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hiang Mai University’s Faculty of Dentistry publishes academic research articles in the newly titled - Oral

Sciences Reports, which was previously known as Chiang Mai Dental Journal (CMDJ). The journal was
originally established for the purposes of publishing academic research articles by the Faculty of Dentistry
at Chiang Mai University in 1977. In the current report, editors and experts in their respective fields review articles
received from authors prior to being published to ensure that the content of all articles is up-to-date, universal, logical,
and in accordace with academic principles so the reader can apply knowledge and cite works in the development of
dentistry for the purposes of advancing future research while being beneficial to patients and society.
Atpresent, Oral Sciences Reports openly receives all submissions through an online journal review process system.
The new online system also allows reviewers and researchers an ability to read 3 issues each year.

Aim and Scope of the journal

To compile research and content that is up to date and usable to all branches of dentistry and related fields. The
articles in Oral Sciences Reports are fundamental research work, including original articles, review articles, case reports/
series, short communications, and letters to the editor.

Policy

Accepted articles will be fairly reviewed by the editors and experts with full transparency through the following

process.

1. The articles must be correct according to academic principles and not duplicate works that have been previously
published.

2. The articles will be considered and reviewed through a non-bias process by concealing the names of authors
and related persons in the considered documents while also concealing the names of the experts and reviewers
who review the articles (double-blind review).

3. The review process can be tracked online. The article authors can review the status of their article and are able
to follow up on the article evaluation through the online process. The duration of each step is closely monitored
so that the articles can be published on time.

4. Authors of articles are responsible to review and verify the accuracy of the text, images, tables in the articles
before publication.

5. Articles published in Oral Sciences Reports are the copyright of Oral Sciences Reports, which forbids anyone

from duplicating published articles for any purpose without explicit permission from Oral Sciences Reports.

Indexing
Scopus
Thai Journal Citation Index Centre (TCI) Tier 1
Asian Citation Index (ACI)
Google Scholar
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Types of Submission

Oral Sciences Reports invites the following submissions:

1.

Original Articles

Review Articles

Systematic Reviews

Case Reports/Series

Letters to the Editor

Short Communications

Original contributions of research reports or unpublished recent academic research
to the development and applications in dentistry and related fields. The original
article must not exceed 4000 words in length and must contain no more than 10
figures and tables in total.

Comprehensive reviews of special areas of focus in dentistry and related fields.
Articles that contain important collected data from numerous books or journals and
from the writer’s experience. Information should be described, reviewed, compared,
and analyzed. The review article must not exceed 4000 words in length and must
contain no more than 10 figures and tables in total.

Clearly formulated reviews that uses systematic and reproducible methods to
identify, select and critically appraise all relevant research, and to collect and
analyze data from the studies that are included in the review.

Original findings that highlight novel technical and/or clinical aspects in dentistry
and related fields which include clinical symptoms, diagnosis, patient care, treat-
ment, follow-up, and evaluation. The report must not exceed 2500 words in length
and must contain no more than 5 figures.

Commentaries on published papers in the journal and other relevant matters that
must not exceed 1000 words in length

Original contributions describing new developments of high impact that justify
expedited review. The report must not exceed 2000 words in length and must contain

no more than 3 figures.
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Submission Checklist

Authors should ensure to prepare the following items for submission. Failure to complete the required items may

contribute to the delay of publication process. Please check the relevant section in this guideline for more details.

1. Title page Must include title of the article, author names and affiliations. One author has been
designated as the corresponding author with contact details (e-mail address and full
postal address) (see ‘Title page’ section for more information and an example)

2. CRediT Contribution Author will be asked to provide CRediT Contributions as well as their degree
of contribution at the time of the original submission. CRediT Contribution is a
high-level classification of the diverse roles performed in the work leading to a
published research output in the sciences. Its purpose to provide transparency in
contributions to scholarly published work, to enable improved systems of attribu-
tion, credit, and accountability.

3. Abstract Must not exceed 250 words. Relevant keywords (up to five keywords) must be
included at the end of the abstract. (see the ‘Abstract’ section for more details)

4. Main Manuscript Author details and affiliation must not be included. (see ‘Manuscript’ section for

more details)

5. Figures Should include relevant captions. (see the ‘Figures’ section for more details)
6. Tables Should include titles, description, and footnotes. (see the ‘Tables’ section for more
details)

7. Supplementary data (if applicable)

Additional considerations the author should confirm before submission:
1. Manuscript must be ‘spell-checked', ‘grammar-checked', and ‘plagiarism-checked’.
2. All figures, tables, and references mentioned in the text should match the files provided.
3. Permission must be obtained for use of copyrighted material from other sources (including the internet).
4

. Authors must provide conflicts of interest statement, even if there is no conflict of interests to declare.

Ethical Guidelines

Authors must acknowledge to the following ethical guidelines for publication and research.

A. Authorship and Author Contributions

The policy of Oral Sciences Reports that only ONE corresponding author is accepted. Where there is any uncer-
tainty regarding authorship, the editor of the journal reserves the right to contact the corresponding author of the study
for further information. Authors must acknowledge that the manuscript has been read and approved by all authors and
that all authors agree to the submission of the manuscript to the Journal. Authors are required to identify the contribu-
tions for which they are responsible. Author will be asked to provide CRediT Contributions as well as their degree of
contribution at the time of the original submission. CRediT Contribution is a high-level classification of the diverse
roles performed in the work leading to a published research output in the sciences. Its purpose to provide transparency
in contributions to scholarly published work, to enable improved systems of attribution, credit, and accountability.

Authors are expected to carefully consider the list and order of authors before submitting their manuscript and
provide the definitive list of authors at the time of the original submission. Any addition, deletion, or rearrangement of
author names in the authorship list should be made only before the manuscript has been accepted and only if approved
by the editor of the journal. To request such a change, the editor must receive the following from the corresponding
author:
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(a) The reason for the change in the author list

(b) Written confirmation (e-mail, letter) from all authors that they agree with the addition, removal, or rearrange-
ment.

In case of addition or removal of authors, these must be confirmed from the author being added or removed.
Please be informed that changes of the authorship cannot be made in any circumstances after the manuscript has been

accepted.

B. Ethical Considerations

All studies using human or animal subjects should include an explicit statement in the Material and Methods section
identifying the review and ethics committee’s approval for each study. Experimentation involving human subjects will
only be published if such research has been conducted in full accordance with the World Medical Association Decla-
ration of Helsinki (version 2008) and the additional requirements or with ethical principles of the country where the
research has been carried out. Manuscripts must be accompanied by a statement that the experiments were undertaken
with the understanding and written consent of each subject and according to the above-mentioned principles.

Experimentation involving animal subjects should be carried out in accordance with the guidelines laid down by
the National Institute of Health (NIH) in the USA or with the European Communities Council Directive of 24 Novem-
ber 1986 (86/609/EEC) and in accordance with local laws and regulations. Editors reserve the right to reject papers if

there is doubt as to whether appropriate procedures have been used.

C. Clinical Trials
All clinical trials must register in any of the following public clinical trials registries:
* Thai Clinical Trials Registry (TCTR)
* NIH Clinical Trials Database
* EU Clinical Trials Register
* ISRCTN Registry
The clinical trial registration number and name of the trial register should be included in Materials and Methods
of the manuscript. For epidemiological observational trials, authors of epidemiological human observations studies
are required to review and submit a 'strengthening the reporting of observational studies in Epidemiology' (STROBE)

checklist and statement. Compliance with this must be detailed in Materials and Methods.

D. Systematic Review

The abstract and main body of the systematic review should be reported using the PRISMA for Abstract and
PRISMA guidelines respectively. Authors submitting a systematic review should register the protocol in one of the
readily-accessible sources/databases at the time of project inception and not retrospectively (e.g. PROSPERO database,
OSF registries). The protocol registration number, name of the database or journal reference should be provided at
the submission stage in Materials and Methods. A PRISMA checklist and flow diagram (as a Figure) should also be

included in the submission material.

E. Conflicts of Interest

All authors must disclose any financial and personal relationships with other people or organizations that could
inappropriately influence (bias) their work. Potential sources of conflict of interest include (but are not limited to) patent
or stock ownership, membership of a company board of directors, membership of an advisory board or committee for
a company, and consultancy for or receipt of speaker's fees from a company. If there are no interests to declare, please
state ‘“The authors declare no conflict of interest’. Authors must disclose any interests in the section after acknowledg-

ments.
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F. Submission Declaration and Verification

Submission of an article implies that the work described has not been published previously (except in the form
of an abstract, a published lecture or academic thesis), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where the work
was carried out, and that, if accepted, it will not be published elsewhere in the same form, in English or in any other
language, including electronically without the written consent of the copyright- holder. The conference proceedings

are allowed to be part of the article if the contents do not exceed 70% of the article.

G. Copyright

As an author, you have certain rights to reuse your work. Subscribers may reproduce tables of contents or pre-
pare lists of articles including abstracts for internal circulation within their institutions. Permission of the Publisher
is required for resale or distribution outside the institution and for all other derivative works, including compilations
and translations. If excerpts from other copyrighted works are included, the author(s) must credit the source(s) in the

article.

