musculoskelet Rehabil. 32(2);287 – 291. 
http://dx.doi.org/10.3233/bmr-171010

How to Cite; 

Bayram D, Asik I (2024) Efficacy of Triple Shoulder 
Injection with Steroids and Ozone in the Treatment of 
Chronic Shoulder Pain and Range of Motion Limitation. Eur 
J Ther. 30(5):652-661. https://doi.org/10.58600/eurjther2227

http://dx.doi.org/10.3344/kjp.22221
https://doi.org/10.1186/s13018-021-02320-w
https://doi.org/10.1186/s13018-021-02320-w
https://doi.org/10.1016/j.carj.2016.12.007
https://doi.org/10.1016/j.carj.2016.12.007
https://sid.ir/paper/655510/en
https://sid.ir/paper/655510/en
http://dx.doi.org/10.1097/phm.0000000000001303
http://dx.doi.org/10.1016/s0140-6736(10)61160-9
http://dx.doi.org/10.1016/s0140-6736(10)61160-9
https://doi.org/10.1016/j.jse.2012.04.001
https://doi.org/10.1016/j.jse.2012.04.001
https://doi.org/10.1007/s00402-012-1545-0
https://doi.org/10.1007/s00402-012-1545-0
http://dx.doi.org/10.3233/bmr-171010
https://doi.org/10.58600/eurjther2227


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

Eur J Ther. 2024;30(5):662-674.
https://doi.org/10.58600/eurjther2151

Original Research

662

ABSTRACT

Objective: This study aimed to analyze the predictive and prognostic value of HER2-low 
expression in hormone receptor (HR) positive human epidermal growth factor receptor-2 
(HER2) negative metastatic breast cancer patients receiving cyclin-dependent kinase-4/6 
inhibitor (CDK4/6i) therapy.
Methods: This retrospective study included patients who received CDK4/6i plus 
endocrine therapy (ET). The pathological and clinical characteristics and survival times 
of the patients were compared and analyzed.
Results: Our study included 122 patients. There were HER2-zero 88(72%) and HER2-
low 34 (28%) patients. The median progression free survival (mPFS) of all patients who 
received CDK4/6i+ET was 21 (95% confidence interval (CI),18.5–23.5) months, while 
mPFS was not reached in the HER2-zero group, and mPFS in the HER2-low group was 
12 (95%CI, 6.8–17.1) months (p=0.001). The mPFS was shorter in patients with primary 
endocrine resistance (6 vs. 21 months, p=0.001). There was a change in the HER2-low 
status of 26(45%) patients with recurrence compared to the first biopsy. In the HER2-
zero and HER2-low groups, 22(25%) and 24(71%) patients, respectively, progressed 
with CDK4/6i+ET (p=0.001). Estrogen receptor (ER) levels less than and greater 
than 50% resulted different mPFS (6 and 21 months, respectively) (p=0.025). Median 
PFS differed based on CDK4/6i+ET combination, treatment line, and best treatment 
response (all p=0.001). In multivariate analysis, HER2 status(p=0.018), chemotherapy 
status(p=0.006), best response status with CDK4/6i (p=0.001) for PFS, and best response 
status with CDK4/6i therapy (p=0.007) for OS were significant. 
Conclusions: In patients with HR+HER- metastatic breast cancer receiving CDK4/6i 
therapy, the duration of mPFS was lower in the HER2-low group than that in the HER2-
zero group. HER2-low expression is a predictive biomarker of response to CDK4/6 
inhibitor therapy.

Keywords: Breast cancer, Endocrine resistance, Cyclin-Dependent Kinases, Her2-low.
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Main Points;
•	HER-2 low status is present in approximately half of all 

breast cancers patients.

•	HER2 expression is dynamic and can change with 
disease progression.

•	 In patients with HR+HER-metastatic breast cancer 
receiving CDK4/6i therapy, the duration of mPFS was 
lower in the HER2-low group than that in the HER2-
zero group. 

•	HER2-low expression is a predictive biomarker of 
response to CDK4/6 inhibitor therapy.

INTRODUCTION
Breast cancer is the most common and important cancer in 
women [1]. Breast cancer is divided into four groups according 
to HER2, HR and ki-67 proliferation index [2]. Currently, it is 
difficult to routinely assess gene expression profiles, and the 
treatment and management of patients are based on the HR and 
HER2 status.

HER2 expression is reported according to College of American 
Pathologists (CAP) guidelines [3]. HER2 expression status was 
further discussed after trastuzumab deruxtecan showed superior 
efficacy in the DESTINY-Breast-04 trial [4]. In this study, 
HER2 immunohistochemistry (IHC) score1+ or 2+ but in situ 
hybridization (ISH) negative patients are defined as “HER2-
low”. HER2-low expression is present in 30% of patients with 
triple-negative breast cancer [5], 43% of patient with non-
metastatic breast cancer [6]. The HER2-low ratio was 48% in 
the HR-negative group and 67% in the HR-positive group [7]. 
There are differences in the results of previous studies regarding 
the prognostic significance of HER2-low status in breast 
cancer. HER2-low expression in early-stage breast cancer were 
associated with better survival [7]. In metastatic triple negative 
patients, HER2 expression had no prognostic significance [5].

A complex bidirectional double crosstalk mechanism between 
the ER and HER2 pathways has been implicated in endocrine 
resistance in patients with luminal-B breast cancer [8]. Therefore, 
it is important to investigate the predictive and prognostic value 
of HER2-low expression in HR+HER2-patients receiving 
CDK4/6i therapy. Douganiotis G et al. found that there was 
no significant difference in PFS in patients receiving CDK4/6i 
treatment; However, PFS was shorter in HER2-low patients [9]. 

Carlino et al. found that HER2-low or HER2-zero expression 
had no significant effect on patients receiving palbociclib [10]. 
Bao et al. showed that PFS was significantly shorter in HER2-
low patients who received CDK4/6i [11].

Different results have been obtained by studies on the predictive 
and prognostic value of HER2-low expression in patients with 
HR+ and HER2- metastatic breast cancer receiving CDK4/6i 
therapy. This study aimed to comprehensively evaluate the 
prognostic and predictive value of HER2-low expression in 
patients with HR positive HER2 negative metastatic breast 
cancer receiving CDK4/6i therapy at a single center.

MATERIALS AND METHODS
Study Design
This study was conducted at the Oncology Clinic of the 
Gaziantep University Faculty of Medicine (Ethics Committee 
of the Gaziantep University Faculty of Medicine, no.2023/48). 
Inclusion criteria: Patients age older 18 years, who received 
CDK4/6i treatment for HR positive and HER2 negative 
metastatic breast cancer, and for whom follow-up and treatment-
related information could be obtained. Patients diagnosed with 
male breast cancer, second malignancy, performance score 
(PS)>2, and those with no information regarding treatment or 
response were excluded from the study.

Patients who received CDK4/6i treatment between May 2020 and 
February 2023 were screened retrospectively at a single center. A 
total of 122 patients who met the inclusion criteria were included 
in this study. Parameters such as age at diagnosis, sex, PS, HER2 
status at diagnosis, PR, ER levels and, ki-67 proliferation index 
in biopsy, stage at diagnosis, endocrine treatment received, 
endocrine resistance status, luminal type, treatments received 
before or after CDK4/6i treatment, date of progression, last 
control, and mortality date were obtained from the patient files 
or electronic systems.

Variables and Outcome Definition
In Turkey, ribociclib and palbociclib were included on the list of 
reimbursement agencies in May 2020. However, abemaciclib is 
not included in the list. All patients in the study were at stage-4; 
some had de novo metastasis while some had metastasis with 
recurrence during follow-up. Some patients received cytotoxic 
chemotherapy during the neoadjuvant phase, whereas others 
received cytotoxic chemotherapy before or after CDK4/6i 
treatment during the metastatic phase. Before CDK4/6i was 
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included in the scope of reimbursement, some patients received 
cytotoxic chemotherapy prior to CDK4/6i treatment during the 
metastatic period, regardless of tumor burden.
For standardization, ER, PR, HER2, and ki-67 proliferation 
index values in breast biopsies at the time of diagnosis were 
analyzed. In patients who were diagnosed at the local stage and 
developed recurrence during follow-up, a repeat biopsy was 
usually performed for metastatic lesions. Patients who were 
HER2 positive in the control biopsy were excluded from the 
study. The discordance in HER2 status between diagnostic and 
repeat biopsies of patients with recurrence was also analyzed.

HER2-zero was defined as an IHC score 0, and HER2-low was 
defined as IHC score 1 or 2++ but with ISH-negative results. For 
ER, <1% was defined as negative, 1–9% as weakly positive, 10–
49% as moderately positive, and 50–100% as strongly positive. 
PR and ki-67 were analyzed by dividing into two groups: between 
1% and 20%, and ≥20%.

During CDK4/6i treatment, response evaluation is usually 
performed using physical examination, radiological evaluation, 
hemogram, biochemistry, and tumor markers. The patients’ best 
responses to treatment were screened retrospectively. Endocrine 
resistance was analyzed as a factor that may affect the PFS 
duration of patients treated with CDK4/6 inhibitors. Endocrine 
resistance, and endocrine sensitivity were analyzed according to 
the advanced breast cancer (ABC) 4 guidelines [12].

PFS was defined as the time from initiation of CDK4/6i treatment 
to the date of progression, last control, or mortality. OS was 
defined as the time from CDK4/6i initiation to the date of the last 
follow-up or mortality.

Statistical Analysis
The distribution pattern and descriptive characteristics of the 
variables were analyzed. Since the variables are generally 
non-parametric, the Mann-Whitney U test was often used 
for comparison. The association between HER2 status and 
clinicopathological features was evaluated using the chi-
squared or Fisher’s exact test. Survival of HER2 groups was 
analyzed using the Kaplan-Meier method. The multivariate Cox 
model included HER2 expression status, ER-positive levels, 
combination of CDK4/6i and ET, chemotherapy status, and best 
response to CDK4/6i treatment. Data were recorded in the SPSS 
program (SPSS Inc., Chicago, IL, USA) and statistical analysis 
were performed. p<0.05 was accepted for significance.

RESULTS 
Patient Characteristics
A total of 122 eligible patients were included. Among these 
patients, 88 (72%) were HER2-zero and 34 (28%) were HER2-
low. Among the HER2-low patients, 19 (16%) had an IHC 
score1+ and 15 (12%) had an IHC score2++/ISH-negative. The 
median age of the study cohort was 48 (27–87)years. Ribociclib 
and palbociclib were administered to 81 (66%) and 41 (34%) 
patients respectively. While 72 (59%) patients had de novo 
metastasis, 50 (41%) had recurrence. Among patients with 
recurrence, 47 patients received adjuvant ET before recurrence. 
The HER2 groups were compared according to the patients’ 
baseline characteristics (Table-1). The baseline characteristics 
were similar between the groups. However, a higher proportion 
of patients in the HER2-zero group did not receive cytotoxic 
chemotherapy (HER2-zero group: 39.8%; HER2-low group: 
8.8%) (p=0.004).

In patients with recurrence, the conversion from HER2-zero at 
diagnosis to HER2-low at recurrence was 16%, the conversion 
from HER2-low at diagnosis to HER2-zero at recurrence was 
29%, while the HER2 status remained unchanged in 55% of 
patients. HER2 groups were compared in terms of ER level, 
PR level, ki-67 proliferation index, tumor grade, luminal type, 
histological type, and CDK4/6i+ET combination (Table-2). The 
frequency of lung, liver, brain, lymph node, and bone metastases 
was similar between HER2 groups (all p>0.05). A significant 
correlation was observed between the best response to CDK4/6i 
treatment and endocrine resistance. While three patients with 
complete response were endocrine sensitive, 9 of the 11 patients 
who progressed had secondary endocrine resistance (p=0.028). 
There were no correlations between the development of endocrine 
resistance and the PR level, ER level, ki-67 proliferation index, 
or HER2 expression status (all p>0.05).

In the HER2-zero group, 52 (59%) patients received first-line 
treatment and 19 (21%) patients received third-line treatment 
and subsequent CDK4/6 inhibitor therapy, while in the HER2-
low group, 9 (26%) patients received first-line treatment and 18 
(52%) patients received third-line treatment and subsequently 
underwent CDK4/6 treatment (p=0.001). In the HER2-zero and 
HER2-low groups, 22 (25%) and 24 (71%) patients, respectively, 
progressed with CDK4/6i+ET (p=0.001). The HER2 expression 
status did not affect the best response to CDK4/6i+ET treatment 
(p=0.497). Prior to CDK4/6i treatment, 40 (33%) patients had a 
median history of 17.5(3–65) months of ET during metastasis.
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Table 1. Patient and treatment characteristics of HER2-zero and HER2-low patients

Demographics All (n:122)
n (%)

Her2-zero (n:88) 
n(%)

Her2-low (n:34) 
n(%)

p value

Age(years)

(median (min-max)) 48(27-87) 49 (27-85 ) 47.5 (29-87 ) 0.444

<65 100(82) 71 (80.7 ) 29 (85.3 )
0.552

≥65 22(18) 17 (19.3 ) 5 (14.7 )

Performance score(PS)

PS-0 64(52.5) 50 (56.8 ) 14 (41.2 )

0.323PS-1 53(43.4) 35(39.8 ) 18 (52.9 )

PS-2 5(4.1) 3(3.4 ) 2 (5.9 )

Stage at diagnosis

Stage-1 2(1.6) 2(2.3 ) 0 (0 )

0.648
Stage-2 11(9) 7 (8 ) 4 (11.8 )

Stage-3 38(31.1) 26(29.5 ) 12 (35.3 )

Stage-4 71(58.2) 53(60.2 ) 18 (52.9 )

Adjuvant endocrine 
therapy

Tamoxifen 11(23.4) 8(23.5 ) 3 (23.1 )

0.766
Tamoxifen+GnRH 18(38.3) 14(41.2 ) 4 (30.8 )

Aromatase inhibitor(Aİ) 17(36.2) 11 (32.4 ) 6 (46.2 )

Aİ+ GnRH 1(2.1) 1 (2.9 ) 0 (0 )

Menopause status

Premenopause 47(38.5) 33 (37.5 ) 14 (41.2 )

0.887Perimenopause 13(10.7) 10 (11.4 ) 3 (8.8 )

Postmenopause 62(50.8) 45 (51.1 ) 17 (50 )

Metastasis status
Recurrence patients 50(41) 35 (39.8 ) 15 (44.1 )

0.662
De novo metastasis 72(59) 53 (60.2 ) 19 (55.9 )

Chemotherapy status

Neo/adjuvant received 46(37.7) 30 (34.1 ) 16 (47.1 )

0.004Received in the metastatic stage 38(31.1) 23 (26.1 ) 15 (44.1 )

Did not receive 38(31.1) 35 (39.8 ) 3 (8.8 )

Radiotherapy status

Palliative 28(23) 17 (19.3 ) 11 (32.4 )

0.202Adjuvant 37(30.3) 26 (29.5 ) 11 (32.4 )

Did not receive 57(46.7) 45 (51.1 ) 12 (35.3 )

CDK4-6i
Ribociclib 81(66.4) 61 (69.3 ) 20 (58.8 )

0.271
Palbociclib 41(33.6) 27 (30.7 ) 14 (41.2 )

Endocrine resistance

Endocrine sensitive 58(47.5) 42 (47.7 ) 16 (47.1 )

0.874Primary resistance. 15(12.3) 10 (11.4 ) 5 (14.7 )

Secondary resistance. 49(40.2) 36 (40.9 ) 13 (38.2 )

GnRH: Gonadotropin-releasing hormone, CDK4/6i:Cyclin-dependent kinase 4 and 6 inhibitors.
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Survival Analysis
There were differences in the duration of mPFS in subgroups 
based on HER2 status, best response to CDK4/6i treatment, 
concomitant ET, CDK4/6i treatment line, ER level, and 
chemotherapy status (Table-3). In the HER2-zero group, median 
PFS duration was not reached. Median PFS was 12 (95% CI, 
6.8–17.1) months in the HER2-low group and 21 (95% CI, 18.5–
23.5) months in all patients (p=0.001) (Figure-1A). Median PFS 

was 20 (95% CI, 9.2–30.8) months in the IHC score1+ group and 
6 (95% CI, 3.4–8.6) months in the IHC score2++/ISH negative 
group (p=0.001). In the multivariate analysis, HER2 status at 
diagnosis, cytotoxic chemotherapy status, and best response to 
CDK4/6i+ET treatment were significant parameters for PFS (p = 
0.018, p = 0.006, p = 0.001, respectively) (Table-4). At the time 
of analysis, 46 (38%) patients had progressed with CDK4/6i+ET 
therapy and 76 (62%) patients were on CDK4/6i+ET therapy.

Table 2. Distribution of tumor characteristics and combination of  CDK4/6i and endocrine therapy in both groups 

Demographics All (n:122)  
n(%)

Her2-0 (n:88)  
n(%)

Her2-low 
(n:34)   n(%)

p value

Histological Type

Invasive ductal carcinoma 84(68.9) 58 (65.9) 26 (76.5)

0.435Invasive lobular carcinoma 15(12.3) 11 (12.5) 4 (11.8)

NOS 23(18.9) 19 (21.6) 4 (11.8)

Percentage of ER

1-9% 2(1.6) 0 (0) 2 (5.9)

0.07110-49% 7(5.7) 5 (5.7) 2 (5.9)

50-100% 113(92.6) 83 (94.3) 30 (88.2)

Percentage of PR

Negative 10(8.2) 6 (6.8) 4 (11.8)

0.5891-20 % 19(15.6) 13 (14.8) 6 (17.6)

≥20% 93(76.2) 69 (78.4) 24 (70.6)

ki-67 proliferation index

Unknown 22(18) 14 (15.9) 8 (23.5)

0.5060-20% 36(29.5) 28 (31.8) 8 (23.5)

≥20% 64(52.5) 46 (52.3) 18 (52.9)

Grade

grade-1 8(6.6) 7 (8) 1 (2.9)

0.726
grade-2 59(48.4) 42 (47.7) 17 (50)

grade-3 21(17.2) 14 (15.9) 7 (20.6)

Unknown 34(27.9) 25 (28.4) 9 (26.5)

Luminal type
luminal-A 33(27) 26 (29.5) 7 (20.6)

0.318
luminal-B 89873) 62 (70.5) 27 (79.4)

Combination of  CDK4/6i and 
endocrine therapy

Palbociclib+letrozole 24(19.7) 16 (18.2) 8 (23.5)

0.737
Ribociclib+letrozole 47(38.5) 35 (39.8) 12 (35.3)

Palbociclib+fulvestrant 17(13.9) 11 (12.5) 6 (17.6)

Ribociclib+fulvestrant 34(27.9) 26 (29.5) 8 (23.5)

Concomitant endocrine therapy
Aromatase inhibitor 71(58.2) 51 (58) 20 (58.8)

0.930
Fulvestrant 51(41.8) 37 (42) 14 (41.2)

NOS: No Specific Type, ER: Estrogen receptor, PR: Progesterone receptor,CDK4/6i: Cyclin-dependent kinase 4 and 6 inhibitors
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Table 3. Comparison of groups with different PFS and overall survival by Kaplan–Meier method

PFS OS
Variables Median(95%CI) 

month
p value Mean(95%CI) 

month
p value

HER2 status HER2-zero NR 0.001 25.7(23.3-28.2) 0.195

HER2-low 12(6.8-17.2) 30.3(24.3-36.4)

All patients 21(18.5-23.5) 32.9(9.5-36.4)

CDK4/6i Ribociclib 20(17.4-22.6) 0.530 33.4(29.3-37.6) 0.631

Palbociclib 21(10.9-31) 23.5(20-26.9)

Change in HER2 status Her2-zero then became Her2-low NR 0.001 25.4(20.7-30.2) 0.031

Her2-low then became Her2-zero 9(4-13.9) 20.2(15.2-25.3)

Her2 unchanged 17(10.8-23.2) 21.5(16.8-26.2)

There was no repeat biopsy NR 36.7(32.5-41)

Metastasis status Recurrence 17(8.5-25.5) 0.052 22.6(19.1-26.2) 0.018

De novo metastatic 27(18.8-35.2) 35.1(31-39.3)

Best response to CDK4/6i partial response 23(18.2-27.8) 0.001 37.5(33.8-40.9) 0.001

stable disease 9(7.2-10.7) 21.8(17.2-26.5)

progressive disease 3(1.9-4.1) 8.3(4.5-12)

Progression with CDK4/6i No 29.6(28.1-31.1) 0.001

Yes 25.3(20-30.5)

Concurrent endocrine therapy aromatase inhibitor NR 0.01 36.3(32-40.8) 0.003

Fulvestrant 18(8.3-27.7) 21(17.5-24.8)

CDK4/6i therapy line 1.line NR 0.001 26.3(23.5-29) 0.527

2.line NR 24.2(19.5-28.8)

3.line 12(7.4-16.6) 32.4(24.6-40.2)

4.line and later 9(3.9-14) 17.9(13.6-22.3)

Primary endocrine resistance No 21(14.5-27.5) 0.001 34(31.4-38) 0.001

Yes 6(4.7-7.2) 16(10-22.9)

Estrogen receptor status 1-9% NR 0.025 10(0.3-19.7) 0.172

10-49% 6(2.1-9.8) 18.7(9.8-27.5)

50-100% 21(18.7-23.2) 33.5(30-37)

CDK4-6i plus endocrine therapy Palbociclib+letrozole NR 0.001 28.7(26.3-31) 0.001

Ribociclib+letrozole NR 34(28-39.9)

Palbociclib+fulvestrant 7(4.7-9.2) 14.4(8.6-20)

Ribociclib+fulvestrant 19(13.9-24) 24.1(20-28)

chemotherapy status Did not receive NR 0.001 21.3(17.9-24.8) 0.047

Received in the metastatic stage 12(0-25.2) 31(25-37)

Neoadjuvant received 17(8.8-25.2) 28.9(26-31.6)

PFS: Progression-free survival, OS: Overall survival, NR: Not reached,CDK4/6i: Cyclin-dependent kinase 4 and 6 inhibitors
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There was no significant difference in mPFS between patients 
receiving ribociclib and those receiving palbociclib (p=0.530). 
The mPFS was 6 (95% CI, 4.8–72) months in patients with primary 
endocrine resistance and 21 (95% CI, 14.5–27.4) months in 
patients without primary endocrine resistance (p=0.001) (Figure-
1B). The mPFS was not reached in patients receiving CDK4/6i 
concomitant letrozole, while mPFS was 18 (95%CI,8.3–27.7) 
months in patients receiving fulvestrant (p=0.01) (Figure-2A). 
The mPFS was 21 (95% CI, 18.8–23.2) months in patients with 
ER levels >50% and 6(95% CI, 2.1–9.8) months in patients with 
ER levels<50% (p=0.025). There was a difference in mPFS based 
on the best response to CDK4/6i+ET treatment and the treatment 
line in which cytotoxic chemotherapy was administered (all 
p<0.001) (Figure-2B). There was a difference in mPFS between 
CDK4/6i+ET combinations, for example, mPFS at 7 (95% CI, 
4.7–9.3) months in the fulvestrant+palbociclib group and 19 
(95% CI, 14–24) months in the fulvestrant+ribociclib group 
(p=0.001) (Figure-3A).

In patients with discordance between diagnosis and repeat 
biopsy, the duration of mPFS could not be reached in patients 

who were HER2-zero initially and then became HER2-low. In 
patients whose HER2 status did not change in the second biopsy, 
mPFS was 17 (955 CI, 10.8–23.2) months. The mPFS was 9 
(95% CI,4.1–13.9) months in patients who were initially HER2-
low and then became HER2-zero (p=0.001) (Figure-3B). 

The median PFS was 20 months in tumor histologica grade 1 
and 2 patients and 7 (95% CI,3.3–10.6) months in grade 3 
patients (p=0.120). The ORR was 69% and the DCR was 90%. 
In 12 patients, treatment was newly initiated or the best-response 
status could not be reached. The mPFS decreased significantly 
with increasing CDK4/6i+ET treatment line (p=0.001). 

In the HER2-zero group, the 24-month survival was 95% and 
the 36-month survival was 86%, while in the HER2-low group, 
the 24-month survival was 93% and the 36-month survival 
was 89% (p=0.578). There were differences in mOS between 
the subgroups, discordance in HER2 status, metastasis status, 
CDK4-6i+ET combinations, primary endocrine resistance, 
chemotherapy status, concurrent ET agent, best response to 
CDK4/6i, and progression with CDK4/6i treatment (Table-3). 

Table 4. Univariable and multivariable analysis of parameters affecting mPFS duration

Univariable Multivariable

Variables HR(95% CI) p value HR(95% CI) p value

HER2 Score-0 Reference 0.001 Reference 0.018

Score-(+1) 1.8(0.9-3.8) 2.08(0.90-4.79)

Score-(+2)/ISH(-) 4.3(2.1-8.8) 3.21(1.38-7.44)

ER ≥50% Reference 0.05 Reference 0.223

10-49% 5.5(1.3-23) 4.59(0.76-27.8)

1-9% 1.4(0.5-3.9) 1.60(0.49-5.12)

CDK4-6i+ET Palbociclib+letrozole Reference 0.015 Reference 0.753

Ribociclib+letrozole 1.3(0.5-3.5) 1.32(0.46-3.77)

Palbociclib+fulvestran 4.1(1.5-11.2) 1.68(0.54-5.16)

Ribociclib+fulvestrant 2(0.8-5.2) 1.05(0.38-2.88)

chemotherapy status Did not receive Reference 0.003 Reference 0.006

Received in the metastatic stage 10.8(2.5-46) 3.56(0.69-18.3)

Neoadjuvant received 12.1(2.8-51.6) 8.99(1.77-45)

CDK4-6i+ET best response partial regression Reference 0.001 Reference 0.001

stable disease 3(1.5-6) 2.98(1.38-6.44)

progressive disease 54(19-149) 83.5(21.9-318)

ER: Estrogen receptor, CDK4/6i: Cyclin-dependent kinase 4 and 6 inhibitors, ET: Endocrine therapy, ISH:in situ hybridization
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Figure 1.A. Median PFS is significantly longer in HER2-zero than that in HER2-low patients. B) Median PFS was significantly 
shorter in patients with primary endocrine resistance.

Figure 2.A. Regardless of the CDK4/6i agent, mPFS was different according to concomitant letrozole or fulvestrant treatment. B) 
The best response status obtained with CDK4/6i+ET combination predicted the duration of mPFS.

Figure 3.A. A difference was observed in the duration of mPFS across different treatment combinations. Similar mPFS was 
observed in patients treated with CDK4-6i plus letrozole combination, while its was significantly lower in those treated with 
fulvestrant+palbociclib combination. B) Moreover,differences were found in the mPFS times in patients whose HER2 status changed 
between biopsy specimen obtained at diagnosis and at recurrence. Patients with HER2-zero in the initial biopsy had significantly 
longer mPFS than those with HER2-low in the initial biopsy (p=0.001).
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In the multivariate analysis, best response to CDK4/6i 
alone was an independent parameter affecting OS duration 
(p=0.007). Following progression with CDK4/6i+ET, patients 
received subsequent treatments: 4 (11%) received ET alone, 9 
(25%) received chemotherapy and ET, and 23 (64%) received 
chemotherapy only. In these patients, the mOS was 9 (95%CI, 
3.8–14.2) months and the best mOS was observed in the group 
that received chemotherapy and ET (p=0.001).

DISCUSSION
In this study, the duration of mPFS with CDK4/6i+ET was lower 
in the HER2-low group than in the HER2-zero group (p=0.001). 
Similarly, the mPFS duration was significantly lower in patients 
with an IHC score2++/ISH- than in patients with IHC score1+ (6 
vs. 20 months). In a study by Bao et al., mPFS was 8.9 months in 
HER2-low patients receiving CDK4/6i+ET treatment, whereas 
mPFS was 18.8 months in HER2-zero patients (p=0.01) [11]. 
In another study, the duration of mPFS was lower in HER2-
low patients receiving CDK4/6i therapy than that in HER2-zero 
patients (1.74 vs.3.35 years), but the difference was not significant 
[9]. In a study by Francesca et al., there was no difference in 
mPFS between HER2 groups who received palbociclib treatment 
alone [10]. The results of our study is consistent with that of two 
of three similar studies in the literature. HER2-low expression 
is a negative predictive biomarker in patients treated with 
CDK4/6i+ET.

The incidence of HER2-low expression varies among breast 
cancer studies. While the incidence of HER2-low was 28% in our 
study, it occurred at different rates (30–77%) in other studies [9-
11]. In a database study analyzing 65,000 patients, the incidence 
of HER2-low status in the ER+ cohort was 65%, while that in the 
ER- cohort was 38% [13]. Differences in the incidence of HER2-
low expression may be related analytical processes, ethnicity, 
and patient group. In the DESTINY-Breast04 study, trastuzumab 
deruxtecan was compared with physician-selected chemotherapy 
in previously treated HER2-low patients, and mPFS was found to 
be 10.1 months vs. 5.4 months in both patients with IHC score1+ 
and score2++/ISH [4]. HER2-low expression is present in nearly 
half of breast cancer patients and is a predictive biomarker for the 
response to antibody-drug conjugates (ADCs).

In our study, there was a change in the HER2-low status of 26 
(45%) patients with recurrence compared to the first biopsy. 
While the mPFS duration could not be reached in those who 
changed from HER2-zero to HER-low, it was 9 months in those 

who changed from HER-low to HER-zero. In other words, the 
mPFS duration of patients with discordance between biopsies 
was determined using the HER2 expression status in the first 
biopsy. In a study conducted in China, changes in HER2-low 
status were analyzed in 247 patients with recurrent breast cancer. 
The twenty-five (49%) patients who were initially HER2-zero 
and 19 (27%) who were initially HER2-positive converted to 
HER2-low. Changes in HER2 status were observed in up to 
20% of all study patients [14]. The HER2-low expression status 
is dynamic, similar to the hormone profile in breast cancer, and 
may change during progression. Tissue sampling during disease 
progression is essential to detect the potential benefits of ADC 
and dynamic HER2 expression.

In our study, patients with complete response to CDK4/6i+ET 
treatment were endocrine sensitive, whereas patients with 
progressive disease with CDK4/6i+ET treatment often had 
secondary endocrine resistance. If the patient had secondary 
endocrine resistance, the expected response and duration of 
response to CDK4/6i+ET treatment were reduced compared 
to those in endocrine-sensitive patients. There are common 
pathways involved in the mechanisms of endocrine resistance 
and resistance to CDK4/6i therapy [15]. Furthermore, in our 
study, 25% of the patients in the HER2-zero group and 71% of the 
patients in the HER2-low group progressed with CDK4/6i+ET 
(p=0.001). The presence of HER2-low expression, such as in 
endocrine resistance, decreased the efficacy of CDK4/6i+ET 
treatment and more patients progressed. The role of HER2 
activation in endocrine resistance in patients with HR+HER-
breast cancer has only been demonstrated in a limited number of 
preclinical studies [16].

The mPFS was lower in patients with tumor histological grade-3 
tumors than that in patients with grades 1-2 tumors (6 vs. 20 
months). This may be related to the low efficacy of CDK4/6 
inhibitors, especially in high-grade and aggressive tumors [17]. 
There was no difference between the median PFS of our patients 
who received ribociclib or palbociclib treatment. In a study in 
which real-life data were analyzed, the PFS times were similar 
for palbociclib and ribociclib (28 and 29 months, respectively) 
[18]. In our study, mPFS was significantly different between 
patients who received cytotoxic chemotherapy before CDK4/6 in 
the metastatic period and those who received CDK4/6i treatment 
as first-line treatment [19]. In a similar study, PFS with CDK4/6i 
was shorter in patients with recurrence and visceral metastases. 
Although the reason for this is not clear, because patients with 
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recurrence usually receive ET as an adjuvant treatment, endocrine 
resistance may develop in these patients; therefore, the response 
to CDK4/6i+ET treatment is reduced. 

In our study, we found that the duration of mPFS increased 
significantly as the estrogen receptor levels increased. Similarly, 
previous studies have shown that the benefits of ET increase as 
estrogen and progesterone receptor expression increases [20]. 
The improvement in PFS duration with increasing ER levels may 
be attributed to the increased efficacy of ET used concomitantly 
with CDK4/6i. Similarly, because fulvestrant is generally used in 
cases of endocrine resistance, the PFS time of patients receiving 
fulvestrant was shorter than that of patients receiving letrozole. 
In our patients receiving palbociclib+fulvestrant had a mPFS of 
7 months, similar to the PFS of 9.5 months in the PALOMA-3 
study [21]. In our patients who received ribociclib+fulvestrant 
combination therapy, mPFS was 19 months, similar to the mPFS 
of 20.5 months in the MONALEESA-3 study [22].

In our study, the best response status of patients predicted the 
benefit of CDK4/6i+ET treatment (p=0.001) (Table-5). The ORR 
was 69% and the DCR was 90%; in PALOMA-2, a prospective 
study, the ORR was 56% and the DRC was 87%, with similar 
rates [23]. In our study, the use of CDK4/6 inhibitors in the first 
step resulted in a significant difference in mPFS compared to the 
use of CDK4-6 inhibitors in subsequent steps. In other studies, 
longer mPFS durations were observed with first-line CDK4/6i 
therapy [21, 22].

In an Austrian study, HER2-low expression was frequent in 
metastatic HR+ breast cancer and had no effect on prognosis 
[24]. HER2-low expression in early-stage breast cancer was 
considered a good prognostic biomarker in both HR positive 
and HR negative patients [7]. As tumor biology, resistance 
mechanisms, and mutations observedin the early and metastatic 
stages of breast cancer may differ, HER2 expression may have 
a different prognostic value. The CDK4/6i-dependent mOS of 
patients with recurrence was significantly shorter than that of 
patients with denovo metastasis. As patients with recurrence 
usually receive adjuvant ET before CDK4/6i and CDK4/6i 
therapy during the endocrine resistance period, the benefits 
provided by CDK4/6i are reduced. In our study, the CDK4/6i-
dependent mOS duration was shorter in patients with primary 
endocrine resistance and those receiving fulvestrant treatment. In 
our study, the prognostic value of HER2-low expression for OS 
duration was not found. The survival times were consistent with 
those reported in previous studies [21]. 

The step in which CDK4/6i+ET was administered was significant 
for mPFS but not for mOS. Patients who progressed with 
CDK4/6I+ET treatment received ET or chemotherapy, and their 
mPFS was 9 months. In the DESTINYBreast-04 study, the mPFS 
was 10 months with trastuzumab deruxtecan treatment after 70% 
of the patients received CDK4/6i treatment [4]. Administration 
of trastuzumab deruxtecan after progression with CDK4/6i in 
HER2-low patients may prolong overall survival in this patient 
group. The best response to CDK4/6i+ET treatment was an 
independent parameter affecting OS duration in our study. 

Table 5.  Response rates, Endocrine resistance status, and mPFS duration of patients with the best response to CDK4-6i and endocrine 
therapy combination treatment

Best response status n(%) 
mPFS (95%CI) 
month

Endocrine resistance status
Endocrine 
sensitive, n(%)

primary 
resistance n(%)

secondary resistance 
n(%)

complete response 3(2.5%) NR 3(100) - -

partial regression 73(60%) 23(18.2-27.8) 33(45.2) 28(38.4) 12(16.4)

stable disease 23(19%) 9(7.3-10.7) 14(60.9) 7(30.4) 2(8.7)

progressive disease 11(9%) 3(1.9-4) 2(18.2) 9(81.8) -

Overall 110 20(17.7-22.3) 52(47.3) 44(40) 14(12.7)

mPFS: median Progression-free survival, NR: Not reached
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Limitations
Retrospective design, the fact that CDK4/6i+ET treatment was 
applied at different steps, and relatively limited number of patients 
are the limitations of the study. Nevertheless, this is one of the 
few studies investigating the HER2-low expression in patients 
receiving CDK4/6i+ET treatment. Factors that may affect patient 
survival were comprehensively analyzed. The difference between 
this and other studies is that we also investigated the relationship 
between endocrine resistance and HER2-low status.