Manuscript Preparation

All texts in the submitted manuscript are required to be inclusive language throughout that acknowledges diver-
sity, conveys respect to all people, is sensitive to differences, and promotes equal opportunities. Authors should ensure
that writing is free from bias, for instance by using 'he or she', 'his/her' instead of 'he' or 'his', and by making use of job
titles that are free of stereotyping (for instance by using 'chairperson' instead of 'chairman' and 'flight attendant' instead
of 'stewardess'). Articles should make no assumptions about the beliefs or commitments of any reader, should contain
nothing which might imply that one individual is superior to another on the grounds of race, sex, religion, culture, or

any other characteristic.

A. Title page

The title page will remain separate from the manuscript throughout the peer review process and will not be

sent to the reviewers. It should include these following details:

e Title should be concise, information-retrieval, and not exceed 30 words. Please avoid abbreviations and
formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of each author
are accurately spelled. Present the authors' affiliation addresses (where the actual work was done) below
the names. Indicate all affiliations with a lower-case superscript number immediately after the author's
name and in front of the appropriate address. Provide the full postal address of each affiliation, including
the country name and the e-mail address of each author.

* Corresponding author will handle correspondence at all stages of refereeing and publication, also post-pub-
lication. This responsibility includes answering any future queries about Methodology and Materials. Please

ensure that the e-mail address and contact details given are kept up to date by the corresponding author.

B. Abstract
Abstract must not exceed 250 words with concise and informative explanations about the article. Authors must
prepare an abstract separately from the main manuscript using Microsoft Word processing software (.doc or .docx).
Please avoid references and uncommon abbreviations, but if essential, abbreviations must be defined at their first
mention in the abstract itself. Abstract structure of the original articles must consist of ‘Objectives, Methods, Results,
and Conclusions’.
Abstract of other types of submitted articles should be summarized in one paragraph. Up to five keywords

relevant to the articles must be provided and arranged in alphabetical order.
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C. Manuscript
Oral Sciences Reports adheres to a double-blinded review. The main body of the paper (including the references,
figures, tables and any acknowledgements) must not include any identifying information, such as the authors' names.
The layout of the manuscript must be as simple as possible with double-spaced, single column format with Sans Serif
font and uploaded as an editable Microsoft Word processing file (.doc or .docx). Complex codes or hyphenate options

must be avoided, but the emphatic options such as bold face, italics, subscripts, and superscripts, etc. are encouraged.

1. Original article

o Introduction should include literature reviews of previous studies, research questions, and the rationale for
conducting the study. The Introduction should not be too long and should be easy to read and understand while avoiding
a detailed literature survey or a summary of the results.

* Methods should provide sufficient details in a logical sequence to allow the work to be reproduced by an
independent researcher. Methods that are already published should be summarized and indicated by a reference. If
quoting directly from a previously published method, use quotation marks and cite the source. Any modifications to
existing methods should also be described.

* Results should show the data gained from the study’s design in text, tables and/or illustrations, as appropriate,
and be clear and concise.

* Discussion is criticism, explanation, and defense of the results from the standpoint of the author, and
comparison with other peoples’ reports. The discussion can include criticism of materials, methods and study results,
problems, and difficulties, pointing out the benefits of adoption and providing feedback where appropriate. Discussions
should explore the significance of the results of the work, not repeat them. Avoid extensive citations and discussion of
published literature.

* Conclusions refers to a summary of the study or research results.

* Acknowledgments: Please specify contributors to the article other than the authors accredited. Please also

include specifications of the source of funding for the study.

Formatting of funding source:
This work was supported by the 1st organization name [grant numbers xxxx], the 2nd organization name

[grant number yyyy]; and the 3rd organization name [grant number zzzz].

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant or funding from funding agencies in the public, commercial,
or not-for-profit sectors.

* References should be confined to documents relating to the author’s article or study. The number should not
exceed 80, placed in order and using numbers which are superscripted and put in parentheses, starting with number 1
in the article and in reference document’s name. (see ‘References’ section for more information regarding reference

formatting)

2. Review articles should be divided into Introduction, Review and Conclusions. The Introduction section should
be focused to place the subject matter in context and to justify the need for the review. The Review section should be
divided into logical sub-sections in order to improve readability and enhance understanding. Search strategies must be
described, and the use of state-of-the-art evidence-based systematic approaches is expected. The use of tabulated and
illustrative material is encouraged. The Conclusion section should reach clear conclusions and/or recommendations

on the basis of the evidence presented.
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3. Systematic review

¢ Introduction should be focused to place the subject matter in context and to justify the need for the review.

* Methods should be divided into logical sub-sections in order to improve readability and enhance understand-
ing (e.g. details of protocol registration, literature search process, inclusion/exclusion criteria, data extraction, quality
assessment, outcome(s) of interest, data synthesis and statistical analysis, quality of evidence).

* Results should present in structured fashion (e.g. results of the search process, characteristics of the included
studies, results of primary meta-analysis, additional analysis, publication bias, quality of evidence).

* Discussion should summarize the results, highlighting completeness and applicability of evidence, quality
of evidence, agreements and disagreements with other studies or reviews, strength and limitations, implications for
practice and research.

 Conclusion(s) should reach clear conclusions and/or recommendations on the basis of the evidence presented.

4. Case reports/series should be divided into Introduction, Case report, Discussion and Conclusions. They should
be well illustrated with clinical images, radiographs and histologic figures and supporting tables where appropriate.
However, all illustrations must be of the highest quality.

There are some necessary considerations which should be comprehended and consistent throughout the article:

1. Abbreviations: define abbreviations at their first occurrence in the article: in the abstract and in the main text
after it. Please ensure consistency of abbreviations throughout the article.

2. Mathematical expressions: the numbers identifying mathematical expressions should be placed in parentheses
after the equation, flush to the right margin; when referring to equations within text, use the following style: Eq. (5),
Egs. (3-10), [see Eq. (4)], etc.

3. Nomenclature: abbreviations and acronyms should be spelled out the first time they are used in the manuscript
or spelled out in tables and figures (if necessary). Units of measure and time require no explanation. Dental nomen-
clature in the manuscript should be complete words, such as maxillary right central incisor. Numbering of teeth from
pictures or tables should follow the FDI two-digit system.

4. Units: use the international system of units (SI). If other units are mentioned, please give their equivalent in
SI.

5. Product identification: all products mentioned in the text should be identified with the name of the manufac-
turer, city, state, and country in parentheses after the first mention of the product, for example, The ceramic crown was
cemented on dentin surface with resin cement (RelyXTM U200, 3M ESPE, St. Paul, MN, USA)...

D. Figures

Figures should be prepared and submitted separately from the main manuscript. Color artworks are encouraged
at no additional charge. Regardless of the application used other than Microsoft Office, when the electronic artwork
is finalized, please ‘save as’ or ‘export’ or convert the images to EPS, TIFF, or JPEG format with the minimum
resolution of 300 dpi. Keep the artwork in uniform lettering, sizing, and similar fonts. Please do not submit graphics
that are too low in resolution or disproportionately large for the content. Authors must submit each illustration as a
separate file.

Please ensure that each illustration has a caption according to their sequence in the text and supply captions
separately in editable Microsoft Word processing file (.doc or .docx), not attached to the figure. A caption should com-
prise a brief title (not on the figure itself) and a description of the illustration. Keep text in the illustrations themselves

to a minimum but explain all symbols and abbreviations used.

E. Tables
Please submit tables as editable Microsoft Word processing files (.doc or .docx), not as images, and avoid using

vertical rules and shading in table cells. Each table should be placed on a separate page, not next to the relevant text
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in the article. Number tables consecutively in accordance with their appearance in the text and place any table notes
below the table body while ensuring that the data presented in them does not duplicate results described elsewhere in
the article.

FE References
Citation in text
Any citations in the text should be placed in order and using numbers which are superscripted and put in
parentheses. Please ensure that all citations are also present in the reference list consecutively in accordance with their

appearance in the text.

Reference style

All references should be brought together at the end of the paper consecutively in accordance with their
appearance in the text and should be in the Vancouver reference format. Please follow these examples of correct
reference format below:

1. Journal article

1.1. One to six authors

Author(s) — Family name and initials. Title of article. Abbreviated journal title. Publication year;volume
(issue):pages.

Example:
Parvez GM. Pharmacological activities of mango (Mangifera Indica): A review. J Pharmacognosy Phytother. 2016;5(3):
1-7.

Or
Choi YS, Cho IH. An effect of immediate dentin sealing on the shear bond strength of resin cement to porcelain
restoration. J Adv Prosthodont. 2010;2(2):39-45.

Or
Firmino RT, Ferreira FM, Martins CC, Granville-Garcia AF, Fraiz FC, Paiva SM. Is parental oral health literacy a
predictor of children's oral health outcomes? Systematic review of the literature. Int J Paediatr Dent. 2018;28(5):459-71.

1.2. More than six authors

Author(s) — Family name and initials of the first six authors, et al. Title of article. Abbreviated journal title.
Publication year;volume(issue):pages.

Example:
Vera J, Siqueira Jr JF, Ricucci D, Loghin S, Fernandez N, Flores B, et al. One-versus two-visit endodontic treatment
of teeth with apical periodontitis: a histobacteriologic study. J Endod. 2012;38(8):1040-52.

1.3. Article in press

Authors separated by commas — Family name and initials. Title of article. Abbreviated journal title in italics.
Forthcoming - year of expected publication.

Example:
Cho HJ, Shin MS, Song Y, Park SK, Park SM, Kim HD. Severe periodontal disease increases acute myocardial infarc-
tion and stroke: a 10-year retrospective follow-up study. J Dent Res. Forthcoming 2021.

2. Books
2.1. Book with author (s)
Author(s) — Family name and initials (no more than 2 initials with no spaces between initials)— Multiple
authors separated by a comma. After the 6th author add - "et al". Title of book. Edition of book if later than 1st ed.

Place of publication: Publisher name; Year of publication.
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Example:
Sherwood IA. Essentials of operative dentistry. Suffolk: Boydell & Brewer Ltd; 2010.

Or
Abrahams PH, Boon JM, Spratt JD. McMinn's clinical atlas of human anatomy. 6th edition. Amsterdam: Elsevier
Health Sciences; 2008.

2.2. Book with no author

Title of book. Edition of book if later than 1st ed. Place of publication: Publisher name; Year of publication.
Note: Do not use anonymous. Please begin a reference with the title of the book if there is no person or organization
identified as the author and no editors or translators are given.

Example:

A guide for women with early breast cancer. Sydney: National Breast Cancer; 2003.

2.3. Chapter in a book

Author(s) of chapter - Family name and initials, Title of chapter. In: Editor(s) of book - Family name and
initials, editors. Title of book. edition (if not first). Place of publication: Publisher name; Year of publication. p. [page
numbers of chapter].

Example:
Rowlands TE, Haine LS. Acute limb ischaemia. In: Donnelly R, London NJM, editors. ABC of arterial and venous
disease. 2nd ed. West Sussex: Blackwell Publishing; 2009. p. 123-140.

3. Thesis/dissertation
3.1. Thesis in print
Author - family name followed by initials. Thesis title [type of thesis]. Place of publication: Publisher; Year.
Example:
Kay JG. Intracellular cytokine trafficking and phagocytosis in macrophages [dissertation]. St Lucia, QId: University
of Queensland; 2007.

3.2. Thesis retrieved from full text database or internet

Author - family named followed by initials. Thesis title [type of thesis/dissertation on the Internet]. Place of
publication: Publisher; Year [cited date — year month day]. Available from: URL

Example:
Pahl KM. Preventing anxiety and promoting social and emotional strength in early childhood: an investigation of risk
factors [dissertation on the Internet]. St Lucia, Qld: University of Queensland; 2009 [cited 2017 Nov 22]. Available
from: https://espace.library.uq.edu.au/view/UQ:178027

4. Webpage
4.1. Webpage with author
Author/organization's name. Title of the page [Internet]. Place of publication: Publisher's name; Publication
date or year [updated date - year month day; cited date - year month day]. Available from: URL
Example:
American Dental Association. COVID-19 and Oral Health Conditions [Internet]. Chicago: American Dental Associ-
ation; 2021 Feb 12 [updated 2021 Feb 12; cited 2021 Jun 24]. Available from: https://www.ada.org/en/press-room/

news-releases/202 1 -archives/february/covid-19-and-oral-health-conditions
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4.2. Webpage with no authors
Title [Internet]. Place of publication (if available): Publisher's name (if available); Publication date or year [updated
date (if available); cited date]. Available from: URL

Example:
Dentistry and ADHD [Internet]. 2019 Jan 15 [updated 2019 Jan 15; cited 2020 Apr 8]. Available from: https://snoozeden-
tistry.net/blog/dentistry-and-adhd/

4.3. Image on a webpage

Author/organization. Title [image on the Internet]. Place of publication: Publisher's name; Publication date or
year [updated date; cited date]. Available from: URL
Note: If the image does not have a title - give the image a meaningful title in square brackets.

Example:
Poticny DJ. An Implant-Supported Denture Offers a Number of Advantages [image on the Internet]. Texas: Office of
Dan Poticny; 2018 Nov 21 [updated 2018 Nov 21; cited 2019 Aug 30]. Available from: https://www.dfwsmiledoc.com/
blog/post/an-implant-supported-denture-offers-a-number-of-advantages.html

5. Government publications/reports
5.1. Reports and other government publications
Author(s). Title of report. Place of publication: Publisher; Date of publication — year month (if applicable).
Total number of pages (if applicable eg. 24 p.) Report No.: (if applicable)
Example:
Australian Institute of Health and Welfare. Oral health and dental care in Australia: key facts and figures trends 2014.
Canberra: AIWH; 2014.

5.2. Government reports available online

Author(s). Title of report. Report No.: (if applicable). [Internet]. Place of publication: Publisher or Institution;
Publication date or year [updated date - year month day; cited date - year month day]. Available from: URL

Example:
World Health Organization. WHO mortality database [Internet]. Geneva: World Health Organization; 2019 Dec 31
[updated 2019 Dec 31; cited 2021 Mar 29]. Available from: https://www.who.int/data/mortality/country-profile

6. Tables/Figures/Appendices

Follow the format of book, journal or website in which you found the table/figure/appendix followed by: table/
figure/image/appendix number of original source, Title of table/figure/appendix from original source; p. Page number
of table/figure/appendix from original source.
Note: each reference to a different table/figure within the same document requires a separate entry in the Reference
list. Please provide permission documents from the original sources.

Example:

Smith J, Lipsitch M, Almond JW. Vaccine production, distribution, access, and uptake. Lancet 2011;378(9789):428-

438. Table 1, Examples of vaccine classes and associated industrial challenges; p. 429.

7. Journal abbreviation source

Journal names should be abbreviated according to the Web of Science - Journal Title Abbreviations.
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Peer-review Process

Oral Sciences Reports follows a double anonymized review process. Each manuscript will be assigned to at least
three expertises for consideration. The identities of both reviewers and authors are concealed from each other throughout
the review to limit reviewer bias. To facilitate this, please ensure that the manuscript keeps anonymity before submission
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Abstract

Surgery, radiotherapy, and chemotherapy have been the mainstay of oral squamous
cell carcinoma (OSCC) management. However, these treatments often come with signif-
icant side effects and limitations, including systemic toxicity and drug resistance. Recent
advancements in therapeutic strategies for oral cancer have focused on more targeted
and less invasive approaches. Some of the novel therapeutic strategies for OSCC include
immunotherapy, targeted therapy, photodynamic therapy, gene therapy, phytochemicals,
nanotheranostics, and CRISPR/Cas technology. These novel strategies offer promising
avenues for improving the outcomes and quality of life for patients with OSCC. Ongoing
research and clinical trials are essential to further refine these approaches and make them

widely available.

Keywords: oral cancer, recent, squamous cell carcinoma, treatment,
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Introduction

Oral cancer is a group of malignant diseases arising
from the lips, gums, tongue, mouth, and palate and is the
most fatal disease among other diseases in the world. Oral
squamous cell carcinomas (OSCC), arising from surface
epithelium, constitute more than 90% of all oral cancers,
and they rank as the sixth most common neoplasm in
the world.") There are more than 350,000 new cases of
OSCC and 177,000 deaths every year, with considerable
differences in geographic and environmental risk factors.®
The incidence of OSCC has been decreasing in some parts
of the world but the increase is observed in other countries
with low socio-economic conditions. Despite the new
management strategies, the 5-year survival rate is below
50%.) Low socioeconomic condition is in turn related
to factors like nutrition, health care, living condition,
lack of awareness, and risk behaviors, which contribute
to the development of oral cancer. In many low-income
and middle-income countries, including India, most of
the population does not have access to a well-organized
and well-regulated cancer care system. The high cost of
novel therapies and treatments makes them inaccessible
to many people in low-income regions. This economic
barrier prevents patients from receiving the latest and most
effective treatments. Addressing these challenges requires
a comprehensive approach, including improving access to
affordable therapies, enhancing healthcare infrastructure,
and promoting early detection and screening.

Surgical resection is used as a primary treatment
modality. Chemotherapy is used as an adjuvant to radio-
therapy in patients who are diagnosed with stages 3 and 4,
and in patients with local recurrence and metastasis. The
continuous increase in oral cancer cases, the failure of
conventional chemotherapies, and the excessive toxicity
of chemotherapies demand alternative cancer treatments.
The current review aimed to summarize the literature on
novel therapeutic approaches available for oral cancer.
Some of the novel therapeutic strategies for OSCC include
immunotherapy, targeted therapy, Photodynamic Therapy,
gene therapy, phytochemicals, Nanotheranostics, and
CRISPR/Cas Technology. (Table 1)

Immunotherapy
Cancer immunotherapy involves stimulating specific

components of the immune system and strengthening the

Oral Sci Rep: Volume 46 Number 3 September-December 2025

immune system to counteract the signals that suppress
them. Strengthening of the immune system is brought
about by the cells of innate immunity, such as the neutro-
phils, macrophages, natural killer (NK) cells, dendritic
cells, and eosinophils, and the cells of adaptive immunity,
which include the B and T lymphocytes, commonly
known as B and T cells. Neutrophils play a key role in
cancer immunotherapy, acting as both tumor-promot-
ing and tumor-suppressing agents. They contribute to
immune evasion by releasing pro-inflammatory cytokines
that support tumor growth, but they also enhance anti-
tumor immunity by activating T cells and dendritic cells.
tumor-associated neutrophils (TANSs) can be polarized into
either pro-tumor (N2) or anti-tumor (N1) phenotypes, in-
fluencing immunotherapy outcomes. B cells produce anti-
bodies, and T cells generate CD4+ and CD8+ cells. CD4+
T cells, particularly T helper (Th) cells, support B cell
activation and antibody production by releasing cytokines
such as IL-4, IL-5, and IL-6. These cytokines enhance B
cell proliferation and promote class switching, allowing B
cells to produce tumor-targeting antibodies. CD8+ T cells,
or cytotoxic T lymphocytes, directly attack cancer cells
by recognizing tumor antigens presented via MHC class 1
molecules. Their activity is often enhanced by B-cell-de-
rived antibodies, which facilitate antibody-dependent
cellular cytotoxicity. B cells, beyond antibody production,
contribute to antitumor immunity by forming tertiary
lymphoid structures within tumors. These structures serve
as immune hubs, fostering interactions between T cells
and B cells to sustain long-term immune surveillance.
The tumor cells escape the cells of the immune system
by decreasing surface antigen expression and also alter
the environment by synthesizing substances that suppress
the immune system and thus increase the progression of
the tumors.” Immune therapy is divided into two types,
namely the active and passive types, where there is direct
attack of the tumor cells. These are derived from the blood
or tumor of the patient and cultured.