CONCLUSION
HER2-low expression is present in nearly half of the patients 
with breast cancer and may change during disease progression. 
HER2-low patients progressed more with CDK4/6i treatment, 
and their mPFS was lower than that of the HER2-zero group. 
Independent parameters affecting mPFS duration were HER2-
low status, best response to CDK4/6i+ET treatment, and 
cytotoxic chemotherapy status. HER2-low expression was not 
a prognostic factor for OS but a predicted response to CDK4/6i 
treatment. Randomized studies are required to determine the 
predictive value of HER2-low expression in patients receiving 
CDK4/6i.
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ABSTRACT
Objective: In vitro models of skeletal muscle often utilize primary myoblast cells or 
myoblast cell lines. Myoblasts require adhesion to the extracellular matrix (ECM) to 
grow, proliferate, migrate, and differentiate in their natural environments in vivo. To 
meet the adhesion needs of adhesive cells under in vitro conditions, culture surfaces 
are coated with various biological or synthetic compounds. Within the scope of the 
study, the differentiation potential of H2K myoblasts, a cell line resembling primary 
myoblasts, were comparatively evaluated through morphological analysis on culture 
surfaces coated with various ECM and synthetic materials.
Methods: The culture surfaces were coated with fibronectin and laminin, the major 
adhesion proteins of ECM; gelatin, a molecular derivative of collagen; matrigel, an ECM 
extract; and PLL, a synthetic poly-amino acid. Cells were allowed to differentiate in each 
culture medium for 4 days and their capacity to adhere to the surface and differentiation 
rates from myoblast to myotube were evaluated by morphological analysis.
Results: In the uncoated culture environment, cells could only attach to 30-50% of the 
culture surface and myotube development was limited and not aligned with each other. 
On surfaces coated with PLL, no myotube development was observed and cells could 
only attach to 30-40% of the culture surface. Myotube development and alignment were 
similar on all surfaces coated with ECM components. On surfaces coated with ECM 
components laminin, fibronectin and matrigel, cells covered the entire culture surface 
and exhibited similar myotube development. However, on surfaces coated with gelatin, 
both cell adhesion to the surface and myotube development were limited compared to 
other ECM components. The mean myotube diameters of fibronectin, laminin, matrigel, 
PLL+laminin and gelatin were 49.71µm (±16.3µm), 52.31µm (±15.7µm), 51.9µm 
(±15.3µm), 53.06µm (±14.2µm) and 35.25µm (±11.4µm), respectively.
Conclusion: Within the scope of the study, it was revealed that coating the culture 
surface with only a cationic material such as PLL does not support myogenesis and 
ECM components are needed for cell viability and differentiation.

Keywords: Myogenesis, fibronectin, laminin, matrigel, gelatin, poly-l-lysine
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Main Points

• Myogenic cells need to interact with ECM in order 
to perform biological activities such as proliferation, 
migration and differentiation in their natural 
environment.

• Under in vitro conditions, a suitable adhesion 
environment must be provided to maintain myogenicity 
and to model the biological activities of myogenic cells.

• In order to mimic the adhesive environment of 
adhesion-dependent cells in vivo, the culture surface is 
usually coated with extracellular matrix components or 
synthetic polymers.

• This study well demonstrated that ECM components are 
necessary and sufficient for in vitro myogenesis.

INTRODUCTION
The human body is composed of approximately 650 skeletal 
muscles, which account for almost half of the entire body 
mass. Each skeletal muscle is composed of thousands of 
elongated, multinucleated cells, called muscle fibers, which are 
organized together through the extracellular matrix (ECM) to 
contract synchronously. The dynamic structure of this massive 
organization is kept under adaptive control by neural and 
physical stimulation, hormonal balance and nutrient availability 
[1-4]. Skeletal muscle performs many important functions, 
both mechanical and metabolic. It is connected to the bones by 
tendons and directs all movements of the body. It also maintains 
the posture of the body and keeps it in balance. It provides the 
power required for movement by converting chemical energy 
into mechanical energy during contractions. The heat generated 
during this process is used to maintain body temperature. 
Approximately 80% of circulating glucose is consumed by 
the muscles. Important compounds such as carbohydrates and 
amino acids are stored in the muscles.  In case of starvation, they 
are able to utilize their stores for the energy the body needs for 
movement; they are also able to supply the amino acids needed 
to support protein synthesis in other tissues [5-7].

Deficiency of a protein in the skeletal muscle itself, as in Duchenne 
muscular dystrophy, or neurological diseases that prevent muscle 
innervation, as in amyotrophic lateral sclerosis, lead to chronic 
degeneration of skeletal muscles [8, 9]. Furthermore, metabolic 
diseases such as diabetes, sarcopenia and cachexia affect the 
normal availability of hormones, nutrients, metabolites and other 

important soluble modulators required for skeletal muscles, 
leading to skeletal muscle atrophy with a significant impact on 
quality of life [10-12]. For this reason, the molecules that both 
constitute the structure of skeletal muscle itself and provide its 
adaptive dynamism are the subject of intense research.

Typically, myoblast cultures are utilized in investigating 
conditions that contribute to skeletal muscle pathophysiology. 
For this purpose, various myoblast cell lines such as C2C12, 
H2K, and L6, as well as primary myoblast cultures from 
humans or different animals, can be established [13-15]. In order 
to mimic muscle fibers in skeletal muscles, the differentiation 
of myoblast cells is stimulated to fuse with each other and 
form myotubes. Since myoblasts and myotubes are adhesion-
dependent cells, they need to adhere to culture surfaces [16, 
17]. In order to mimic the adhesive environment of adhesion-
dependent cells in vivo, the culture surface is usually coated 
with ECM components or synthetic polymers [18, 19]. Although 
there is no generally accepted culture surface coating material 
for myogenic cells, culture surfaces are commonly coated with 
various materials in the myogenic differentiation process due to 
their low capacity to adhere only to physically treated culture 
surfaces. Within the scope of the study, the differentiation 
potential of H2K myoblasts, which have a very low capacity to 
adhere to the uncoated culture surface like primary myoblasts, 
on the culture surface coated with various ECM components 
and synthetic materials was evaluated comparatively by 
morphological analysis.

MATERIAL AND METHODS
Coating Procedures and Cell Culture Conditions 
Before seeding cells, the well surfaces of 12-well plates were 
coated with 0.1 mg/ml poly-l-lysine (PLL) (Sigma, P5899), 1.5 
µg/cm² laminin (Sigma, L2020), 1.5 µg/cm² fibronectin (Sigma, 
F2006), 0.1% gelatin (Sigma, G1393), and 100 µg/ml matrigel 
(Corning, CLS354234). To ensure adherence of the materials to 
the well surfaces, plates coated with laminin and gelatin were 
incubated for 2 hours and 45 minutes at 37°C, respectively; 
matrigel-coated plates were incubated for 1 hour at room 
temperature; and plates coated with fibronectin and PLL were 
air-dried for 2 hours. Additionally, to coat PLL-coated plates 
with laminin, after air-drying PLL-coated plates for 2 hours, 1.5 
µg/cm² laminin was applied and incubated for 2 hours at 37°C.

The conditionally immortal mouse H2K myogenic cell line 
[20] was used for the experiments. A seeding density of 1 × 
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105 myoblasts per well was used with growth medium (GM) 
containing high glucose DMEM (Dulbecco’s modified Eagle’s 
medium; Invitrogen, Gibco), 20% FBS (Fetal Bovine Serum; 
Biochrom), 0.5% chick embryo extracts (CEEs; US Biological), 
and 20 U/mL interferon (IFN)-γ (Roche). Cells were initially 
incubated in GM in a humidified incubator (33°C, 10% CO2) for 
one day and then induced to differentiate using differentiation 
medium (DM) containing high glucose DMEM (Gibco) and 5% 
HS (Horse Serum, Biochrom) in a humidified incubator (37°C, 
5% CO2). Cells were allowed to differentiate for 4 days and were 
visualized using phase contrast brightfield microscopy. Images 
were captured at 100X magnification. At least 100 myotubes 
were randomly selected from 12 fields in triplicate wells for 
each experimental condition. The diameter of each myotube 
was measured at three approximately equidistant points along 
their length using Image J software (NIH) to calculate the mean 
diameter.

RESULTS
To evaluate the extent to which coating the culture surface 
with various biological and synthetic molecules affects the 
myogenesis performance of myoblasts, the H2K cell line was 
utilized. Since H2K cells are conditionally immortal, they are 
the cell line most similar to primary myoblasts directly cultured 
from animals, unlike cell lines such as C2C12 or L6 [20, 21]. 
Therefore, just as they need to adhere to ECM proteins under 
in vivo conditions, their need for attachment in the culture 
environment is very high for proliferation and differentiation. 
In order to make a comprehensive comparison, culture surfaces 
were coated with fibronectin and laminin proteins, which are the 
main components of the ECM; gelatin, a molecular derivative of 
collagen; matrigel, a direct ECM extract; and PLL, a synthetic 
poly-amino acid. PLL+laminin coating was also performed in 
order to see the effectiveness of synthetic and biological coating 
materials together. 

The cells were left to differentiate in the culture environment 
for 4 days. It was observed that in the uncoated culture surface 
environment, cell density remained limited to 30-50%, and dead 
cells were found floating on the medium surface in clumped forms 
due to their inability to adhere to the culture surface. It was also 
observed that the limited number of developing myotubes were 
not aligned with each other and that the lengths were shorter and 
the diameters were narrower than the myotubes developing on 
the surface coated with ECM components. In the culture medium 
whose surface was coated only with PLL, cell density remained 

around 30-40%, there were dead cells clumped on the surface of 
the medium and no myotube development was observed. On all 
other surfaces coated with ECM components, it was observed 
that the cell density covering the surface and the development 
of myotubes were more effective. On the culture surface coated 
with gelatin, the number, diameter, length, and alignment of the 
formed myotubes showed more limited development compared 
to other ECM components, and the cells did not cover the entire 
culture surface. The culture surfaces coated with fibronectin, 
laminin, PLL+laminin, and matrigel were completely covered 
by the cells. Additionally, on these surfaces, it was determined 
that myotube development was more effective compared to 
the remaining surfaces, with myotube length, diameter, and 
alignment being similar to each other (Figure 1). Although it can 
be observed under the microscope that myotube development is 
more efficient on surfaces coated with ECM components than 
other coatings, myotube diameter analysis was performed to 
reveal which ECM component supports myotube maturation 
more efficiently. For this purpose, analyses of measuring the 
average myotube diameter and determining myotube contents 
based on their diameters were utilized. The mean myotube 
diameters of fibronectin, laminin, matrigel, PLL+laminin and 
gelatin were 49.71µm (±16.3µm), 52.31µm (±15.7µm), 51.9µm 
(±15.3µm), 53.06µm (±14.2µm) and 35.25µm (±11.4µm), 
respectively (Figure 2A). While the diameters of myotubes 
growing on culture surfaces coated with fibronectin, laminin, 
matrigel and PLL+laminin showed a similar distribution, the 
distribution of myotubes on surfaces coated with gelatin differed 
from the others, with a higher percentage of small diameter 
myotubes and a lower percentage of large diameter myotubes 
compared to other coatings (Figure 2B). 

DISCUSSION
Skeletal muscle development and repair involve the 
differentiation of myoblasts originating from progenitor cells, 
which fuse with each other to form muscle fibers [4]. During 
this process, myoblasts need to migrate to reach other myoblasts 
if a new muscle fiber is being formed, or to reach the existing 
muscle fiber if a damaged muscle fiber is being repaired. For 
myoblasts to both migrate and differentiate, interaction with 
cell adhesion molecules on the cell surface and the ECM is 
necessary. The connections established by integrin proteins on 
the surfaces of myoblasts and muscle fibers with the major ECM 
proteins laminin and fibronectin regulate the processes involved 
in skeletal muscle development and repair [22-26]. Laminin, 
basal lamina’s primary component, consists of three polypeptide 
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Figure 1. Morphological appearance of differentiated H2K myoblasts on different culture surfaces. Representative images 
showing morphological features of myogenic changes of H2K myoblasts differentiated on culture surfaces coated with gelatin, 
fibronectin, matrigel, PLL, laminin, and PLL+laminin after four days. The scale bar is 100 µm.

Figure 2. Myotube diameter analysis. (A) Mean myotube diameters. (B) Distribution of myotube diameters within each group. Data 
are means ± SEM. 
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chains held together by disulfide bonds and plays a major role 
in cell adhesion to the ECM [27-29]. Fibronectin, rich in RGD 
(Arg-Gly-Asp) motifs which serve as ligands for integrins, is an 
important ECM protein that facilitates cell binding to collagen 
and proteoglycans found in the ECM [30]. The presentation of 
these proteins, which support myoblast migration and muscle 
fiber differentiation in vivo, to H2K cells in vitro supported 
myoblast differentiation and myotube maturation. A similar 
differentiation profile was found on surfaces coated with 
matrigel. Matrigel is a basement membrane extract purified 
from murine Engelbreth-Holm-Swarm (EHS) tumors. It is high 
in laminin, entactin, collagen and proteoglycan levels but very 
low in fibronectin. Matrigel also contains many soluble factors 
that promote cell proliferation and growth such as transforming 
growth factor (TGF-beta), epidermal growth factor (EGF), 
insulin-like growth factor (IGF-1) and fibroblast growth factor 
(bFGF) [31]. Therefore, matrigel’s ability to promote myoblast 
differentiation may be attributed to the presence of laminin and 
growth factors and partly to the presence of collagen.  Gelatin is 
a hydrolyzed derivative of collagen. Myoblasts bind to collagen 
molecules via fibronectin, although there are some studies 
showing that muscle fibers can bind directly to collagen [32, 
33]. Although the coating of the culture surface with gelatin 
supports myoblast differentiation, myogenesis efficiency seems 
to be limited compared to other ECM components included 
in the study. The PLL tested in this study did not promote 
differentiation of myoblasts into myotubes. PLL, a synthetic 
lysine polymer, mediates the cationic coating of the culture 
surface and thus the binding of cells to the culture surface due 
to their anionic membrane. The results of the study suggest that 
a cationic surface alone is not sufficient for myogenesis to occur.

CONCLUSIONS
As the largest tissue in the human body, skeletal muscle supports 
numerous vital activities, both mechanical and metabolic. Aging, 
cancer, metabolic diseases, and various genetic conditions often 
impair skeletal muscle function, significantly reducing quality 
of life. Therefore, the development and function of skeletal 
muscle are subjects of extensive research interest. In vitro 
skeletal muscle models, created for this purpose, particularly 
rely on primary myoblast cells that require adhesive conditions 
similar to those in vivo. Within this study, using H2K cells akin 
to primary myoblasts, it was demonstrated that merely coating 
the culture surface with a cationic material does not support 
myogenesis. Instead, it was shown that ECM components are 
necessary to maintain cell viability and enable differentiation, 

highlighting their critical role in this process.
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ABSTRACT

Objective: Crimean Congo Hemorrhagic Fever (CCHF) has an important place in viral 
hemorrhagic fever. Plasma amino acid (AA) levels of patients who were diagnosed with 
CCHF in the acute and convalescent period of the disease were investigated in this 
study.
Methods: 35 patients were included in the study specific polymerase chain reaction 
(PCR) and/or IgM antibody positivity for CCHF virus. AA levels were measured in the 
plasma derived from the blood samples of the patient and control groups, using liquid 
chromatography-mass spectrometry (LC-MS/MS) technique.
Results: In our study, we observed that plasma aspartate, glutamate, histidine, leucine, 
phenylalanine, tyrosine levels increased statistically significantly (p<0.05), while some 
AA levels decreased (p<0.05) in acute stage patients compared to the control groups. In 
addition, while there was an increase in plasma glutamate levels of convalescent patients 
compared to the control groups (p<0.05), there was a significant decrease in other AA 
levels (p<0.05).
Conclusion: Further studies to investigate the relationship between increased or 
decreased AAs in the plasma levels of these patients and the immune system are likely 
to contribute to a better understanding of the pathogenesis of the disease and to guide 
the approach to whether AA supplementation is necessary for treatment.

Keywords: biochemical analysis, Crimean‐Congo hemorrhagic fever virus, metabolic 
analysis, research andanalysis methods

Corresponding Author

Zeynep Ertemür

Address: Department of Infectious 
Diseases and Surveillance, Faculty 
of Medicine, Gaziantep University, 
Gaziantep, Türkiye

E-mail:  zbilgic@cumhuriyet.edu.tr
 zynpbilgic@hotmail.com

This study was presented as an oral 
presentation at the 31st National 
Biochemistry congress held in Gaziantep 
on 18-20 December 2020.

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

Received: 2024-03-26 Accepted: 2024-05-15 Published Online: 2024-05-17

Changes in Plasma Amino Acid Levels in Crimean-Congo Hemorrhagic Fever 
Patients

Zeynep Ertemür 1  , Hüseyin Aydın 2 , Aynur Engin 3 

1 Department of Infectious Diseases and Surveillance, Sivas Cumhuriyet University Faculty of Medicine Hospital, Sivas, Türkiye
2 Department of Biochemistry, Sivas Cumhuriyet University Faculty of Medicine, Sivas, Türkiye
3 Department of Infectious Diseases and Clinical Microbiology, Istanbul Yeni Yuzyil University Faculty of Medicine, Istanbul, 

Türkiye

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

INTRODUCTION
Crimean-Congo Hemorrhagic Fever (CCHF) has an important 
place among the viral hemorrhagic fevers in the world. This 
disease occurs when infected with the CCHF Virus, which 
is classified in the Orthonairovirus genus of the Nairovirus 

family of the Bunyavirales group [1,2]. CCHF disease has a 
wide geographical distribution among tick-borne, medically 
important, viral diseases [2]. The disease is transmitted to 
humans through the attachment of ticks, unprotected contact 
with the blood, body fluids or tissues of infected people or 
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Main Points;

• In the article, the importance of plasma amino acid 
values in CCHF disease was discussed.

• In this study, we found that the plasma levels of some 
AAs decreased and some increased in CCHF patients 
during the acute and recovery periods.

• It is likely that it will contribute to future studies 
between increasing or decreasing plasma AA levels and 
the immune system.

• The article will contribute to a better understanding 
of the pathogenesis of the disease and will provide 
information for further research on whether AA 
supplementation is necessary for treatment.

animals [3].

In healthy people, the AA concentration, which is in balance, is 
disrupted in various pathological conditions and many metabolic 
pathways are affected [4,5]. The need for AAs changes due to 
metabolic changes seen in infections or infectious diseases [4].

Currently, there is an increase in viral infections worldwide. 
CCHF disease is a viral infection that increases exponentially 
every year. It has been known for a long time that plasma AA 
levels are affected by the increase in catabolic and anabolic 
reactions in many diseases, especially infections [6,7]. In a study 
conducted with CCHF patients, Aydın and colleagues. showed 
that plasma glutamine levels decreased in patients [8]. Due to 
the relationship between AA level and distribution, infectious 
diseases, and immune response, we investigated the levels of 
different AAs in the plasma of CCHF patients in the acute and 
convalescent period in this study.

MATERIALS AND METHODS
A total of 70 people, 35 of whom were patients and 35 of whom 
were healthy individuals, were included in this study. The 
patient group consisted of adult patients who were followed up 
in the Infectious Diseases and Clinical Microbiology Service of 
Cumhuriyet University Medical Faculty Research Hospital with 
the diagnosis of CCHF and who wanted to participate in the 
study. The diagnosis of CCHF was made by detecting CCHF-
specific polymerase chain reaction (PCR) and/or CCHF IgM 
antibody positivity in the blood of the patients. Approximately 
2 ml of venous blood was taken from the patients (in the acute 

and convalescent periods) and the control group into hemogram 
tubes with EDTA. Blood samples were taken on the first day of 
hospitalization for the acute stage patient group and on the day 
of discharge for the convalescent stage patient group. A control 
group was formed from 35 volunteers who did not have any 
disease with similar characteristics to the patient group in terms 
of age and gender. For this study, permission was obtained from 
the Ethics Committee of Sivas Cumhuriyet University Faculty 
of Medicine (dated 02/04/2019 and numbered 2019-04/02). 
Informed consent forms were read to the patients and healthy 
volunteers and their signatures were obtained.

Exclusion Criteria 
Alcohol and substance use, autoimmune diseases and those with 
unusual eating habits (for example, those who eliminate certain 
food groups from the diet) were not included in our study. In 
addition, those with any acute or chronic disease (diabetes 
mellitus, hypertension, chronic renal failure, malignancy, 
hematological disorders, etc.) in the patient group, except CCHF 
disease, were not included in our study.

Amino Acid Analysis
The blood samples were taken with a centrifuge device at 4°C 
and 4000 rpm for 10 min. it was centrifuged. The obtained 
plasma was stored at -80°C until the eppendorf tubes were 
portioned and the analyzes were performed. When the number 
of patients required for the study was reached, AA levels 
were measured at once after all samples were brought to room 
temperature. Quantitative AA analysis kit was used with the 
LC-MS/MS device.

Statistical Analysis
Statistical analysis was performed by loading the data obtained 
in the study into the SPSS (version 23.0) program. Descriptive 
statistics for continuous variables in our study; mean, standard 
deviation, minimum and maximum; Categorical variables were 
expressed as numbers and percentages. Shapiro-Wilk (n<50) 
normality test was applied to numerical variables. Parametric 
tests were applied because the measurements were normally 
distributed as a result of the analysis. Independent T-test and 
F (ANOVA) were used to compare measurements according to 
patient groups. In our study, Wilcoxon Sign Test was used to 
compare two-category variables in groups with a correlation. 
Chi-square test was used to determine the relationship between 
categorical variables. The statistical significance level (α) was 
taken as 5% in the calculations.
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RESULTS
In the study, the mean age of the patients was 44.00±20.171 (17-
80 years), while the healthy volunteers were 44.60±12.793 (19-
68 years). While 22 (63%) of the patient group were male and 
13 (37%) were female, 23 (63%) of the control group were male 
and 12 (37%) were female. There was no significant difference 
between the patient and healthy individuals in terms of age and 
gender (p>0.05).

The average weight of the study group; was measured as 
67.03±9.87 (50-88 kg) in the patient group in the acute period, and 
66.11±10.09 (49-86 kg) in the patient group in the convalescent 
period. The amount of protein consumed daily was calculated 
based on the National Food Composition Database [9], the 
Turkish Ministry of Health Nutrition Guide 2015 (TUBER) [10], 
and the Bebis 7.1 program used in the Nutrition and Dietetics 
Department Research and Practice Hospital. Daily protein 
consumption was calculated as 55.97±8.63 gr in the control 
group, 39.12±12.29 gr in the acute period patient group, and 
43.26±9.59 gr in the convalescent patient group (Table 1). The 
dietary habits of the patients before hospitalization were also 
questioned, and the average daily protein intake was calculated. 
The mean hospital stay of the patients was calculated as 
7.69±1.92 days. The average amount of protein consumed daily 
in the patient and control groups is given in Table 1.

In this study, plasma AA aspartate, glutamate, histidine, 
leucine, phenylalanine, and tyrosine levels were significantly 
increased (p<0.05) in the acute period patient group compared 
to the control group, and the decrease in arginine, glutamine, 
proline and tryptophan levels was significant. (p<0.05). While 
an increase was observed in plasma glutamate levels in the 
convalescent group compared to the control group (p<0.05), the 
decrease in alanine, glutamine, asparagine, histidine, arginine, 
serine, tryptophan, tyrosine, methionine, and valine levels was 
statistically significant (p<0.05).

DISCUSSION
AAs are supplied from two sources, exogenous and endogenous. 
In a healthy person who is fed regularly, plasma AA concentration 
is in the balance depending on anabolic and catabolic reactions. 
However, this imbalance due to various pathological conditions 
affects metabolic pathways. Changes in metabolic pathways 
affect morbidity and mortality, especially immune response 
[4,5]. In infectious diseases, the effect of plasma AA levels of 
patients may be a clinical indicator of the magnitude of the 
immune response to the pathogen [6].

Exogenous sources are one of the most important factors 
determining the plasma level of branched-chain AAs (BCAA), 
which include leucine, isoleucine and valine AAs [11]. In our 
study, we found that the daily protein consumption of the acute 
period patient group was lower compared to the pre-disease 
period and the control group (table 1). Plasma levels of BCAAs 
were highest in the acute period (684,68), followed by the 
control group (667,66), followed by the convalescent patient 
group (589,44). The difference between the groups was found 
to be statistically significant (p=8,57x10-30) (table 2). Although 
the daily protein consumption of the acute group was lower than 
that of the control and convalescent groups, the high plasma 
BCAA level in the acute group may be of endogenous origin due 
to the increase in catabolic reactions at the onset of the disease. 
The decrease in the convalescent period may have developed 
due to the decrease in the catabolic/anabolic reaction rate and 
its use as an energy source. Because studies have reported that 
anabolic reactions increase during the recovery period of viral 
and bacterial infections [7], and BCAAs are used as an energy 
source by the muscles during fasting [11,12]. The amino group 
released as a result of BCAA catabolism in skeletal muscle is 
converted to alanine if it gives pyruvate, to glutamate if it gives 
α-keto glutarate, and to glutamine if it gives glutamate and 
is given to the peripheral circulation [11,13]. In our study, we 
found the difference between plasma alanine levels (p=0.0037) 

Table 1. Daily Average Protein consumption (gr)

Mean(gr) ±SD Min.-Maks. p

Control Group (n=35) 55,97±8,64 36,0-72,0

1,07x10-9Acute Period Patient (n=35) 39,13±12,29 16,1-56,4

Convalescent Period Patient (n=35) 43,26±9,59 20,6-58,3

Before Illness (n=35) 47,17±08,32 28,0-60,0
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and glutamate levels (p=2,60x10-18) statistically significant. 
When the groups are compared in pairs; There was an increase 
in plasma alanine (p>0.05) and glutamate (p<0.05) levels in 
the acute patient group compared to the control group, and the 
plasma glutamate level of the convalescent group increased 
compared to the control group (p<0.05), but the alanine level was 
lower (p<0.05). Plasma glutamine levels were highest in healthy 
subjects; When compared to the control group, a statistically 
significant decrease was observed in both the acute and covelling 
period patient groups (Table 2,3). Aydın et al. suggested that the 
plasma level of glutamine decreased due to the increase in the 
use of glutamine in CCHF patients [8]. Increases in alanine and 
glutamate levels may be due to BCAA catabolism as mentioned 
above. However, no increase in glutamine level; It may be due to 
excessive catabolism of BCAAs and increased use of glutamine. 
In a study of patients with sepsis, it was suggested that plasma 
alanine levels increased, which was related to BCAA metabolism 
[14]. This study supports our opinion.

Aspartate and glutamate are non-essential AAs that play an 
important role in the metabolism and function of leukocytes. 
The AA aspartate contributes to the synthesis of purine and 
pyrimidine nucleotides by the proliferation of lymphocytes [15] 
and to the immune response with glutamate [16]. In addition 
to their role in leukocyte metabolism, these AAs are excitatory 
neurotransmitters in the central and peripheral nervous systems 
[15]. Glutamate is a substrate for GABA synthesis in both 
lymphocytes [17] and macrophages [18]. As a precursor of 
glutathione synthesis, it plays a role in the removal of oxidants 
and thus in the regulation of the immune response [19]. It has 
been reported that while plasma aspartate level increases in 
some viral diseases, it decreases in others [20,21,22]. We found 
that plasma aspartate levels of CCHF patients in the acute phase 
were significantly increased compared to healthy volunteers. We 
did not detect any difference between plasma aspartate levels in 
patients with convalescent periods and individuals in the control 

Table 2. Plasma AA Levels of Control Group and CCHF Patients (Acute and Convalescent).

 Control (µmol/L) Acute (µmol/L) Convalescent (µmol/L)  

Amino acid Mean SD± Min.-Maks. Mean SD± Min.-Maks. Mean SD± Min.-Maks. p

Ala* 782,84 33,94 325-1144 864,38 51,44 331-2126 661,61 38,62 242-1212 0,0037

Arg* 96,3 10,18 17-302 33,71 6,63 7-190 32,45 4,95 3-135 4,89x10-9

Asn* 73,83 2,89 44-108 65,94 3,86 16-144 53,41 3,11 10-95 1,43x10-4

Asp* 26,99 2,42 10-84 49,46 5,76 8-185 26,16 2,69 9-64 7.95x10-5

Phe* 94,65 2,25 69-124 179,89 17,30 83-614 97,30 4,60 59-190 1.47x10-8

Glu* 99,35 4,27 61-148 326,69 19,46 198-589 304,50 19,11 140-607 2.60x10-18

Gln* 939,63 23,45 655-1205 695,03 37,90 281-1162 482,99 36,85 65-902 3.72x10-15

Gly 412,41 21,32 197-733 383,37 32,42 20-1151 374,65 37,61 17-1252 0,670

His* 129,11 3,37 97-176 141,19 4,05 92-182 95,44 3,40 60-126 3.16x10-14

İle 138,60 7,77 83-319 135,82 6,97 59-245 124,71 5,93 63-224 0,330

Leu* 186,99 8,03 119-308 227,32 10,46 113-368 190,61 9,6 109-329 4.49x10-3

Lys 346,43 11,83 214-519 328,67 9,92 183-462 315,06 12,57 209-481 0,159

Met* 37,83 1,57 21-60 33,88 3,64 0,5-87 27,29 2,19 6-51 0,019

Pro* 412,83 25,67 168-781 323,62 18,25 117-562 288,10 20,16 134-584 0,28x10-4

Ser* 200,92 8,97 114-287 213,69 9,57 119-385 165,10 5,87 121-246 2.08x10-4

Cys 3,45 0,97 0-25 3,74 0,67 0-21 3,80 0,78 0-18 0,94

Tyr* 122,35 4,35 75-173 144,50 7,52 81-243 98 4,97 60-211 7.76x10-7

Thr 251,58 19,28 9-410 221,16 11,63 90-396 218,23 12,69 14-406 0,985

Trp* 92,40 3,21 46-128 66,44 4,14 17-123 54,46 2,64 24-82 1.04x10-11

Val* 342,07 12,98 223-567 321,54 13,04 184-525 274,12 10,77 191-436 0,001

BCAA* 667,66 27,83 466-1186 684,68 28,94 357-1075 589,44 9,60 109-329 8,57x10-30

* p<0,05
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group (Table 3).
Although glutamin (Gln) and alanine constitute only 6-8% of 
the structural muscle protein, Gln and alanine constitute 70% 
of the AAs released by skeletal muscle during stress and sepsis 
[23]. Studies have reported that the plasma Gln level of HIV, 
Dengue Fever, and CCHF patients is decreased [8,21,22]. In 
another study, it was shown that oxidative stress increased 
in CCHF patients [24]. During stress and sepsis, serum and 
intracellular Gln concentration decrease, and under these 
conditions it becomes an essential AA [23]. In addition, Gln 
is an important energy source for immune system cells [25] 
and is very important for the synthesis of glutathione [26] and 

nucleotides (purine and pyrimidine) [27]. In our study, we 
found that plasma Gln level was statistically significantly lower 
in acute (p=1,12x10-6) and convalescent period (p=4,37x10-16) 
patients when compared to the control group consisting of 
healthy individuals. When we look at these results, it is seen 
that our results are compatible with the studies mentioned 
above. We thought that the endogenous synthesis of glutamine 
increased in our patient group, but the low plasma level could 
be due to oxidative stress, purine, pyrimine synthesis, and the 
glutaminolysis pathway.

Asparagine (Asn) is a non-essential AA synthesized from 

Table 3. Pairwise Comparison of Plasma AA Levels of Groups.
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aspartate and Gln by the ATP-dependent asparagine synthase 
enzyme. Petra et al. reported a decrease in plasma asparagine 
level in Dengue Fever [22]. In our study, plasma asparagine 
level in the acute period patient group was compared with 
the control group and the convalescent period; accordingly, 
while the decrease in acute period patients was not significant 
compared to the control group (p=0.078), it was significant 
compared to the convalescent period patients (p<0.01). When 
the plasma asparagine level in the convalescent period patients 
was compared with the control group; The decrease in patients 
with the convalescent period was found to be statistically 
significant (p=2,14x10-5). While many non-essential AAs require 
intermediates of Gln metabolism for de-novo synthesis, Asn is 
dependent only on Gln [28]. It is possible that the low level of 
Asn is due to the decrease in the level of plasma Gln. It is also 
possible that the plasma Asn level is due to decreased activity 
of the enzyme. Because the enzyme Asparagine synthetase, 
which is ATP dependent, is the only enzyme that catalyzes the 
biosynthesis of Asn [28]. The need for ATP increases in viral 
diseases [29]. Therefore, the decrease in the Asn level may also 
have resulted from the energy deficit.

In the Wannemacher study, it was reported that plasma 
tryptophan and phenylalanine (Phe) levels increase in bacterial 
or viral infections [6]. Tryptophan, the precursor of serotonin 
and melatonin, is an essential AA [30]. It has been suggested that 
tryptophan metabolites affect both innate and acquired immunity 
[31]. Petra et al. reported that plasma tryptophan levels decreased 
in dengue fever [22]. Hortin and colleagues showed that there 
was a significant decrease in plasma tryptophan concentration 
in patients with HIV [32]. In our study, plasma tryptophan 
levels in CCHF patients in the acute phase of the disease were 
decreased compared to the control group (p<0.05). The results 
of Petra and colleagues [22] and Hortin and colleagues [32] are 
similar to our study results. Hortin et al. attributed the decrease 
in tryptophan to the response to HIV infection [32]. A similar 
situation is possible for CCHF patients. In other words, the low 
plasma tryptophan level we detected in CCHF patients may be 
related to the immune response of the host against infection.

The change in plasma AAs seen in infections is markedly 
different from the change seen in fasting. In many studies, 
it has been shown that plasma phenylalanine (Phe) level is 
affected in the presence of infection. Wannemacher et al. [6] 
reported increased levels of Phe in bacterial or viral infections, 
Yang et al. [20], in acute and chronic hepatitis, and Petra et al. 

[22] in dengue fever. Freund et al. reported that it increased 
significantly in patients with sepsis, and this rate decreased in 
patients who recovered [14]. Ziegler et al., in their study, found 
the plasma phenylalanine amount in HIV-infected individuals 
to be significantly lower than in healthy individuals [21]. In 
our study, plasma Phe levels in the control group and patients 
in the convalescent period were similar. However, plasma Phe 
levels in acute CCHF patients were increased by compared 
to the control group (p=8,03x10-8). In addition, in our patient 
group, we found that the plasma Phe level in the convalescent 
period decreased compared to the acute period. In the studies 
mentioned above, it has been suggested that the increase in 
plasma phenylalanine level may be due to liver failure, muscle 
mass proteolysis, and changes in the activity of phenylalanine 
hydroxylase/dihydropteridine reductase enzymes. Powanda et 
al. suggested that phenylalanine hydroxylase activity decreased 
in mice infected with tularemia [33], while Wannemacher 
suggested that liver phenylalanine hydroxylase activity did not 
change in mice with pneumonia [6]. While our study results are 
consistent with the studies mentioned above [6,20,22], they show 
full parallelism with the study of Freund et al. [14] We did not 
look at muscle mass proteolysis and changes in the activity of 
phenylalanine hydroxylase/dihydropteridine reductase enzymes 
in CCHF patients, as this was not within the scope of our study. 
Further studies investigating how the expression or activity of 
phenylalanine hydroxylase/dihydropteridine reductase enzymes 
are affected in CCHF patients are likely to contribute to a better 
understanding of the pathogenesis of the disease.

Tyrosine ceases to be essential in the presence of sufficient 
phenylalanine in the organism. In the fasted state, only a small 
part of phenylalanine participates in tyrosine synthesis, while 
the majority participates in protein synthesis [6]. Tyrosine is the 
precursor of many biomolecules (catecholamines and thyroid 
hormones) [30]. Hortin and colleagues [32] and Ziegler and 
colleagues reported a decrease in plasma tyrosine levels in HIV 
[21], and Perte and colleagues in Dengue Fever [22]. Yang and 
colleagues found that plasma tyrosine levels increase in acute 
hepatitis, and increase in chronic hepatitis in proportion to 
the severity of the disease (moderate, severe) [20]. Freund and 
colleagues reported that plasma tyrosine levels increased in 
patients with sepsis, and this rate decreased in survivors after 
treatment [14]. In our study, we found that plasma Tyr levels in 
CCHF patients increased in the acute period compared to the 
healthy group (p=0.008), and decreased significantly (p=0.004) 
in patients who were discharged after treatment. While our 
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results were consistent with the study results of Yang and 
Freund’s colleagues, they were not compatible with the results 
of other researchers.

Glycine is required for many metabolic pathways such as 
glutathione synthesis and purine nucleotides [34, 35]. Although 
it is generally known as a nonessential AA, it is also called 
a conditionally essential AA because it can be synthesized 
endogenously in a certain amount [32]. It is also a powerful 
antioxidant that scavenges free radicals [36]. Hortin and 
colleagues reported an increase in plasma glycine value in HIV 
[32]. Yang’s team reported that plasma glycine levels decreased 
in acute and chronic hepatitis [20], and Petra in Dengue [22]. 
Ziegler and colleagues reported that there was no significant 
change in HIV [21]. In our study, acute and convalescent plasma 
glycine levels were decreased in our patient group compared 
to the control group, but this decrease was not statistically 
significant (p>0.05). The plasma glycine level in our study was 
in line with the results of Petra and Yang and their team, while 
not in agreement with the results of Hortin. It has been known 
for a long time that replication and oxidative stress increase in 
viral infection. Various studies have shown that oxidative stress 
is increased in CCHF patients and the antioxidant system is 
activated to prevent oxidative damage [24]. It is possible that the 
decrease in plasma glycine levels of CCHF patients is due to the 
activation of these metabolic pathways.

Proline and hydroxyproline make up one-third of the AAs 
in collagen, and they are important for the immune system 
[37,38]. In studies, it has been reported that plasma proline 
levels decrease in acute/chronic hepatitis [20] and HIV [21]. In 
our study, a significant decrease (p<0.01) was found in plasma 
proline levels in the patient group (in the acute and convalescent 
period) compared to the control group. However, no significant 
difference was found between the acute and convalescent 
patient groups (p=0.247). Our study results are similar to those 
mentioned above. Considering the increase in plasma glutamate 
level in the acute and convalescent period; It can be thought that 
proline is actively used to support immunity in the acute and 
convalescent period and the proline-P5C cycle is maintained in 
the direction of catabolisation. However, since the effect of this 
cycle on CCHF patients is not fully known, more detailed studies 
by looking at the concentrations of intermediates in this pathway 
will contribute to a better understanding of the pathogenesis 
of the disease. Collagen, in which proline is located, is an 
important structure that protects vascular structures. Damage 

to vascular structures may occur due to decreased collagen 
synthesis as a result of proline deficiency [38]. It is known that 
the main pathology in CCHF patients is endothelial damage. In 
our study, it is possible that the plasma proline level, which we 
found lower in CCHF patients compared to the control group, 
may contribute to the endothelial damage in the patients. Of 
course, further studies on this subject will be useful for our 
better understanding of the pathogenesis of the disease.

One of the important metabolic pathways in which arginine 
participates is nitric oxide (NO) synthesis. NO plays an important 
role in the immune response [39]. Freund et al. While in sepsis 
[14], Hortin reported a decrease in arginine level in HIV [32], 
Ziegler and colleagues reported no significant change in HIV 
[21]. In our study, we found a statistically significant decrease 
(p<0.01) in plasma arginine levels of CCHF patients in the acute 
and convalescent periods compared to the control group. From 
endogenous arginine sources; Despite the significant increase in 
glutamate (p<0.01), we saw a decrease in the amount of arginine; 
It may be due to the increased response to infectious pathogens 
in the acute and convalescent period in CCHF patients.

Plasma contains glycoproteins rich in histidine [40]. Hortin 
reported a statistically insignificant increase in plasma 
histidine levels in HIV [32]. Ziegler did not detect any changes 
[21]. Yang reported a significant decrease in plasma histidine 
levels in acute and chronic hepatitis [20], while Petra reported 
a significant decrease in dengue fever [22]. In our study, a 
statistically significant increase (p=0.02) in plasma histidine 
levels was observed in acute CCHF patients, while a decrease 
was found in the convalescent period (p=2,15x10-9). In addition, 
histidine can be converted to histamine under the influence of 
histidine decarboxylase [38]. In our study, in CCHF patients, 
the amount of protein consumed during the convalescent phase 
of the disease was higher than in the acute phase. Despite the 
increased protein consumption in the convalescent period, the 
decrease in plasma histidine amount may be due to the increase 
in histamine production to support the immune system. Further 
studies are needed for the detailed regulation of the histidine-
histamine pathway and a clearer understanding of its role in 
CCHF.

Serine is a non-essential AA. There are many ways in which the 
series is used; these; are purine and pyrimidine, ethanolamine, 
ceramide, and phosphatidylserine synthesis [4,34]. Hortin found 
that plasma serine level was increased in HIV [32], and Yang 
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in acute and chronic hepatitis [20]. However, Petra reported 
that plasma serine levels decreased in Dengue Fever [22]. 
In our study, we found that plasma serine levels increased in 
the acute phase (p=0.279) and decreased in the convalescent 
period (p=0.003) in CCHF patients. While our results were 
consistent with the results of HIV and hepatitis patients in the 
studies mentioned above, they were not compatible with those of 
Dengue Fever patients.

While more AAs increased in the acute period in CCHF 
patient plasmas, it was observed that they decreased more in 
the convalescent period. We thought that this may be due to 
the increase in catabolic reactions in the acute period and the 
increase in anabolic reactions in the convalescent period. It is 
thought that AAs that decrease in the acute period are used 
in cellular and humoral immune responses (such as cytokine, 
interleukin, acute phase reactant synthesis, purine, and 
pyrimidine synthesis). Since AAs participate in many metabolic 
pathways, it is difficult to discuss them individually. In this 
study, we determined the plasma AA profile of CCHF patients 
in the acute and convalescent periods. 

As seen above, there is no consensus on the effects of AA 
supplementation on disease prognosis, pathophysiology, and 
mortality in many diseases. Since there were no patients who 
died in our study, we could not discuss the effect of plasma AA 
concentrations on mortality. In this study, we determined the 
increased/decreased plasma AA levels of CCHF patients and 
discussed their possible effects on metabolic pathways and the 
immune system. One of the weaknesses of our study is that we 
did not look at the levels of AAs and metabolites in the urine 
of the patients. However, it is an important study in terms of 
investigating the plasma levels of many AAs in the acute and 
convalescent period in CCHF patients. Considering our study 
results, there is a need for more comprehensive studies planned 
for this purpose to interpret the effect of AA supplementation on 
metabolic pathways, immune response, and mortality in CCHF 
patients.

It is known that AAs play an important role in immune response 
and the protection of energy metabolism. Protein loss occurs in 
the body due to catabolism caused by infection, and this loss 
can be balanced by increasing protein intake during recovery. 
Malnutrition can weaken the body’s response to infection. While 
many studies have recently been found suggesting that protein/
AA supplementation may help in the treatment of infectious 

diseases [7,12,14,21,35], studies showing which metabolic 
problems will result from excessive intake of protein/AAs are 
scarcely any.

CONCLUSION
In this study we did, we found that the plasma levels of some AAs 
decreased and some increased during the acute and convalescent 
period in CCHF patients. The differences we detected in plasma 
levels of AAs are likely to be due to different metabolic pathways 
during the acute and convalescent phases of the disease. Further 
studies, which will be planned to investigate the relationship 
between AAs with increasing or decreasing plasma levels and 
the immune system, will contribute to a better understanding 
of the pathogenesis of the disease and provide information on 
whether AA supplementation is necessary in terms of treatment.
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ABSTRACT
Objective: To evaluate demographic, laboratory, biopsy, and imaging variables as 
potential predictors of microbial identification in patients with suspected vertebral 
osteomyelitis, aiming to enhance diagnostic accuracy and optimize patient care.
Methods: This retrospective cohort study analyzed 83 patients who underwent image-
guided percutaneous disc-space sampling between June 2020 and December 2023. 
Inclusion criteria were adults aged ≥18 years with imaging-based evidence of vertebral 
osteomyelitis and clinical suspicion of infection. Exclusion criteria were presence of 
known malignancy and non-infective causes. Demographics, clinical history, imaging, 
biopsy, and microbiology data were collected. Logistic regression analysis was used to 
identify predictors of positive microbiological yield.
Results: Microorganisms were identified in 32 of 83 cases (38.6%), with Mycobacterium 
tuberculosis being the most common pathogen identified (21.9%). Elevated C-reactive 
protein (CRP) levels, erythrocyte sedimentation rate (ESR), and paravertebral signal 
changes on MRI were associated with a positive culture yield. Multivariate analysis 
identified CRP as an independent predictor of positive microbiological results. CT-
guided percutaneous biopsy was found to be safe, with no major complications reported.
Conclusion: CT-guided percutaneous biopsy is a reliable and safe diagnostic tool for 
identifying the causative pathogens in vertebral osteomyelitis. Elevated CRP levels 
were independently associated with positive microbiological yield, highlighting its role 
as a crucial predictor in clinical practice. These findings underscore the importance of 
incorporating CRP levels into the diagnostic process, potentially guiding the selection 
of patients for biopsy to improve the detection of infection.

Keywords: biopsy; discitis; osteomyelitis; vertebra; spinal infection. 
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INTRODUCTION
Vertebral osteomyelitis with secondary discitis predominantly 
affects older men and accounts for a significant proportion (3-

5%) of bone infections [1]. Although spondylodiscitis refers 
to intervertebral disc infections and vertebral osteomyelitis is 
associated with vertebral body invasion, the terms are often 
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Main Points

• CT-guided percutaneous biopsy is a safe diagnostic tool 
for vertebral osteomyelitis.

• Elevated CRP levels serve as a significant independent 
predictor of positive microbiological yield.

• MRI-based paravertebral signal changes correlate with 
higher culture positivity rates.

• Mycobacterium tuberculosis is the most commonly 
identified pathogen, stressing the need for routine TB 
cultures in endemic regions.

used interchangeably due to their concurrent manifestation [2]. 
The incidence, estimated at approximately 2.4 cases per 100,000 
individuals, rises with age and can be attributed to factors such 
as an aging population, an increase in immunocompromised 
states and intravenous drug usage. Left untreated, the condition 
can lead to severe complications, including spinal deformity, 
canal narrowing, paralysis, and a notable death rate of 2%-11% 
[3-5].

Diagnosing and managing vertebral osteomyelitis poses 
significant challenges due to the presence of nonspecific 
symptoms, often resulting in delayed diagnosis and worse 
clinical outcomes, including extended neurological deficits [4, 
6]. Diagnosis involves a comprehensive approach that integrates 
clinical examination, laboratory tests, and imaging modalities. 
Although the laboratory tests, which may show the presence 
of elevated inflammatory markers, can aid in diagnosis, their 
specificity is limited, underscoring the need for improved 
diagnostic strategies [4, 7]. Additionally, blood cultures are 
positive in only 40-60% of the patients [8].

Contrast-enhanced magnetic resonance imaging (MRI) has 
emerged as the preferred imaging modality due to its high 
sensitivity in detecting discitis, although challenges remain, 
particularly in differentiating infectious from non-infectious 
conditions [4, 7, 9-12]. When clinical suspicion persists despite 
negative blood cultures, a direct biopsy is often carried out to 
confirm the presence of infection; yet, its variable sensitivity 
(31-91%) necessitates the identification of predictive factors to 
optimize culture yield [13-15].

The current study aimed to comprehensively evaluate 
demographic, laboratory, biopsy, and imaging variables as 
potential predictors of microbial detection in specimens from 
patients with suspected vertebral osteomyelitis, with the aim 
of improving diagnostic accuracy and patient care through 
consolidated and validated results.

MATERIALS AND METHODS
A retrospective cohort study was conducted on patients who 
underwent image-guided percutaneous disc-space sampling for 
suspected vertebral discitis and/or osteomyelitis between June 
2020 and December 2023, following the acquisition of ethical 
approval.

The inclusion criteria consisted of patients aged 18 years or 
older with imaging-based evidence of vertebral osteomyelitis, 
the presence of edema and contrast enhancement of the 
intervertebral disc, vertebrae, or paravertebral soft tissues. 
Additional criteria were the presence of an abscess or facet 
joint effusion, along with clinical suspicion of osteomyelitis 
as evidenced by manifestations such as back pain, fever, and/
or neurological deficits. Exclusion criteria comprised of known 
or established malignancy and other non-infective causes (e.g., 
reactive osteitis) with clinical or radiological features. Cases 
where imaging results were indeterminate for infection or 
where neoplasm was a major consideration, as well as cases 
with incomplete procedural notes, pathology reports, or clinical 
records, were excluded. Additionally, cases where the biopsy 
was prematurely terminated or led to no specimen submission, 
and cases where the final pathology indicated the presence 
of noninfectious mass lesions, were also excluded. Based on 
these criteria, only one patient out of the 84 initially recruited 
was excluded due to the presence of diffuse B-cell lymphoma, 
resulting in the inclusion of 83 patients in the study.

All relevant patient data, including baseline demographic 
information, clinical history, histopathology, and microbiology 
data, were retrieved from the hospital’s electronic medical 
record system. Imaging data were reviewed on the Radiology 
Department’s electronic Picture Archiving and Communication 
System (PACS) by a musculoskeletal interventional radiologist, 
who was blinded to microbiological or histological results. 
The pre-procedural MRI for all patients was reviewed, with 
the radiologist noting specific imaging features such as disc 
hyperintensity, the presence of paraspinal or paravertebral 
abscess or fluid, epidural abscess, paravertebral signal changes, 



European Journal of Therapeutics (2024) Mutlu I, et al.

695

vertebral endplate signal changes, disc height reduction, disc 
degeneration, and narrowing of the disc space.

Data retrieved from the databases included patient age, sex, 
procedure level, specimen culture/staining result, presence 
or absence of prior antibiotic treatment, procedural details, 
needle size, and blood cultures, as well as pre-procedural CRP, 
ESR, and WBC levels. The history of antibiotic usage was 
obtained from multiple sources, including patient-reported use 
of medications at home, documentation from outside hospital 
transfers, infectious diseases consultation notes, and inpatient 
pharmacy records. Patients with any intravenous antibiotic 

exposure 6 weeks prior to undergoing disc aspiration were 
considered positive for antecedent antibiotic therapy [1].

All biopsies were carried out by the same interventional 
radiologist with 8 years of experience, under local anesthesia 
and CT guidance. The CT-guided biopsy was carried out on a 
Somatom Definition AS plus (Philips, Netherlands), with thin-
slice planning CT scans obtained in the prone position, and 
multiplanar reconstructions that were used for non-traumatic 
biopsy needle positioning. Abscess samples were collected with 
a Chiba® needle (18G).  For the discal space, a Geotek® needle 
(11G, 13G or 16G) was used (Figures 1, 2). 

Figure 1. A 46-year-old male patient presented with severe back pain and fever. The patient had a 3-week history of fevers and 
increasing back pain. In the sagittal T1-weighted (A), T2-weighted (B), and STIR (C), fat-suppressed T1 gadolinium-enhanced (D) 
MR images of the thoracic spine, loss of height and increased T2 signal intensity and enhancement of the L2-3 disk are observed 
(white arrow). Cortical erosions with low T1 signal intensity, high T2 signal intensity, enhancement of adjacent endplates, and 
essentially the entirety of each vertebral body are evident. Additionally, there is high T2 signal intensity and enhancing anterior and 
posterior paravertebral soft tissue centered at this level, which is a concern for discitis-osteomyelitis. An anterior epidural abscess 
(black asterisk) spans L2-3. In the axial T1-weighted fat-suppressed gadolinium-enhanced MR image of the thoracic spine, marked 
enhancement of the L3 vertebral body and overlying anterior paravertebral soft tissues (white abscess) and a right paraspinal 
abscess (white asterisk) are visible.
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Figure 2. A: The sample (same patient as Figure 1) is depicted in the soft tissue window. B: The sample shows the bone window. 
An axial unenhanced CT image, taken with the patient in the prone position during percutaneous biopsy, reveals the needle (white 
arrow) in the paravertebral soft tissues adjacent to the L3 vertebral body. The pathology report noted the presence of acute and 
chronic osteomyelitis. Cultures from the biopsy showed the presence of Staphylococcus aureus infection.

Figure 3. A 75-year-old male patient with a history of severe back pain for three months. A: Sagittal post-contrast lumbar spine 
image shows loss of the L4-5 intervertebral disk, erosions of adjacent endplates, narrowing in the intervertebral disk space, and 
contrast enhancement of vertebral bone (black arrow). B: Post-contrast axial image reveals paravertebral signal changes, contrast 
enhancement (black arrow), and a fistulation tract to the dermal area (white arrow), which is a concern for discitis-osteomyelitis. C 
and D: Axial unenhanced CT images with the patient in the prone position during percutaneous biopsy, taken 6 days after A, show 
a biopsy needle in the L4-5 intervertebral disk (black arrow). The pathology report noted fragments of fibrocollagenous tissue and 
acute and chronic inflammation. Cultures from the biopsy showed the presence of Viridans Group Streptococci.
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The microbiological evaluation of the samples included in the 
study was performed by a microbiology specialist. Materials 
such as abscess, tissue/biopsy taken from patients during the 
procedure were placed in a sterile container and peripheral 
venous blood samples were sent to the microbiology laboratory 
in blood culture bottles. Abscess and tissue/biopsy samples were 
microscopically examined by Gram staining and inoculated 
onto sheep blood agar, eosin-methylene agar and chocolate agar. 
Blood culture samples were placed in the blood culture unit 
and, if the signal was positive, the bottles were microscopically 
examined by Gram staining and inoculated onto appropriate 
media. Microorganisms growing in samples incubated for 
2-3 days under appropriate environmental conditions were 
identified by matrix-assisted laser desorption/ionization-time of 
flight mass spectrometry (MALDI-TOF Microflex LT/SH Smart 
MS, Bruker Daltonics). 

Molecular rapid diagnostic tests have been used for 
Mycobacterium tuberculosis. The BD MAX MDR-TB assay is 
an automated, qualitative molecular assay for the direct detection 
of M. tuberculosis DNA from clinical specimens and was used in 
this study for abscess, tissue/biopsy specimens. Solid samples, 
such as tissue/biopsy samples, are cut into small pieces in a 
sterile mortar. Approximately 2 mL of sterile phosphate buffered 
saline is added to the abscess, tissue/biopsy sample. The sample 
and PBS solution were mixed until a homogeneous suspension 
was obtained. One ml of the prepared sample was mixed with 2 
ml of BD Sample Processing Reagent. Further steps, according 
to the manufacturer’s instructions, took approximately 30 
minutes, and the samples were loaded into the instrument. The 
BD MAX multiplex PCR platform automatically performed 
DNA extraction, target PCR amplification, detection, and result 
interpretation. 

The data were analyzed with SPSS software (version 23, IBM, 
Armonk, NY, USA). The normal distribution of all quantitative 
variables was assessed using the Shapiro–Wilk test, with 
normalizing transformations carried out as necessary. Data 
were expressed as mean ± standard deviation (SD) unless 
otherwise stated. Two-group comparisons utilized Student’s 
t test for continuous variables or the chi-squared test for 
categorical variables. Logistic regression analysis was carried 
out to determine univariable predictors of positive microbial 
yield, with predictors having P < 0.1 included in a multivariable 
model to identify independent predictors of yield. P-values less 
than 0.05 were considered as statistically significant.

RESULTS
A total of 83 vertebral biopsies conducted on 83 patients over 
a period of 3 years were included in the study. All patients 
underwent MR imaging prior to the biopsy. The mean age of the 
patients was 57.63 ± 17.03 years (range: 16 to 86 years) and 36 
were male. Table 1 shows detailed demographics and baseline 
characteristics. Eleven patients (13.2%) presented with fever, 
while two patients (2.4%) experienced acute paraparesis. The 
predominant symptom observed among the majority of patients 
was back pain, accounting for 84.3% of the cases.

The 83 biopsies were conducted on 83 individual patients, with 
no instances of repeat biopsies at our center. All 83 biopsies 
(100%) were successfully carried out without any complications. 
Notably, there were no instances of major or minor hemorrhage, 
infection, fistula formation, or pneumothorax associated with 
the biopsies. Core biopsy procedures were carried out in 74 
(89.1%) patients and aspiration biopsy was carried out in 9 
(10.9%) patients. Microorganisms were detected by PCR or 
culture in 32 cases (38.6%).  Mycobacterium tuberculosis was 
the most common microorganism, accounting for 21.9% of the 
cases, followed by Staphylococcus aureus (18.8%) and viridans 
group Streptococci (15.6%) (Table 2).

In our patient cohort, 34 individuals (41%) had received antibiotic 
therapy prior to biopsy. Remarkably, microbiological findings 
from the biopsy significantly impacted antibiotic management 
in 43 cases (51.8%). For instance, microbial detection results 
led to changes in antibiotic therapy in line with the antibiotic 
susceptibility profiles obtained. In addition, in cases where 
empiric antibiotic treatment was initiated, microbiological 
identification results and antibiotic susceptibility, if any, 
influenced subsequent treatment protocols.

Our study also showed that in 8 out of 32 cases (25%) where 
microorganisms were detected, there was a match between the 
organisms identified in blood cultures and those isolated from 
biopsy samples. In four cases within our cohort, patients required 
surgery due to negative biopsy results. Post-surgery, two patients 
were diagnosed with M. tuberculosis, one with Staphylococcus 
aureus, and one with Actinomyces spp., leading to a revision of 
their treatment plans based on surgical findings. The pathology 
results and biopsy procedural details are summarized in Table 
3. Of the total biopsies performed, 18 (21.7%) were thoracic, 65 
(78.3%) were lumbar, and none were cervical. Biopsy locations 
ranged from T4-5 to T12 and L1-S1, with varying frequencies 
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and percentages across different levels. For example, the most 
common biopsy location was L4-5, accounting for 25.3% of all 
biopsies, followed by L3-4 (14.5%) and L5-S1 (13.3%).

The biopsy locations included the disc, paraspinal paravertebral 
fluid, vertebra endplate, and paravertebral soft tissue. Disc biopsy 
was the most prevalent (49.4%), followed by vertebra endplate 
(34.9%) and paraspinal paravertebral fluid (10.8%). The different 
techniques used for biopsies included transpedicular, trans 
costovertebral, posterior, and posterolateral with transpedicular 
being the most common (59%). Needle sizes varied, with 74.7% 
of biopsies using a needle size of 11. Needle sizes 18 and 13 
accounted for 10.9%, and size 16 for 3.6% of the biopsies.

Pathology results included the presence of inflammation, 
spondylodiscitis osteomyelitis, granulomatous lesions, and 
fungal pathogens along with non-specific findings. Non-specific 
findings were the most common pathology result, accounting 
for 49.4% of all biopsies, followed by inflammation (37.3%) and 
spondylodiscitis osteomyelitis (9.6%). Patient characteristics 
and technical details regarding a positive microbiological yield 
are delineated in Table 1. CRP (p=0.003), sedimentation rate 

(p=0.027), and paravertebral signal changes (p=0.049) were 
significantly associated with a positive culture yield.

Univariate and multivariate analysis results are presented in 
Table 4. Univariate regression analysis was performed to identify 
independent variables that may have an impact on the results of 
microbial detection. We identified that a one-unit increase in the 
CRP value increased the probability of a positive result by 1.02 
times (95% CI: 1.004-1.039; p=0.014). All variables examined in 
univariate analysis and with a p value below 0.1 were included 
in a multivariate logistic regression using the backward logistic 
regression method. The multivariate analysis indicated that a 
one-unit increase in CRP increased the probability of a positive 
microbiological result by 1.01 times (95% CI: 1.003-1.036; 
p=0.021). The Nagelkerke R Square value for the multivariate 
model was 0.168. Other variables, such as age, gender, biopsy 
level, presence of disc hypersensitivity, presence of paraspinal 
or epidural abscesses, paravertebral signal changes, endplate 
signal changes, disc thinning, sedimentation rate, white blood 
cell count and antibiotic use did not show statistically significant 
associations with a positive microbiology result in either 
univariate or multivariate analyses.

Table 1. Biopsy characteristics associated with a positive microbiological yield.

Microorganism detection

Negative (n=51) Positive (n=32) p

Age/mean±SD 59.11±14.19 58.68±16.39 0,900a

CRP/median (IQR) 6.80 (2.60-21.40) 23.55 (9.55-53.77) 0.003 b

ESR/median (IQR) 23.00 (13.00-43.00) 38.00 (22.00-60.50) 0.027 b

WBC/median (IQR) 7.34 (5.90-9.92) 7.89 (6.60-9.20) 0.674 c

n (%) n (%)

Biopsy level

Thoracic 8 (15.7) 10 (31.2) 0.081 c

Lumbar 43 (84.3) 22 (68.8)

Sex 

Female 29 (56.9) 18 (56.3) 0.956 c

Male 22 (43.1) 14 (43.8)

Biopsy localization

Disc 

Yes 45 (88.2) 24 (75.0) 0.117 c

No 6 (11.8) 8 (25.0)



European Journal of Therapeutics (2024) Mutlu I, et al.

699

Paraspinal paravertebral fluid

Yes 4 (7.8) 6 (18.8) 0.128 c

No 47 (92.2) 26 (81.3)

Vertebra endplate

Yes 21 (41.2) 15 (46.9) 0.610 c

No 30 (58.8) 17 (53.1)

Paravertebral soft tissue

Yes 3 (5.9) 4 (12.5) 0.254 c

No 48 (94.1) 28 (87.5)

Biopsy types

Tru-cut 48 (94.1) 26 (81.3) 0.072 c

Aspiration 3 (5.9) 6 (18.8)

MRI findings

Discitis, hyperintensity in the disk

Yes 40 (78.4) 28 (87.5) 0.296 c

No 11 (21.6) 4 (12.5)

Paraspinal paravertebral abscess-fluid

Yes 17 (33.3) 17 (53.1) 0.074 c

No 34 (66.7) 15 (46.9)

Epidural abscess

Yes 3 (5.9) 2 (6.3) 0.644 c

No 48 (94.1) 30 (93.8)

Paravertebral signal changes

Yes 19 (37.3) 19 (59.4) 0.049 c

No 32 (62.7) 13 (40.6)

Vertebral endplate signal changes and irregularities

Yes 45 (88.2) 25 (78.1) 0.217 c

No 6 (11.8) 7 (21.9)

Disk thinning, disc degeneration or narrowing of the disc space

Yes 24 (47.1) 17 (53.1) 0.591 c

No 27 (52.9) 15 (46.9)

Pre-existing antibiotic therapy

Yes 30 (58.8) 19 (59.4) 0.960 c

No 21 (41.2) 13 (40.6)

a Independent sample t test; b Mann-Whitney U test; c Chi square test
CRP:C reactive protein, ESR: Erythrocyte sedimentation rate, WBC: White blood cell
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Table 2. Microorganisms identified from the samples included in the study

Microorganisms n %

Mycobacterium tuberculosis 7 21.9

Staphylococcus aureus 6 18.8

Viridans group Streptococci 5 15.6

Brucella spp. 4 12.5

Coagulase-negative staphylococci 3 9.4

Actinomyces spp. 3 9.4

Candida spp. 2 6.3

Morganella morganii 1 3.1

Bacillius mageterium 1 3.1

Total 32 100

Table 3. Technical and procedural details of the biopsies.

Microorganisms detected 
n=32 (38.6%)

No microorganism detected 
n=51 (61.4%)

Biopsy location
  0 T4-5
  1 T6-7
  2 T 8-9
  3 T10-11
  4 T12-L1
  5 L1
  6 L1-2
  7 L2-3
  8 L3-4
  9 L4-5
  10 L5-S1
  11 T9-10
  12 T12

2 6.3%
1 3.1%
3 9.4%
2 6.3%
2 6.3%
2 63%
5 15.6%
3 9.4%
1 3.1%
8 25.0%
2 6.3%
1 3.1%
0

0
0
2 3.9%
4 7.8%
1 2.0 %
1 2.0 %
4 7.8 %
5 9.8 %
11 21.6 %
13 25.5 %
9 17.6 %
0
1            2%

Biopsy localization
  1 disc
  2 paraspinal paravertebral fluid
  3 vertebra end plate
  4 paravertebral soft tissue

12 37.5
6 18.8
12 37.5
2 6.3

29 56.9
3 5.9
17 33.3
2 3.9

Technique
  1 Transpedincular
  2 Transcostovertebral
  3 Posterior
  4 Posterolateral

15 46.9
5 15.6
4 12.5
8 25.0

34 66.7
3 5.9
6 11.8
8 15.7
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DISCUSSION
In this retrospective study, we investigated the diagnostic 
efficacy of CT-guided percutaneous biopsies and aspirates in 
83 suspected cases of vertebral osteomyelitis. Our findings 
revealed that microorganisms were detected in 38.6% (32 
patients) of the samples included in the study. At the species 
level, M. tuberculosis was the predominant microorganism 
(21.9%) followed by Staphylococcus aureus (18.8%). At the 
genus level, Staphylococcus spp. were detected in 32.3% of 
the positive cases, together with Staphylococcus aureus and 
coagulase-negative Staphylococci.

Several factors were found to be associated with microbial 
detection, including CRP levels (p=0.003), sedimentation 
rate (p=0.027), and paravertebral signal changes (p=0.049). 
However, in the multivariate analysis, only CRP levels emerged 
as an independent factor with a significant association with a 
positive microbiology result. A one-unit increase in CRP levels 
was associated with a 1.019 times increase in the likelihood of a 
positive result (p = 0.021).

The literature reports a wide range of CT-guided vertebral 

Needle size
  11
  13
  16
  18

20 62.5
4 12.5
2 6.3
6 18.8

42 82.4
5 9.8
1 2.0
3 5.9

Pathology results
  1 Non-specific 
  2 Inflammatory Processes
  3 Spondylodiscitis Osteomyelitis
  4 Granulomatous Lesions
  5 Fungal Pathogens

15 46.9
12 37.5
3 9.4
1 3.1
1 3.1

26 51.0
19 37.3
5 9.8
1 2.0
0

Table 4. Univariate and multivariate logistic regression analysis results in determining variables effective on microbiology results.

Variables
Univariate Analysis Multivariate Analysis

OR (95% CI) p OR (95% CI) p

Age 0.998 (0.969-1.028) 0.898

Sex; Female (Ref: Male) 1.025 (0.420-2.501) 0.956

Biopsy level; Thoracic (Ref: Lumbar) 2.815 (0.986-8.042) 0.053

Disc hyperintensity No (Ref: Yes) 1.925 (0.556-6.666) 0.301

Paraspinal abscess (No) (Ref: Yes) 2.267 (0.916-5.609) 0.077

Epidural abscess (No) (Ref: Yes) 1.067 (0.168-6.760) 0.945

Paravertebral signal changes (No) (Ref: Yes) 2.462 (0.995-6.088) 0.051 2.307 (0.893-5.963) 0.084

Endplate signal changes (Yes) (Ref: No) 2.100 (0.636-6.938) 0.224

Thinning of disc (No) (Ref: Yes) 1.275 (0.526-3.091) 0.591

CRP 1.021 (1.004-1.039) 0.014 1.019 (1.003-1.036) 0.021

ESR 1.017 (0.998-1.037) 0.085

WBC 0.999 (0.998-1.000) 0.068

Antibiotic (no) (Ref: yes) 1.053 (0.893-1.242) 0.539

Nagelkerke R Square: 0.168
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biopsy yields, spanning from 31% to 91% [13, 14, 16]. Several 
factors may contribute to this variability in diagnostic yield. 
These factors include differences in the imaging modalities 
used for biopsy guidance (CT versus fluoroscopy), the type of 
causative organism (e.g., M. tuberculosis versus S. aureus), prior 
antimicrobial therapy administered before biopsy, needle size 
used for the biopsy procedure, the number of specimens obtained 
per patient, experience of the pathologist, and criteria utilized 
for histopathological diagnosis of vertebral osteomyelitis.

Moreover, inconsistencies in reference standards across different 
studies and the potential for bacterial contamination may lead 
to either overestimation or underestimation of the accuracy 
of percutaneous spinal biopsy results [17]. Despite efforts to 
address these factors, the reasons behind the comparatively 
lower diagnostic yield of percutaneous spinal biopsy compared 
to other specimen acquisition methods remain unclear [6].

Understanding the pathophysiology of vertebral osteomyelitis 
and spondylodiscitis may shed light on this discrepancy. 
Infections in adults usually start with a hematogenous spread, 
affecting the subchondral bone before advancing into the 
intervertebral discs. Ideally, samples should be taken from 
the subchondral bone since paravertebral abscesses and 
intervertebral fluid may be sterile [18]. Chronic inflammation in 
vertebral bodies may increase sclerosis and reduce blood supply, 
potentially lowering diagnostic yields even in infected osseous 
samples [19]. These complexities emphasize the need for further 
research to improve diagnostic accuracy [6].

Another significant finding in our study population is the 
prevalence of M. tuberculosis as the most frequently encountered 
infectious agent. This differs from pyogenic spinal osteomyelitis 
frequently seen in Western countries, where Staphylococcus is 
typically the primary infecting organism, accounting for over 
50% of cases [11, 20-24]. We observed a much lower frequency 
of Staphylococcus infections, with only 6 cases out of the 32. 
One potential explanation for this variation compared to other 
studies is the endemic presence of M. tuberculosis in Türkiye 
and the high awareness of tuberculosis (TB). 

The heightened incidence of TB in certain geographical regions, 
driven by socioeconomic factors, the HIV epidemic, and 
increasing immunosuppression, underscores the critical need to 
include TB-specific cultures when testing specimens. However, 
it is concerning that only 45% of However, it is concerning that 

only 45% of the studies reviewed identified M. tuberculosis [6]. 
With the recent rise in HIV and immunosuppression-associated 
cases of TB and the projected increase in the incidence of TB, 
it is imperative to consider TB during the diagnosis of vertebral 
osteomyelitis and ensure that TB-specific diagnostic methods 
are integrated into protocols. The Infectious Diseases Society 
of America (IDSA) recommends additional serological tests in 
cases suspected of atypical infections such as tuberculosis or 
brucellosis [25]. Suspicion for these atypical organisms may be 
manifested as multilevel involvement on MRI or with thoracic 
involvement, which is frequently observed in tuberculous 
discitis-osteomyelitis [21].

In this study, we observed that the inflammatory markers 
CRP and ESR were significantly higher in the group where 
microorganisms were detected, which is consistent with previous 
studies [6, 15, 26-29]. A logistic regression analysis identified 
CRP at admission as the sole independent predictor of a positive 
yield from CT-guided biopsy, corroborating the data by Ahuja et 
al. [26]. Specifically, each unit increase in CRP was associated 
with a 1.01-fold increase in the odds of microbial detection (95% 
CI: 1.002-1.036; p=0.021; Table 4). These findings underscore 
the significance of elevated inflammatory markers in patients 
with microbial infections, as it generally indicates a potentially 
greater disease burden or a more aggressive disease course [6].

We found that paravertebral signal changes were significantly 
associated with a positive yield (p=0.049) in the current study. 
While some studies have reported similar findings, others have 
suggested that increased paravertebral soft tissue thickness 
correlates with positive microbiological results [30, 31]. These 
data suggest that paravertebral soft tissue changes in cases 
of discitis-osteomyelitis are not merely reactive; rather, it 
is indicative of actual bacterial infection. Therefore, such 
changes are reliable targets for biopsy and are determinants 
of microbial detection results. Compared to endplate and disc 
paravertebral soft tissues often have a richer vascular supply 
that can potentially foster bacterial growth. This could explain 
the observed association between paravertebral signal changes 
and microbial detection.

Patients exhibiting paravertebral soft tissue changes suggestive 
of aggressive infections may harbor a higher pathogen burden, 
thereby increasing the likelihood of a positive microbiological 
yield from percutaneous needle biopsy. Conversely, patients 
without paravertebral signal changes may have less aggressive 
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or less advanced infections, possibly resulting in a smaller 
pathogen burden and may not benefit from a percutaneous 
needle biopsy [31]. Future prospective studies can be designed 
to assess the severity of infection and paravertebral soft-tissue 
changes at the time of biopsy and explore their correlation with 
microbial detection efficiency.

We observed no association between prior antibiotic usage and 
microbiological yield in the current study, aligning with findings 
from the literature [6, 16]. This underscores the importance 
of carrying out biopsies even in cases with prior exposure to 
antibiotics [29]. However, the guidance from the IDSA remains 
consistent, recommending the withholding of antimicrobial 
therapy for 1-2 weeks before biopsy to optimize microbiologic 
yield, unless the patient is severely ill. Yet, evidence on the impact 
of antecedent antimicrobial therapy on biopsy yield remains 
limited and controversial [11, 31-34]. A recent meta-analysis 
failed to demonstrate a significant difference in microbiological 
yield whether or not the patient was exposed to antimicrobial 
therapy before the biopsy [16]. Nevertheless, the interpretation 
of these findings poses challenges due to variations in study 
methodologies and definitions of antimicrobial exposure. Since 
the publication of the meta-analysis of McNamara, several 
studies have reported no disparity in microbiological yield 
with antecedent antimicrobial exposure [35, 36]. Despite such 
conflicting data, the IDSA maintains its recommendation to 
withhold antimicrobial therapy before biopsy to maximize yield, 
thus facilitating the initiation of targeted antimicrobial therapy 
and minimizing the need for empirical treatment.