Active immunotherapy involves NK cells, dendritic
cells, and cytotoxic T cells. In passive immunotherapy,
there is targeting of cell surface receptors to form anti-
body-dependent cell-mediated immunity. Immunotherapy
includes checkpoint inhibitors, targeted monoclonal
antibodies, adoptive cell transfer, and cytokine immuno-

therapy.
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Table 1: Comparison table highlighting key aspects of different novel therapeutic strategies.

Therapy

Immunotherapy

Targeted cancer

Mechanism
Restore the ability of the
immune system to detect
and destroy cancer cells
by overcoming the mech-
anisms by which tumors
evade and suppress the
immune response

Specifically targeting

Advantages
Highly specific

Selectivity,

stem cell therapy cancer stem cells prevent recurrence
Photodynamic ~ Uses light-sensitive drugs Minimally invasive,
Therapy activated by specific wave- localized treatment
lengths of light to destroy
cancer cells
Gene Therapy ~ Modifies or replaces de- Potential for long-
fective genes to inhibit term disease control
cancer growth
Phytochemicals Natural compounds with Low toxicity,
anticancer properties easily available
Nanotheranos- Uses nanoparticles Enhanced drug
tics delivery, real-time
monitoring
CRISPR/Cas Gene-editing tool to cor- High precision,
Technology rect mutations or disrupt potential for person-

cancer-promoting genes

alized treatment

Limitations
Several factors influence
tumor immunotherapy
1) Host immunity
2) Tumor cells

3) Environmental factors

Drug resistance, challenging

to identify, cancer stem cells

Limited penetration depth,
requires specialized equip-
ment

Ethical concerns, delivery

challenges

Variable efficacy

Complex formulation,

regulatory hurdles

Ethical concerns,

risk of off-target effects
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Response to therapy
I-year survival rate was ~19%
higher with nivolumab (anti-pro-
grammed death 1 monoclonal
antibody) than with standard therapy
in HNSCC (head & neck squamous

cell carcinoma).(44)

Preclinical study - CD44v6-specific
CAR-NK cell therapy demonstrated
a two-to-threefold increase in killing
efficacy against various HNSCC
cell lines compared to unmodified
natural killer cells.*>)

77% of patients with oral and oro-
pharyngeal cancer achieved com-
plete response and 42.3% of patients
achieved local control.49)

Phase 1 trial - phIL-12 plasmid
delivered via gene electrotransfer
potentiates the immunostimulatory
effects of local ablative therapies
in basal cell carcinomas of the head
and neck.?)

Phase I clinical trial- Histological
improvements of precancerous
lesions in oral cancer patients ob-
served upon treatment with curcum-
in.3®)

Retrospective study - 77% of pa-
tients with metastatic cancer showed
manageable tolerability and favor-
able response rates to nanopar-
ticle albumin-bound paclitaxel
(PacliALL™) (48)

Preclinical study - CD147 gene
knockout oral cancer cells, which
were shown to decrease Cal27 tumor

cell invasion and metastasis.#?

Checkpoint inhibitor

Checkpoint inhibitors act against the pathways that
suppress T cell activity, thus resulting in tumor regression.
Evidence shows that immune checkpoints programmed
cell death protein 1 (PD-1) promote the immune response
against cancer.®) Cytotoxic T-lymphocyte-associated pro-
tein 4 (CTLA-4) creates new T cells and contributes to
cancer regression. Apart from PD-1 and CTLA-4, other

checkpoint inhibitor receptors such as lymphocyte-activa-

tion gene 3 (LAG3), mucin domain 3 (TIM-3), and T-cell
immunoglobulin have demonstrated therapeutic effects
in clinical trials in combination with PD-1 agents. Pem-
brolizumab was approved by the FDA for treating patients
with recurrent head and neck squamous cell carcinoma
(HNSCC).©

Targeted monoclonal antibodies

Monoclonal antibodies are either obtained from
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human or murine antibody components. Epidermal
growth factor receptor (EGFR) plays a major role in
tumor progression by causing invasion, metastasis,
angiogenic potential, and inhibition of apoptosis. Mono-
clonal antibodies such as cetuximab and panitumumab are
EGFR-targeted therapies that are proven to be effec-
tive in oral cancer, either when used alone or along with
radiotherapy.”) P53 is the most commonly mutated gene
in cancer, and antibodies against this gene have been

useful in treating cases with nodal involvement.®

Adoptive cell transfer (ACT)

ACT is a procedure wherein T cells are obtained
from the tumor sample or the patients and introduced with
specific antigen receptors by genetic engineering and then
reintroduced into the patients, therefore enhancing the
ability to recognize the antigen. In the study conducted
by Jiang et al, ACT has improved the survival rates in
patients with HNSCC in comparison with the control
group.”) The side effects of ACT include fever, nausea,
vomiting, rashes, and cytokine release syndrome, which
occurs when the transferred T cells or other immune cells

respond to the new T cells.

Cytokine immunotherapy

Cytokines are messengers that allow the cells of the
immune system to work hand in hand to target the antigen
(cancer cells). This method enhances the coordination of
the tumor cells and the stromal cells. They are delivered
either locally or systematically to elicit the anti-tumor
response. Several cytokines are being explored for the
treatment of HNSCC, including GM-CSF, IL-2, IFN-y,
IL-12, and an investigational multi-cytokine biologic
known as IRX-2 (Primary cell-derived Biologic). In-
terleukin-2 enhances the activation of several types of
leukocytes with antitumor activity, including natural killer
cells, lymphokine-activated killer cells, antigen-specific
T-helper cells, cytotoxic lymphocytes, macrophages, and
B cells. IFN-y and IL-12 are used in clinical trials that have
been proven to be effective by increasing the number of
natural killer cells.('?)

Immunotherapy has transformed cancer treatment,
improving the outcome of cancers like melanoma, lung
cancer, and renal cell carcinoma. Pembrolizumab result-
ed in improved progression-free survival of advanced

melanoma patients at both 2 mg/kg and 10 mg/kg, with a
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6-month progression-free survival of 34% when compared
to 16% in the chemotherapy group.!'’ When compared
to standard chemotherapy, immunotherapy is expected
to considerably enhance the overall and progression-free
survival of patients with extensive-stage small-cell lung
cancer. Overall survival was higher with anti-PD-L1 than
with anti-PD-1 and anti-CTLA4.('?

Patient selection plays a major role in the success
of immunotherapy. Several side effects are associated
with each approach. Checkpoint Inhibitors can cause im-
mune-related adverse events, including colitis, pneumoni-
tis, and endocrinopathies. Tumors can become resistant to
treatment, and only a small subset of individuals respond
well. Nivolumab and pembrolizumab have only been
trialed for OSCC. The use of targeted monoclonal anti-
bodies is restricted by their high cost, possible off-target
effects, limited efficacy in advanced instances, and
tumor-induced downregulation of target receptors, which
lowers their efficacy. Cetuximab has been tested in com-
bination with radiation therapy for oral cancer. Adoptive
Cell Transfer requires complex genetic engineering, and
solid tumors like oral cancer pose challenges for T-cell
infiltration. Its drawbacks include high toxicity, cytokine
release syndrome risk, and expensive production. For
head and neck malignancies, CAR-T therapy that targets
EGFR is being investigated. Cytokine Immunotherapy has
a short half-life, requiring frequent dosing and systemic
toxicity leading to severe inflammatory responses, includ-
ing vascular leak syndrome. IL-12 gene electrotransfer

has been tested for head and neck basal cell carcinoma.

Targeted cancer stem cell therapy

Oral cancer stem cells are a subpopulation of cells
with tumor-initiating properties and several molecular
similarities to embryonic and normal adult stem cells. Oral
CSCs are also commonly resistant to conventional ther-
apies targeting proliferating cells. Hence, they crucially
contribute to metastasis and recurrence. It is important
to increase knowledge of the molecular features and
signaling pathways that are specific to the oral cancer
stem cells to develop new targeted and efficient treatments
for head and neck cancer. The self-renewal potential of
cancer stem cells (CSCs) may be obtained through multi-
ple endogenous signaling pathways such as the Wnt, Bmp,
Pten, Notch, TGF-3, and Hedgehog. CSCs can be detected

and isolated from the tumor mass by employing single or
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combinations of numerous surface markers. Despite signi-
ficant progress in identifying CSCs based on their specific
surface markers like Aldehyde dehydrogenases (ALDHs),
CD44, CD117, and CD133, the development of selective
CSC therapies remains a challenge. ALDH1-positive cell
subpopulations have been found to have higher tumorige-
nicity and are more resistant to chemotherapeutic agents

than the negative population.