The present study has several limitations that need to be 
considered. First, its retrospective design and small sample 
size impose inherent constraints on the robustness and 
generalizability of the findings. However, given the rarity of 
vertebral osteomyelitis, conducting a prospective study with 
a large patient cohort presents significant challenges. Second, 
antibiotic usage by the patients was assessed on the basis of 
medical records. The retrospective nature of the study limited 
our ability to ascertain the regularity and duration of antibiotic 
use accurately. This may have introduced variability in the 
results. Third, we did not collect data on the volume of the biopsy 
specimens, which prevents a quantitative analysis of the impact 
of specimen volume on diagnostic yield. Lastly, data on long-
term outcomes were not collected, preventing an assessment of 
the durability of the treatment and patient prognosis.

CONCLUSION
In summary, CT-guided percutaneous biopsy is a safe diagnostic 
tool for vertebral osteomyelitis; nonetheless, isolation of the 
causative pathogen remained limited at 38.6%. Elevated CRP 
and ESR values, along with paravertebral signal changes in MRI 
correlated with higher rates of positive microbiology samples, 
with CRP serving as a significant independent predictor for 
microbiological yield.
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ABSTRACT
Objective: This study aims to identify the most reliable method for measuring graft 
volumes comparable to those harvested from the ramus region using 3D-printed models.
Methods: Using a cross-sectional design in an in vitro setting, CBCT images from 
20 individuals who met the inclusion criteria for ramus grafting were examined. 
Volumetric evaluations were conducted on these images, and 3D-printed graft models 
were created. Two blinded raters assessed the graft volumes using the displacement 
method (with beakers of 10 cc, 25 cc, 50 cc capacity and a 100 cc biopsy cup) and the 
overflow liquid method (with beakers of 10 cc, 25 cc, and 50 cc capacity). The intraclass 
correlation coefficient and t tests were applied for statistical validation of intra- and 
inter-rater reliability.
Results: High levels of both intra- and interrater reliability were observed, particularly 
for the 10 cc rise and overflow methods. These methods exhibited not only exceptionally 
high ICC values but also statistically meaningful p values. Furthermore, most of these 
methods strongly correlated and agreed with the CBCT measurements, except for the 50 
cc overflow method, which showed significant divergence.
Conclusion: The findings of this study validate the 10 cc beaker methods for reliable 3D 
printed ramus graft volume measurement and recommend a narrow-diameter syringe 
for optimal accuracy. These findings have crucial implications for both clinical practice 
and future research.

Keywords: alveolar ride augmentation, three-dimensional image, organ size 
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INTRODUCTION
Volume measurement is often crucial, especially in research-
oriented studies [1]. The basic application of 3D surface volume 
measurement in a clinical setting can be traced back to 1967, 
as outlined by Burke and Beard [2]. Subsequent technological 
advancements have facilitated the 3D rendering of human 

tissues through various scanning techniques [3]. Nonetheless, 
such methodologies carry substantial limitations owing to their 
complex application procedures [4].

For irregularly shaped objects such as harvested bone grafts, 
the current method for volume measurement stems from 
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Main Points

It has been determined that using the smallest possible 
container and syringe for volume measurements to 
be performed in a clinical environment using water 
displacement methods increases the reliability of the 
results.

Archimedes’ principle, established over two millennia ago. 
According to this principle, the volume of an object submerged in 
fluid is equal to the volume of the displaced fluid. Currently, this 
method serves as the reference test for tracking lymphedema in 
extremities [5,6], and is also utilized for volumetric calculations 
postprostatectomy [7], and mastectomy [8], as well as for tumor 
specimens [9]. In the field of oral and maxillofacial surgery, it is 
useful in measuring the volume of the temporomandibular joint 
condyle [10,11], in vitro extracted teeth [12], and bone grafts 
[13].

While foundational, Archimedes’ principle is not without 
its limitations, and ongoing research continues to explore its 
intricacies [14]. The principle neglects factors such as surface 
tension, which can, in practical terms, compromise its premises 
[15]. Complex liquids can also confound its estimates [16]. In a 
clinical scenario, the immersion of the graft in a saline solution 
could influence bone graft volume assessment. Additionally, the 
method mandates that the diameter of the measurement container 
be at least as wide as the object, potentially compromising 
accuracy [14]. Further studies are warranted to determine 
whether the gold standard ‘water displacement method’, known 
for its efficacy in measuring larger limbs, retains its validity and 
reliability for smaller volumes.

The objective of this study was to identify the most reliable 
method for the in vitro measurement of graft volume equivalent to 
that harvested from the autogenous ramus donor site. To achieve 
this, we used a cross-sectional design to assess the intrarater and 
interrater reliability of water displacement methods with various 
containers for measuring the volume of 3D-printed models 
simulating bone grafts from the ramus region. The ultimate 
aim is to propose a straightforward, cost-effective method with 
established validity and reliability for graft volume estimation. 
The null hypothesis (H0) for this study was that there is no 
significant difference in the reliability of volume measurements 
of 3D-printed graft models between the CBCT method and the 
water displacement methods using various containers.

MATERIALS AND METHODS
Sample Size Calculation
A priori power analysis was conducted using G*Power 
software (version 3.1) to determine the required sample size for 
detecting a significant difference between the CBCT and water 
displacement methods. An effect size (dz) of 0.7 was chosen to 
represent a medium-to-high effect size, ensuring the detection 
of a clinically meaningful difference. Assuming an alpha level 
of 0.05 and a desired power of 0.80, the analysis indicated that 
a total sample size of 19 subjects was necessary to achieve 
adequate statistical power (actual power = 0.822). Therefore, 20 
subjects were included in the study.

Study Design
The study included 20 consecutive patients who underwent 
ramus grafting in the Department of Oral and Maxillofacial 
Surgery Clinic at Marmara University during the year 2022. 
Inclusion criteria specified that participants must be at least 
18 years of age, have a cone beam computed tomography 
(CBCT) scan, have undergone bone augmentation utilizing 
the mandibular ramus as the donor site, and provided written 
consent for the academic use of their radiological data. Patients 
were excluded if they had systemic diseases impacting bone 
metabolism, previous mandibular ramus donations, bone-related 
lesions or surgeries in the ramus area, recent radiotherapy or 
chemotherapy treatments, or inadequate quality of imaging.

CBCT Measurements
Volumetric CBCT measurements were conducted by an observer 
who was trained and calibrated in CBCT evaluations. CBCT 
images were obtained from the institutional healthcare system 
using a uniform machine and settings: Planmeca Promax 3D 
Mid (Helsinki, Finland), 90 kVp, 10 mA, 10.08 s, 0.20 mm voxel 
size, and 160x160 mm field of view (FOV). These images were 
then imported into Slicer 5.2.2 software (Slicer Community) in 
DICOM format [12,17]. The mandible was segmented based on 
a threshold value that optimally defined the bone boundaries 
for each patient [18]. Four osteotomy lines were strategically 
placed in the mandibular ramus: two vertical lines in the 
proximal area, one horizontal line apically, and one crestal 
line, marking the boundaries for ramus graft segments. After 
osteotomy, the volumes of the graft segments were recorded in 
cubic millimeters (mm3). These segments were exported as STL 
files and imported into Chitubox 1.9.4 software for 3D printing. 
The 3D models were created with a Phrozen Sonic Mini 4K 3D 
printer (Phrozen Tech Co., Ltd, Taiwan) using UV-sensitive 
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resin (3D Printing UV Sensitive Resin, Anycubic Technology 
Co., Ltd, Hongkong). The finished graft models were assigned 
random numbers for identification.

Measurement & Evaluation
One investigator (G.G.) presented the models for assessment. 
Two blinded raters, unaware of the 3D models they were 
evaluating and each other’s evaluations, carried out two sets 
of measurements each. The sequence of 3D models examined 
was randomized using Excel’s RAND() function. The primary 
rater (S.A.E.) conducted an initial measurement and repeated it 
one week later to calculate intrarater variability; all specimens 
were reassessed on both occasions. A second rater (F.B.) also 
executed two separate sets of measurements across the sample 
to gauge interrater variability.

Volume assessments of the ramus models were performed using 
the Archimedes principle. Four distinct containers with varying 
diameters and designs were used: beakers with capacities of 10 
cc, 25 cc, 50 cc, and a 100 cc biopsy container. Sterile saline 
served as the medium for both measurement methods to more 
closely approximate clinical conditions. Two techniques were 
used for each container: measuring the volume of displaced 
liquid and measuring that of overflow liquid. For the biopsy 
container, only the displacement method was applied. In total, 
fourteen unique measurements were taken for each 3D-printed 
graft model, as each of the two raters carried out measurements 
twice.

For the overflow group, the container was initially filled to excess, 
allowing surplus saline to drain until equilibrium was reached. 
A secondary empty container was placed underneath to collect 
the overflow upon submersion of the ramus model. The overflow 
volume was precisely gauged using a 1 cc syringe calibrated to a 
0.01 cc scale. A second syringe was used when the ramus model 
volume exceeded 1 cc. In contrast, the displaced group involved 
filling the selected containers to a predefined level. The ramus 
model was then submerged, and the displaced liquid volume 
was meticulously noted. Consistency in the observer’s eye level 
was maintained pre- and postimmersion. The volume was also 
measured using a syringe.

The recorded volumes in cc were converted to mm3 by 
multiplying by 1000 and compared with values ascertained 
using Slicer software for additional validation.

Statistical Analysis
SPSS (Statistical Package for the Social Sciences) program 
was used to conduct the statistical analysis (version 22.0, IBM 
Corp., Armonk, NY, USA). Descriptive statistics were analyzed 
to summarize the graft volume data obtained from various 
methods and containers, shedding light on the dataset’s central 
tendencies and spread.

For intrarater reliability, two separate sets of measurements 
were collected by the first and second raters with a 15-day 
interval between them. The intraclass correlation coefficient 
(ICC) was used to measure the level of agreement between 
these two sets of measurements for each method, providing 
insight into the repeatability and internal consistency of each 
rater’s assessments. To assess interrater reliability, both the 
initial and follow-up measurements from all types of containers 
were included in the analysis. The degree of consistency and 
agreement between the first and second raters was evaluated 
using ICC values, which were categorized according to the 
classification system outlined by Portney and Watkins: an ICC 
below 0.50 indicates poor reliability, between 0.51 and 0.75 
suggests moderate reliability, between 0.75 and 0.90 indicates 
good reliability, and above 0.90 signifies excellent reliability.

Scatter plots were created for each pair of measurement 
methods, starting with the 10 cc container and CBCT, to conduct 
an initial investigation into the relationships between variables. 
For each pair, a t test was performed to determine the statistical 
significance of the differences between the measurement 
methods. The null hypothesis (H0) assumed that there were no 
significant differences between the two methods. Bland‒Altman 
plots were used to visually examine the level of agreement 
between the methods. The mean difference and 95% limits of 
agreement were calculated. To identify any proportional biases 
between the pairs of methods, linear regression analyses were 
conducted. A p value greater than 0.05 led to the retention of the 
null hypothesis, indicating no proportional bias.

RESULTS
Intrarater Consistency
Table 1 provides an overview of the ICC values, offering insight 
into the consistency and agreement across the two measurements. 
The first evaluator’s assessments of both the 10 cc rise and 10 
cc overflow methods yielded an exceptionally high ICC value 
of 0.975, supported by p values less than 0.001, signifying 
strong agreement. Likewise, the first evaluator demonstrated 
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significant agreement in the 25 cc rise and 25 cc overflow 
methods, with ICC values of 0.746 and 0.864, respectively, each 
with p values less than 0.001. Evaluation of the 50 cc rise and 50 
cc overflow methods also indicated good levels of agreement, 
manifested by ICC values of 0.876 and 0.580, respectively, each 
with p values less than 0.02. In contrast, the biopsy container 
rise method displayed average agreement levels, as indicated by 
an ICC value of 0.518 and a p value of 0.01 (Table 1).

The second evaluator, assessing the identical set of methods, also 
observed high ICC values and statistically meaningful p values, 
denoting strong agreement. For the 10 cc rise and 10 cc overflow 
methods, the second evaluator reported ICC values of 0.975 
and 0.968, respectively, each with p values less than 0.001. The 
25 cc rise and 25 cc overflow methods also showed substantial 
agreement levels, as indicated by ICC values of 0.934 and 0.769, 
respectively, and p values less than 0.001. The evaluation of 
the 50 cc rise method yielded a high ICC value of 0.917, with 
a p value less than 0.001. However, the 50 cc overflow method 
presented a somewhat lower, yet still noteworthy, ICC value of 
0.592 and a p value of 0.001. Finally, the biopsy container rise 
method, as evaluated by the second evaluator, displayed average 
agreement with an ICC value of 0.482 and a p value of 0.015 
(Table 1).

Table 1. Intrarater reliability between the first (T0) and second 
measures (15 days later)

ICC Coefficient P value

First rater

10 cc rise 0.975 <0.001

10 cc overflow 0.854 <0.001

25 cc rise 0.746 <0.001

25 cc overflow 0.864 <0.001

50 cc rise 0.876 <0.001

50 cc overflow 0.580 0.02

Biopsy container rise 0.518 0.01

Second rater

10 cc rise 0.975 <0.001

10 cc overflow 0.968 <0.001

25 cc rise 0.934 <0.001

25 cc overflow 0.769 <0.001

50 cc rise 0.917 <0.001

50 cc overflow 0.592 0.001

Biopsy container rise 0.482 0.015

Interrater Consistency
For the 10 cc rise technique, both the initial and subsequent 
evaluations indicated high ICC values of 0.961 and 0.897, 
respectively, each supported by p values less than 0.001. In 
a similar manner, the 10 cc overflow approach also showed 
significant agreement across evaluators, with ICC values of 
0.897 and 0.952 for the initial and subsequent evaluations, 
respectively, and p values less than 0.001. For the 25 cc beaker, 
the ICC values indicated substantial agreement across most 
metrics. For both the rise and overflow methods, the ICC values 
for the initial and subsequent evaluations exceeded 0.8, each 
substantiated by p values less than 0.001 (Table 2).

The 50 cc beaker displayed varying degrees of interrater 
consistency. The initial evaluation using the rise technique 
yielded an exceptionally high ICC value of 0.962, substantiated 
by a p value less than 0.001. The subsequent evaluation revealed 
an ICC value of 0.936, which was also supported by a p value 
less than 0.001. In contrast, the overflow method manifested 
relatively lower ICC values for both evaluations, albeit 
statistically significant (0.438 and 0.763, with p values of 0.043 
and 0.001, respectively). In terms of the biopsy container rise 
technique, moderate interrater consistency was evident. The 
initial and subsequent evaluations displayed ICC values of 0.676 
and 0.628, respectively, each supported by p values of 0.008 and 
0.020 (Table 2).

Table 2. Interrater reliability between the first and second raters

ICC Coefficient P value

First measurement

10 cc rise 0.961 <0.001

10 cc overflow 0.897 <0.001

25 cc rise 0.862 <0.001

25 cc overflow 0.898 <0.001

50 cc rise 0.962 <0.001

50 cc overflow 0.438 0.043

Biopsy container rise 0.676  0.008

Second measurement

10 cc rise 0.897 <0.001

10 cc overflow 0.952 <0.001

25 cc rise 0.883 <0.001

25 cc overflow 0.816 <0.001

50 cc rise 0.936 <0.001

50 cc overflow 0.763 0.001

Biopsy container rise 0.628 0.628
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Comparison with CBCT Measurements
The current investigation showed scatter diagrams that revealed 
significant correlations between various volume measurement 
techniques—specifically, 10 cc rise, 10 cc overflow, 25 cc rise, 
25 cc overflow, and 50 cc rise—and CBCT measurements, 
excluding the 50 cc overflow method (Figure 1). T tests 
indicated that the null hypothesis could not be dismissed for all 
comparisons except the 50 cc overflow versus CBCT, where a 
p value less than 0.05 led to its rejection. Bland‒Altman plots 
further validated these findings; the majority of data points 
were within the 95% limits of agreement for all evaluated pairs, 
except for the 50 cc overflow method. Additionally, linear 
regression analysis did not reveal any proportional biases across 
any of the pairs examined, supported by p values greater than 
0.05 (Figure 2).

DISCUSSION
The water displacement method is the reference standard 
for lymphedema monitoring [5,6], postsurgical volumetric 
assessments [7], and tumor specimen measurements [9] and 
has applications in oral and maxillofacial surgery, including 
temporomandibular joint [10,11], extracted teeth [12], and bone 
graft volume [13] measurements. This study represents the 
first comprehensive evaluation of both intrarater and interrater 
reliability for various volume measurement methods using 
water displacement in the context of 3D-printed models that 
simulate bone grafts harvested from the ramus region. We 
found high degrees of reliability, particularly with the 10 cc 
beaker methods (both rising and overflow), thus validating their 
internal consistency and dependability. However, it is crucial to 
note that as the volume of the container increases, the reliability 
correspondingly diminishes, indicating potential inaccuracies 
in larger containers.

The study’s data reveal significant levels of intrarater and 
interrater reliability across a range of methods employed 
for measuring the volume of 3D-printed grafts. Intrarater 
reliability, as illustrated by ICC values that range from moderate 
to excellent, emphasizes the internal reliability of each 
measurement approach. Specifically, the 10 cc Beaker (Rising 
and Overflow) method showed the highest level of intrarater 
reliability, positioning it as a particularly reliable method for 
volume measurement. On the other hand, the Biopsy container 
rise method showed only moderate agreement, indicating 
inherent limitations or inconsistencies. An observable trend 
emerged, showing a decrease in reliability as the size of the 

container increased, which calls for further investigation into 
potential errors in larger containers.

Patterns in interrater reliability also became evident across 
varying container sizes and measurement techniques. 
Exceptionally high ICC values were observed for both the 
rising and overflow methods in the 10 cc container, confirming 
the stability of these methods. This consistency is particularly 
remarkable, with ICC values exceeding 0.9 for most samples, 
highlighting significant agreement between evaluators. The 
results for the 25 cc cup supported the reliability of both the 
rising and overflow techniques. However, the 50 cc container 
revealed different outcomes: while the rising method maintained 
a high level of agreement, the overflow method evidenced lower 
levels of interrater reliability. This observation aligns with 
our earlier finding that reliability tends to decline with larger 
containers. Consistent with intrarater findings, the Biopsy 
container method showed only moderate levels of interrater 
reliability, suggesting caution is advised until further validation. 
The high level of interrater reliability, especially with smaller 
container sizes, underscores the suitability of these methods for 
scenarios requiring precise data collection.

Comparisons with cone-beam computed tomography (CBCT) 
generally demonstrated good agreement for several methods, 
such as the 10 cc and 25 cc rising methods, which were also 
substantiated by high intrarater and interrater reliability figures. 
However, the 50 cc overflow method did not align well with 
CBCT and displayed lower reliability, indicating that this 
method may require further evaluation.

Limitations
One limiting factor for the use of the water displacement 
method is surface tension. In a clinical setting, the surface 
tension increases when saline is used instead of water. While the 
addition of ethanol to water has been suggested to reduce this 
surface tension, such a practice is not feasible for calculating 
the volume of autogenous ramus in clinical applications [19]. 
Another consideration is related to the materials used in this 
study. The measurements were conducted on 3D-printed 
models made of acrylic, which may not perfectly simulate the 
characteristics of autogenous ramus grafts, thus necessitating 
caution when interpreting these findings to a clinical context. 
Additionally, the markings on the side of the container are also 
of importance; a wider range can decrease the reliability of 
measurements. As the needed area of the container expands—
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Figure 1. Scatter plots illustrating the relationship between CBCT and various volume measurement methods. 

Figure 2. Bland‒Altman plots evaluating the agreement between CBCT and various volume measurement methods. The dashed 
lines represent the 95% limits of agreement. 
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necessary to accommodate the ramus model—a need for 
containers with larger levels may arise. However, an alternative 
approach involving the use of a narrow-diameter syringe to 
draw fluid has demonstrated a positive effect on result reliability.

CONCLUSIONS
In summary, this study supports the reliability and validity 
of using a 10 cc beaker with water displacement methods for 
assessing 3D printed autogenous ramus graft model volumes 
from the mandibular ramus. We recommend the use of the 
smallest possible container that can accommodate the graft and 
the use of a narrow-diameter syringe for extracting the displaced 
liquid to ensure the most accurate and reliable measurements.
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ABSTRACT
Objective: To evaluate and compare the abilities of Language Models (LLMs) in 
simplifying Turkish ultrasound (US) findings for patients.
Methods: We assessed the simplification performance of four LLMs: ChatGPT 
4, Gemini 1.5 Pro, Claude 3 Opus, and Perplexity, using fifty fictional Turkish US 
findings. Comparison was based on Ateşman’s Readability Index and word count. Three 
radiologists rated medical accuracy, consistency, and comprehensibility on a Likert scale 
from 1 to 5. Statistical tests (Friedman, Wilcoxon, and Spearman correlation) examined 
differences in LLMs’ performance.
Results: Gemini 1.5 Pro, ChatGPT-4, and Claude 3 Opus received high Likert scores for 
medical accuracy, consistency, and comprehensibility (mean: 4.7–4.8). Perplexity scored 
significantly lower (mean: 4.1, p<0.001). Gemini 1.5 Pro achieved the highest readability 
score (mean: 61.16), followed by ChatGPT-4 (mean: 58.94) and Claude 3 Opus (mean: 
51.16). Perplexity had the lowest readability score (mean: 47.01). Gemini 1.5 Pro and 
ChatGPT-4 used significantly more words compared to Claude 3 Opus and Perplexity 
(p<0.001). Linear correlation analysis revealed a positive correlation between word 
count of fictional US findings and responses generated by Gemini 1.5 Pro (correlation 
coefficient = 0.38, p<0.05) and ChatGPT-4 (correlation coefficient = 0.43, p<0.001).
Conclusion: This study highlights strong potential of LLMs in simplifying Turkish US 
findings, improving accessibility and clarity for patients. Gemini 1.5 Pro, ChatGPT-4, 
and Claude 3 Opus performed well, highlighting their effectiveness in healthcare 
communication. Further research is required to fully understand the integration of 
LLMs into clinical practice and their influence on patient comprehension and decision-
making.
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Main Points

• This study found that large language models (LLMs9 
can effectively simplify Turkish ultrasound findings for 
non-medical individuals, achieving high Likert scores 
for accuracy and comprehensibility.

• Gemini 1.5 Pro and ChatGPT 4 emerged as top 
performers in terms of accuracy, comprehensibility, 
and readability, while Claude 3 Opus performed 
reasonably well but with slightly lower readability. 
Perplexity lagged behind in accuracy and readability.

• Transforming complex medical terminology into clear, 
accessible language, which can empower patients 
with a deeper understanding of their health status 
and treatment choices, highlights the potential of 
LLMs to facilitate patient-centered communication in 
healthcare, as demonstrated in this study.

INTRODUCTION
Large Language Models (LLMs) are AI systems designed 
to comprehend and generate human language [1]. ChatGPT, 
developed by OpenAI and launched in November 2022, stands 
out as a prominent example of LLMs [2]. Alongside ChatGPT, 
there exist various other LLMs such as Google’s Gemini, 
Microsoft’s Copilot, Anthropic’s Claude, and Perplexity. 
Studies across different medical specialties have evaluated the 
performance of LLMs [3-5]. 

Notably, in radiology, multiple studies have shown that large 
language models (LLMs) can effectively structure and simplify 
radiology reports, as well as educate patients about interventional 
radiology procedures [6-8].

Ultrasound (US) is among the most frequently utilized 
modalities in radiology, with reports heavily reliant on medical 
terminology [9]. Barrat et al.’s systematic review highlighted the 
negative impact of medical terminology on patient anxiety and 
treatment perceptions [10]. This highlights the need to provide 
patients with imaging reports that are easy to comprehend, 
especially as these reports become more readily available [11]. 

Simplified reports have the potential to significantly benefit 
patients by enhancing their understanding of their condition 
and promoting adherence to treatment plans [12]. Among the 
various readability indices for texts, Ateşman’s Readability 
Index specifically measures the readability of Turkish texts, 
assessing how easily the target audience can understand them 
[13].

While studies comparing the performance of LLMs in 
simplifying radiology reports exist for different languages, 
there is currently no literature available on this topic for Turkish 
ultrasound reports. Therefore, the aim of this study is to assess 
and compare the performance of different LLMs in simplifying 
Turkish ultrasound reports into languages understandable by 
patients.

MATERIALS AND METHODS
Study Design
The study conducted an assessment and comparison of several 
LLMs including ChatGPT 4 (https://chat.openai.com), Gemini 
1.5 Pro (https://gemini.google.com), Claude 3 Opus (https://
claude.ai), and Perplexity (https://perplexity.ai) to simplify 
Turkish US findings. Our study exclusively utilized fictional US 
findings and did not involve actual radiology reports, thereby 
exempting it from the need for ethical board approval due to 
the absence of real patient information. The study adhered to 
the Standards for Reporting of Diagnostic Accuracy Studies 
(STARD) guidelines for its design and implementation [14].

Data Collection and Prompt Design
Radiologist 1 (Y.C.G.) created 50 fictional Turkish US 
findings used in radiology reports. Care was taken to ensure 
these findings were common in daily practice and portrayed 
realistically. The designed findings were entered into each 
LLM via their respective websites following the prompt, “I will 
write the findings from the MRI report below. Please explain 
them in a way that someone without a medical background can 
understand.” in Turkish (Figure 1). Each finding was processed 
in a new window with default settings used for each model. The 
study was conducted in April 2024. All findings are shown in 
Table 1. The study’s workflow is illustrated in Figure 2.
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Table 1. Common Fictional Ultrasound Report Sentences

The liver parenchymal echo pattern appears coarse and granular.

An echo increase consistent with grade 2 steatosis is observed in the liver.

A hyperechoic lesion, primarily suggestive of a hemangioma, measuring 10 mm in segment 4 of the liver, is noted.

The gallbladder appears contracted.

Multiple stones, with the largest measuring 1 cm in diameter, are observed in the gallbladder.

The gallbladder is hydropic.

The gallbladder is hydropic, with increased wall thickness diffusely. Millimetric stones and biliary sludge are present within the gallbladder.

Biliary sludge is observed within the gallbladder.
Diffuse, millimetric hyperechoic lesions causing posterior comet-tail artifacts on the gallbladder wall are noted. The findings are suggestive of 
diffuse adenomyomatosis.
Phrygian cap appearance is observed in the gallbladder.

Intrahepatic bile ducts are dilated in both lobes.

Features consistent with acute cholecystitis are observed in the gallbladder.
A primarily polyp-like lesion measuring 7 mm in diameter, immobile with patient movement and non-vascular on ultrasound, is noted in the 
gallbladder, suggesting evaluation for acute appendicitis.
Pancreas and midline structures cannot be evaluated due to gas.

A cystic lesion measuring 7 mm in diameter, without solid components or septa, is observed in the pancreatic head.

The pancreatic parenchyma appears diffusely edematous, with fluid collections in the peripancreatic area.

The spleen measures 14 cm in size and appears enlarged.

An accessory spleen measuring 7 mm in diameter is observed at the splenic hilum.
A nodular lesion measuring 8 mm in diameter, demonstrating arterial vascularity on ultrasound, is observed at the splenic hilum, suggesting a 
splenic artery aneurysm.
Collateral vascular structures are observed at the splenic hilum.

Grade 2 increase in echogenicity is noted in the parenchyma of both kidneys.

Both kidneys appear decreased in size and parenchymal thickness.

Multiple simple cortical cysts measuring less than 1 cm in diameter are observed in both kidneys.
Fusion of the lower poles of both kidneys to the midline of the abdomen anterior to the abdominal aorta is observed, suggesting a horseshoe 
kidney.
A hyperechoic nodular lesion, primarily suggestive of an angiomyolipoma, measuring 8 mm in the mid-pole of the right kidney, is observed.
An isoechoic solid mass lesion with internal vascularity measuring 27x24 mm, extending exophytically in the lower segment of the right kidney, 
is observed. Dynamic upper abdominal CT/MRI is recommended for lesion characterization.
Grade 2 dilation of the pelvicalyceal system is noted in both kidneys.
A hyperechoic solid lesion measuring 17x12 mm, demonstrating vascularity on ultrasound, with papillary extensions into the lumen, is observed 
in the posterolateral wall of the bladder. Histopathological correlation is recommended.
There is diffuse thickening of the bladder wall.

There is increased trabeculation of the bladder wall.

Widespread millimetric echogenicities are observed within the bladder lumen. Clinical and laboratory evaluation is recommended for cystitis.
A submucosal edema measuring 9 mm in diameter, originating from the terminal ileum in the right lower quadrant, with a blind-ending tubular 
segment unresponsive to compression, is observed. Clinical and laboratory evaluation is recommended for acute appendicitis.
Omental fat tissue and bowel loops demonstrating herniation from a fascial defect measuring approximately 13 mm in the right inguinal region 
with valsalva maneuver are observed.
Omental fat tissue and bowel loops demonstrating herniation from a fascial defect measuring approximately 13 mm in the right inguinal region 
with valsalva maneuver are observed. There is no return of herniated material following the valsalva maneuver. Thickening of up to 7 mm is 
measured at the thickest point of the herniated bowel loops, with loss of vascularity on ultrasound examination. Fluid measuring 5 mm in depth 
is observed within the hernia sac.
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Multiple simple cysts measuring less than 5 mm in diameter are observed in both breasts.
A solid lesion measuring 13x14 mm, parallel to the skin with regular contours and no vascularity on ultrasound examination, is observed 
approximately 24 mm from the nipple at 3 o’clock in the right breast (BI-RADS 3).
A hypoechoic solid lesion demonstrating spiculated margins and vascularity on ultrasound examination, measuring 13x14 mm, is observed 
approximately 33 mm from the nipple at 6 o’clock in the right breast (BI-RADS 5).
An echogenic hilum lymph node measuring 13 mm in diameter is observed in the right axilla.
An LAP with asymmetric cortical thickening measuring 17 mm in diameter, with a cortex thickness of 3.4 mm at the thickest point, is observed 
in the right axilla.
The thyroid parenchyma appears heterogeneous with scattered hypoechoic areas and echogenic fibrous septa.

An isoechoic nodule with microcystic degeneration areas measuring 16 mm in diameter is observed in the mid-section of the right thyroid lobe.
Multiple isoechoic nodules, with the largest measuring 8 mm in the mid-section of the right lobe and 11 mm in the lower section of the left lobe, 
are observed in both thyroid lobes.
A hypoechoic solid nodule with irregular margins measuring 13x13 mm in the lower section of the right thyroid lobe is observed, with 
microcalcifications within.
Multiple lymph nodes with echogenic hilum, measuring less than 1 cm in short diameter and with thick cortex, are observed in both cervical 
chains.
A cystic appearance primarily suggestive of a dominant follicle, measuring 23 mm, is observed in the right ovary.
A heterogeneous lesion with thick septa and a solid component demonstrating vascularity on ultrasound examination, measuring 23x24 mm, is 
observed in the left ovary. Contrast-enhanced pelvic MRI is recommended for lesion characterization.
An intramural myoma measuring 13 mm in diameter is observed in the right half of the uterine corpus.

Endometrial thickness, measured as double-wall thickness, is 17 mm and significantly increased.
A tubular structure measuring 14 mm in diameter in the right adnexal region, suggestive of a tubal structure consistent with hydrosalpinx, is 
observed.
A lesion measuring 17 mm in diameter with multiple septa within, primarily suggestive of a hemorrhagic cyst, is observed in the right ovary.

Figure 1. Demonstrates the Turkish input and output process for Turkish ultrasound findings in the study through Gemini 1.5 Pro. 
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Performance Evaluation of LLMs
The responses from the LLMs were analyzed using the 
Ateşman’s Readability Index [198,825 - (40,175 x number of 
syllables/number of words) - (2,610 x number of words/number 
of sentences)] to determine readability levels in Turkish which 
has been introduced in 1997 by Ender Ateşman (Table 2) [13]. 
The word length used in the formula is calculated in syllables and 
sentence length is calculated in words. The publicly available and 
free website “http://okunabilirlikindeksi.com” was used for this 
analysis. The responses were rated jointly by three radiologist 
[Radiologist 1 (Y.C.G.), Radiologist 2 (T.C.), Radiologist 3 
(E.Ç.), each with 6 years of experience in general radiology 
and certified by the European Diploma in Radiology (EDiR)] 
using a Likert Scale from 1 to 5 based on medical accuracy, 
consistency of recommendations, and comprehensibility. The 
number of words in each response was recorded. Additionally, 
the word count and Ateşman’s Readability Index of the fictional 
US findings were compared to the responses generated by each 
LLM.

Statistical Analysis
Data distribution was examined using the Kolmogorov-Smirnov 

and Shapiro-Wilk tests, while the Levene test was utilized to 
assess data variance. Descriptive statistics, comprising measures 
such as minimum, maximum, average, median, standard 
deviation, interquartile range, and percentages, were then 
calculated. Subsequently, to identify significant relationships 
among quantitative data within dependent groups, both the 
Friedman and Wilcoxon tests were employed. Additionally, 
Spearman correlation analysis was conducted to investigate the 
linearity of correlations between quantitative data. Statistical 
analyses were performed using IBM SPSS Version 26.

RESULTS
Likert Scale
No statistically significant difference was found between the 
scores of ChatGPT 4 (mean: 4.82; median: 5.0), Gemini 1.5 
Pro (mean: 4.78; median: 5.0), and Claude 3 Opus (mean: 4.68; 
median: 5.0) based on the Likert scale (p>0.05). However, 
the scores of ChatGPT 4, Gemini 1.5 Pro, and Claude 3 Opus 
were significantly higher than those of Perplexity (mean: 4.08; 
median: 4.0) (p<0.001). No difference was found between the 
scores of Claude 3 Opus and Gemini 1.5 Pro (p=0.39) (Figure 
3) (Table 3).

Figure 2. The study’s workflow is illustrated in Figure 2.
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Table 2. The Ateşman Readability Index and Its Corresponding Readability Level

Index Readability Level

90 - 100 Easily understood by 4th grade and below students

80 - 89 Easily understood by 5th or 6th graders

70 - 79 Easily understood by 7th or 8th graders

60 - 69 Easily understood by 9th or 10th graders

50 - 59 Easily understood by 11th or 12th graders

40 - 49 Easily understood by 13th or 15th-year (associate degree) students

30 - 39 Easily understood by bachelor’s degree

< 30 Easily understood by postgraduates

Table 3. Descriptive Findings of the Responses of the Large Language Models.

    Gemini 1.5 Pro              Claude 3 Opus      ChatGPT 4       Perplexity

Likert Scores*
                   Minimum-Maximum
                    Mean ± SD
                    Median (IQR)

2.0-5.0
4.8 ± 0.5
5.0 (0)

3.0-5.0
4.7 ± 0.6
5.0 (0)

3.0-5.0
4.8 ± 0.5
5.0 (0)

1.0-5.0
4.1 ± 0.6
4.0 (1.0)

Ateşman Readability Index                    
                     Minimum-Maximum
                     Mean ± SD
                     Median (IQR)

45.0 - 72.0
61.16 ± 6.66
54.1 (14.2)

28.0 - 66.0
51.16 ± 7.23
47.2 (10.3)

29.0-73.0
58.94 ± 9.61
37.8 (7.6)

26.0 – 71.0
46.25 ± 11.98
37.3 (6.2)

Readability Level                    
                     Minimum
                     Maximum
                     Median

7.-8. Grade
Associate’s Degree
11.-12. Grade

9.-10. Grade
Postgraduate
11.-12. Grade

7.-8. Grade
Postgraduate
11.-12. Grade

7.-8. Grade
Postgraduate
13.-15. Grade

Word Count
                    Minimum-Maximum
                     Mean ± SD
                     Median (IQR)

77-283
166.9 ± 46.9
171.5 (24.5)

69-197
99.24 ± 36.3
79.0 (47.0)

57-292
154.9 ± 39.8
157.0 (72.0)

40-187
88.4 ± 26.5
91.5 (35.0)

*Likert Scores: In our study, the accuracy of the explanations, consistency and comprehensibility of the suggestions made by the big language 
models were rated on a scale of 1 to 5. 

Figure 3. A box-plot displays the radiologists’ consensus scores for the Large Language Models’ answers, with the median score 
denoted by ‘x’ and outlying scores marked by dots.
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SD: Standard Deviation, IQR: Interquartile range.

Ateşman’s Readability Index
A significant difference was found between the mean scores of 
the LLMs based on the Ateşman’s Readability Index (p<0.001). 
The highest mean score was 61.16 for Gemini 1.5 Pro, and 
the second-highest score was 58.94 for ChatGPT 4, which 
did not show a significant difference (p=0.208). Additionally, 
both Gemini 1.5 Pro and ChatGPT 4 had significantly higher 
Ateşman’s Readability Index scores than Claude 3 Opus (51.16) 
and Perplexity (47.01) (p<0.001). Claude 3 Opus’s Ateşman’s 
Readability Index score was also significantly higher than 
Perplexity’s (p=0.006) (Table 3).

Word Counts
No significant difference was found between the mean word 
count of Gemini 1.5 Pro (166.2) and ChatGPT 4 (154.38) 
(p=0.213). However, both Gemini 1.5 Pro and ChatGPT 4 
used significantly more words than Claude 3 Opus (99.24) and 
Perplexity (93.48) (p<0.001). No significant difference was 
found between the word count of Claude 3 Opus and Perplexity 
(p>0.05) (Table 3).

Correlation Analysis
A linear correlation was observed between the word count of 
fictional US findings and the word count of responses generated 
by Gemini 1.5 pro (correlation coefficient = 0.38, p<0.05) and 
ChatGPT 4 (correlation coefficient = 0.43, p<0.001). Conversely, 
no correlation was found between the word count of Claude 3 
Opus (p>0.05) and Perplexity (p≥0.05).

A significant correlation was identified between the Ateşman’s 
Readability Index of fictional US findings and the Ateşman’s 
Readability Index of responses from Claude 3 Claude 3 Opus 
(correlation coefficient = 0.42, p<0.001), ChatGPT 4 (correlation 
coefficient = 0.51, p<0.001), and Gemini 1.5 pro (correlation 
coefficient = 0.45, p<0.001). However, no correlation was 
detected between the Ateşman’s Readability Index of fictional 
US findings and Perplexity (p>0.05).

DISCUSSION
Our study found that LLMs effectively simplified commonly 
used Turkish US findings for non-medical individuals. Gemini 
1.5 Pro, Claude 3 Opus, and ChatGPT 4 received high Likert 
scores (4.68 to 4.82 out of 5), indicating their effectiveness in 
conveying US findings clearly. However, Perplexity scored lower 
(4.1), suggesting less accuracy and comprehensibility. Gemini 

1.5 Pro had the highest readability score (61.16), while ChatGPT 
4 (58.94) and Claude 3 Opus (51.16) followed closely. Perplexity 
had the lowest average score (46.25). These results suggest that 
Gemini 1.5 Pro produced the easiest to understand responses, 
while Perplexity generated the least readable responses.

In terms of readability, all LLMs predominantly produced 
responses suitable for readers with at least an associate degree or 
higher educational background. However, there were variations 
in the readability levels produced by each model. Gemini 1.5 
Pro and ChatGPT 4 mainly generated responses at a 7th to 8th-
grade reading level, while Claude 3 Opus and Perplexity tended 
to produce responses at a slightly higher reading level, ranging 
from 9th to 12th grade.

Gemini 1.5 Pro and ChatGPT 4 provided more detailed 
explanations with higher word counts, while Claude 3 Opus 
and Perplexity had lower word counts. Overall, Gemini 1.5 
Pro and ChatGPT 4 emerged as top performers in accuracy, 
comprehensibility, and readability, while Claude 3 Opus 
performed reasonably well but with slightly lower readability. 
Perplexity lagged behind in accuracy and readability.

The variations in performance among LLMs could be attributed 
to their differing design architectures. For example, Perplexity’s 
lower accuracy and readability scores might result from its unique 
feature of having internet access, potentially incorporating less 
reliable online sources [15].

Previous studies have also demonstrated the effectiveness 
of LLMs in simplifying radiology reports [16-21]. Doshi et 
al. conducted a study showcasing the efficacy of ChatGPT 4, 
ChatGPT 3.5, Google Bard, and Microsoft Copilot in simplifying 
750 radiology reports. These reports, spanning various modalities 
like ultrasound (US), CT, MRI, mammography, and X-ray, were 
subjected to three distinct prompts [16]. The first prompt sought 
a general simplification of the report, while the second prompt 
required the report to be simplified from a patient’s perspective. 
The final prompt mandated the report to be simplified to a 7th-
grade reading level [16]. In our study, a prompt similar to the 
second prompt used by Doshi was successfully employed to 
simplify ultrasound reports.

Haver et al. [17] demonstrated that ChatGPT could simplify 
responses to 25 breast cancer questions to a sixth-grade reading 
level. They evaluated the original and simplified responses 
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using the Flesch Reading Ease Index and five readability scales. 
Ninety-two percent of the simplified responses were deemed 
clinically appropriate, showing significant improvements in 
reading ease, readability, and word count reduction.

Chung et al. [18] utilized ChatGPT to summarize MRI reports 
of prostate cancer patients, customizing them for patient 
comprehension levels. Their study yielded fifteen summarized 
reports from five full MRI reports, revealing a noteworthy 
decrease in the median Flesch-Kincaid Grade Level (FKGL) 
score from 9.6 to 5.0.

Li et al. [19] showcased ChatGPT’s efficacy in simplifying 
radiology reports to below an 8th-grade reading level across 
various modalities, including radiographs, ultrasound (US), 
computed tomography (CT), and magnetic resonance imaging 
(MRI), demonstrating its versatility in different imaging 
contexts. Their study revealed that the mean report length was 
164 words, accompanied by a Flesch reading ease score of 38.0 
and a FKGL of 10.4.

In Lyu et al.’s study [20], radiologists evaluated ChatGPT’s 
output for chest CT and brain MRI scans, acknowledging some 
missing and incorrect information. Despite these discrepancies, 
the overall quality score was 4.268 out of 5 on a five-point Likert 
scale, with minor discrepancies of 0.08 and 0.07 for missing and 
misinformation, respectively.

Tepe et al. [21] compared the effectiveness of ChatGPT 4, 
Google Bard, and Microsoft Copilot in translating CT and MRI 
reports into patient-friendly language, with all models achieved 
understandability scores above 70%. but Bard showing superior 
readability scores.

Our findings align with these studies, showing that ChatGPT 
4, Gemini 1.5 Pro, and Claude 3 Opus effectively simplified 
Turkish US findings, achieving high Likert scores for accuracy 
and comprehensibility. However, Perplexity scored lower in 
these areas. Gemini 1.5 Pro and ChatGPT 4 also produced the 
highest readability scores, indicating their superior ability to 
simplify medical language.

In contrast to previous studies, our research focused 
specifically on Turkish US reports, providing new insights 
into the performance of LLMs in this context rather than 

English radiological reports. Therefore, we used the Ateşman’s 
Readability Index for the Turkish language, rather than the 
Flesch Reading Ease Index and other readability scales.

Our study also indicates the potential of LLMs to facilitate 
patient-centred communication in healthcare. By transforming 
complex medical terminology into clear, accessible language, 
these systems have the potential to empower patients with 
a deeper understanding of their health status and treatment 
choices. This enhanced comprehension can facilitate more 
confident decision-making, heightened patient involvement, and 
ultimately, improved health outcomes.

Limitations
Although our study represents the first investigation into the 
simplification of Turkish US findings by LLMs for individuals 
without medical backgrounds, it has several limitations. Firstly, 
although the US sentences utilized in our study are commonly 
encountered in daily medical practice, they are synthetic in 
nature. To provide a more accurate assessment of LLMs’ 
performance, real-world reports from hospital settings should 
be incorporated into future studies. Secondly, the sample size 
of sentences used in our study was limited, and they primarily 
focused on straightforward cases. To enhance the applicability 
of our findings, future research should expand the scope to 
include a broader range of complex sentences tailored to 
different anatomical regions. Thirdly, our study employed 
a single prompt, which may not fully capture the range of 
scenarios encountered in clinical practice. Further investigation 
into the impact of different prompts on LLM performance is 
warranted to better understand how varying contexts influence 
their effectiveness. Lastly, our study lacked data on real-life 
patients’ satisfaction and comprehension of simplified reports. 
Prospective multicenter studies utilizing simplified reports 
generated by LLMs and assessing patients’ understanding and 
satisfaction levels are essential for validating the practical utility 
of these systems in healthcare communication.

CONCLUSIONS
In conclusion, our study demonstrates that LLMs successfully 
simplify Turkish US findings, emphasizing their role in 
improving accessibility and understandability of radiological 
information for patients. Further research and implementation 
efforts are needed to fully harness the potential of LLMs 
in facilitating effective communication between healthcare 
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providers and patients.
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ABSTRACT
Objective: The aim of this study is to provide detailed data about the nutrient foramen (NF) of 
the humerus, the entry point of the nutrient artery, used in order to avoid damaging the nutrient 
artery, which has an important role in the nutrition of the humerus, during surgical approaches 
to the humeral diaphysis.
Methods: This study was performed on 113 (58 right, 55 left) humeri. The number, direction, 
location, position, size and foraminal index of the nutrient foramina (NFs) were evaluated. In 
addition, total length of the humerus and distance between NF and proximal end of the humerus 
were measured.
Results: One NF was observed on 86 of 113 (76.11%) humeri, two NFs on 17 of 113 (15.05%) 
humeri, 3 NFs on the one right sided humerus and no NF was observed on 9 of 113 (7.96%) humeri. 
While 122 (99.19%) of all NFs were directed distally, one (0.81%) NF was directed horizontally. 
Eighty-six (69.92%) NFs were located on the anteromedial surface, while 18 (14.63%) NFs were 
found to be located on the medial border, 12 (9.76%) NFs on the posterior surface, 4 (3.25%) NFs 
on the anterolateral surface and 3 (2.44%) NFs on the lateral border. 20G sized NF was detected 
on 50 of 123 (40.65%) NFs. 14G and 16G sized NFs were not detected. 5 (4.07%) NFs were located 
on the proximal 1/3, 113 (91.86%) NFs were located on middle 1/3 and 5 (4.07%) NFs were located 
on distal 1/3 of the humerus. The mean values of total length of the humerus, distance between 
NF and proximal end of the humerus and foraminal index were found out to be 301.68±20.61 mm, 
166.70±32.50 mm and 55.33±9.48%, respectively.
Conclusion: It is found out that there is usually one NF on the humerus and that this foramen is 
directed distally, localized on the anteromedial surface and the middle 1/3 of the humerus and 
sized at 20G. And also, we observed horizontally directed NF on the humerus. To our knowledge, 
there is no study which observed horizontally directed NF. There may be differences between 
populations about the morphology and morphometry of NF. Therefore, being aware for the 
morphology, morphometry and variations of the NF is important for the orthopaedic surgeons in 
surgeries such as fracture repairing and vascularized bone graft in order to avoid damaging the 
nutrient arteries.

Keywords: Humerus, nutrient foramen, morphology, morphometry, anatomy 
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INTRODUCTION
Arterial supply of the long bones is provided by the nutrient, 
epiphyseal, metaphyseal and periosteal arteries [1]. Nutrient 

foramina (NFs) are found on the bones, providing passage for 
nutrient arteries. These foramina are located on the diaphysis 
in long bones and elsewhere in irregular bones [2-4] and enable 
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Main Points;
• Nutrient foramen is found on the diaphysis of the long 

bones, providing passage for nutrient arteries.

• The nutrient artery is particularly important during the 
active growth period of the embryo and foetus and early 
ossification stage.

•  During surgical approaches to the humeral diaphysis, 
protecting the nutrient foramen is important to reduce 
possible complications.

nutrient arteries to enter the medullary space and supply the 
bone marrow and inner 2/3 of the cortex [1]. Directions of the 
nutrient foramina are usually facing away from the dominant 
growing ends of the long bones [5]. The nutrient artery of the 
humerus is a branch of the brachial artery. During surgical 
procedure such as bone repair, bone grafting, vascularized bone 
microsurgery, detailed information about the nutrition of the 
bones will be helpful for the orthopaedic surgeons to minimize 
damage to the nutrient artery of the humerus [6]. The nutrient 
artery is particularly important during the active growth 
period of the embryo and foetus and early ossification stage 
[7]. Fracture of the long bones is a common condition. Delayed 
union is one of the most common complication of fractures, and 
poor bone nutrition occurs to be one of the outcomes of such 
complication. In this respect, the nutrient artery is important for 
fracture healing [8]. The nutrient foramen (NF) or its nearby 
regions are also central to the development of longitudinal stress 
fractures [9].

According to our literature survey, there are few studies about 
the NF of the humerus within the Turkish population [10, 11]. 
The aim of this study is to provide detailed data about the NF, 
the entry point of the nutrient artery, to be used in order to avoid 
damaging the nutrient artery, which has an important role in 
nutrition of the humerus, during surgical approaches to the 
humeral diaphysis.

MATERIALS AND METHODS
Data Collecting
This study was performed on 113 (58 right, 55 left) humeri of 
adult Turkish population in the Department of Anatomy, Faculty 
of Medicine, Hacettepe University. The age and sex of the 
humeri were unknown. The humeri with fracture or deformation 
were excluded from the study. Ethic approval was taken from 

the Hacettepe University Non-Invasive Clinical Research Ethics 
Committee (date: 18/04/2023 number: 2023/07-08). 

The following parameters were evaluated;
1. Total length (TL) 
2. Number of NF
3. Localization of the NF on the humeral surfaces or borders
4. Size of NF
5. Position of NF on the humerus
6. Direction of NF
7. Distance between NF and proximal end of the humerus 

(DNF)
8. Foraminal index (FI) = (DNF/TL) x 100

Initially, NFs were defined using a magnifying glass on the 
surfaces and borders of the humerus, number, and direction 
(towards the proximally, distally and horizontally) of the NFs 
were recorded. Size of the NFs were evaluated respectively 
by 14, 16, 18, 20, 22, and 24 gauge sized hypodermic needles, 
and which needle fits the foramens’s diameter was determined; 
the needle with the accurate gauge size was noted as size of 
examined NF. We evaluated diaphyseal NFs on the humerus, 
epiphyseal NFs were excluded from the study.

The total length of the humerus (TL) was measured using a tape 
measure from the most proximal end of the head of the humerus 
to the most distal end of the humerus. The distance between NF 
and proximal end of the humerus (DNF) was measured between 
the NF and most proximal end of the head of the humerus 
(Figure 1.). Foraminal index was calculated using the Hughes 
formula: FI=(DNF/TL)*100 [12]. The position of the NF was 
divided into three parts according to FI: proximal 1/3 (FI up to 
33.33%), middle 1/3 (FI from 33.33% to 66.66%) and distal 1/3 
(FI above 66.66%).

Statistical Analysis
Statistical analysis of the data was evaluated using the SPSS 
software v23 (Statistical Package for the Social Sciences–
SPSS Inc.). The descriptive statistics of the data were given as 
percentage, mean, standard deviation, minimum and maximum 
values. The conformity of the data to the normal distribution 
was examined using histogram graphics and Kolmogorov-
Smirnov/Shapiro-Wilk tests. Independent samples t-test was 
used to compare the differences between sides. A 5% type-1 
error level was used to statistical significance.
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Figure 1. Demonstration of the measurements. A: the most 
proximal end of the head of the humerus, B: line passing through 
the nutrient foramen, C: the most distal end of the humerus. 
TL: total length, DNF: distance between nutrient foramen and 
proximal end of humerus. Red arrow indicates the nutrient 
foramen

Figure 2. Demonstration of the two nutrient foramina on 
humerus, a) anterior view of humerus and anteromedial location 
of nutrient foramen, b) posterior view of humerus and posterior 
location of nutrient foramen. Hypodermic needles show the 
entrance points of nutrient foramina.

Figure 3. Demonstration of the three nutrient foramina on 
humerus, a) anterior view of humerus and anteromedial 
locations of two nutrient foramina, b) posterior view of humerus 
and posterior location of nutrient foramen. Hypodermic needles 
show the entrance points of nutrient foramina.

RESULTS
Number of NF: In total, 123 NFs were observed on 113 humeri. 
Only one NF was observed on 41 of 58 (70.69%) right humeri 
and 45 of 55 (81.82%) left humeri. Overall, 86 of 113 (76.11%) 
humeri were found to have one NF each. Besides these, humeri 
that had 2 NFs were observed on 10 of 58 (17.24%) right humeri, 
and 7 of 55 (12.73%) left humeri. Overall, 17 of 113 (15.05%) 
humeri had 2 NFs (Figure 2.). On one of the right sided humerus, 
3 NFs were observed (Figure 3.). There was no NF on 6 of 58 
(10.35%) right humeri, 3 of 55 (5.45%) left humeri for a total of 
9 of 113 (7.96%) humeri.

Direction of NF: While 122 (99.19%) of all NFs were directed 
distally, one (0.81%) NF was directed horizontally. All of the NFs 
on the right side, were directed distally, while 58 of 59 (98.3%) 
of the NFs on the left side were directed distally, and only one of 
these 59 (1.7%) NFs was directed horizontally.

Localization of the NF on the humeral surfaces or borders: 
Eighty-six (69.92%) NFs were located on the anteromedial 
surface, while 18 (14.63%) NFs were found to be located on 
the medial border, 12 (9.76%) NFs on the posterior surface, 
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4 (3.25%) NFs on the anterolateral surface and 3 (2.44%) NFs on 
the lateral border. On the right side, 43 of 64 (67.19%) NFs were 
located on the anteromedial surface, while 10 of 64 (15.63%) 
NFs were found to be located on the posterior surface, 9 of 
64 (14.06%) NFs on the medial border, 1 of 64 (1.56%) NF on 
the anterolateral surface and 1 of 64 (1.56%) NF on the lateral 
border. On the left side, 43 of 59 (72.88%) NFs were located 
on the anteromedial surface, while 9 of 59 (15.25%) NFs were 
found to be located on medial border, 3 of 59 (5.09%) NFs on 
anterolateral surface, 2 of 59 (3.39%) NFs on posterior surface 
and 2 of 59 (3.39%) NFs on lateral border (Figure 4.). No NF was 
observed on the anterior border of the humerus.

Figure 4. Views of the localizations of the nutrient foramen 
on humerus. a) on the anteromedial surface, b) on the medial 
border, c) on the posterior surface, d) anterolateral surface, e) 
lateral border, f) horizontally directed nutrient foramen

Size of NF: The most common sized NFs were detected as 20G 
sized, comprising of 28 of 64 (43.75%) NFs on the right side, 22 
of 59 (37.29%) NFs on the left side and 50 of 123 (40.65%) NFs 
in total. 14G and 16G sized NFs were not detected.

Position of NF on the humerus: 5 (4.07%) NFs were located on 
the proximal 1/3, 113 (91.86%) NFs were located on middle 1/3 

and 5 (4.07%) NFs were located on distal 1/3 of the humerus. On 
the right side, 3 of 64 (4.68%) NFs were located on the proximal 
1/3, 58 of 64 (90.64%) NFs on middle 1/3 and 3 of 64 (4.68%) 
NFs on distal 1/3. On the left side 2 of 59 (3.39%) NFs were 
located on the proximal 1/3, 55 of 59 (93.22%) NFs on middle 
1/3 and 2 of 59 (3.39%) NFs on the distal 1/3.

Total length of humerus: The mean value of the total length 
of humerus was measured 301.68±20.61 mm in all humeri, 
while observed to be 302.69±21.83 mm on the right side, and 
300.67±19.48 mm on the left side. 

Distance between NF and proximal end of the humerus: The 
mean value of distance between the NF and the proximal end 
of the humerus was measured 166.70±32.50 mm in all humeri, 
and 165.86±36.43 mm on the right side, and 167.61±27.91 mm 
on the left side.

Foraminal index: The mean value of foraminal index was 
calculated to be 55.33±9.48% in all humeri, and 54.95±10.63% 
on the right side and 55.73±8.13% on the left side.

Morphological and morphometric properties of NFs were 
summarized under Table 1. and Table 2. There were no 
significant differences between the right and left side regarding 
the total length of the humerus (p=0.620), distance between NF 
and proximal end of the humerus (p=0.767) and foraminal index 
(p=0.649) measurements.

Table 1. Morphometric properties of the nutrient foramen

Parameter Side Mean±SD P value

TL (mm) Right 302.69±21.83 0.620

Left 300.67±19.48

Total 301.68±20.61

DNF (mm) Right 165.86±36.43 0.767

Left 167.61±27.91

Total 166.70±32.50

FI (%) Right 54.95±10.63 0.649

Left 55.73±8.13

Total 55.33±9.48

TL: total length of humerus, DNF: distance between nutrient 
foramen and proximal end of the humerus, FI: foraminal index
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DISCUSSION
In the previous studies about the morphology and morphometry 
of the NFs of the humerus and in our study show that there is 
usually one NF on the humerus, directed distally, localized on 
the anteromedial surface and the middle 1/3 of the humerus [1, 
10, 11, 13-18]. The knowledge of the morphologic variations 
and morphometric properties of the NF is important for the 
orthopaedic surgeons for the purpose of avoiding damage to the 
nutrient artery while performing open reduction and internal 
fixation of the fracture [19]. Existence of intact arterial supply is 
significant in healing of fractured bones [16]. In some fractures, 
despite appropriate treatment, bone healing is observed to be 
either slow or not at all [6]. The lack of adequate arterial supply 
is known as one of the most important reasons for such condition 
[1].

When we examine the number of the NFs as per previous 
studies, 1 NF was generally observed in each humerus. This 
study reported one NF on 86 (76.11%) of the humeri, similar 
to the findings of Desai and Damor [14] in India 69 (74.11%), 

Poudel and Satyal [18] in Nepal 40 (80%), Pereira et al. [17] 
in Brasil 154 (88,5%), and Ehab Kamal Ali [15] in Egypt 210 
(84%). The incidence of 1 NF on the humerus was found to be 
lower in the studies performed by Öztürk et al. [11] in Türkiye 
39 (66.1%), Singh et al. [1] in India 38 (61.29%), Mansur et al. 
[16] in India 154 (60.87%), Arfan et al. [13] in India 52 (60.40%), 
Cihan and Toma [10] in Türkiye 59 (57.28%) and higher in the 
study by Kumar et al. [20] in India 73 (91.25%) compared to our 
study. The present study showed that no NF was detected on 9 
(7.96%) of the humeri, which was similar to the findings of Desai 
and Damor [14] 10 (10.8%), Ehab Kamal Ali [15] 5 (2%), Mansur 
et al. [16] 5 (1.98%), Cihan and Toma [10] 7 (6.80%) and Kumar 
et al. [20] 3 (3.75%). Unlike these studies, Singh et al. [1] and 
Pereira et al. [17] did not detect a humerus devoid of NF. Only a 
few studies observed triple NFs in the humerus. We found one 
humerus with triple NFs in compared to the findings of Arfan 
et al. [13] 5 (5.81%), Mansur et al. [16] 16 (6.32%), Singh et al. 
[1] 5 (8.06%), Cihan and Toma [10] 8 (7.77%) and Öztürk et al. 
[11] 1 (1.7%). There are very rare studies that found out more 
than 3 NFs. Öztürk et al. [11] found 4 foramina on 1 humerus 

Table 2. Morphologic properties of the nutrient foramen

Parameter Side 
R n(%) L n(%) T n(%)

Direction
Proximally n (%) 0 0 0
Distally n (%) 64 (100) 58 (98.3) 122 (99.19)
Horizontally n (%) 0 1 (1.7) 1 (0.81)

Localization

Anteromedial surface n (%) 43 (67.19) 43 (72.88) 86 (69.92)
Anterolateral surface n (%) 1 (1.56) 3 (5.09) 4 (3.25)
Posterior surface n (%) 10 (15.63) 2 (3.39) 12 (9.76)
Medial border n (%) 9 (14.06) 9 (15.25) 18 (14.63)
Lateral border n (%) 1 (1.56) 2 (3.39) 3 (2.44)
Anterior border n (%) 0 (0) 0 (0) 0 (0)

Size

14G n (%) 0 (0) 0 (0) 0 (0) 
16G n (%) 0 (0) 0 (0) 0 (0) 
18G n (%) 4 (6.25) 7 (11.87) 11 (8.94)
20G n (%) 28 (43.75) 22 (37.29) 50 (40.65)
22G n (%) 18 (28.13) 21 (35.59) 39 (31.71)
24G n (%) 14 (21.87) 9 (15.25) 23 (18.70)

Number of NF

0 n (%) 6 (10.35) 3 (5.45) 9 (7.96)
1 n (%) 41 (70.69) 45 (81.82) 86 (76.11)
2 n (%) 10 (17.24) 7 (12.73) 17 (15.05)
3 n (%) 1 (1.72) 0 (0) 1 (0.88)

Position
Proximal 1/3 n (%) 3 (4.68) 2 (3.39) 5 (4.07)
Middle 1/3 n (%) 58 (90.64) 55 (93.22) 113 (91.86)
Distal 1/3 n (%) 3 (4.68) 2 (3.39) 5 (4.07)

R: right, L: left, T: total, n: number, G: gauge, NF: nutrient foramen
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and 5 foramina on 1 humerus. In the study of Mansur et al. [16], 
5 humeri had 4 NFs. Cihan and Toma [10] detected 4 NFs on 3 
humeri (2.91%) and 5 NFs on 2 humeri (1.94%).  In our study, 
no humerus with more than 3 foramina was observed (Table 3.).

The NF was generally directed distally in all humeri, similar 
to in previously conducted studies [1, 10, 13, 14, 16, 18]. Unlike 
these studies, 2 (2.4%) of the NFs were directed proximally in 
the study of Öztürk et al. [11], while in our study, 1 (0.81%) of 
the NFs were found out to be directed horizontally (Table 3.). To 
our knowledge, there is no study which observed horizontally 
directed NF.

While the NF is usually located on the anteromedial surface 
of the humerus in the studies, it can also be observed on other 
borders and surfaces of the humerus [1, 10, 11, 13, 15, 16, 18]. 

In the studies conducted by Ehab Kamal Ali [15], Mansur et al. 
[16], Singh et al. [1], Cihan and Toma [10] and Kumar et al. [20] 
no NF was detected on the anterior border, as is the case in our 
study. No NF was observed to be located on the anterolateral 
surface and lateral border by Öztürk et al. [11], and Ehab Kamal 
Ali [15] and Mansur et al. [16] have not observed any NF on the 
medial and lateral border, and no NF was observed on the lateral 
border according to the study by Arfan et al. [13] (Table 3.).

NFs are usually localized in the middle 1/3 of the humerus, there 
may also be NFs localized on the proximal 1/3 and distal 1/3 [1, 
10, 11, 13, 14, 16]. Unlike other studies, no NF was detected on 
the proximal 1/3 of the humerus in the studies performed by 
Poudel and Satyal [18], Kumar et al. [20] and Cihan and Toma 
[10] (Table 3).

Table 3. Comparison of the morphologic properties of nutrient foramen

Studies Population Sample size
Number of NF 
n(%)

Direction of NF 
n(%)

Localization of 
NF n(%)

Position of 
NF n(%)

Size of NF 
n(%)

Cihan and 
Toma (2023) 
[10]

Türkiye 103 (52 R, 51 L)

0: 7 (6.80)
1: 59 (57.28)
2: 24 (23.30)
3: 8 (7.77)
4: 3 (2.91)
5: 2 (1.94)

PD: -
DD: 153 (100)
HD: -

AM: 96 (62.7)
AL: 9 (5.8)
AS: 3 (1.9)
PLS: 26 (16.9)
PS: 18 (11.7)

P: -
M: 42 (89.3)
D: 5 (10.6)

Kumar et al. 
(2022) [20]

India 80 (40 R, 40 L)

0: 3 (3.75)
1: 73 (91.25)
2: 3 (3.75)
3: 1 (1.25)
4: -
5: -

PD: -
DD: 82 (100)
HD: -

AM: 73 (89.02)
AL: 8 (9.76)
PS: 1 (1.22)
MB: -
LB: -
AB: -

P: -
M: 71 (86.58)
D: 11 (13.42)

Öztürk et al. 
(2022) [11]

Türkiye 59 (24 R, 35 L)

0: 1 (1.7)
1: 39 (66.1)
2: 16 (27.1)
3: 1 (1.7)
4: 1 (1.7)
5: 1 (1.7)

PD: 2 (2.4)
DD: 81 (97.6)
HD: -

AM: 38 (45.79)
AL: -
PS: 21 (25.30)
MB: 16 (19.28)
LB: -
AB: 1 (1.20)
ITS: 7 (8.43)

P: 9 (10.8)
M: 64 (77.1)
D: 10 (12.1)

Singh et al. 
(2018) [1]

India 62 (32 R, 30 L)

0: -
1: 38 (61.29)
2: 19 (30.65)
3: 5 (8.06)

PD: -
DD: 91 (100)
HD: -

AM: 50 (54.95)
AL: 11 (12.08)
PS: 11 (12.08)
MB: 18 (19.78)
LB: 1 (1.09)
AB: -

P: 2 (2.19)
M: 86 (94.5)
D: 3 (3.3)

Mansur et al. 
(2016) [16]

Nepal 
253 (108 R, 143 
L)

0: 5 (1.98)
1: 154 (60.87)
2: 73 (28.85)
3: 16 (6.32)
4: 5 (1.98)

PD: -
DD: 368 (100)
HD: -

AM: 327 (88.86)
AL: 17 (4.62)
PS: 24 (6.52)
MB: - 
LB: -
AB: -

P: 2 (0.54)
M: 349 
(94.84)
D: 17 (4.62)
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Ehab Kamal 
Ali (2021) [15]

Egypt
250 (125 R, 125 
L)

0: 5 (2)
1: 210 (84)
2: 35 (14)

AM: 171 (61)
AL: 28 (10)
PS: 81 (29)
MB: -
LB: -
AB: -

Pereira et al. 
(2011) [17]

Brasil 174
0: -
1: 154 (88.5)
2: 20 (11.5)

Arfan et al. 
(2022) [13]

India 86 (40 R, 46 L)

0: 4 (4.65)
1: 52 (60.40)
2: 25 (29.06)
3: 5 (5.81)

PD: -
DD: 117 (100)
HD: -

AM: 64 (55.17)
AL: 3 (2.58)
PS: 20 (17.24)
MB: 27 (23.27)
LB: -
AB: 2 (1.72)

P: 8 (6.89)
M: 103 
(88.79)
D: 5 (4.31)

0.814+-0.213 
mm

Poudel and 
Satyal (2019) 
[18]

Nepal 50 (29 R, 21 L)
0: 2 (4)
1: 40 (80)
2: 8 (16)

PD: -
DD: 56 (100)
HD: -

AM: 44 (88)
AL: 1 (2)
PS: 2 (4)
MB:
LB:
AB:

P: -
M: 41 (82)
D: 5 (10)

Desai and 
Damor (2022) 
[14]

India 93 (44 R, 49 L)
0: 10 (10.8)
1: 69 (74.1)
2: 14 (15.1)

PD: -
DD: 97 (100)
HD: -

P: 1 (1.03)
M: 92 (94.85)
D: 4 (4.12)

This study Türkiye 113 (58 R, 55 L)

0: 9 (7.96)
1: 86 (76.11)
2: 17 (15.05)
3: 1 (0.88)

PD: -
DD: 122 (99.19)
HD: 1 (0.81)

AM: 86 (69.92)
AL: 4 (3.25)
PS: 12 (9.76)
MB: 18 (14.63)
LB: 3 (2.44)
AB: -

P: 5 (4.07)
M: 113 
(91.86)
D: 5 (4.07)

14G: -
16G: -
18G: 8.94
20G: 40.65
22G: 31.71
24G: 18.70

R: right, L: left, NF: nutrient foramen, n: number, PD: proximally directed, DD: distally directed, HD: horizontally directed, AM: 
anteromedial, AL: anterolateral, PS: posterior surface, AS: anterior surface, PLS: posterolateral surface, MB: medial border, LB: 
lateral border, AB: anterior border, ITS: intertubercular sulcus, P: proximal, M: middle, D: distal, G: gauge

Table 4. Comparison of the morphometric properties of nutrient foramen

Studies Population Sample size TL (mm) DNF (mm) FI (%)

Cihan and Toma (2023) [10] Türkiye 103 (52 R, 51 L)
R: 304.39±20.04
L: 303.54±20.22

R: 172.49±23.17
L: 166.68±25.26

55.77

Kumar et al. (2022) [20] India 80 (40 R, 40 L) 301.1±19.4 166.5±12.2 55.53

Öztürk et al. (2022) [11] Türkiye 59 (24 R, 35 L)
311.33±30.9 160.92±45.67 52.39±14.84 

Mansur et al. (2016) [16] Nepal 253 (108 R, 143 L)
270.22 149.71 55.20

Arfan et al. (2022) [13] India 86 (40 R, 46 L) 304.22±21.98 56.83±7.80

Poudel and Satyal (2019) [18] Nepal 50 (29 R, 21 L) 297.09 142.95 48.12

Desai and Damor (2022) [14] India 93 (44 R, 49 L)
R: 300.8±17.8
L: 302.3±20.8

R: 185.8±40.5
L: 187.8±48.3

R: 53.27
L: 49.96

This study Türkiye 113 (58 R, 55 L) 301.68±20.61 166.70±32.50 55.33±9.48

R: right, L: left, TL: total length of humerus, DNF: distance between nutrient foramen and proximal end of the humerus, FI: 
foraminal index
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There are only a few studies which measured the diameter of the 
NF. Arfan et al. [13] measured the mean diameter of the foramen 
as 0.814+-0.213 mm. In our study, majority of NFs were sized at 
20G (1.1 mm) (Table 3.). The diameter of the NF may provide us 
necessary information about the diameter of the nutrient artery.

The mean TL was measured as 301.68±20.61 mm in our study 
which is similar to the studies of Cihan and Toma [10] in Türkiye 
(right: 304.39±20.04 mm, left: 303.54±20.22 mm), Kumar et 
al. [20] in India (301.1±19.4 mm), Öztürk et al. [11] in Türkiye 
(311.33±30.9 mm), Arfan et al. [13] in India (304.22±21.98 mm), 
Desai and Damor [14] in India (right: 300.8±17.8 mm, left: 
302.3±20.8 mm) and higher than the studies of Mansur et al. 
[16] in Nepal (270.22 mm) and Poudel and Satyal [18] in Nepal 
(297.09 mm). The mean DNF was measured 166.70±32.50 mm 
in our study which is in accordance to the studies of Kumar et 
al. [20] (166.5±12.2 mm), Öztürk et al. [11] (160.92±45.67 mm), 
Cihan and Toma [10] (right: 172.49±23.17 mm, left: 166.68±25.26 
mm), lower than that of Desai and Damor [14] (right: 185.8±40.5 
mm, left: 187.8±48.3 mm) and higher than that of Mansur et al. 
[16] (149.71 mm) and Poudel and Satyal [18] (142.95 mm). The 
mean FI was calculated in our study as 55.33±9.48%, which is 
in accordance to the studies of Cihan and Toma [10] (55.77%), 
Kumar et al. [20] (55.53%), Mansur et al. [16] (55.20%), Arfan et 
al. [13] (56.83±7.80%) and higher than that of Öztürk et al. [11] 
(52.39±14.84%), Poudel and Satyal [18] (48.12%), and Desai and 
Damor [14] (right: 53.27%, left: 49.96%). The foraminal index 
indicates where the NF is located from the proximal to the distal 
parts of the humerus. Foraminal index values   found in studies 
show us that the NF is generally localized on the middle 1/3 of 
the humerus. Comparison of the morphologic and morphometric 
properties of NFs were summarized in Table 3. and Table 4.

Limitations
This study has certain limitations. The age and sex of the bones 
were unknown. Due to such absence of information, the age and 
sex differences for NF could not be evaluated. In addition, the 
sample size was limited to 113 bones. Further studies may be 
performed with larger sample size and known age and sex of 
the bones.