Adenosine triphosphate Phosphate Binding
Cassette (ABC) transporters

ABC transporters are membrane transporters, which
are capable of pumping different little molecules (e.g.,
anti-cancer drugs) out of the cells at the expense of ATP
hydrolysis, and thus lead to decreased intracellular drug
concentrations.('®) Cancer stem cells following chemo-
radiotherapy become chemo-radio resistant or selectively
improve the resistant cell population. Studies have found
that overexpression of ABC transporters in cancer cells
enhances their chemo-radio resistance. Suppressing
ABC transporters elevates anti-cancer drug sensitivity in

cancer.(14)

Histone demethylases

Epigenetic modifications like as DNA methylation,
histone modification, and non-coding RNA regulation
play a crucial role in oral cancer development, influencing
gene expression, tumor progression, and therapeutic resis-
tance. Hypermethylation of tumor suppressor genes leads
to gene silencing, while hypomethylation of oncogenes
results in genomic instability and increased tumor aggres-
siveness. Dysregulated miRNAs like miR-21, miR-200,
and miR-34 contribute to tumor growth, metastasis, and
drug resistance. Long non-coding RNAs influence epigen-
etic reprogramming, affecting the tumor microenviron-
ment. Circular RNAs act as miRNA sponges, modulating
cancer-related pathways. Histone Modifications include
acetylation, phosphorylation, ubiquitination, and methyla-
tion. Histone methylation plays a key role in the regulation
of gene expression and genetic stability, and dysregulation
of this highly conserved process occurs in various cancers.
There are two classes of enzymes involved in histone
methylation: methyltransferases and demethylases. His-
tone demethylases are capable of removing methyl groups
from histones and other proteins. The histone demethy-

lases contribute to carcinogenesis, cell fate selection, and
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cell differentiation. The common histone demethylases are
the JARIDI, KDM4, LSD1, KDM6B, KDM6A, KMD3,
KDMS5. Jumonji domain—consisting of protein 6 (JMJD6)
is a new molecular modulator of oral cancer stem cells.!>
IJMIJD6 overexpression increases both the CSC traits and
the number of CSCs, which suggests that JMJDG6 is a
prominent modulator of the cancer stem cell phenotype
and genesis in OSCC.

Calcium channels

Calcium is a global messenger in regulating several
physiological processes and disruption of its homeostasis
would be observed during carcinogenesis, which results
in the deregulation of the rapid growth of the cells, emig-
ration, and apoptosis inhibition. Studies have recently
explored the role of calcium signaling in oral cancer.'®)
Orail, a calcium channel protein, enhances OSCC met-
astatic potentials, and suppression of Orail in the OSCC
cell line resulted in suppressing CSC traits.(!”

Targeting these cancer stem cells would enhance
efficacy and specificity for eradicating the tumors and
reducing systemic toxicity. A better understanding of
CSCs can provide unique opportunities to develop new
therapeutic platforms for targeting CSCs in the treatment
of cancers. They can significantly reduce side effects com-
pared to traditional chemotherapy by specifically targeting
CSCs. While targeted therapies can be highly effective,
they may not work for all patients due to genetic variability.
Additionally, cancer cells can develop resistance to these

drugs over time.

Gene therapy

Gene therapy involves the transfer of a therapeutic
gene into specific cells of an individual to repair a faulty
gene. The objective of this method is to introduce new
genetic material into target cells without causing any
damage to the surrounding tissues. This alternate treat-
ment option has been proven to increase the survival
rates of OSCC patients.'® The types of gene therapy
include somatic and germ-line gene therapy. In somatic
gene therapy, the therapeutic genes are introduced into the
somatic cells, which restricts the effects of the individual
and are not passed on to the next generation and in germ
line gene therapy either the sperm or egg can be altered
by introducing the therapeutic gene, which gets integrated

into the genome.!'”) The therapeutic genes are carried out
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with the help of either viral or non-viral vectors.

The following are the techniques employed
in gene therapy

Gene addition therapy

This approach adds a working copy of a gene into
the cell. In this technique, the tumor growth is controlled
by the introduction of tumor suppressor genes, which
inactivate the carcinogenic cells. Genetic alterations in
head and neck cancers include mutations of p53, the Ret-
inoblastoma Gene, p16, and p21. In this method, tumor
growth is controlled by the induction of tumor suppressor
genes that inactivate the carcinogenic cells. P53 is the
most commonly used gene with adenovirus as a viral
vector. Studies are being carried out on adenovirus vector
Ad5CMV-p53, which is first given by intramucosal injec-
tion, followed 2 h later by a mouthwash. From the next
day, it is administered as a mouthwash twice daily for
2-5 days, and this treatment is repeated every 28 days.
This method inhibits disease progression in precancerous

lesions with no toxic effects.??

Gene excision therapy

In this technique, the defective oncogenes are
removed, as a result of which, there is an inhibition in the
growth of the tumor cells. The genes that control growth
and cell cycle progression, including factors like TGF-al,
PDGF-a, and PTEN, are regulated by the expression of
the transcription factor early growth response-1 (EGR-1).
Thus, inhibiting this protein represents a good therapeutic
approach for the tumor cells. Some studies demonstrated
that inhibition of the protein kinase C reduces the expres-
sion of this gene, triggering higher sensitivity of the tumor

to radiotherapy.!

Antisense RNA therapy

This method involves the introduction of the reme-
dial gene that prevents the expression of a defective gene
and is called “Antisense therapy.” Gene expression can be
inhibited by the RNA that is complementary to the strand of
DNA expressing the gene. This technique can be directed
towards carcinoma cells whose malignant phenotype is
dependent upon the expression of particular oncogenes
such as Myc, Fos, and Ras. Inhibition of the expression of

these oncogenes may alter the phenotype, thus preventing
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the growth of the tumor.*?

Patients with OSCC show defective function of
several types of immune cells, which include natural killer
cells, T-lymphocytes, and cytokines. The combined use of
mlL-2 (murine interleukin 2) and mIL-12 (murine inter-
leukin 12) gene therapy resulted in a significant reduction
in the tumor due to increased activation of cytolytic T
lymphocytes and natural killer cells. Radiosensitivity to
vy radiation and chemosensitivity to 5-fluorouracil (5-FU)
in oral squamous cell carcinoma can be enhanced after the
suppression of NF-kB activity, which activates the anti-
apoptotic proteins TNF, TRAF-1, TRAF-2, and cIAP-1.

The inhibition of NF-kB can decrease the expression
of proinflammatory cytokines, e.g. [L-10, [L-6, and IL-8,
and of enzymes that degrade matrix metalloproteinase-9
(MMP-9). The progression and metastasis of OSCC can
be prevented by inhibiting NF-xB activity, which may
be a useful coadjuvant treatment in oral cancer therapy.
Systemic administration of Anti-ICAM 2 induced the
complete regression of OSCC. ICAM-2 is a glycosylated
protein with surface adhesion that is expressed in endo-

thelial cells and activated lymphocytes.?®)

Suicide gene therapy

It is also called gene-directed enzyme prodrug
therapy. Suicide gene therapy introduces viral or bacterial
genes into malignant cells that metabolize a non-toxic
prodrug into a toxic compound. Suicide gene systems
identified include the HSV-thymidine kinase gene (HSV-
TK) with ganciclovir (GCV) and the cytosine deaminase
gene (CD) with 5-fluorocytosine (5-FC). A Thymidine
kinase gene of Herpes Simplex Virus (HSV) transforms
ganciclovir into ganciclovir phosphate. Gene transfer of
the HSVtk gene (Herpes simplex virus thymidine kinase
gene) via adenovirus vector in combination with ganci-
clovir administration may be a good therapeutic option for
OSCC. HSV-tk/GCV therapy in cultured oral squamous
cancer cells has shown that tumor cell death occurs mainly
by an apoptotic process, and the observed high cytotoxi-
city is due to the bystander effect, which is promoted by
the diffusion of the toxic agent into neighboring cells via
gap junctions.?¥

Both precise genetic changes and efficient delivery
systems are necessary for targeted gene therapy to be
effective. To overcome delivery-related challenges, several

techniques have been developed, such as lipid nanoparti-
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cles, exosomes, and viral vectors.

Gene therapy with the use of an oncolytic virus

In this method, a vector (virus) is genetically modi-
fied, which is replicated and causes lysis of the tumor
cells. Adenovirus is the only vector to complete a phase 111
clinical trial study based on Herpes Simplex Virus thymi-
dine kinase (HSV-tk) suicide gene therapy.®® The methods
of non-viral gene therapy include the injection of naked
DNA, electroporation, the gene gun, and the use of oligonu-
cleotides, dendrimers, and inorganic nanoparticles. HSV-
tk/GCV system to achieve antitumor activity against oral
cancer cells in vitro and in vivo using ligand-associated
lipoplexes to enhance therapeutic delivery.?®

Gene therapy is effective in cases of single-gene
defects, but it also requires multiple visits by the patients,
and the vectors can cause side effects. The use of inser-
tional vectors to identify oncogenes by causing leukemia
and solid tumors has raised concerns about insertional

mutagenesis using the same vectors for gene therapy.