CONCLUSION
In conclusion of our study, it is found out that there is usually 
one NF on the humerus and that this foramen is directed distally, 
localized on the anteromedial surface and the middle 1/3 of the 
humerus and sized at 20G. And also, we observed horizontally 

directed NF on the humerus. To our knowledge, there is no 
study which observed horizontally directed NF. There may be 
differences between populations about the morphology and 
morphometry of NF. Therefore, being aware for the morphology, 
morphometry and variations of the NF is important for the 
orthopaedic surgeons in surgeries such as fracture repairing and 
vascularized bone graft in order to avoid damaging the nutrient 
arteries. 
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ABSTRACT
Objective: Type 2 diabetes mellitus (T2DM) pathogenesis involves low-grade chronic 
inflammation, which can be measured via surrogate markers such as neutrophil-to-lymphocyte 
ratio (NLR), platelet-to-lymphocyte ratio (PLR), systemic immune inflammation index (SII), and 
pan-immune inflammation value (PIIV). They were demonstrated to be correlated with T2DM-
related outcomes, including mortality, akin to glycemic indices of fasting blood glucose and 
glycated hemoglobin. However, it is not clear whether a correlation exists between inflammatory 
markers and glycemic indices.
Methods: A retrospective study was designed. Clinical and medication variables, glycemic 
control variables, and complete blood count differential variables were acquired via electronic 
medical records. NLR, PLR, SIIV, and PIIV values were calculated. Correlation analyses between 
fasting blood glucose, glycated hemoglobin values, and inflammatory indices were conducted.
Results: Sixty-three patients were included in the study. The median fasting blood glucose and 
glycated hemoglobin levels were 115 mg/dL and 6.2%, respectively. SII and NLR significantly 
correlated with fasting blood glucose levels (r = .271, p = .032, and r = .364 p = .003, respectively). 
Although PIIV and NLR showed a correlation trend with glycated hemoglobin (r = .238 and r = 
.236, respectively), this correlation did not reach statistical significance (p = .061 and p = .062, 
respectively).
Conclusion: This study demonstrated that SII and NLR are not only associated with long-term 
diabetic complications but are also correlated with the cross-sectional glycemic index of fasting 
blood glucose. Further studies with larger patient groups have the potential to demonstrate 
significant correlations between inflammatory indices and glycated hemoglobin levels.

Keywords: Type 2 diabetes mellitus, Glucose, Glycated Hemoglobin, Neutrophil, Lymphocyte

INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a prevalent metabolic 
disorder with a significant economic and health burden [1]. 
T2DM-related morbidity is mainly caused by microvascular 
complications (i.e., neuropathy, retinopathy, and diabetic kidney 
disease) and macrovascular complications (i.e., atherosclerotic 

cardiovascular disorders), and various studies indicated that 
glycemic control is associated with lower T2DM-related 
complications [2-4]. There is no gold standard methodology 
to assess glycemic control in T2DM, and new device-based 
modalities such as continuous glucose monitoring are promising; 
however, commonly used and widely available methods include 
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Main Points:

Type 2 diabetes mellitus (T2DM) pathogenesis involves 
low-grade chronic inflammation. Neutrophil-to-lymphocyte 
ratio (NLR), platelet-to-lymphocyte ratio (PLR), systemic 
immune inflammation index (SII), and pan-immune 
inflammation value (PIIV) are inflammatory markers and 
correlated with T2DM complications but it is not clear 
whether a correlation exists between inflammatory markers 
and glycemic indices. This study demonstrated that SII and 
NLR are correlated with fasting blood glucose in addition 
to previously demonstrated associations.

fasting blood glucose (FBG) and glycated hemoglobin [5]. 
These two methods were consistently shown to be correlated 
with T2DM-related outcomes, thus forming the main glycemic 
control targets of treatment protocols [5].

T2DM pathogenesis involves multiple mechanisms, and insulin 
resistance is the most widely pronounced [6] ; however, emerging 
data suggests that low-grade chronic inflammation drives both 
T2DM pathogenesis as well as T2DM-related complications [7, 
8]. Since demonstration of tissue-scale inflammatory processes 
is not straightforward for routine clinical practice, various 
surrogate markers were developed to reflect multiple aspects of 
the innate immune system. The most commonly investigated 
markers are neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR), systemic immune inflammation 
index (SII), and pan-immune inflammation value (PIIV) [9-
12]. While the first two markers include the data that their 
names denote, SII incorporates neutrophils, platelets, and 
lymphocytes, whereas PIIV comprises monocyte counts in 
addition to SII. Previous studies indicate a correlation between 
these inflammatory markers and diabetes-related outcomes as 
well as cardiovascular and all-cause mortality among diabetic 
patients [13-14]. However, it is not well defined whether these 
inflammatory markers are also associated with glycemic control 
indices such as fasting blood glucose and glycated hemoglobin. 

The aim of this study was to investigate the possible relationships 
between inflammatory markers and glycemic control indices 
among T2DM patients who receive diabetes treatment.

MATERIALS AND METHODS
This study was designed as a retrospective electronic medical 
record (EMR)-based study. Patients who were admitted to 

the general internal medicine outpatient clinic of the Başkent 
University Ankara Hospital, a tertiary-level academic hospital, 
between June 1, 2023, and January 1, 2024 were evaluated for 
eligibility. Patients over 18 years old with a diagnosis of type 
2 diabetes mellitus who had clinical and laboratory data in 
the EMR that were required for the study were included in the 
study. Demographic and clinical features that are thought to 
have possible effects on SII, PIIV, NLR, and PLR were acquired 
via EMR and were as follows: age, gender, and comorbidities 
of hypertension, rheumatological diseases, pulmonary diseases, 
and malignancies. Patients who had an acute infection or 
rheumatological disease flare (both deduced from the clinical 
notes or laboratory results) were excluded from the study since 
both could falsely increase the aforementioned indexes and 
distort the data. Laboratory data that were acquired were fasting 
levels of blood glucose, glycated hemoglobin, total cholesterol, 
high and low-density lipoproteins, triglycerides, and counts of 
leucocytes, neutrophils, lymphocytes, monocytes, and platelets.
Four indexes were calculated as follows:

• Systemic immune inflammation index: (neutrophil x platelet) 
/ lymphocyte 

• Pan-immune inflammation value: (neutrophil x platelet x 
monocyte) / lymphocyte

• Neutrophil-to-lymphocyte ratio: neutrophil / lymphocyte
• Platelet-to-lymphocyte ratio: platelet / lymphocyte

Statistical Analysis
Continuous variables were shown as median (interquartile range) 
or mean (± standard deviation), according to their distribution 
patterns. Categorical variables were shown as numbers 
(percentages). Between‐group differences for categorical 
variables were analyzed via Pearson’s Chi‐squared test (χ2 test) 
or Fisher’s exact test, if needed. Between‐group differences for 
continuous variables were analyzed using the Student’s t-test or 
Mann–Whitney U test, according to their distribution patterns. 
Relationships between continuous variables were analyzed 
using Spearman’s correlation test, and Spearman’s rho values 
were provided. All analyses were conducted using IBM SPSS 
Software version 23.0 (SPSS Inc., Chicago, IL). Two‐sided 
significance testing was performed, and p values less than 0.05 
were considered statistically significant.

RESULTS
Sixty-three patients were found to be eligible to be included in 
the study, of whom 45 (71.4%) were female, and the median age 
was 66 (16). All patients except for five were on oral antidiabetic 
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medications, whereas 18 (28.6%) were on insulin treatment. 
Statins were used by 25 (39.7%) patients. 

Laboratory results demonstrated well-regulated T2DM overall, 
with a median glycated hemoglobin level of 6.2 (1.4) % and a 
median glucose level of 115 (36) mg/dL. Regarding complete 
blood count values, neutrophil, lymphocyte, monocyte, and 
platelet levels were 4.2 (1.9), 2.4 (0.8), .54 (.17) and 244 (97) 
x109/L, respectively. The calculated inflammatory index values 
of NLR, PLR, SII, and PIIV were 404 (310), 231 (184), 1.69 (.83), 
and 99 (59), respectively. Table 1 demonstrates the demographic, 
clinical, and laboratory characteristics of patients in detail. 

Correlation analysis demonstrated that SII and NLR values 
correlated with fasting blood glucose levels (p < .05). While 
spearman’s rho for the correlation between PIIV and fasting 
blood glucose was .223, it did not reach statistical significance 
(p = .079), as did PLR. Correlation analysis between glycated 
hemoglobin and inflammatory indexes was not statistically 
significant; however, spearman’s rho for PIIV and NLR were 
.238 and .236, respectively, with significance levels of .061 and 
.062, respectively. Table 2 demonstrates the correlation analysis 
between fasting blood glucose levels, glycated hemoglobin, 
and inflammatory indexes. Figure 1 shows the statistically 
significant correlations with a trendline. 

Mann-Whitney-U analysis to analyze whether inflammatory 
indexes differed with regards to gender, underlying 
comorbidities, insulin, or statin treatments, but it did not reach 
statistically significant results (all p > .05). However, although 
the level of significance was .065, NLR levels showed a higher 
trend in insulin users compared to non-users (1.88 vs. 1.62). 
Inflammatory indexes did not show a statistically significant 
correlation with age as well (all p > .05).

Table 1. Demographic, clinical and laboratory characteristics 
of the patients

Feature Value*

Demographics & Comorbidities

Age 66 (16)

Gender (Female) 45 (71.4%)

Hypertension 50 (79.4%)

Chronic Kidney Disease 8 (12.7%)

Rheumatological 4 (6.3%)

Pulmonary 6 (8.5%)

Malignancy 4 (6.3%)

Medications

Oral antidiabetics 58 (92.1%)

Insulin 18 (28.6%)

Statin 25 (39.7%)

Laboratory Values

Glucose (mg/dL) 115 (36)

Glycated hemoglobin (%) 6.2 (1.4)

Leucocyte (x109/L) 7.9 (2.5)

Neutrophil (x109/L) 4.2 (1.9)

Lymphocyte (x109/L) 2.4 (0.8)

Monocyte (x109/L) .54 (.17)

Platelet (x109/L) 244 (97)

Indexes

Systemic immune inflammation index 404 (310)

Pan-immune inflammation value 231 (184)

Neutrophil-to-lymphocyte ratio 1.69 (.83)

Platelet-to-lymphocyte ratio 99 (59)

* Numbers in brackets are median levels for continuous 
variables, and percentages for categorical variables

Figure 1. Correlations of systemic immune inflammation index and neutrophil-to-lymphocyte ratio to fasting glucose levels.
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DISCUSSION
This study demonstrated that extensively investigated biomarkers 
of systemic immune inflammation index and neutrophil-to-
lymphocyte ratio values have a positive correlation with fasting 
blood glucose levels among patients with type 2 diabetes 
mellitus who receive treatment. This is of particular importance 
since various studies investigating this relationship have shown 
associations with long-term outcomes; however, this study 
described that SII and NLR are correlated with fasting glucose 
levels even in cross-sectional cohorts.

Various studies have indicated that systemic, low-grade 
inflammation among T2DM patients is associated with the 
development of chronic diabetic complications [15]. High-
sensitive C-reactive protein (hs-CRP) is an inflammatory 
marker that is used to define the level of low-grade systemic 
inflammation. It has been shown that hs-CRP is associated 
with cardiovascular complications and all-cause mortality [16]. 
Similarly, the ADVANCE study demonstrated that the pro-
inflammatory cytokine interleukin-6 (IL-6) was an independent 
predictor of macrovascular complications and mortality among 
diabetic patients [17]. However, both hs-CRP and IL-6 are 
not widely available, are costly, and are source-consuming; 
therefore, more feasible approaches are needed to define the 
level of low-level chronic systemic inflammation. These efforts 
have led to the emergence of various complete blood count 
parameter-derived inflammatory markers, of which NLR, 
PLR, SII, and PIIV are the most extensively studied among 
both diabetics and non-diabetics. They were first developed for 
prognosis prediction among malignancies; however, subsequent 
studies indicated that they are not only associated with outcomes 
among patients with malignancies but are also associated with 
outcomes among diabetic patients [13-14].

There are few studies investigating the correlation of 
inflammatory markers with glycemic indices among diabetic 

patients. Determination of glycemic control is of paramount 
importance since treatment intensifications are formed 
according to fasting blood glucose and glycated hemoglobin 
levels. Despite their wide use, they have their own limitations; 
thus, newer methodologies such as continuous blood glucose 
monitoring systems (CGMS) are being developed to overcome 
these limitations, but CGMSs have their own constraints as well, 
such as cost and availability [18]. Considering the limitations 
of the current glycemic indices and taking into account the 
disturbances occurring in diabetic patients, pathophysiology-
based markers associated with glycemic control are needed. This 
study has shown that widely available inflammatory markers 
are associated with fasting blood glucose levels among diabetic 
patients and have development potential among diabetic patient 
subgroups, provided that larger patient numbers are involved.

Limitations
This study’s limitations are acknowledged. Firstly, this study 
includes a retrospective cohort, making it prone to biases related 
to retrospective studies. Secondly, patient number was not high; 
hence, several correlations could falsely lack significance, such 
as lack of correlation between PIIV and fasting blood glucose 
(p = .079), PIIV and glycated hemoglobin (p = .061), as well 
as NLR and glycated hemoglobin (p = .062). Thirdly, several 
determinants that could have an effect on the indexes, such as 
diabetes duration and anti-diabetic medication types, were not 
evaluated.

CONCLUSIONS
The correlation between fasting blood glucose levels and 
systemic immune inflammation values, as well as the 
neutrophil-to-lymphocyte ratio, reflects the low-grade chronic 
inflammation in type 2 diabetes. Whether these indexes have a 
role as treatment target markers, such as fasting blood glucose 
levels or glycated hemoglobin, should be tested in further 
prospective studies.

Table 2. Correlations between fasting glucose levels and immune indexes, values and ratios

Index Fasting glucose Glycated Hemoglobin

Systemic immune inflammation index r = .271 , p = .032 r = .172, p = .177

Pan-immune inflammation value r = .223, p = .079 r = .238, p = .061

Neutrophil-to-lymphocyte ratio r = .364, p = .003 r = .236, p = .062

Platelet-to-lymphocyte ratio r = -.019, p = .884 r = -.173, p =.176

Statistically significant correlations are shown in bold
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ABSTRACT

Objective: Diabetes is manifested by endothelial dysfunction and an imbalance between 
vasoconstriction and vasodilation. The aim of our study is to examine the effect of vitK2 
application on vascular and rheological parameters in a rat diabetes model.
Materials and Methods: A total of 60 male Wistar Albino rats were used to examine 
vascular responses and hemorheological parameters. A total of 6 groups were: control (C), 
control+vehicle (Cv), control+vitK2 administered (C + K2), diabetes (D), diabetes+vehicle 
(Dv), and diabetes+vitK2 (D + K2) group. After the animals were sacrificed, blood and 
vascular samples were taken and the contraction and relaxation responses of the aorta and 
erythrocyte deformability and aggregation were examined.
Results: When KCl dose-response curves are evaluated; Increased vasoconstriction 
response was found in the Dv group compared to the Cv group. The increase in 
vasoconstriction observed in the Dv group decreased with the application of vit K2. 
D+vitK2 group thoracic aorta contraction responses returned to Cv group levels. In 
response to increasing cumulative doses of Phe, a significant increase in vasoconstriction 
response was observed in the Dv group compared to the Cv group. VitK2 application 
reduced the Phe-mediated contractile response, which was increased in the Dv group, and 
returned the contraction response to Cv conditions except for two intermediate Phe doses. 
In the Dv + K2 group, a significant decrease was observed in the aggregation index, which 
was tended to increase.
Conclusion: Considering the cardiovascular complications frequently observed in 
diabetes, it can be suggested that vitK2 therapy may yield positive outcomes in diabetes.
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Main Points:

• Endothelial dysfunction and decreased nitric oxide 
bioavailability have been observed in rats with type 2 
diabetes.

• Vit K2 treatment has reduced increased vasoconstriction 
induced by phenylephrine and restored the contractile 
response to normal levels in diabetic rats.

• Vit K2 has reduced increased erythrocyte deformability 
and aggregation in diabetic rats.

• Vit K2 may be considered a potential therapeutic option in 
diabetes management.

INTRODUCTION
Type 2 diabetes mellitus (T2DM) occurs with consequences such 
as microvascular (retinopathy, nephropathy and neuropathy) 
and macrovascular (cardiovascular diseases) complications, 
hyperglycemia and insulin resistance [1].  Diabetes mellitus 
(DM) is characterized by endothelial dysfunction and decreased 
nitric oxide (NO) bioavailability [2,3]. Endothelial dysfunction 
is a critical and initiating factor in the formation of diabetic 
vascular complications. 

Endothelium stimulates the relaxation of vascular smooth 
muscle by secreting vasodilator substances. The important 
relaxing factors are; NO, prostacyclin and endothelium-derived 
hyperpolarizing factor (EDHF). The functional importance of 
the three substances varies depending on their location. While 
NO can be effective in large-diameter arteries, EDHF can be a 
vasodilator in smaller-diameter blood vessels or in some arteries 
such as coronary arteries when NO release is stopped [4]. 

The endothelium plays an important role in regulating 
vascular tone by synthesizing and releasing substances such as 
prostaglandin I2 and EDHF [5]. Endothelial dysfunction is an 
expected finding associated with vascular damage in DM and 
depends in part on the balance between oxidative stress and NO. 
Endothelial dysfunction results in decreased NO bioavailability. 
Changes in NO release are important as they play a major role 
in the disruption of vascular homeostasis and the development 
of endothelial dysfunction associated various cardiovascular 
disorders [6,7]. 

Vitamin K (vitK) corresponds to 3 separate compounds: vitK1 
(phylloquinone), vitK2 (menaquinones) and vitK3 (menadione), 

which contain methylated naphthoquinone [8]. It functions in 
the carboxylation of glutamic acid (Gla) residues of proteins that 
require vitK for their activation. Known as a cofactor for clotting 
factors such as prothrombin. It also carboxylate some proteins 
such as osteocalcin [9]. It is stated that osteocalcin concentrations 
may affect insulin sensitivity and T2DM by regulating the 
expression of insulin genes and cell proliferation markers.  
Osteocalcin has been shown to increase insulin secretion and 
insulin sensitivity and reduce the severity of T2DM in mice [10]. 
Uncarboxylated osteocalcin increased cell proliferation, insulin 
secretion, and insulin sensitivity by stimulating adiponectin 
expression. However, it has been reported in the literature 
that vitK supplementation (vitK1 and vitK2), which causes a 
decrease in uncarboxylated osteocalcin levels and an increase in 
carboxylated osteocalcin, reduces insulin resistance in patients 
with high risk of T2DM [11].

VitK2 is generally of microbial origin. Important food sources 
are cheese, curd and natto (a traditional Japanese dish made from 
fermented soybeans) [12]. It has functions such as protecting 
the liver and nerves, preventing cardiovascular calcification, 
relieving menopausal symptoms, bone homeostasis, cognition 
and energy production. It is effective in reducing the risk 
of developing T2DM [13]. Many diseases accompanied by 
inflammation (inflammatory bowel disease, pancreatitis, chronic 
kidney disease and osteoporosis) are linked to vitK deficiency. It 
also contributes to endothelial health by reducing inflammation 
markers [13]. Low dose vitK2 positively affects endothelium-
dependent vasodilation and NO release [14]. VitK2 is stored 
in most tissues; but relatively high in the brain, kidneys and 
pancreas [15]. Administration of vitK2 increases insulin 
sensitivity [16]. Its deficiency is responsible for the “calcium 
paradox”, characterized by low calcium deposition in bone and 
its deposition in the vascular wall [17]. Based on this information, 
we aimed to examine the effect of vitK2 application on vascular 
response and rheological parameters in our study.

MATERIALS AND METHODS
Total of 60 male Wistar Albino rats were used in the experiments 
examining vascular responses and hemorheological parameters 
carried out in the laboratories of Akdeniz University Faculty of 
Medicine, Department of Anatomy and Physiology. Akdeniz 
University Animal Experiments Local Ethics Committee 
approval was received (Application Form ID/Protocol no; 
1036/2020.02012). The rats were kept in a room at 23 ± 2°C 
with a 12-hour daylight - 12-hour dark period and were fed with 



European Journal of Therapeutics (2024) Ozturk Bostanci S, et al.

741

rat chow without restriction. The animals were left for a one-
week adaptation period before being taken to the experimental 
procedure, and their blood glucose levels were measured during 
this period to ensure that they had blood glucose values within 
normal limits. Weekly water and feed consumption and weight 
measurements of all rats were made until they were sacrified 
(Table 1 and Table 2).

Control group, (C): Rats in this group were used to determine 
their normal morphological and physiological characteristics.
Control+Vehicle, (Cv): Rats in this group received an 
intraperitoneal injection of citrate buffer solution (0.1M, pH 4.5). 
Since v itK2 is soluble in corn-oil, citrate-buffered corn oil (0.2 
ml per 100 g body) was applied via gavage. 

Control+VitK2, (C+K2): VitK2 in corn-oil was given at a dose 
of 35 mg/kg via gavage, 5 days a week, once a day for 8 weeks.
Diabetes group, (D): A single dose of streptozotocin injection 
(50 mg/kg, dissolved in 10 mmol/L citrate buffer, pH 4.5) was 
administered intraperitoneally.

Diabetes+Vehicle, (Dv): A single dose of streptozotocin injection 
(50 mg / kg, dissolved in 10 mmol / L citrate buffer, pH 4.5) 
was administered intraperitoneally. Since vitK2 is soluble in 
corn-oil, citrate-buffered corn-oil (0.2 ml per 100 g body) was 
administered via gavage. 

Diabetes+Vit K2, (D+K2): One week after a single dose of 
intraperitoneal streptozotocin injection, Vit K2 in corn oil was 
administered at a dose of 35 mg/kg via gavage, 5 days a week, 
once a day for 8 weeks.

Table 1. Average and standard deviation values of daily feed (g) and water (ml) consumed by the groups. C: control, Cv: 
control+vehicle, C+K2: control+vit K2, D: diabetes, Dv: diabetes+vehicle, D+K2: diabetes+vit K2.

Daily feed (g) Daily water (ml)

Mean
Std. 

deviation
Mean

Std. 
deviation

Control groups

C 65,59 13,88 58,59 7,74

Cv 69,06 18,58 53,59 6,64

C+K2 66,04 14,50 58,44 14,45

Diyabetes groups

D 77,14 22,37 182,26 79,19

Dv 78,24 21,32 173,93 43,05

D+K2 90,61 27,79 168,53 36,28

Table 2. Weekly average weight (g) values of the groups. C: control, Cv: control + vehicle, C + K2: control + vitK2, D: diabetes, Dv: 
diabetes + vehicle, D + K2: diabetes + vitK2.

0. day 7. day 14. day 21. day 28. day 35. day 42. day 49. day

Control groups

C 226,83 245,00 249,33 260,67 266,00 274,33 280,17 290,33

Cv 243,83 255,17 263,17 271,17 300,00 302,00 303,17 299,33

C+K2 232,50 246,83 256,33 263,80 266,00 275,80 282,60 288,80

Diyabetes groups

D 273,42 251,55 247,18 242,64 242,09 239,18 238,09 234,55

Dv 251,89 248,14 252,86 257,00 259,71 256,00 257,86 259,86

D+K2 279,88 248,75 243,88 231,50 229,75 225,63 224,75 224,13
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Creating Diabetes
Streptozotocin (STZ, 50 mg/kg) dissolved in citrate buffer (0.1M, 
pH 4.5) (Sigma-Aldrich Cat#S0130) was administered to the 
animals in the experimental group by intraperitoneal injection 
under isoflurane anesthesia. Rats with blood glucose levels of 
250 mg dl−1 or higher were considered diabetic [18].

Application of Vitamin K2
VitK2 applications were administered via gavage at a dose of 35 
mg/kg (by preparing a solution in 0.2 ml corn oil per 100 g body 
weight), once a day, 5 days a week for 8 weeks [19].

After measuring the blood glucose levels of the rats, their thoracic 
aorta tissues were placed in a cold Krebs solution. The tissue was 
divided into rings of appropriate length (2-5 mm) and placed in 
an organ bath containing 10 ml of Krebs solution, oxygenated 
with a gas mixture containing 95% O2 - 5% CO2, temperature 
37oC and pH = 7.4, to be studied.

Endothelium-dependent and independent relaxation responses 
and contraction responses of the thoracic aorta suspended in the 
organ bath were examined.

Potassium Chloride (KCl) Mediated Contractile Response: 
Contraction responses of the vessels to 20, 40 and 80 mM KCl 
were obtained.

Phenylephrine (Phe) Mediated Contractile Response: Contractile 
responses were obtained by administering cumulatively 
increasing doses of Phe (10-9 – 3x10-5 M) to the vessels.

Following contraction with a submaximal dose of Phenylephrine 
(Phe), cumulative doses of ACh (10-9 – 3x10-5 M) were 
administered to the vessels and ACh-mediated relaxation 
responses were obtained.

Following contraction with a submaximal dose of Phenylephrine 
(Phe), cumulative doses of SNP were administered to the vessels 
(10-10 – 3x10-4 M), and SNP-mediated relaxation responses were 
obtained.

Erythrocyte deformability was assessed by laser diffraction 
analysis at various fluid shear forces using an ektacytometer 
(LORRCA, RR Mechatronics).  Erythrocyte deformability was 
calculated as elongation index (EI) by the system. EI values were 
measured between nine shear forces (0.30 – 75.02 Pa), and using 

these values, the shear force (SS1/2) that caused a deformation 
of half of the maximum EI was evaluated for each sample. 
Erythrocyte aggregation was measured in autologous plasma at 
37ºC using a photometric aggregometer. 

Statistical Analysis
Statistical evaluations were made and the results are shown 
as ± mean standard deviation. The significance level was 
accepted as 0.05. Parametric two-way and one-way analyzes of 
variance (ANOVA) were used for data conforming to normality 
distribution, and Post-Hoc Bonferroni and Tukey tests were 
used for pairwise comparisons. Non-parametric Kruskal-Wallis 
Variance Analysis was used for data that did not comply with 
normality distribution and Dunn Test was used for pairwise 
comparisons.

RESULTS
In the vehicle study applied to control (C) and diabetes (D) 
groups; it was shown that a single injection of citrate buffer 
solution (0.1M, pH 4.5) into the groups followed by corn-oil (0.2 
ml per 100 g body) application for 8 weeks affected conduction 
type vascular functions (thoracic aorta contraction and relaxation 
responses). Due to the effects of STZ and Vit K2 solvents, 
subsequent procedures were continued with Control-vehicle (Cv) 
and Diabetes-vehicle (Dv) groups instead of C and D groups.

When KCl dose-response curves at 20, 40 and 80 mM 
concentrations are compared; While vehicle application to group 
C caused a decrease in the contraction response to KCl (p<0.05 
and p<0.01; Figure 1a), vehicle application to group D caused an 
increase in the contraction response to the highest dose of KCl 
(p<0.01; Figure 1b).    
                                                  
When comparing Phe dose-response curves with increasing 
doses; Vehicle application to group C caused a decrease in the 
contraction response to high doses of Phe (p<0.05; Figure 1c). 
Application of vehicle to group D caused an increase in the 
contractile response to all Phe doses except the lowest doses 
(p<0.001; Figure 1d).

When comparing ACh dose-response curves with increasing 
doses; No difference in relaxation response was observed after 
vehicle application in group C. (p>0,05; Figure 2a). Application 
of vehicle to group D resulted in decreased relaxation responses 
to all ACh doses except the highest doses. (p<0,05 and p<0,001; 
Figure 2b).
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When SNP dose-response curves are compared with increasing 
doses; Vehicle application to groups C and D improved the 
relaxation responses to low doses of SNP. (* p<0,001; Figure 2c) 
(#p<0,05, ##p<0,01 and ###p<0,001; Figure 2d).

Corn-oil, which is the solvent of vitK2, was applied to the Cv 
and Dv groups by gavage for 8 weeks, while vitK2 (0.2 ml/100 
g body weight) was dissolved in corn-oil and administered by 
gavage to the C + K2 and D + K2 groups. 

Since vehicle application caused various changes in vascular 
responses in both C and D groups, statistical evaluation on the 
effects of vitK2 on vascular responses was performed compared 
to vehicle groups.

When KCl dose-response curves at 20, 40 and 80 mM 
concentrations are evaluated; An increase in vasoconstriction 
response was found in the Dv group compared to the Cv group 
(p<0,05, p<0,01, p<0,001). The increase in vasoconstriction 

observed in the Dv group decreased with the application of vitK2 
(p<0,01 and p<0,001). D + K2 group thoracic aorta contraction 
responses returned to Cv group levels (p>0,05).  Administration 
of vitK2 to the Cv group resulted in an increase in contractile 
response compared to the Cv group (p<0,001) (Figure 3a).

When the dose-response curves obtained in response to 
increasing cumulative doses of Phe are examined; A significant 
increase in vasoconstriction response was observed in the Dv 
group compared to the Cv group (p<0,01 and p<0,001). VitK2 
administration reduced the Phe-mediated contractile response, 
which was increased in the Dv group (p<0,01 and p<0,001). 
Restored the contractile response to Cv values except for two 
intermediate doses of Phe (p<0,05). In the C + K2 group, 
compared to the Cv group, there was a significant decrease in 
the contractile response with low doses of Phe. (p<0,001). A 
significant increase in contractile response was observed with 
high doses of Phe (p<0,01 and p<0,001) (Figure 3b).

Figure 1. Contraction responses of the thoracic aorta. a) C and Cv, b) D and Dv groups KCl-mediated contraction dose-response 
curve, c) C and Cv d) D and Dv groups Phe-mediated contraction dose-response curve. *p<0,05, different from K; ###p<0,001, 
different from D.

Figure 2. Relaxation responses of the thoracic aorta. a) C and Cv b) D and Dv groups ACh-mediated relaxation dose-response 
curve. #p<0,05 and ###p<0,001, different from D, c) C and Cv d) D and Dv groups SNP-mediated relaxation dose-response curve. 
***p<0,001, different from C; #p<0,05, ##p<0,01 and ###p<0,001, different from D.
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When the dose-response curves obtained in response to increasing 
cumulative doses of ACh are examined; A statistically significant 
decrease in the vasodilatation response, thus an impairment in 
the endothelium-mediated relaxation response, was observed 
in the Dv group compared to the Cv group (p<0,001). VitK2 
application increased the diminished vasodilatation response 
in Dv group vessels (p<0,01 and p<0,001) and returned to the 
responses observed in the Cv group (p>0,05). Administration 
of vitK2 to the Cv group resulted in a decrease in relaxation 
responses compared to the Cv group (p<0,05, p<0,01 and 
p<0,001) (Figure 4a).

When the dose-response curves in response to increasing 
cumulative doses of SNP are compared; it was observed that 
there was a decrease in the relaxation response of the Dv group 
compared to the Cv group (p<0,05, p<0,01 and p<0,001). 

Application of vitK2; it was found that it corrected the decrease 
in the vasodilatation response observed in the Dv group and 
caused an increase in the relaxation response (p<0,001). The 
relaxation response observed in the D + K2 group was greater 
than in the Cv group (p<0,01 and p<0,001). Administration of 
Vit K2 to the Cv group increased the relaxation response to SNP 
at intermediate doses (p<0,001) (Figure 4b).

In the diabetes group compared to the control group; an increase 
in vascular contraction responses and a decrease in relaxation 
responses were observed. VitK2 partially or completely 
corrected these changes in contraction and relaxation responses. 
Considering the cardiovascular complications that frequently 
occur in diabetes, it can be said that vitK2 treatment will provide 
positive results.

Figure 3. a) KCl-mediated contraction dose-response curve of thoracic aorta in Cv, C + K2, Dv and D + K2 groups. *p<0,05, 
**p<0,01 and ***p<0,001, different from Cv; ##p<0,01 and ###p<0,001, different from Dv, b) Phe-mediated contraction dose-
response curve of thoracic aorta in Cv, C + K2, Dv and D + K2 groups. **p<0,01 and ***p<0,001, different from Cv; ##p<0,01 and 
###p<0,001, different from Dv.

Figure 4. a) ACh-mediated relaxation dose-response curve of thoracic aorta Cv, C + K2, Dv and D + K2 groups. *p<0,05, **p<0,01 
and ***p<0,001, different from Kv; ##p<0,01 and ###p<0,001, different from Dv, b) SNP-mediated relaxation dose-response curve 
of thoracic aorta in Cv, C+K2, Dv and D + K2 groups. *p<0,05, **p<0,01 and ***p<0,001, different from Cv; ###p<0,001, different 
from Dv.



European Journal of Therapeutics (2024) Ozturk Bostanci S, et al.

745

The results obtained by applying vitK2 to the control group 
suggest that vitK2 may have different effects on vascular 
responses under physiological conditions. In line with these 
results, more studies are needed on the effects of vitK2 under 
physiological conditions.

In the vehicle study applied to groups C and D; it was shown that 
the application of corn-oil (0.2 ml per 100 g body) for 8 weeks 
after a single injection of citrate buffer solution (0.1M, pH 4.5) 
in the groups did not affect the erythrocyte responses. (Figure 5, 
Figure 6 and Figure 7). However, since vehicle operation affects 
the thoracic aorta responses; procedures were continued with Cv 
and Dv groups instead of C and D groups.

Erythrocyte responses were obtained in Cv and Dv groups after 
gavage administration of Vit K2 in corn oil (0.2 ml per 100 g 
body) for 8 weeks.  Statistical evaluation of the effects of Vit 
K2 on vascular responses was performed compared to vehicle 
groups.  Evaluation took place between Cv, C + K2, Dv and D 
+ K2 groups.  

When erythrocyte deformabilities were compared, no difference 
was observed in both EImax and SS 1/2 values between the 
groups. (p>0,05; Figure 8).

When the erythrocyte aggregation indexes of the groups are 
compared; no significant difference was observed in erythrocyte 
aggregation in the Dv group compared to the Cv group (p>0.05), 
but the aggregation index of erythrocytes of diabetic rats tended 
to increase. Application of vitK2 to the Dv group caused a 
significant decrease in the aggregation index, which tended to 
increase (p<0,01; Figure 9).

The fact that no difference was observed in erythrocyte 
deformabilities between groups may be due to the fact that 
erythrocytes are in an intact state. Erythrocyte aggregation 
increased in the diabetes group; This suggests that blood viscosity 
increases, resulting in increased resistance to blood flow and 
deterioration in vascular perfusion in these groups. Application 
of Vit K2 to the diabetes group had a positive effect.

Figure 5. Erythrocyte deformability (EImax) changes a) C and Cv groups, b) D and Dv groups.

Figure 6. Erythrocyte deformability (SS1/2) changes a) C and Cv groups b) D and Dv groups.
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Figure 9. Changes in erythrocyte aggregation in groups Cv, C + 
K2, Dv and D + K2. ##p<;0,01, different from Dv.

DISCUSSION
The aim of the study was to examine the endothelium-dependent 
and independent relaxation responses of vitK2 on the aorta 
throacica, in T2DM rats. In addition, contraction responses were 
also examined in our study. 

The literature, there are studies investigating the effects of vitK2 
on intervertebral discs and fibrochondrocytes in diabetic mice,  
as well as its impact on glycemic status [20,21]. To the best of 

our knowledge, our study is the first to examine the effect of 
vitK2 dissolved in corn oil on the vascular endothelium in a rat 
diabetes model. 

Gaertner et al. investigated the effect of corn oil on vascular 
endothelial responses, they did not find any change in the 
relaxation response that develops due to low concentrations 
of ACh in the arteria femoralis. They saw a reduction in SNP-
mediated relaxation response at similar doses [22]. In our study, 
consistent with this study, no change was observed in the vascular 
relaxation response to increasing doses of ACh in the Cv group 
given corn oil, while a decrease in vascular relaxation responses 
was observed in the Dv group, except for the highest doses. 
Similarly, in our study, the SNP-mediated relaxation response 
at low doses decreased in both the Cv and Dv groups. These 
results suggest that the decrease is associated with endothelial 
dysfunction.

In a placebo-controlled study in individuals with T2DM and 
cardiovascular disease, the amount of calcification was measured 
with 18F-NaF PET and CT scans and it was evaluated whether 

Figure 7. Erythrocyte aggregation changes a) C and Cv groups, b) D and Dv groups.

Figure 8. Erythrocyte deformability changes in Cv, C + K2, Dv and D + K2 groups a) EImax, b) SS1/2.
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Vit K2 reduced calcification.  In the study, they reported that 
vascular calcification is an active process and these techniques 
do not measure it, that the 18F-NaF PET method is a promising 
technique to detect early changes before calcifications become 
visible on CT, and that their study also supports that vitK2 
supplementation inhibits vascular calcification [23]. Meer et al. 
in their study, investigated the effect of vitK2 on tendency time 
(T50) in T2DM individuals, based on the hypothesis that serum 
calcification T50 may be a new marker of arterial calcification 
tendency [24]. They reported that further research is needed on 
the effect of vitK2 supplementation on arterial calcification and 
the validity of T50 as a marker of arterial calcification [24]. In 
our study, as expected, an increase in KCl-mediated contractile 
response was observed in rats in the diabetes group compared to 
rats in the control group. We found that in vitK2 injected group to 
diabetic rats, the KCL-mediated endothelial contraction response 
decreased and returned to the control group level. This showed 
the positive effect of vitK2 application on vascular endothelial 
function. An increase in vascular endothelial response was 
observed in the control group administered vitK2 compared 
to the control group. It was observed that the vitK2 dose we 
applied to the diabetes group caused an increase in the vascular 
endothelial relaxion response. In the ACh-mediated relaxation 
response, a decrease in the vasodilatation response was observed 
in the diabetic group compared to the control group. This showed 
us that there was dysfunction in the endothelium-mediated 
relaxation response. The decreased vasodilatation response 
increased in the vitK2 administered group and returned to control 
levels.

In a study of 16,057 women, Gast et al. showed that individuals 
with high vitK2 intake had a lower risk of heart disease. They 
stated that every 10 micrograms of vitK2 consumed per day 
reduced the risk of heart disease by 9% [25]. A study was 
conducted to investigate the effects of vitK on calcification and 
TLR2 (Toll-like receptor 2) and TLR4 (Toll-like receptor 4) 
expression in aortic tissues and smooth muscle cells in ApoE-
/- mice.

They showed that vitK2 could reduce the expression of TLR2 and 
TLR4 in the aorta and smooth muscle cell, and inhibited high-fat 
diet-induced intimal calcification and sodium glycerophosphate-
induced smooth muscle cell calcification in ApoE-/- mice [26].

When the erythrocyte deformabilities of the groups were 
compared in our study, no difference was observed in both 

EImax and SS1/2 values between the groups. When erythrocyte 
aggregation indexes were compared, although no significant 
difference was observed in erythrocyte aggregation in the Dv 
group compared to the Cv group, a tendency to increase in the 
aggregation index of erythrocytes of diabetic rats was observed.  
Administration of vitK2 to the Dv group caused a significant 
decrease in the aggregation index, which tended to increase. 

CONCLUSION
As a result, in our study, in the diabetes group compared to 
the control group; An increase in conduction-type vascular 
contraction responses and a decrease in relaxation responses 
were observed. VitK2 application partially or completely 
corrected these changes in contraction and relaxation responses. 
Considering the cardiovascular complications that frequently 
occur in diabetes, it can be said that vitK2 treatment can produce 
positive results in diabetes. The fact that no difference was 
observed in erythrocyte deformabilities suggests that this may be 
due to the fact that erythrocytes are in an intact state. Erythrocyte 
aggregation increased in the diabetes group; This suggests that 
blood viscosity increases, increasing resistance to blood flow 
and causing deterioration in vascular perfusion in these groups. 
Application of vitK2 to the diabetes group had a positive effect. 
It was observed that vitK2 administered to the subjects in the 
control group had a negative effect on vascular responses. The 
negative effect of this dose, which is curative in diabetes, on the 
control group showed that dose studies are needed.
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ABSTRACT
Objective: There is growing evidence that Cognitive Disengagement Syndrome (CDS) 
is a distinct construct, supported by both empirical research and clinical differentiation. 
CDS demonstrates a stronger association with the inattentive type of Attention Deficit 
Hyperactivity Disorder (ADHD-IA), compared to its correlation with hyperactivity/
impulsivity symptoms. Several studies have identified a significant positive relationship 
between CDS and internalizing symptoms such as anxiety and depression. To our 
knowledge, no study has explored CDS in children with major depression (MD). In 
the present study, we compared children with MD but without ADHD to children with 
ADHD but without depression in terms of CDS. We examined whether children with 
MD would have greater CDS when compared to children with ADHD.
Methods: Thirty-six adolescents with ADHD, and twenty-five adolescents with MD, 
aged 12 to 18 years old, were administered the Barkley Child Attention Scale (BCAS), 
Turgay’s DSM-IV Based ADHD and Disruptive Behavior Disorders Screening Scale, 
and the Children’s Depression Rating Scale-Revised (CDRS-R). 
Results: The majority of the ADHD and MD groups were boys. The MD group had 
significantly higher BCAS scores than the ADHD group (U=287.0, p=0.016). In the 
ADHD group, the severity of BCAS scores was inversely correlated with ADHD-
Hyperactivity/impulsivity scores (r=-0.681, p<0.001). In the MD group, there was a 
significant positive relationship between BCAS and CDRS scores (r= 0.493, p=0.012).
Conclusions: The findings of this study highlight the transdiagnostic relevance of 
CDS by demonstrating its association with depression, independent of ADHD. This 
underscores the importance of considering CDS in the assessment and treatment of 
depression across various clinical contexts.

Keywords: Cognitive Disengagement Syndrome; Attention Deficit and Hyperactivity 
Disorder; Major Depression; Children.
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Main Points

• In this study, we aimed to investigate the associations of 
CDS with ADHD and depressive symptoms in order to 
understand unique associations with each disorder.

• In the group of ADHD patients, the severity of 
CDS scores was inversely correlated with ADHD-
Hyperactivity/Impulsivity. In the patients with MD, 
CDS scores were positively correlated with depression 
severity.

• The findings of this study highlight the transdiagnostic 
relevance of CDS by demonstrating its association with 
depression, independent of ADHD. 

• It is important to consider CDS in the assessment and 
treatment of depression across various clinical contexts.

INTRODUCTION
The symptoms of Cognitive Disengagement Syndrome (CDS) 
(previously called Sluggish Cognitive Tempo, SCT) appear to 
be a trait that emerges early in childhood [1]. Several studies 
have defined the cognitive and behavioral dimensions of CDS [2, 
3]. CDS is characterized by excessive daydreaming, confusion, 
drowsiness, absent-mindedness, being lost in one’s own 
thoughts, and a noticeable slowing in behavior and cognitive 
processes [2]. Until recently, CDS has been studied primarily 
in the context of Attention Deficit Hyperactivity Disorder 
(ADHD), specifically as a symptom of the ADHD-inattentive 
(ADHD-IA) subtype [2, 4]. However, ample evidence suggests 
that CDS is a distinct entity with both empirical and clinical 
differentiation [5]. CDS demonstrates a stronger association 
with ADHD-IA compared to its correlation with hyperactivity/
impulsivity symptoms [6]. Some studies specifically suggest 
that CDS represents a distinct entity with a unique clinical 
profile, separate from ADHD, implying that the relationship 
between CDS and ADHD involves the comorbidity of two 
distinct disorders [4-8]. Studies have identified a significant 
positive relationship between CDS and internalizing symptoms 
such as anxiety and depression, as well as social and academic 
impairment, low self-esteem, and sleep problems, even when 
controlling for ADHD-IA [3, 6, 9-12]. Bernad et al. [13] 
conducted a comprehensive 2-year longitudinal study involving 
a large cohort of school-aged children. The primary objective 
was to explore the unique predictive value of CDS in relation 
to various academic and emotional outcomes. The study found 
that higher CDS were significantly associated with increased 

levels of teacher-reported depression and academic impairment, 
independent of ADHD-IA. A recent study found that baseline 
CDS symptoms predicted future depression and teacher-rated 
anxiety [2]. Similarly, a 7-year longitudinal study showed 
that CDS predicted anxious/depressive behaviors, even after 
controlling for the effects of ADHD [14]. Moreover, a recent 
study revealed the predictive relationship of CDS with depressive 
symptoms [15]. Research has also shown that children with 
severe CDS tend to exhibit increased symptoms of generalized 
anxiety, social phobia, and obsessions than children with lower 
levels of CDS [16]. Children with CDS often exhibit significant 
challenges in various aspects of their daily lives, including 
social interactions and cognitive functions. Social isolation 
and loneliness are common among these children due to their 
tendency to withdraw from social situations. Additionally, they 
may struggle with reduced efficiency in processing information 
and face difficulties in managing cognitive tasks and regulating 
their emotions effectively [8, 17-19]. The emergence of CDS 
symptoms has been associated with increased activation of the 
behavioral inhibition system [20, 21], and conflicted shyness 
[8, 20, 21]. Additionally, some findings suggest that CDS is 
associated with poor learning strategies, an increased risk of 
suicide, self-reported rumination and mind wandering (MW), 
even after controlling for co-occurring conditions such as 
ADHD, anxiety, and depression [6, 17, 19, 22, 23]. It should be 
noted that CDS is distinct from both anxiety and depression [8]. 
A recent study of undergraduate students reported that having 
more than one other psychiatric disorder was associated with 
higher levels of CDS symptoms [24].

Adolescents with ADHD are at significant risk of developing 
depression and related problems compared to their typically 
developing peers [25]. It was reported that 14% of children and 
adolescents with ADHD and 1% of youth without ADHD were 
diagnosed with depression [26]. A longitudinal study showed 
that children with ADHD exhibited higher depressive symptoms 
through age 18 compared to children without ADHD, and youth 
with a history of continued to experience higher depressive 
symptoms than their age-matched peers from ages 18 to 25 [25]. 
CDS may contribute to the link between ADHD and depression. 
It appears to explain much of the covariance between ADHD 
and depressive symptoms, independently of IA symptoms and 
externalizing psychopathology [10]. Many studies indicate that 
the relationship between IA symptoms and depression is no 
longer significant when CDS is taken into account, but that CDS 
remains associated with depression when IA is controlled [4, 12, 
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27]. Therefore, CDS appears to be an important risk factor that 
should be integrated into research on depression risk in youth 
with ADHD.

Although a positive relationship between CDS and internalizing 
symptoms such as anxiety and depression has been recognized, 
the characteristics of CDS in children with major depression 
(MD) have not been extensively studied. In this study, we 
compared children with MD but without ADHD to children 
with ADHD but without depression in terms of CDS. We 
examined whether children with MD would have higher CDS 
compared to children with ADHD. We hypothesized that CDS, 
as a distinct clinical entity, would exhibit a stronger correlation 
with depression in children with MD compared to its association 
with ADHD symptoms in children with ADHD. This is based on 
the expectation that the emotional characteristics of depression 
align more closely with CDS symptomatology, whereas the 
behavioral aspects of ADHD may have a less direct connection. 
Understanding these differences may lead to more tailored 
approaches to the diagnosis and treatment of CDS in different 
clinical conditions. 

MATERIALS AND METHODS
Subjects and assessment
Participants consisted of 36 adolescents with ADHD and 25 
adolescents with MD, aged 12–18, who applied to the outpatient 
clinics of Kars Harakani State Hospital between July and 
November 2023. Data were collected from parents, adolescents, 
and teachers. All procedures were approved by the institutional 
review board of Kafkas University (approval date: 04.07.2023, 
approval number: 274). Parental informed consent and adolescent 
assent were obtained. Diagnostic assessments for both groups 
were based on the Diagnostic and Statistical Manual of Mental 
Disorders, 5th edition [28]. Exclusion criteria for both groups 
were as follows: 
1) Previous diagnoses of neurological disorder, intellectual 

disability, autism, schizophrenia, bipolar disorder, and 
substance use disorder; 

2) There was no current MD diagnosis in the ADHD group. 
3) Participants with MD had no lifetime or current diagnosis of 

ADHD. 

Data Collection Tools
Sociodemographic questionnaire: Sociodemographic 
characteristics of the sample were obtained through a form 
prepared by the authors. 

Barkley Child Attention Scale [4]: To assess the severity of 
childhood CDS, all parents completed the Turkish version [29] 
of the Barkley Child Attention Scale (BCAS) [4]. This scale has 
been widely used in previous studies involving children and 
adolescents in Türkiye [30, 31]. The BCAS, for children aged 
6 to 12 consists of 12 items divided into two subcategories: 
sluggishness and daydreaming. The sluggishness dimension 
includes seven symptoms, such as decreased activity, lethargy, 
and slowness of behaviors. The daydreaming dimension covers 
five symptoms, including daydreaming, absentmindedness, and 
mental confusion. The Cronbach’s alpha coefficient was found 
to be 0.86 in the Turkish reliability study of BCAS 

Turgay’s DSM-IV Based ADHD and Disruptive Behavior 
Disorders Screening Scale [32]: This parent-reported scale 
serves as a screening tool for disruptive behavior disorders 
based on DSM-IV diagnostic criteria. It has been validated 
for use in Türkiye by Ercan et al., [33]. The scale consists of 
a total of 41 items: 9 questions regarding attention deficit, 
6 questions regarding hyperactivity, 3 questions regarding 
impulsivity, 8 questions regarding oppositional defiant disorder 
and 15 questions regarding conduct disorder. Response options 
range from zero to three; 0 and 1 indicate normal situations and 
behaviors, while options 2 and 3 indicate clinically important 
conditions. A total score of ‘six’ out of ‘nine’ criteria rated as 
2 or 3 indicates the presence of a serious problem, lasting ‘at 
least six months,’ suggestive of ADHD. The Cronbach’s alpha 
coefficients for the sample of the current study was as follows: 
0.89 for Inattention, and 0.81 for Hyperactivity.

Children’s Depression Rating Scale-Revised: Severity of 
depression was measured with the clinician-rated Children’s 
Depression Rating Scale-Revised (CDRS-R) [34]. The 16 items 
on CDRS are measured on 3-, 4-, 5-, and 6-point scales. The 
CDRS is derived from the Hamilton Rating Scale for Depression 
(HAM-D); A score of 15 on the CDRS is equivalent to a score 
of 0 on the HAM-D [35]. Based on family reports and clinical 
interviews, children demonstrated normal ranges of intelligence, 
as assessed through adaptive functioning in domains such as 
communication, self-care, social skills, self-direction, academic 
skills, work, leisure, health, and/or safety.

Statistical Analysis
Data were analyzed using SPSS 21.0 (IBM Corp., Armonk, NY, 
USA). Normality assumptions were evaluated through Skewness 
and Kurtosis values. Descriptive statistics for continuous 
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variables are presented as mean (M), standard deviation 
(SD), and standard error (SE). In addition, the number (n) and 
percentage (%) values of categorical variables were determined 
for each study group. Sociodemographic and clinical variables 
were compared between groups using Student’s t Test or Mann-
Whitney-U Test. Categorical variables were compared between 
groups using the Chi-Square Test. The relationship between 
clinical variables in both groups was evaluated by Pearson’s or 
Spearman’s correlation analysis. 

RESULTS
Comparison of both groups in terms of some sociodemographic 
and clinical variables is presented in Table 1. The majority 
of ADHD and MD groups consisted of boys (72.2%, 64.0 %, 
respectively). There were no significant differences between 
ADHD (median: 14 (11-17)) and MD (median: 15 (12-18)) 

groups in terms of age (U=336.5, p=0.092). As expected, 
Inattention (17.33±3.48 for ADHD; 13.96±1.59 for MD) and 
Hyperactivity (14.22±7.46 for ADHD; 5.16±1.34 for MD) scores 
were significantly higher in ADHD group (T=5.096, p<0.001; 
T=7.123, p<0.001; respectively). Additionally, CDRS scores 
(median: 27 (18-49) for ADHD; 69 (53-82) for MD) were higher 
in the MD group (U=0.0, p<0.001). BCAS scores of the MD 
group (median: 24 (22-29)) were significantly higher than those 
of the ADHD group (median: 21 (12-31)) (U=287.0, p=0.016).

As seen in Table 2, the severity of BCAS scores in the ADHD 
group was inversely correlated with ADHD-HI/impulsivity 
scores (r=-0.681, p<0.001). There is a significant positive 
relationship between the BCAS and CDRS scores in the MD 
group, (r= 0.493, p=0.012) (Table 3). 

Table 1. Comparison of Sociodemographic and Clinical Characteristics Between ADHD and Depression in Adolescents

ADHD
n=36

Depression
n=25

Statistical Analysis

N (%) N (%) X2* p

Gender 
Boy
Girl 

26 (72.2)
10(28.8)

16 (64.0)
9(36.0)

0.465* 0.495

Parents’ Marital Status 
Married
Divorced/separated

32 (88.9)
4(11.1)

18 (72.0)
7(28.0)

2.847* 0.092

Type of Delivery 
Normal
Caesarean

25 (69.4)
11(31.6)

17 (68.0)
8  (32.0)

0.014* 0.905

Any obstetric complication (yes) 2 (5.6) 0.0 (0.0) - 0.508

M±SD
Median (min-max)

M±SD
Median (min-max)

T**/U*** P

Age 14.16±1.79
14 (12-18)

15.00±1.82
15 (12-18)

336.5*** 0.092

Mothers’ Age at Birth 23.55±4.65
24 (16-32)

25.88±5.21
26 (16-33)

-1.825** 0.073

Fathers’ Age at Birth 26.55±5.07
27 (18-36)

32.00±5.28
32 (20-42)

-4.053** <0.001

Birth Weight (kg) 3.22±0.63
3.25 (2.00-4.50)

3.32±0.46
3.25 (2.60-4.50)

-0.706** 0.483

Walking onset (month) 13.27±2.36
13 (10-19)

13.20±2.50
13 (10-19)

430.5*** 0.766

Speech onset (month) 13.91±2.66
13 (10-24)

13.04±2.22
13 (10-18)

368.0*** 0.223
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Duration of Breastfeeding (month) 16.69±8.15
13.50 (0-36)

18.40±8.54
19 (0-36)

-0.788** 0.434

BCAS 20.58±5.76
21 (12-31)

24.24±1.78
24 (22-29)

287.0*** 0.016

Turgay-Inattention 17.33±3.48
17.50 (7-23)

13.96±1.59
14 (11-17)

5.096** <0.001

Turgay-Hyperactivity 14.22±7.46
15 (2-27)

5.16±1.34
5 (3-7)

7.123** <0.001

CDRS 30.00±9.65
27 (18-49)

67.00±8.28
69 (53-82)

0.0*** <0.001

*Chi-Square Test  **Student’s T Test ***Mann-Whitney-U Test
ADHD: Attention Deficit Hyperactivity Disorder  BCAS: Barkley Child Attention Scale 
CDRS: Children’s Depression Rating Scale

Table 2. Correlation Analysis Between Clinical Variables in the Group of Adolescents Diagnosed with ADHD (n=36)

(R,p) 1 2 3 4 5 6

1. Age -

2. Mothers’ Age at Birth .114, .509 -

3. Father’s Age at Birth .274, .106 .783, <.001 -

4. BCAS .145, .398 .110, .523 .088, .610 -

5. Turgay-IN -.125, .466 -.162, .345 -.236, .166 .097, .574 -

6. Turgay-HI/I -.147, .392 -.253, .137 -.282, .095 -.681, <.001 .321, .056 -

*Spearman’s Correlation Coefficient 
ADHD: Attention Deficit Hyperactivity Disorder  BCAS: Barkley Child Attention Scale 
Turhay-IN: Inattention   Turgay-HI/I: Hyperactivity/Impulsivity

Table 3. Correlation Analysis Between Clinical Variables in the Group of Adolescents Diagnosed with Depression (n=25)

(R,p) 1 2 3 4 5

1. Age -

2. Mothers’ age at birth .299, .147 -

3. Fathers’ age at birth -.184, .380 .590, .002 -

4. BCAS .052, .807 .069, .743 .153, .466 -

5. CDRS .010, .963 .042, .841 .054, .799 .493, .012 -

*Spearman’s Correlation Coefficient
BCAS: Barkley Child Attention Scale 
CDRS: Children’s Depression Rating Scale
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DISCUSSION
To our knowledge, there are very few studies investigating CDS 
in children with MD. In this study, it was investigated whether 
there was a difference in terms of CDS between children with 
ADHD and children with MD. By excluding cases of clinical 
depression in the ADHD group, we hypothesized that CDS, 
as a separate clinical entity would be higher in children with 
MD than in children with ADHD. Our results demonstrated 
that there was no significant relationship between CDS and 
ADHD-IA scores in the ADHD group without depression. In 
contrast, the severity of CDS was inversely related to ADHD-
HA/I scores. Consistently, some previous studies have shown 
that that CDS is not associated with, or is negatively associated 
with externalizing behaviours, when controlling for ADHD 
inattention [8, 12, 36-39]. One reason for the non-significant 
relationship between CDS and ADHD-IA may be the exclusion 
of clinical depression in the ADHD group. CDS may contribute 
to the development of depression in children with ADHD. As 
previously reported, there is a significant positive association 
between CDS and internalizing symptoms such as anxiety and 
depression, even when controlling for ADHD-IA [3, 6, 9-12, 36, 
40, 41]. Therefore, the absence of depression in the ADHD group 
in our study may have prevented the emergence of a relationship 
between CDS and ADHD-IA. 

Another important finding of this study is that depression 
severity was strongly associated with CDS in the MD 
group, excluding individuals with ADHD. Although there 
is an established relationship between CDS and depression, 
studies have not examined the possible mechanisms of this 
association. Theoretical models of depression propose domains 
of competency, self-perceptions, and information processing 
as key features in the development and maintenance of 
symptomatology [42]. For example, it is theorized that negative 
life events and ongoing negative feedback will lead to negative 
self-perceptions, which in turn will increase negative affect, 
cognitive biases, and social withdrawal [42, 43]. Depression 
in adolescents may occur due to high levels of impairment and 
resulting stress and demoralization secondary to CDS. Among 
the various clinical features of CDS, social problems occupy 
an important place. In typically developing children, higher 
rates of CDS symptoms have been associated with academic 
problems, emotional and peer relationship problems [44], and 
more anxiety/depression, emotional reactivity, withdrawal, 
and somatic complaints [45]. Individuals with CDS exhibit 
internalizing behaviors such as social withdrawal [8, 18, 46], 

lower self-esteem, lower teacher-reported social skills [9, 38], 
sleep problems, being less interactive, and conflicted shyness 
[47] in school-aged and adolescent samples. Impaired social and 
academic functioning in individuals with high CDS is associated 
with increased levels of peer-rejection [8, 40, 41]. Adolescents 
with elevated CDS may experience more peer bullying and, 
accordingly, increased depressive symptoms for a variety of 
reasons. Difficulties in emotional regulation may explain the 
association between CDS and avoidance of social situations 
[8]. When specific internalizing comorbidites are considered, 
CDS appears to be more strongly associated with depression 
than anxiety [4, 36, 48, 49]. Therefore, we suggest that CDS 
and depression symptoms exhibit a differential association, 
indicating distinct interactions or correlation patterns between 
these two constructs.

Previous studies have investigated CDS in children and 
adolescents with autism spectrum disorder [50-52], trauma [53], 
and sleep disorders [6]. These studies indicates that CDS may 
be a construct of transdiagnostic significance. The association 
between CDS and depression, independent of ADHD, in our 
study may underscore the transdiagnostic relevance of CDS, 
and highlight its potential significance in multiple mental health 
conditions.
 
The current study has several limitations. First, our sample 
size was relatively small, limiting the generalizability of our 
findings to a broader population. Secondly, the use of a cross-
sectional design in this study prevents the establishment of a 
causal relationship between the variables investigated. Third, 
CDS in children was assessed using a scale based on parent 
report. It is noteworthy that children and adolescents tend to 
report internalizing disorders more accurately than parents [54]. 
Therefore, relying solely on parental reports to evaluate CDS 
in this study represents a significant methodological limitation. 
Using the self-report CDS scale [55] would provide a more 
appropriate approach. 

CONCLUSIONS
In this study, we have found that CDS scores were inversely 
correlated with hyperactivity/impulsivity, as expected. However, 
there were no significant relationships between CDS and 
inattention. Instead, CDS was positively related to depressive 
symptoms. The strong correlation observed between depression 
severity and CDS in the MD group highlights the need to assess 
and address cognitive daydreaming symptoms in patients 
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with MD. This relationship may provide insight into cognitive 
patterns associated with depressive disorders. The findings of 
this study highlight the transdiagnostic relevance of CDS by 
demonstrating its association with depression independent of 
ADHD. This underscores the importance of considering CDS 
in the assessment and treatment of depression in a variety of 
clinical contexts. It has been known that CDS symptoms have 
been associated with several academic and social problems 
which may lead to anxiety or depression. Understanding the 
differential relationship between CDS and depression symptoms 
may help clinicians develop more specific interventions. It may 
suggest that treatment strategies should address these symptoms 
differently depending on the specific profile of the individual. 
Further research may explore the underlying mechanisms 
that contribute to the differential association between CDS 
and depression symptoms. Studies should investigate whether 
specific cognitive or emotional factors mediate this relationship. 
Comparative studies should examine whether similar 
correlations exist in different populations or across other mental 
health disorders. 
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ABSTRACT

Objective: The main goal of this retrospective study was to characterise FOLs in terms of 
their demographic distribution, prevalence, and clinical and radiological features, and to 
discuss the treatments for this condition.
Methods: This study included patients with FOLs found in the archives of the Department 
of Oral and Maxillofacial Surgery, Faculty of Dentistry, University of Harran, Türkiye. 
The panoramic radiographs and histopathological results of all patients referred to our 
clinic between 2017 and 2020 were reviewed retrospectively. In total, 18,835 patient 
records were evaluated. Two oral and maxillofacial surgeons sequentially examined the 
panoramic radiographs of all patients who presented to our clinic for examination or 
treatment. In total, 10 patients showed radiological and histopathology results compatible 
with FOLs.
Results: In total, 18,835 radiographs were evaluated, and 10 (0.00074%) FOLs were seen 
in 10 patients (8 females and 2 males) ranging in age from 18–64 years. Three of the cases 
were of FCOD, three were of FaCOD (father and two daughters), one was of of FoCOD, 
one was of OF, and two were of FD.
Conclusion: FOLs, and in particular FaCFOD, are rarely seen in the clinic. Accurate 
diagnosis of these diseases is important to avoid inappropriate treatment. In this study, 
we reported 10 FOLs in 10 patients seen at our institution, and presented a review of the 
literature. 

Keywords: fibroosseoz lesions, familial osseous dysplasia, ossifying fibroma, florid 
cemental osseous dysplasia

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

INTRODUCTION
Fibro-osseous lesions (FOLs) are a group of lesions of the jaw 
and facial bones arising from fibroblast cells. These lesions can 
be developmental, reactive-dysplastic, or neoplastic. In all FOLs, 
bone is replaced with fibrous and cement-like tissue, which 
shows gradual mineralization [1].

Although the classification system for FOLs has undergone 
several revisions, they are typically classified as fibro-osseouz 
neoplazms (FOs), osseous dysplasias (ODs), or fibrous dysplasia 
(FD), based on the system of Waldron,[2] or Ossifiying fibroma 
(OF), FD, or cemento-osseous dysplasias (CODs), as proposed 
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Main Points:

• 

by the World Health Organization (WHO, 2017) [3]. The  WHO 
(2017) supports the terminology of ‘cemento-osseous dysplasia’ 
because this term more accurately describes the relationship 
of the lesions to the teeth and their origin from the periodontal 
tissues. [3].

Radiographic modalities, such as cone‐beam computed 
tomography (CBCT) and orthopantomography, are used to 
study FOLs in detail, including in terms of their relationship 
with adjacent structures. Radiographically, FOLs may be 
radiolucent (early stage), mixed radiolucent-radiopaque (mixed 
stage) or radiopaque (mature stage) in appearance. It may be 
well-circumscribed, or it may have an appearance that cannot be 
clearly separated from the surrounding bone tissue. Resorption 
and displacement of teeth may occur, in addition to bone 
expansion [4].

COD is a FOLs subtype classified as periapical cemento-osseous 
dysplasia (PCOD), focal cemento-osseous dysplasia (FoCOD), 
florid cemento-osseous dysplasia (FCOD), or familial form of 
florid cemento-osseous dysplasia (FFCOD) according to the 
clinical and radiographic findings. The term ‘florid’ is in reference 
to the possibility of FCOD being present in multiple quadrants 
of the jaw, although appearance in all four quadrants is rare [5].

FFCOD is an uncommon hereditary autosomal dominant 
disorder; only a few cases have been reported in the literature. 
FaFCOD is characterised by irregular, lobular, intense and 
opaque masses that spread along the jaws and alveolar processes, 
and affect multiple members of the same family [6]. 

Usually, no treatment is required for FFCOD, such that only 
regular follow-up examinations are recommended. Accurate 
diagnosis is crucial because misdiagnosis can lead to the 
requirement for biopsy, endodontic treatment, or surgical 
treatment [7].

The main goal of this retrospective study was to characterise 
FOLs in terms of their demographic distribution, prevalence, and 
clinical and radiological features, and to discuss the treatments 
for this condition.

MATERIALS AND METHODS
This study included patients with FOLs found in the archives 
of the Department of Oral and Maxillofacial Surgery, Faculty of 
Dentistry, University of Harran, Türkiye. The Ethics Committee 
of Harran University Faculty of Medicine approved this study, 
which was conducted in accordance with the Declaration of 
Helsinki. The panoramic radiographs and histopathological 
results of all patients referred to our clinic between 2017 and 
2020 were reviewed retrospectively. In total, 18,835 patient 
records were evaluated. 

Two oral and maxillofacial surgeons sequentially examined 
the panoramic radiographs of all patients who presented to 
our clinic for examination or treatment. In total, 10 patients 
showed radiological and histopathology results compatible with 
FOLs, and were thus included in the study (Table 1). They were 
classified based on the system of WHO [3].  The data analysed 
included gender, age, symptoms, other medical problems, 
location of lesions, radiographic technique, histopathological 
findings, treatment and postoperative complications. 

RESULTS
In total, 18,835 radiographs were evaluated, and 10 (0.00074%) 
FOLs were seen in 10 patients (8 females and 2 males) ranging 
in age from 18–64 years. Three of the cases were of FCOD, 
three were of FFCOD (father and two daughters), one was of of 
FoCOD, one was of COF, and two were of FD (Table 1).

Pathological growth of the jaw bones (resulting from displacement 
of cortical plates) caused pain and aesthetic problems in three 
cases, and a decrease in chewing function in five others (three 
FFCOD, two FD).  Thus, contour plasty was performed under 
general anaesthesia. Postoperatively, there were no complications 
and patients attended the routine follow-up.
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DISCUSSION
The aetiology of FOLs is not yet fully understood, but the 
proximity of the lesions to the periodontal ligament suggests 
that they originate from the same tissue. FOLs are classified 
as developmental, reactive-dysplastic or neoplastic. FDs are 
developmental lesions, fibromas are neoplasms, and CODs are 
reactive lesions [8].

In the most recent WHO classification, COF was classified as an 
odontogenic tumor having a mesenchymal origin, distinguishing 
it from the juvenile types [3]. However, it is still a fibro-osseous 
lesion and was discussed in detail with the other OFs in the fibro-
osseous lesions section of the most recent WHO edition.

OF, which is classified as a benign odontogenic tumour of 
mesenchymal origin that can occur in any facial bone, is usually 
seen in the third and fourth decades of life. Among BFOLs, OF 
is the only group that is neoplastic in origin, and divided into two 
subgroups as cemento-ossifying fibroma and juvenile ossifying 

fibroma [9]. Opinions vary regarding gender differences in the 
prevalence of OF. MacDonald et al. suggested that OF affects 
both genders equally overall, but women are affected more 
frequently in the fourth decade of life [10]. OF is frequently 
seen in the mandibular premolar-molar region, and the maxilla, 
zygomatic arch and canine fossa are also often affected [9]. OF 
may present as a well-defined, completely radiolucent mass in 
the early stages, or with areas of opacity varying according to 
the degree of calcification. In advanced stages, OF can appear 
as a mass surrounded by radiopaque and radiolucent bands. 
Migration and root resorption may be observed in adjacent teeth, 
and the bone cortex may show expansion [11]. In this study, 
we found one case of OF. Patient (women aged 64) had chief 
complaints of expansion of the bone cortex and pain (Figure 1). 
The lesion was located in the right mandibular premolar-molar 
region. Radiographically, the lesion appeared as well-defined, 
dense radiopaque areas surrounded by radiolucent area. The 
demographic, clinical and radiographic findings of the patient 
was consistent with previous studies.

Table 1. Distribution of type of lesions, age/ gender, symptoms, other medical problems, location of lesions, type of radiograhpy, 
treatment and complication of patients with fibrooseous lesion.

Type of 
lession 

Gender/age  Symptoms
Other 
Medical 
Problems

Location of Lesions Radiograph Treatment
Post-operative 
Complications

FOD F/50 - - Right and left mandible OPG
No 
treatment

-

FOD F/37 pain - Right and left mandible OPG
No 
treatment

-

FOD F/34 - -
Right maxillary anterior region, right 
and left mandible

OPG
No 
treatment

-

FaOD M/37
swelling 
and dull 
pain

-
involving four quadrants of the maxilla 
and mandible, left subcodyle region and 
right mandibular angulus region

OPG
contour 
plasty

-

FaOD F/18
swelling 
and dull 
pain

-
involving four quadrants of the maxilla 
and mandible, left mandibular incisura

OPG 
contour 
plasty

-

FaOD F/15
and dull 
pain 
swelling

-
involving four quadrants of the maxilla 
and mandible, left mandibular angulus

OPG
contour 
plasty

-

FoOD F/51 - - Anterior mandibular region OPG
No 
treatment

-

OF F/64 Dull pain - Right mandibular premolar-molar region OPG
No 
treatment

-

FD M/42 asymmetry - Left mandibular molar region OPG
contour 
plasty

-

FD F/22 asymmetry - Right maksillar anterior region OPG
contour 
plasty

-
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The aetiology of FD, a hamartomatous developmental bone 
disease that arises due to a failure of immature bone to mature, 
is not fully understood [12]. FD lesions may occur in one 
bone (monostotic), or in multiple bones (polyostotic). One 
form of polyostotic FD, namely McCune-Albright syndrome, 
is accompanied by skin and endocrine anomalies. The most 
common form of FD is the monostotic type, which accounts for 
approximately 80–85% of all cases [10]. FDs are frequently seen 
in the jaw and facial bones. They primarily affect the maxilla, 
but involvement of the mandible, zygoma, sphenoid, frontal and 
occipital bones may also be seen [10]. Eversole et al. [11] reported 
that teeth remain in place when there is bone involvement, but 
displacement may occasionally occur. Tooth root resorption 
is rare. Monostotic-type FD is a slow-growing, painless mass 
generally observed in young adults (second and third decades of 
life), which affects both sexes equally [13].  The term craniofacial 
fibrous dysplasia is used to describe monostotic-type FD [11]. 
On radiographic images, FD may show a radiolucent, sclerotic 
or mixed radiopaque-radiolucent appearance. Extragnathic FD 
lesions have better-defined margins compared to gnathic lesions, 
and the lack of a diffuse structure and borders is an important 
radiographic feature of FDs of the jaw and facial bones [10]. 

In this study, we found two cases of FD (female and male aged 
22 and 42 years, respectively). In the first patient, the lesion 
was located in the right maxillary incisor and premolar region, 
whereas it was located in the left mandibular molar region in the 
second patient (Figure 2). In both cases, the lesions caused the 
bone to expand; the expansion was much greater in the second 
case, enlarging the lingual and buccal cortex and alveolar bone 
and being in contact with the opposite teeth. Contour plasty 
was performed in both cases due to the patients’ complaints. 
Radiography revealed sclerosis in the first case, with resorption 
seen in the roots of the right maxillary first and second incisors. 
In the second case, the lesion had displaced the teeth and inferior 
alveolar canal. Expansion of the alveolar bone was also clearly 
visible. There were no skin or endocrine anomalies in either case. 
Both cases showed single bone involvement, compatible with 
monostatic-type FD.

COD is a group of dysplastic bone lesions most commonly seen 
in the mandible. COD is divided into four subgroups: PCOD, 
FoCOD, FCOD, and FFCOD [5]. FFCOD is a hereditary form of 
COD that is much rarer than the other forms. All forms of COD 
affect the area around the tooth and emerge from the periodontal 
ligament or cement-like tissue. Although the histopathological 
features of the different types of CODs are the same, their clinical 

and radiographic features are different [14].