Photodynamic therapy

Photodynamic therapy (PDT) is used in the treatment
of cancers due to its specificity and sensitivity to tumor
cells. The antitumor effects of PDT may result directly
from tumor cell death or indirectly from damage to tumor
vasculature and activation of nonspecific and specific

immune responses against the tumor cells. Due to its loca-
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tion and direct visibility, the oral cavity is an ideal model
for conventional PDT.

Mechanism of action

PDT can activate the immune system in cancer treat-
ment by inducing immunogenic cell death and releasing
tumor-associated antigens, which in turn stimulate im-
mune cells to target and eliminate cancer cells. A more
detailed flowchart of the effect of PDT for immune acti-
vation in cancer is represented in Figure 1.

In PDT, a photosensitizer is administered, which
accumulates in or around cancer cells. It is activated by
exposure to a specific wavelength of light. The activated
photosensitizer generates reactive oxygen species, causing
damage to cancer cells and surrounding tissues. PDT-
induced damage leads to cancer cell death, specifically
immunogenic cell death. There is release of damage-asso-
ciated molecular patterns (DAMPs), such as high-mobility
group box 1 protein and heat shock proteins. DAMPs
and tumor-associated antigens (TAAs) are activated and
presented to antigen-presenting cells, such as dendritic
cells (DCs). DCs present TAAs to T cells, leading to T
cell activation and differentiation. Immune cells pro-
duce cytokines, such as TNF-o and IFN-y, which further
enhance the anti-tumor immune response to eliminate
tumor cells. PDT can be combined with immunotherapy,
such as checkpoint inhibitors, to further enhance the

anti-tumor immune response.

Direct killing

Photodynamic therapy

Destruction of
tumour vessels

Reactive oxygen /

Tumour

species \\

M Tumour associated
antigens (TAA)

elimination

4

‘MDamage-associated
molecular proteins (DAMP)

Dendritic cell

Antigen

Anti-tumour adaptive
response

release

Tcell

Figure 1: Mechanism of action of photodynamic therapy in tumour elimination.
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Role in primary treatment

PDT is well-suited as a primary or alternative
treatment modality for early oral cancer without nodal
metastasis (i.e., T1 and T2 tumors) and is associated with
significantly less morbidity compared to conventional
therapy. Superficial cancers that are within the permea-
bility range of the light source (i.e., 0.5-1 cm) show the
best response according to studies. The advantages of PDT
over conventional therapies, such as surgery, radiotherapy,
and chemotherapy include minimal invasiveness,
organ-sparing potential, excellent long-term functional
and cosmetic results with improved quality of life, feasibility
of repeating treatment at the same site for recurring
lesions, minimal scarring after treatment, cost-effective-
ness, and simplicity of technique.?”)

In the case of any relapse or development of a new
primary tumor in the area previously treated by PDT,
treatment can be repeated in the same area multiple times
without cumulative toxicity, in contrast to ionizing radia-
tion or surgery, where such retreatment results in extensive
morbidity. In addition, the use of conventional therapies
does not preclude the use of PDT, and the use of PDT does
not compromise future surgical interventions or radiation

therapy.

Role of PDT as an adjuvant or combination therapy

PDT has the advantage of being used as an adjuvant
therapy for the treatment of surgical margins following
resection of T3 and T4 head and neck cancers via super-
ficial or interstitial light application. The use of PDT in
combination with conventional therapies requires further
investigation. PDT may be used to treat primary localized
lesions alongside surgery and/or radiotherapy in cases
that involve nodal metastasis. Recent in vifro and in vivo
studies have utilized PDT in combination with other
chemopreventive agents.*® These combination therapies
have shown enhanced anticancer effects, likely because
a multifactorial disease such as cancer involves various
pathological pathways. Therefore, a combination of treat-
ment modalities can be used to target different disease
processes, causing cell death via diverse mechanisms.
Furthermore, the combination of different modalities
can synergistically enhance selectivity and efficacy in
comparison to either of the single therapies. This can
eventually help to reduce the amount of cytotoxic drugs

given to patients, resulting in reduced morbidity from
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side effects.??

Role of PDT in surveillance for cancer-free status

Numerous in vitro and in vivo studies have demon-
strated the significant effect of PDT on the development of
adaptive immunity. Dendritic cells (DCs) are considered
the most important antigen-presenting cells and play a sig-
nificant role in antitumor immune response by activation
of CD8&+ cytotoxic T-cells. DCs activated in response to
PDT travel to tumor-draining lymph nodes, where they
are known to stimulate T-cell activation. Saji ez al.,3?
studied the combination of PDT with intratumoral injec-
tion of DCs and found synergistically enhanced tumor
cure rates as compared to individual therapies. The
immune response produced by the combination therapy
was found to confer systemic antitumor effects that could
induce the regression of distant untreated tumors

Recent developments have been made in PDT to
ensure the specificity and efficacy of the method. It

involves the following methods:

Targeted delivery

In the era of precision medicine, to increase speci-
ficity and minimize toxicity to normal tissues, photosen-
sitizers are conjugated with targeting moieties. One such
technique is to couple PSs to monoclonal antibodies that
are directed against tumor-associated antigens (TAAs)
specifically over-expressed in cancer cells. These TAAs
include oncofetal antigens, growth factor receptors, and
receptors for signal transduction pathways.

For cancers and precancers of the head and neck,
EGFR overexpression has been frequently reported.!
Thus, targeting EGFR with photoactive molecules linked
to anti-EGFR antibodies may selectively destroy cancer
cells whilst sparing adjacent normal cells expressing low
levels of EGFR.

Vascular-targeted PDT

Vascular targeted PDT involves the use of PSs, such
as TOOKAD (Steba Biotech, Luxembourg City, Luxem-
bourg) and Visudyne (QLT Ophthalmics, Inc., Vancouver,
BC, Canada), which are selectively retained in the neo-
vasculature of targeted tumors, resulting in a preferen-
tial vascular response.*?) In comparison to conventional
anti-cancer therapies directed against cancer cells, tar-

geting tumor vasculature appears to be a more efficient
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approach to killing cancer cells and has a lower probability

of developing drug resistance.

Two-photon PDT

In two-photon (2-y) PDT, ultrafast pulses of near-
infrared light are used such that two photons of relatively
low but identical energy are simultaneously absorbed
by the PS. As each photon contributes to one-half of
the excitation energy, a longer wavelength is needed for
enough energy to produce singlet oxygen, allowing light
to penetrate deeper into tissue due to lower scattering and
absorption. Two-photon excitation has been utilized to tar-
get and selectively occlude blood vessels associated with
neoplastic tissues while reducing the damage to adjacent
normal tissues.

Clinical research suggests that PDT is a primary
or alternate therapy option for early oral cancer without
nodal metastases (i.e., T1 and T2 tumors) and is associated
with lower morbidity than traditional treatment. In a study
by Toratani S ef al, superficial OSCC, when treated with
Photofrin-mediated PDT, the wounds exhibited excel-
lent functionality and aesthetic healing without any scar
formation and with minimal side effects.3)

PDT is minimally invasive and can be used as a pri-
mary treatment for early-stage cancers or in combination
with other therapies. However, it is generally limited to
treating superficial or localized tumors and may not be
effective for larger or deeply infiltrating tumors. Light
sensitivity and temporary side effects can also occur.

Phytochemicals

Natural foods, like cruciferous vegetables (e.g., cab-
bage and broccoli), alliums (e.g., garlic and onion), green
tea, citrus fruits, soybeans, tomatoes, berries, and ginger,
have chemopreventive activity.** Studies have suggested
that lifestyle changes could prevent more than two-
thirds of human cancers and that dietary factors contribute

to approximately 35% of human cancer mortality.®)

Mechanism of action:

* Free radicals are thought to be related to multistage
carcinogenic processes. Peroxyl radicals and lipid peroxi-
dation can independently cause DNA mutations, which
are essential for the initiation of the carcinogenic process.
Antioxidant phytochemicals can regulate the initiation

of carcinogenic processes by protecting against DNA
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damage.

* Phytochemicals may exert their chemopreventive
properties by blocking the critical events of tumor initi-
ation and promotion, thereby reversing the premalignant
stage.

* Phytochemicals can induce cancer cell death.