PCOD is more common in women between the third and fifth 
decades of life [15]. Radiographically and histopathologically, 
the lesions show three distinct stages, where progression from 
the first to the third stage may take months or even years. Early 
(lytic) stage lesions appear as radiolucent areas in the periapical 
region, and can be confused with chronic inflammatory lesions 
[11]. Clinical examination is important for diagnosis. In the 
second stage, as the lesion matures, radiopaque foci appear 
within the radiolucent area. In the third (mature) stage, the 
lesion shows a solid, radiopaque appearance with a surrounding 
radiolucent band. According to Koenig et al. [16], PCOD lesions 
are round, typically multifocal, well-defined and smaller than 1 
cm. Cortical bone and mucosa are normal. Multifocal lesions can 
be in different stages within the same patient. In this study, we 
didin’t found any PCOD case.

Figure 1. Panoramic radiograph showing large cemento-ossifying 
fibroma lesion which involve right mandibular premolar- molar 
region.

Figure 2. Panoramic radiographic appearance of fibrous displasia
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FoCOD is the most common type of FOL, and is seen most 
frequently in African women in the third and fourth decades 
of life. Although the posterior mandibular region is the most 
affected area, FoCOD can develop anywhere in the jaw bone. 
FoCOD usually affects the apical region of the tooth [10]. 
Radiographically, FoCOD may be well-defined, fully radiolucent, 
or radiopaque with a partially sclerotic surrounding band. 
However, these two patterns typically cooccur. FoCOD can also 
occur in edentulous patients and tooth extraction areas; the lesions 
are usually 1–2 cm in size and do not tend to show a multifocal 
distribution. Although the lesion is usually asymptomatic, it can 
cause pain and swelling if there is secondary infection. FoCOD 
is generally detected incidentally on routine dental radiographs; 
the presence of vital teeth in close proximity to the periapical or 
tooth extraction region is an important diagnostic finding [9]. In 
this study, we found one FoCOD case (women aged 51 years). 
The lesions were located in the anterior mandibular region. 
Radiographically, the lesions were in the mature stage, and 
appeared as well-defined, dense radiopaque areas.

FCOD is a common form of PCOD [16] White et al. [15] 
showed that FCOD is most prevalent in women in the fourth 
and fifth decades of life, typically presenting symmetrically and 
bilaterally in the mandible or mandibular canal. FCOD can be 
asymptomatic and is often detected incidentally. Koenig et al. 

[16] stated that FCOD differs from FoCOD in that it affects more 
than one quadrant of the jaw and has a larger size. If the lesion 
becomes very large, it can expand the bone. Radiographic images 
of FCOD show multiple sclerotic radiopacities surrounded by a 
peripheral radiolucent rim, accompanied by mixed lesions with 
ill-defined borders [17]. Extensive lesions can cause cortical 
expansion and displacement of the mandibular canal [15]. In this 
study, we found three FCOD cases, (females aged 50, 37, and 
34 years). The lesions were well-defined, located bilaterally in 
the mandible, and showed a multifocal distribution. In the first 
and second patients (Figure 3), the lesions were well-defined, 
located bilaterally in the mandible, and showed a multifocal 
distribution. In the third patient the lesions were well-defined, 
located bilaterally in the mandible and right maxillary anterior 
region, and showed a multifocal distribution. Lesions in all three 
patients show early, mixed and mature stages. The demographic, 
clinical and radiographic findings of the patients were consistent 
with previous studies. 

Figure 4. Panoramic radiographs of family members

Figure 3. In the radiographic image, multiple lesions are visible 
in both quadrants of the mandible. Similar pathologic lesions 
involvement of mandible and the surrounded the teeth.
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Table 2. Review of the literature on familial florid osseous dysplasia (FaOD)

Author Year Ethnicity Involved family members Reported as

1. Agazzi and Belloni24 1953 Italian family Unspecified Hard odontomas of the jaws

2. Cannon et al23 1980 Unspecified Mother and son Familial gigantiform cementoma

3. Sedano et al21 1982 White family 10 members Autosomal dominant cemental 
dysplasia

4. Young et al20 1989 White family 55 members Familial gigantiform cementoma

5. Musella and Slater25 1989 Italian family Mother and daughter Familial florid osseous dysplasia 

6. Oikarinen et al22 1991 Caucasian family Father and 2 children Familial gigantiform cementoma 

7. Thakkar et al 30 1993 Caribbean family Mother, 2 daughters and 1 son Familial periapical cemental 
dysplasia 

8. Coleman et al19 1996 African family Mother and 2 children Familial florid osseous dysplasia 

9. Toffanin et al18 2000 Italian family Grandmother, son, daughter, grandson, 
granddaughter 

Familial florid osseous dysplasia 

10. Hatori et al26 2003 Japanese family Father and daughter Familial florid osseous dysplasia 

11. Srivastava et al29 2012 Indian family Mother and son Familial florid osseous dysplasia

12. Sim et al27 2014 Asian family Mother and her identical twin daughters Familial florid osseous dysplasia 

13.Thorawat et al 28 2015 Black family Mother and daughter Familial florid osseous dysplasia

14. Kucukkurt et al17 2016 Unspecified Mother, son and mother’s brother Familial florid osseous dysplasia

15. Mingming et al6 2019 Chinese family The family comprises three generations  autosomal dominant Familial florid 
osseous dysplasia

FFCOD is rarely seen; in our review, only 15 cases were found 
(Table 2) [6, 17-30]. Küçükkurt et al. [17] noted that although 
FFCOD is usually asymptomatic, it can cause pain, swelling 
and facial deformity due to infection. FFCOD tends to occur 
in younger individuals [6]. Radiographically, FFCOD shows 
similar features to the other CODs; moreover, maturation and the 
quantity of mineralised tissue in the lesion affect the radiographic 
appearance. A completely radiolucent appearance is common in 
early lesions, while radiopaque foci appear as the lesions mature. 
In mature lesions, a radiolucent border around the lesion separates 
it from the adjacent normal bone [15]. We found a case of FFCOD 
where in a father and two daughters showed similar clinical and 
histopathological findings. The father was 37 years old and his 
daughters were aged 15 and 18 years. Orthopantomography 
revealed multiple radiopaque masses with radiolucent borders 
in all four quadrants of the jaw, in all three family members 
(Figure 4). The thin lesions appeared as irregular and lobular 
radiopacities surrounded by a radiolucent border. All patients 
exhibited regional swelling. The father had right mandibular 
angle and left ramus swellings; his older daughter had a left 

mandibular incisura swelling and the younger daughter showed 
a left mandibular angle swelling. All three patients complained 
of extreme swelling and dull pain. Root resorption was present 
in some teeth in all three cases. In all patients, contour plasty was 
performed via an extraoral submandibular and intraoral approach. 
No postoperative complications developed in any of the patients 
and they were routinely followed-up. Regarding FFCOD cases 
previously reported, they were more common in white families; 
only two families were black. Moreover, the mother and children 
were affected more frequently; in only two cases were the father 
and children affected, as in our case (Tables 1 and 2).

Limitations: The major limitation of our study is the small 
number of cases and it was studied single center. The research 
needs to be supported with more cases and it is thought that 
multi-center studies will contribute more to the literature.

CONCLUSION
FOLs, and in particular FFCOD, are rarely seen in the clinic. 
Accurate diagnosis of these diseases is important to avoid 
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inappropriate treatment. In this study, we reported 10 FOLs in 
10 patients seen at our institution, and presented a review of the 
literature. 

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

Funding: The authors declared that this study has received no 
financial support.

Ethical Approval: The study was approved by Harran University 
local ethics committee (Approval Number: 2020/02/012, Date: 
2024-02-19).

Author Contributions: Concept –S.Y., M.E.P.; Design – S.Y., 
M.E.P.; Supervision – M.E.P, S.Y.; Resources – S.Y., M.E.P.; 
Materials S.Y., M.E.P.; Data Collection and/or Processing–
M.E.P, S.Y.; Analysis and/or Interpretation – M.E.P., S.Y.;  
Literature Search – S.Y., M.E.P.; Writing Manuscript – S.Y., 
M.E.P.; Critical Review – M.E.P, S.Y.

REFERENCES

[1] Köseoğlu S, Günhan Ö, Gülşahı A (2016) Benign 
fibroosseöz lezyonlar. Acta Odontol Turc 33(2):95-101.  
https://doi.org/10.17214/aot.25979

[2] Waldron CA (1985) Fibro-osseous lesions of the jaws. J Oral 
Maxillofac Surg 43:249-62. https://doi.org/10.1016/0278-
2391(85)90283-6

[3] Wright JM, Vered M (2017) Update from the 4th Edition 
of the World Health Organization classification of head and 
neck tumours: odontogenic and maxillofacial bone tumors. 
Head Neck Pathol 11:68–77. https://doi.org/10.1007/
s12105-017-0794-1

[4] Jk H, Sj S (2013). Misdiagnosis of florid cemento-osseous 
dysplasia leading to unnecessary root canal treatment: a 
case report. Restor Dent Endod 38:160–166. https://doi.
org/10.5395/rde.2013.38.3.160

[5] Mangala M, Ramesh D, Surekha P, Santosh P (2006). 
Florid cemento-osseous dysplasia: review and report of 
two cases. Indian J Dent Res 17:131–134. https://doi.
org/10.4103/0970-9290.29875

[6] Mingming Lv, You G, Wang J, Fu Q, Gupta A, Li J, Sun J 

(2019) Identification of a novel ANO5 missense mutation 
in a Chinese family with familial florid osseous dysplasia.  
Journal of Human Genetics 64:599–607. https://doi.
org/10.1038/s10038-019-0601-9

[7] Sarmento DJ, Monteiro BV, de Medeiros AM, Silveira EJD 
(2013) Severe florid cemento-osseous dysplasia: a case 
report treated conservatively and literature review. Oral 
Maxillofac Surg 17:43–6. https://doi.org/10.1007/s10006-
012-0314-0

[8] Aiuto R, Gucciardino F, Rapetti R, Siervo S, Bianchi AE 
(2018) Management of symptomatic florid cemento-osseous 
dysplasia: Literature review and a case report. J Clin Exp 
Dent 10(3):291-5. https://doi.org/10.4317/jced.54577

[9] Soluk-Tekkesin M, Sinanoglu A, Selvi F, Cakir Karabas 
H, Aksakalli N (2022) The importance of clinical and 
radiological findings for the definitive histopathologic 
diagnosis of benign fibro-osseous lesions of the jaws: Study 
of 276 cases. Journal of stomatology, oral and maxillofacial 
surgery 123(3):364–371. https://doi.org/10.1016/j.
jormas.2021.04.008

[10] MacDonald-Jankowski DS (2009) Ossifying fibroma: 
Systematic review. Dentomaxillofac Radiol 38:495. https://
doi.org/10.1259/dmfr/70933621

[11] Eversole R, Su L, Elmofty S (2008) Benign fibro-osseous 
lesions of the craniofacial complex. A review. Head Neck 
Pathol 2:177. https://doi.org/10.1007/s12105-008-0057-2

[12] Speight PM, Carlos R (2006) Maxillofacial fibro-osseous 
lesions. Current Diagnostic Pathology 12:1-10. https://doi.
org/10.1016/j.cdip.2005.10.002

[13] [Hall G (2012). Fibro-osseous lesions of the head and neck. 
Diagnostic Histopathol 18:149-58. https://doi.org/10.1016/j.
mpdhp.2012.01.005

[14] Abramovitch K, Rice D.D (2016) Benign Fibro-Osseous 
Lesions of the Jaws. Dent Clin N Am 60 (2016) 167–193. 
https://doi.org/10.1016/j.cden.2015.08.010

[15] Slootweg PJ (2010) Bone diseases of the jaws. Int J Dent 
2010:702314 https://doi.org/10.1155/2010/702314

[16] Koenig, L. J. (2012). Mandible and maxilla. Diagnostic 
Imaging Oral and Maxillofacial. Koenig LJ, Tamimi D, 
Petrikowski CG, Harnsberger HR, Ruprecht A, Benson 

https://doi.org/10.17214/aot.25979
https://doi.org/10.1016/0278-2391(85)90283-6
https://doi.org/10.1016/0278-2391(85)90283-6
https://doi.org/10.1007/s12105-017-0794-1
https://doi.org/10.1007/s12105-017-0794-1
https://doi.org/10.5395/rde.2013.38.3.160
https://doi.org/10.5395/rde.2013.38.3.160
https://doi.org/10.4103/0970-9290.29875
https://doi.org/10.4103/0970-9290.29875
https://doi.org/10.1038/s10038-019-0601-9
https://doi.org/10.1038/s10038-019-0601-9
https://doi.org/10.1007/s10006-012-0314-0
https://doi.org/10.1007/s10006-012-0314-0
https://doi.org/10.4317/jced.54577
https://doi.org/10.1016/j.jormas.2021.04.008
https://doi.org/10.1016/j.jormas.2021.04.008
https://doi.org/10.1259/dmfr/70933621
https://doi.org/10.1259/dmfr/70933621
https://doi.org/10.1007/s12105-008-0057-2
https://doi.org/10.1016/j.cdip.2005.10.002
https://doi.org/10.1016/j.cdip.2005.10.002
https://doi.org/10.1016/j.mpdhp.2012.01.005
https://doi.org/10.1016/j.mpdhp.2012.01.005
https://doi.org/10.1016/j.cden.2015.08.010
https://doi.org/10.1155/2010/702314


European Journal of Therapeutics (2024) Yanik S, Polat ME.

767

How to Cite; 

Yanik S, Polat ME  (2024) Benign Fibro-Osseous Lesions of 
The Jaw: A Retrospective Analysis. Eur J Ther. 30(5):760-
767. https://doi.org/10.58600/eurjther2194

BW, Van Dis ML, Hatcher D and Perschbacher SE (eds). 
Amirsys, Milwaukee, WI, pp50-53, pp100-1032. 

[17] Kucukkurt S, Rzayev S, Baris E, Atac MS (2016) Familial 
florid osseous dysplasia: a report with review of the 
literature.  BMJ Case Rep doi:10.1136/bcr-2015-214162. 
https://doi.org/10.1136/bcr-2015-214162

[18] Toffanin A, Benetti R, Manconi R (2000) Familial florid 
cemento-osseous dysplasia: a case report. J Oral Maxillofac 
Surg 58:1440–6. https://doi.org/10.1053/joms.2000.16638

[19] Coleman H, Altini M, Kieser J, M Nissenbaum (1996) 
Familial florid cemento-osseous dysplasia--a case report 
and review of the literature. J Dent Assoc S Afr 51:766–70. 

[20] Young SK, Markowitz NR, Sullivan S, T W Seale, R Hirschi 
(1989) Familial gigantiform cementoma: classification 
and presentation of a large pedigree. Oral Surg Oral Med 
Oral Pathol 68:740–7.  https://doi.org/10.1016/0030-
4220(89)90165-5

[21] Sedano HO, Kuba R, Gorlin RJ (1982) Autosomal dominant 
cemental dysplasia. Oral Surg Oral Med Oral Pathol 
54:642–6. https://doi.org/10.1016/0030-4220(82)90078-0

[22] Oikarinen K, Altonen M, Happonen RP (1991) Gigantiform 
cementoma affecting a Caucasian family. Br J Oral 
Maxillofac Surg 29:194–7. https://doi.org/10.1016/0266-
4356(91)90038-7

[23] Cannon JS, Keller EE, Dahlin DC (1980) Gigantiform 
cementoma: report of two cases (mother and son). J Oral 
Surg 38:65–70. 

[24] Agazzi C, Belloni L. Hard (1953) Odontomas of the 
jaws. Clinico-roentgenologic and anatomo-microscopic 
contribution with special reference to widely extensive 
forms with familial occurrence. Arch Ital Otol Rinol 
Laringol 64(16):1–103. 

[25] Musella AE, Slater LJ (1989) Familial florid osseous 
dysplasia: a case report. J Oral Maxillofac Surg 47:636–40. 
https://doi.org/10.1016/s0278-2391(89)80083-7

[26] Hatori M, Ito I, Tachikawa T, Nagumo M (2003) Familial 
florid cemento-osseous dysplasia. Asian J Oral Maxillofac 
Surg Med Pathol 15:135–7. https://doi.org/10.1016/S0915-
6992(03)80022-5

[27] Sim YC, Bakhshalian N, Lee J-H, Ahn K-M (2014) Familial 
florid cemento-osseous dysplasia in mother and her identical 
twins: a report with review of the literatures. Oral Surgery 
7:239–44. https://doi.org/10.1111/ors.12082

[28] Thorawat A, Kalkur C, Naikmasur VG, Tarakji B (2015) 
Familial florid cemento-osseous dysplasia—case report and 
review of literature.  Clinical Case Reports 2015; 3(12): 
1034-1037. https://doi.org/10.1002/ccr3.426

[29] Srivastava A, Agarwal R, Soni R, vesh Sachan, Shivakumar 
G. C., Chaturvedi T. P (2012) Familial florid cemento-osseous 
dysplasia: a rare manifestation in an Indian family. Case 
Rep Dent. 574125. https://doi.org/10.1155/2012/574125

[30] Thakkar NS, Horner K, Sloan P (1993). Familial occurrence 
of periapical cemental dysplasia. Virchows Arch A Pathol 
Anat Histopathol 423:233–6. https://doi.org/10.1007/
BF01614776

https://doi.org/10.58600/eurjther2194
https://doi.org/10.1136/bcr-2015-214162
https://doi.org/10.1053/joms.2000.16638
https://doi.org/10.1016/0030-4220(89)90165-5
https://doi.org/10.1016/0030-4220(89)90165-5
https://doi.org/10.1016/0030-4220(82)90078-0
https://doi.org/10.1016/0266-4356(91)90038-7
https://doi.org/10.1016/0266-4356(91)90038-7
https://doi.org/10.1016/s0278-2391(89)80083-7
https://doi.org/10.1016/S0915-6992(03)80022-5
https://doi.org/10.1016/S0915-6992(03)80022-5
https://doi.org/10.1111/ors.12082
https://doi.org/10.1002/ccr3.426
https://doi.org/10.1155/2012/574125
https://doi.org/10.1007/BF01614776
https://doi.org/10.1007/BF01614776


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

Eur J Ther. 2024;30(5):768-769.
https://doi.org/10.58600/eurjther2253

Letter to Editor

768

Corresponding Author

Okan İmre, M.D.

Address: Department of Psychiatry, 
Faculty of Medicine, Karamanoglu 
Mehmetbey University, Karaman, Türkiye  

E-mail: okanimre@kmu.edu.tr 

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

Received: 2024-06-26 Accepted: 2024-07-07 Published Online: 2024-08-12

Can Artificial Intelligence be Used Against the Potential Risks of Short 
Examination Times in Hospitals?

Gürkan İmre 1 , Okan İmre 2,* 

1 Department of Cardiology, Van Training Research Hospital, University of Health Sciences, Van, Türkiye
2 Department of Psychiatry, Faculty of Medicine, Karamanoglu Mehmetbey University, Karaman, Türkiye

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

Dear Editor, 

The reason why we wrote this letter is to address the risks that short examination times in our 
country may pose for patients and doctors and to initiate a discussion on what can be done 
to find a solution. The recent increase in hospital admissions and the decrease in the number 
of physicians have created pressure to examine a large number of patients in a short time. 
Studies show that the general physical examination time of the patient is 20 minutes [1]. This 
examination period may be longer for some branches. For example, examination time may be 
longer in cardiology patients due to some procedures, such as effort echocardiography. For 
psychiatric patients, the first examination can take up to 45 minutes, including the meeting 
with the patient’s relatives. It is reported that as this period shortens, the likelihood of the 
physician in question facing a malpractice lawsuit in the future increases [2]. Currently, in 
public hospitals, the system provides an appointment every 10 minutes on average. When we 
include patients who are taken without an appointment to avoid disruption of their treatment, 
the examination time per patient sometimes reaches 3-5 minutes. In some hospitals, the number 
of patients examined by cardiologists per day exceeds 100. The current situation brings with 
it many problems. First of all, since this period is short, doctors have great difficulty making 
a diagnosis. There is not enough time for the physician to make a differential diagnosis. Some 
diseases may be overlooked. If something happens to the patient, the doctor may regret it for 
life. Additionally, many legal cases can be filed. In short, psychological problems may arise in 
the physician as a result of many material and moral losses. Short examination times are not 
good not only for the doctor but also for the patient. Due to the short examination period, the 
diseases of patients who do not receive adequate and effective treatment may increase. Patients 
may be dissatisfied because less time is allocated to them. Or he may go from doctor to doctor 
in search of healing. This situation also leads to a waste of public resources.

In other countries, the examination time allocated per patient is longer than in Turkey. A study 
conducted in the USA reported that doctors spend an average of 20 minutes per patient and 
see 11–20 patients a day [3]. On the other hand, the use of artificial intelligence in health is 
inevitable today, and it is known that it is taught as a course in some medical faculties [4,5]. 
Artificial intelligence and machine learning can be used to prevent these problems. Studies 
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have shown that artificial intelligence and machine learning can 
be useful in the diagnosis of diseases, differential diagnosis, 
treatment selection, and identification of risky patients [6,7].

As a result, it is extremely important for the relevant authorities 
to review the inspection periods in consultation with professional 
organizations due to possible risks. In addition, since we cannot 
reduce the number of people applying to the hospital and increase 
the number of doctors in the short term, it would be appropriate to 
carry out the necessary studies to make artificial intelligence and 
machine learning a part of the examination for some branches.

Best Regards,

Informed Consent: There is no situation that requires patient 
consent

Conflict of Interest: There is no conflict of interest. 

Funding: This research has received no financial assistance from 
public, commercial, or non-profit funding organizations.
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Dear Editors,

It is a common situation, especially for young researchers, to receive decision letters from a 
journal office saying: “Major revision required - No guarantee of acceptance” or “We regret 
to reject.” It is said that experiencing repeated major revisions and even rejections make a 
researcher more mature, but what is a young researcher to do when even Dr Hwang is badly 
affected by this situation? [1] Then I read Kundakçı’s letter [2] and became even more 
pessimistic. I worried what if the referees turned into artificial intelligence and even more 
difficult times awaited the writers. So, I decided to write this letter, thinking that it might 
be interesting to discuss ideas on the subject with the metaphor of Romeo and Juliet. We all 
know William Shakespeare’s magnificent work Romeo and Juliet [3]. In this work, Romeo and 
Juliet, who fell in love with each other, failed to be patient in their plans and could not come 
together until they died. And a great debate has been going on for centuries: What makes their 
love interesting and unforgettable for all humanity is the greatness of their love or the fact that 
they could never unite?

In fact, there is a metaphorical relationship between referees and “Romeo and Juliet”. Could 
it be that what determines our love for science and our desire to write scientific articles and 
makes it unique is that we cannot achieve success as a result of the comments of the referees? 
Or is it the magnitude of our love for writing that drives us to our enthusiasm for writing?

Generally, it is not taught how to do peer review for scientific journals. If people have not made 
a special effort to learn, they learn the role of the referee from their own experiences or from 
studies previously published in the journal. This is actually a situation that may cause some 
problems in the standardization of the work done. Since the editors will reach a decision based 
on the recommendations of the referees, the qualifications of the referees and their scientific 
article evaluation behavior patterns become decisive in this regard.

Since referees are also writers and are not free from all the prejudices of the age, they must act 
independently of all positive or negative influences when evaluating the manuscripts [4, 5]. The 
publishing policies of journals (double blind or single blind, etc.) supporting this independence 
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is the way to prevent this great love from disappearing and not 
growing further with new separations.

In the story of Romeo and Juliette we see Count Paris who tries 
to separate them and wants to marry Juliette, and Friar Laurence 
who is the wise adviser and tries to reunite them. As writers, 
editors or referees, we scientists perhaps have two options: to 
hinder this love of science, like Count Paris, or to advance the 
love of science, like Friar Laurence. Or in other words “to be or 
not to be” a scientist, that is the question.

Kind Regards
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ABSTRACT
In this letter to editor, while explaining the process leading to Capgras syndrome (CS), 
it will be tried to evaluate the psychodynamic, cognitive, neurological, and systemic 
factors as a result of the anamnesis and detailed examinations. Clinical aspects of the 
syndrome, psychopharmacologic agents to be used in the treatment process, and these 
agents’ mechanisms of acts will be discussed. Y.B., a 16-year-old female patient, was 
admitted to our clinic by her family with complaints of restlessness, introversion, and 
voices in her ears. A psychiatric examination revealed that the patient had persecutory, 
referential, and somatic delusions and that her family was replaced with other families in 
her thought content. In the initial treatment of the patient, risperidone was preferred, and 
sertraline was added to her treatment after the regression in her symptoms was not at the 
desired level. CS is the most common type of misidentification syndrome. The patient 
believes that their parents, friends, or themselves have been replaced by people similar to 
them and may show strong hostility and distrust toward their environment. Although there 
is no single cause, biological and psychological factors are thought to play a role in its 
etiopathogenesis. When the literature is examined, it is seen that there are reports of CS in 
adults, and the number of case reports in adolescence is lower. It should be kept in mind 
that although rare, CS can be seen in the pediatric and young population and the addition 
of selective serotonin reuptake inhibitors may be beneficial in cases that do not respond to 
antipsychotic treatment.

Keywords: Capgras syndrome; adolescent psychiatry; psychotic disorders

Dear Editor,

Delusional misidentification syndromes (DMSs) are considered 
rare psychopathological phenomena encountered in psychiatric 
and neurological conditions. It is defined as a delusion in 
which the person believes that the people, places, objects, and 

events around him or her have changed or that the same ones 
have multiplied.1 Capgras syndrome (CS) is the most common 
type of misidentification syndrome [1]. The patient believes 
that their parents, friends, or themselves have been replaced 
by people similar to them [2]. It is a rare psychiatric disorder 
characterized by a delusional belief that real and familiar people 
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have been replaced by mysterious, sometimes malicious, or 
morally reprehensible impostors [2]. In addition, it is considered 
a delusional disorder as patients are not expected to improve 
with explanation and decrease in symptoms over time [2]. 
Affected individuals have a clear consciousness, often with 
intact cognitive functions [3]. They may typically show strong 
hostility and distrust toward their environment [2,3]. Findings 
on prevalence are generally made from case series including 
psychotic disorders, and when the literature is examined, it is 
reported that the diagnosis of CS is higher, especially in male 
patients diagnosed with paranoid schizophrenia [4]. In a study 
conducted in the United States in 1983, all 4200 patients admitted 
to psychiatric emergencies were reviewed, and six cases were 
found to have a Capgras delusion (0.14% overall and 0.17% of 
psychotic disorder cases) [5]. There are studies reporting that the 
prevalence is 0.17/100,000 in adolescents and 0.0032/100,000 in 
children aged 2–12 years [6]. When the literature is examined, it 
is seen that there are reports of CS in adults, and the number of 
case reports in adolescence is lower. In this case, a 16-year-old 
girl with CS accompanied by somatic delusions, clinical aspects 
of the syndrome, and psychopharmacologic agents to be used in 
the treatment process will be discussed.

Patient Information
Y.B., a 16-year-old female patient, was brought to our outpatient 
clinic by her mother with a complaint of restlessness. According 
to the history taken from the patient and her family, her 
complaints started 1.5 years ago, she talked to her middle school 
mathematics teacher, and she said that her exam paper had been 
changed in the high school entrance exams, so she could not be 
placed in the high school she wanted. She repeated the same 
sentences, and she was not satisfied with the high school she 
attended. When she told her family that she wanted to investigate 
this issue and claim her rights, she could not get enough support 
from them. As a result, she became introverted, especially in the 
last 1 year; her introversion worsened; she tried to talk to her 
former middle school mathematics teacher for the last 6 months 
without her family’s knowledge; and she had a sleep disorder 
in the last few months in the form of not being able to sleep at 
night and spending the day sleeping. It was learned that she had 
been saying “You are not my real parents” for the last 3 weeks 
because her family did not help her in the process of trying 
to contact her math teacher, and that this situation, which her 
family initially thought she said in anger, worsened over time, 
and for the last 10 days she’s been saying “My parents live in 
England; you are not my real parents; you are copies of them.” 

In her psychiatric evaluation, it was determined that she had 
persecutory delusions that her family and friends were constantly 
trying to prevent her from being placed in the high school she 
wanted; grandiose delusions that she was smarter than her other 
friends and family members; referential delusions that her math 
teacher’s social media posts gave messages about the plans they 
had prepared to prevent her from being placed in the high school 
she wanted; somatic delusions that her skin and eye color were 
changed by her fake family while her skin was normally white 
and her eyes were blue because she was British; and she had 
peripheral speech in the thought process. It was learned that the 
patient heard voices commenting on her delusions during the 
day. A preliminary diagnosis of “Schizophrenia” was made for 
the patient whose mood was euthymic and whose affective state 
was inappropriate, and an electroencephalogram examination, a 
radiological examination, extensive biochemical examinations, 
and hormonal examinations were additionally ordered for a 
differential diagnosis in terms of organicity. All the tests were 
determined to be within normal limits, and no findings were 
found on the radiologic examination of the patient. There were no 
additional findings on the physical and neurologic examinations. 
In her medical history, it was learned that she was born with a 
normal birth in the hospital with the help of a midwife, there was 
no delay in language development, her parents separated during 
her early childhood and her grandmother took care of her during 
this period, she had no academic difficulties at the beginning of 
primary school, and she generally had above-average success at 
school. No psychotic disorder was reported in the psychiatric 
family history, and there was no family member with a psychiatric 
admission. At the time of the patient’s first admission, the 
Clinical Global Impressions Scale severity score was 6 and the 
Positive and Negative Syndrome Scale (PANSS) score was 116. 
Organicity was ruled out, and risperidone was gradually started 
at 2 mg/day. After 1 week, the patient was seen at the follow-up 
visit and was reported to have anxious and aggressive behaviors. 
Lorazepam (1 mg/day) was added to her treatment. The patient’s 
symptoms started to regress in the second week of treatment. 
In the 3rd week of follow-up, it was learned that her delusions 
and discourses toward her family continued significantly; 
risperidone treatment was increased to 3 mg/day; the lorazepam 
dose was decreased; and sertraline 50 mg was added. In the 
4th week of follow-up, the patient’s persecutory and referential 
delusions decreased, and somatic delusions improved in the 5th 
week of follow-up. In the 6th week of follow-up, the patient’s 
delusions improved significantly with 3 mg risperidone and 50 
mg sertraline, and according to the information obtained from 
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her family, there was a decrease in her previous discourse. At 
the end of the second month, the patient’s delusions significantly 
decreased, no hallucinations were observed, and the PANSS 
score was 82. The patient’s follow-up with the current treatment 
continues.

DISCUSSION
In this case, we have described CS in a 16-year-old patient 
with psychosis and somatic delusions. The literature review 
revealed that there are limited numbers of case reports of 
adolescents compared to adult case reports, and therefore our 
case report will contribute to the existing literature. CS, which 
is one of the DMSs and was first described in an article written 
by Joseph Capgras, a French psychiatrist, and named after 
him, was defined as a syndrome that progresses with delusions 
that the close environment, especially family members, have 
been changed and replaced by other people [1,7]. In Cotard’s 
Syndrome, one of the DMSs that has common characteristics 
with CS, such as misidentifying objects and events, the patient 
has nihilistic delusions in the form of denial of his/her entire 
being or a part of his/her body, while in Fregoli’s Syndrome, 
the patient has delusions that people he/she knows have become 
strangers [8-10]. CS, which is the most common DMS, can 
be secondary to some psychiatric disorders, such as psychotic 
and mood disorders, as well as some neurological disorders, 
including traumatic brain injury, epilepsy, stroke, and dementia, 
or systemic disorders such as pseudohypoparathyroidism, copper 
poisoning, and hypothyroidism [11]. In addition, there are studies 
reporting delirium, dementia, or mental retardation in patients 
with an organic cause [11]. However, the imaging and extensive 
biochemical examinations performed to screen organicity did not 
reveal any findings in our case.

Psychodynamic methods have been used to explain Capgras 
syndrome. In the first psychodynamic explanation, it was thought 
that it might be a defense against aggressive desires that could be 
attributed to oedipal conflicts in women and a manifestation of 
latent homosexuality in men [7], but in the following period, it 
was thought that it was based on anxiety and a cognitive and 
emotional regression that develops due to this anxiety [12]. When 
the detailed anamnesis obtained after ruling out organic causes in 
our patient was examined, it was observed that the first symptoms 
of persecutory delusions and psychotic processes started when 
she failed to achieve the desired success in high school entrance 
exams. The patient, who could not receive the support she 
expected from her family, had a one-year separation period in her 

early childhood, and she lived with her grandmother during this 
period. It is known that the mother’s inability to act as a “shield 
of protection” will lead to the child receiving a high amount of 
impulse-based stimuli from the inner world and perceptually 
overwhelming input from the outside world as well [13]. It was 
thought that the patient, who could not receive the support she 
expected from her family after the high school transition exam, 
was cognitively and emotionally regressed, and that the patient 
had feelings of alienation and unacceptable bad feelings and 
images. When the literature is examined, it is reported that the 
patients stated that the replacement person almost perfectly 
resembles the original, but they had a significant deficit in 
forming bonds that would allow them to establish intimacy with 
the misidentified person [14]. Similar to the literature, based on 
the fact that her real family would not treat her in such a way, 
through compartmentalization mechanisms, our patient thought 
that the people who aroused such thoughts in her could not be 
the people she previously cared for and loved; they could only 
be imposters who replaced them, and her real family would 
support her. Even if a psychodynamic explanation can be made 
for CS developing in the background of psychosis, as in our case, 
detailed neuropsychiatric evaluation and psychopharmacologic 
treatment should be initiated. Because of the low number of 
cases, especially in children and adolescents, a specific treatment 
study could not be performed. However, in addition to this, it was 
observed that antipsychotic drugs were more preferred as the first 
choice in case reports in the literature, and therefore risperidone 
treatment was initiated in our patient [15]. When the literature 
is reviewed, there are case reports of improvement with the 
addition of antidepressants such as selective serotonin reuptake 
inhibitors (SSRI) and mirtazapine in cases of delayed response to 
antipsychotics [16]. In our case, similarly, risperidone treatment 
was started, and sertraline was added to the treatment because of 
the lack of expected decrease in symptoms during the follow-up 
period. After the addition of sertraline treatment, her symptoms 
decreased. The effects of atypical antipsychotics are due to their 
blockade of dopamine (DA) 2 receptors, which improves positive 
symptoms but has little effect on negative symptoms, cognitive 
impairment, and depressive symptoms [17]. The addition of 
sertraline in the absence of response to atypical antipsychotics is 
related to the effects of sertraline on the serotonin (5-HT) system. 
The combination of sertraline may act on negative symptoms 
associated with insufficient activation of DA and 5-HT neurons 
in the prefrontal cortex by means of selective inhibition of 
serotonin reuptake by sertraline. In particular, sertraline also 
increases dopaminergic activity by blocking DA transporters 
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and reuptake [18,19]. These mechanisms may explain how 
sertraline improves negative and cognitive symptoms. Although 
our patient did not have these symptoms, we added sertraline 
to the treatment. Positive symptoms in patients with psychotic 
disorders are closely associated with central DA hyperfunction 
[20]. Increased central 5-HT levels may further alleviate 
patients’ positive symptoms by inhibiting DA activity [21]. This 
latest mechanism may also explain that sertraline enhanced the 
recovery of positive symptoms, although our patient did not have 
negative symptoms, depression or cognitive impairment. During 
treatment, caution should be exercised, especially in terms of 
metabolic side effects and extrapyramidal symptoms. However, 
no metabolic side effects were observed in our patient at the end 
of the third month.

CONCLUSION
In this case, while trying to explain the process leading to CS, 
we tried to evaluate psychodynamic, cognitive, neurological, 
and systemic factors as a result of the anamnesis and detailed 
examinations. We think that our case will contribute to the 
literature since the development of the condition at a young age 
is rare. As in our case, patients who are thought to have DMS 
should be examined in detail in terms of their organic etiology. A 
holistic evaluation seems to be more valuable in conceptualizing 
cases than establishing a single model. It is known that a holistic 
perspective is more valuable in the evaluation of cases. In the 
treatment of our patient, it was observed that the SSRI group 
of drugs added to antipsychotic drug treatment accelerated 
symptomatic improvement, which is consistent with the 
literature. It was thought that the combination of antipsychotic 
treatment with SSRIs should be considered in these patients. In 
addition, it should be kept in mind that CS may also be seen in 
the pediatric and young populations, although it is rarer. There 
is a need for more case reports on the clinical presentation and 
treatment of CS in children and adolescents.
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