* Phytochemicals can also enhance innate immune
surveillance and improve the elimination of transformed
cells

Phytochemicals, such as flavonoids, phenolic
acids, phytosterols, carotenoids, and stilbenes, have
anticancer activity. Phytochemicals that have been studied
for their effects on oral cancer include Curcumin, Green
Tea Extract, Resveratrol, Isothiocyanates, Lycopene, and
Genistein. Several in vitro and in vivo studies have con-
cluded their anti-cancer effects. Preclinical and clinical
studies are required to confirm their efficacy in oral cancer
therapeutics. The cancer-preventive effect of curcumin
has, however, been demonstrated in a Phase I clinical
trial. 3% A Phase IIb clinical trial has shown the efficacy
of curcumin (3.6 g for six months) in the treatment of
oral leukoplakia.®”) It is also evident that curcumin is
effective in delaying the onset and reducing the severity of
radiation-induced oral mucositis in patients with head and
neck cancer. Natural compounds are often hindered by low
water solubility, low bioavailability, and deficient
targeting; thus, numerous phytochemical delivery
systems should be developed to compensate for these
problems. More research is needed to fully understand their
mechanisms and to develop effective delivery systems to

enhance their bioavailability and therapeutic efficacy

Nanothernostics

Nanotherapeutics is the development of various
nanomedicine strategies such as polymer conjugations,
dendrimers, micelles, liposomes, metal and inorganic
nanoparticles, and carbon nanotubes, nanoparticles of
biodegradable polymers for sustained, controlled, and
targeted co-delivery of diagnostic and therapeutic agents.
This concept will have fewer side effects, which is
essential for any therapy. Theranostic nanomedicine
involves using colloidal nanoparticles in the range of 1 to
1000 nm (1 um). They consist of absorbed, conjugated,
entrapped macromolecular materials/polymers/carbon
nanomaterials/metals and inorganic nanoparticles in

which the diagnostic and therapeutic agents are absorbed.
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A multifunctional nano-system for imaging-guided cancer
treatment by Gu M et al, in which the terbium ion-doped
hydroxyapatite nanoparticle was used as a luminescent
probe to encapsulate both the near-infrared photothermal
agent polydopamine (PDA) and anticancer doxorubicin.
It promoted in vitro cell death through the overproduction
of reactive oxygen species, cell cycle arrest, and increased
cell apoptosis.©®

In advanced theranostic nanomedicines, when con-
jugated with a targeting moiety will recognize specific
targets, which then bind to specific receptors on the
targeted cell membrane and be internalized by the dis-
eased cells. It happens with most specific processes called-
Receptor-Mediated Endocytosis. 3%

Erlotinib encapsulated in liposomal formulations
showed significant anti-tumor effects against oral cancer
when locally administered at the site of the tumor arising
in the oral cavity.*?) The clinical trials that are completed
or still ongoing in phase 1 or phase 2 are designed to
evaluate the nanoparticles application in the treatment
and diagnosis of head and neck cancer. None of the trials
reached phase 3. It is observed that paclitaxel-albumin
nanoparticles are widely studied for radiation therapy in
most clinical trials. Cetuximab, cisplatin, and Hafnium
Oxide nanoparticles are also assessed for their use in
Head and neck cancer. The complexity of designing and
manufacturing nanoparticles can be a limitation. There
are also potential concerns about the long-term safety and
toxicity of these materials. The major challenge is that the
nanoparticles are rapidly eliminated or encountered by the
immune system of a patient. Further studies are needed
for clinical translation of nanotheranostics and their use

in treating oral cancer.

CRISPR/Cas technology

CRISPR/Cas (molecular scissors) is a gene-editing
tool that can modify or delete specific genes associated
with cancer. By employing genome-wide CRISPR screens,
vulnerabilities in oral cancer cells can be identified,
revealing promising targets for therapeutic interven-
tions.*! Using the CRISPR/Cas9 gene-editing technology,
Pan S et al, produced CD147 gene knockout oral cancer
cells, which were shown to decrease Cal27 tumor cell
invasion and metastasis in vitro and in vivo.*>) CRISPR/
Cas9 technology has also been used to knock out p7SNTR,

which inhibited the proliferation, invasion, and migration
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of SCC-9 cells, suggesting that p7SNTR is a viable target
for tongue cancer therapy.¥

CRISPR/Cas9 enables genome-wide screens to
identify vulnerabilities in oral cancer cells, revealing
promising targets for therapeutic interventions. CRISPR/
Cas9 can also be used to perturb genes associated with
drug resistance, thereby enhancing the efficacy of chemo-
therapy and other treatments. It can be combined with
other therapeutic strategies, such as immunotherapy, to
improve treatment outcomes.

While promising, CRISPR/Cas technology is still in
its early stages and faces ethical and regulatory challenges.
Off-target effects, where unintended genes are edited, are

also a concern.

Limitations and future perspectives

Despite recent advancements in cancer diagnosis
and treatment, the survival rate remains poor. Manage-
ment of cancer should have a multidisciplinary approach
and should include a team of health professionals such
as surgeons, oncologists, radiologists, dental surgeons,
nutritionists, and rehabilitation and reconstructive
specialists. This is to support the overall oral and systemic
health to improve the quality of life in survivors. A careful
watch on patients is also necessary to prevent the risk of
recurrences and the development of secondary tumors.
Furthermore, each patient necessitates different treat-
ment approaches depending on the type of cancer, stage
of cancer, metastasis, lymph node involvement, age, and
general systemic health. Early-stage cancers are mostly
treated with a single treatment modality, like surgery or
radiotherapy, while advanced cases are treated with a
combination of two or more modalities. Patients with
advanced stages of cancer often end up with extensive
surgeries leading to facial disfigurement and often need
facial prostheses with adjuvant therapies that assist with
speech, mastication, saliva production, and psychological
status. Survival following a diagnosis of OCs remains
poor, with 50% of patients living up to and not beyond 5
years. Preventive measures like abstinence or avoidance
of risk factors and screening at regular intervals must be
enforced to control the disease in the early stages. Man-
agement of cancer has come a long way with the advent
of new treatment modalities directed toward improving
the survival rate. At the same time, efforts to improvise a

disease-free interval and improve the quality of living of
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cancer patients are of utmost importance.

Conclusion

* Immunotherapy offers a targeted and potentially
less invasive option for treating head and neck cancer.
Their use in oral cancer is still in pre-clinical trials.

¢ There are currently no clinically applied therapeu-
tic trials to specifically target oral CSCs, and the different
pluripotency-associated CSC surface markers are not
specific to oral CSCs since they overlap with both normal
somatic cells and their tissue-resident stem cells.

* Gene therapy has shown a positive effect in the
treatment of oral cancer and prevention of invasion,
metastasis, and recurrence in both in vivo and in vitro
settings.

* Clinical studies have demonstrated the effective-
ness of PDT as a primary treatment in early-stage oral
cancers and as an adjuvant therapy for more advanced
cases.

* Phytochemicals show great promise; further
research and clinical trials are needed to fully understand
their mechanisms of action and optimize their use in oral
cancer therapy.

» Nanomaterials can be used as a drug carrier, the
drug's action time of which is limited. This may cause
toxicity. A targeted drug delivery system may help to
improve the efficacy of treatment with nanoparticles.

* CRISPR/Cas9 holds great potential in oral cancer
therapy; ongoing research is essential to address chal-
lenges such as off-target effects, efficient delivery mech-

anisms, and ethical considerations
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Background: Tumorigenesis is an abnormal growth of cells within the body, usually
induced by abnormal proliferation of the stem cells or abnormal apoptosis, the usual
disturbance in the cell cycle. Various signalling pathways play a role in the cell cycle,
which, when altered, result in abnormal cell proliferation and thus cancerogenesis. One
such important pathway is the Hippo pathway, which plays a major role in controlling
the organ's size. Dysregulation in the components of the hippo pathway, causing cancers,
has been studied in the literature in various cancers such as breast cancer, liver cancer,

colorectal cancer, and liver cancer.

Aim: This review focuses on the role of Yes-associated protein (YAP), a key effector of
the Hippo pathway, in the onset and progression of oral squamous cell carcinoma (OSCC).
We summarize recent achievements in understanding YAP's mechanisms in OSCC patho-

genesis and discuss its potential as a therapeutic target.

Methods: A comprehensive literature search was conducted in PubMed, Scopus, and
Web of Science for articles published between January 2010 and March 2025, using the

nn

terms "YAP," "Yes-associated protein," "Hippo pathway," "oral squamous cell carcinoma,"
and "oral cancer." Inclusion criteria were original research and review articles in English
focusing on YAP in OSCC or oral precancerous lesions. Exclusion criteria included

non-English articles, case reports, and studies not involving OSCC or YAP.

Conclusions: YAP plays a vital role in malignant transformation, with its dysfunction
initiating tumor growth factor expression and being associated with tumor growth and
metastasis in OSCC. Understanding YAP's role in the onset and progression of OSCC

may identify specific targets for anti-cancer therapy.

Keywords: Hippo pathway, oral cancer, TEAD, wts, yes-associated protein
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Introduction

Head and neck cancer is one of the sixth most common
cancers worldwide. Over 90% of head and neck cancers
are squamous cell carcinomas (HNSCCs), which primarily
originate in the larynx, pharynx, and mouth cavity."
However, this review specifically focuses on oral squa-
mous cell carcinoma (OSCC), which accounts for the
majority of oral malignancies. There were 377,713
documented cases of OSCC (Oral squamous cell carcino-
ma) in 2020. By 2040, there is expected to be a 40% in-
crease in incidence and a corresponding rise in mortality.(!)
A dysregulated tumor microenvironment, epigenetic
modifications, and genetic changes all play a part in the
intricate and multifaceted process of OSCC development.?)
Comprehending the mechanisms that underlie malignan-
cies of the OSCC is essential to uncover prognostic and
therapeutic factors that may enhance the effectiveness
of treatment. OSCC remains incurable even with recent
advancements in the identification of various therapeutic
targets or immune checkpoint inhibitors. Its pathophysi-
ology is still poorly understood, and there are currently
no particular biomarkers to help with diagnosis or course
prediction. Mutations and the activation of many signal
transduction pathways cause OSCC's high invasiveness
and metastatic potential.

The growth and differentiation of tissues and organs
are regulated by the Hippo signaling pathway. It also plays a
significant role in the development and spread of tumors.®)
It is unknown, still unknown exactly how the Hippo path-
way regulates oral cancer. A deeper comprehension of the
mechanisms behind oral cancer development and the iden-
tification of its distinct clinical subtypes will be possible
through the characterization of key proteins engaged in
major signaling pathways and the analysis of their inter-
actions. This will make it possible to pinpoint particular
biochemical targets for later, more potent therapy.

The Hippo pathway

The Hippo signaling pathway is a highly conserved
signaling cascade essential for regulating cell survival,
differentiation, and proliferation. First identified in Droso-
phila melanogaster, it comprises key elements such as
MST1/2, LATS1/2, MOB1A/B, SAV1, YAP, TAZ, and
TEAD1-4.®) These elements modulate cell activity in
response to upstream signals, including mechanical cues,

stress signals, and cell polarity.>®) Dysregulation of the
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Hippo pathway has been linked to cancer development,
as well as eye, heart, and pulmonary conditions. Targeting
the pathway may offer therapeutic benefits for several

disorders.

Main components of the pathway

The Hippo pathway regulates cell growth, prolifera-
tion, and organ size. In mammals, it consists of a network
of kinases, adaptor proteins, transcriptional coactivators,
and transcription factors. MST1/2 (mammalian Ste20-like
kinases 1 and 2) serve as the pathway's apical regulators,
activated by metabolic shifts, cell-to-cell contact, and
mechanical stimuli.>® Downstream, LATS1/2 (Large
Tumor Suppressor Kinases 1 and 2) are phosphorylated
and activated, facilitated by the adaptor protein SAV1.()
The transcriptional coactivators YAP and TAZ are then
phosphorylated by LATS1/2, leading to their cytoplasmic
retention and degradation, which inhibits their ability to
bind TEAD transcription factors and enter the nucleus
(Figure 1).'9) When the Hippo pathway is inactive, YAP
and TAZ accumulate in the nucleus, interact with TEAD,
and activate genes supporting cell proliferation, survival,
and epithelial-mesenchymal transition (EMT).(!1:12)
Dysregulation of this pathway is closely linked to the
onset and progression of several cancers, including
oscc.(3:19

Yes-associated protein

The Yes-associated protein (YAP) gene, located on
chromosome 11q22, encodes the YAP, a critical down-
stream effector of the Hippo pathway that regulates tissue
growth and cell proliferation. YAP has been connected to
tumor growth and progression in OSCC.'> YAP collab-
orates with TAZ to manage stem cell self-renewal and
control cell proliferation.('®) Recent research indicates that
YAP interacts with several signaling pathways, implicat-
ing it in the initiation and progression of OSCC. Targeting
YAP and its signaling pathways may offer a promising
therapeutic approach for OSCC.!7

Structure of YAP

Yes-associated protein, or YAP, is a 488 amino acid
protein that is essential for controlling gene expression
programs that support cell transformation, survival, and
multiplication. Several important domains make up its

structure, such as two WW domains, a PDZ-binding
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motif, an SH3-binding motif, and a TEAD-binding
domain.!"® While the first WW domain also binds to
TEAD transcription factors and the second WW domain
binds to transcriptional coactivators that interact with
PPxY motifs on transcription factors, the TEAD-binding
domain enables YAP to bind to the TEAD family of tran-
scription factors (Figure 2).!”) The PDZ-binding motif is
necessary for YAP-mediated cellular transformation and
is responsible for localizing YAP to particular nuclear
foci. Furthermore, in conjunction with the WW1 domain,
the SH3-binding motif binds to p53 binding protein 2
to control YAP activity. By binding to and activating
different transcription factors through these domains, YAP
functions as a transcriptional coactivator, controlling gene
expression programs that promote cell division, survival,

and growth.(?%-2D)

Regulation of YAP

Regulation by Hippo pathway:

One important YAP regulator is the Hippo pathway.
The proteins MST1/2, LATS1/2, and MOB1 make up this
kinase cascade. This mechanism opens up a binding site
for 14-3-3 proteins by phosphorylating YAP at Ser127
when it is in an active state. YAP cytoplasmic retention
and deactivation result from this. Different cues, including
mechanical stress, signaling molecules, and cell-cell inter-
action, activate the Hippo pathway (Figure 3).?%

Regulation by phosphorylation and methylation:

The main mechanism that phosphorylation uses is to
block YAP activity. Phosphorylation of many locations on
YAP can result in its breakdown and exclusion from the
nucleus. YAP is phosphorylated at Serine 127 by nuclear
Dbf2-related/LATS kinases, which facilitates cytoplasmic
localization and destruction of the protein. Consequently,
pro-growth genes' transcription is inhibited.*3) Cancer
develops when these kinases are artificially depleted. In
addition to encouraging the binding of the 14-3-3 protein,
phosphorylation of YAP at Serine 127 localizes YAP in
the cytoplasm. Moreover, YAP is phosphorylated by Akt
kinase, which results in the binding of 14-3-3 protein
and the suppression of transcription factors like p53. As
a result, when a cell is damaged, pro-apoptotic gene pro-
duction is suppressed. Protein kinase C 1 (PKCC) is another
regulator of YAP that phosphorylates YAP at Serine 109
and Threonine 110 to keep it in the cytoplasm. Intestinal

stem cells have enhanced tumorigenic and regenerative
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activity when YAP is deactivated.?+%)

The function of YAP is also regulated by methyla-
tion. Enhancers of zeste (SET)7 and Su(var)3-9 methylate
YAP, causing it to become localized in the cytoplasm
and preventing it from functioning. To facilitate cyto-
plasmic localization, phosphorylation at Serine 127 and
monomethylation of YAP at Lysine 494 happen simulta-
neously.?®) Pro-apoptotic gene expression is suppressed
and pro-growth gene transcription is inhibited by phos-
phorylation and methylation, which also promote YAP's
cytoplasmic localization and destruction.

YAP regulation by ubiquitination:

YAP is ubiquitinated by E3 ubiquitin ligases like
B-TrCP, targeting it for proteasomal degradation. Ubiqui-
tination regulates YAP protein stability and localization.
Deubiquitination of YAP by enzymes like USP47 can
stabilize YAP and prevent its degradation.*”) Ubiquitina-
tion of YAP is often coupled with other post-translational
modifications like phosphorylation. Phosphorylation of
YAP can create binding sites for E3 ligases, promoting
its ubiquitination. Deubiquitinating enzymes like USP47
can counteract ubiquitination and stabilize YAP.*® The
balance between ubiquitination and deubiquitination reg-
ulates YAP activity. Dysregulation of YAP ubiquitination
and stability is implicated in various cancers. Liu Z et
al, showed that increased expression of deubiquitinating
enzymes like USP47 can stabilize YAP and promote
gastric cancer progression.>”) Targeting the ubiquitina-
tion-deubiquitination balance of YAP is a potential thera-
peutic strategy in cancers with YAP activation.

Transcriptional regulation of YAP:

The Ets family transcription factor GABP directly
binds to the YAP promoter and increases YAP transcrip-
tion, especially in oxidative stress conditions. Through its
binding to recognition sites in the YAP promoter, the AP-1
transcription factor c-Jun also controls the expression
of YAP. When c-Jun is knocked down, YAP is downreg-
ulated.®?

To regulate context-specific gene expression
patterns, YAP functions as a transcriptional coactivator
by interacting with different transcription factors and epi-
genetic regulators. YAP interacts with TEAD, B-catenin,
FoxOl, and TFEB in embryonic and adult stem cells to
control genes related to stemness, differentiation, and
stress response.! In various cellular situations, the tran-

scriptional outputs and biological roles of YAP are deter-
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mined by the particular YAP-interacting partners.

Regulation of YAP by microRNAs:

YAP (Yes-associated protein) is regulated by various
microRNAs (miRNAs) through both transcriptional and
post-transcriptional mechanisms. Transcriptional regula-
tion of YAP by miR-375 has been studied to repress YAP
expression by binding to the YAP mRNA 3'UTR and
inhibiting its translation.®? YAP levels rise when miR-
375 is often downregulated in malignancies such as col-
orectal carcinoma.?)

Post-transcriptional regulation of YAP by miR-200a-
3p has been found to interact with YAP and regulate its
function in cervical cancer cells. It has been suggested that
miR-200a-3p functions as a negative regulator of YAP
because overexpression of the protein can prevent
YAP-mediated cell proliferation and metastasis.*¥
However, as YAP was also found to offset the effects of
miR-200a-3p in some cell lines, the connection between
miR-200a-3p and YAP appears to be context-dependent.

Reciprocal Regulation of miRNAs and YAP regu-
lates the expression of specific miRNAs, such as let-7,
by modulation of miRNA processing enzyme Dicer. This
implies that YAP may also have an indirect impact on
miRNA targets' expression, resulting in the formation of
an intricate regulatory network.>

Epigenetic regulation of YAP:

Epigenetic modifications like histone modification,
chromatin remodeling, and DNA methylation play a role
in YAP regulation. Inconsistent with its function as a
transcriptional coactivator, YAP binding sites are enriched
for the enhancer histone mark H3K4mel and depleted
of the promoter mark H3K4me3.C% YAP appears to
occupy active enhancers, as evidenced by the correlation
between H3K27ac levels and YAP binding signal levels
Lineage-specific YAP binding sites were found close
to tissue-specific oncogenes and markers in malignant
pleural mesothelioma (MPM).G7)

YAP controls gene expression programs through
interactions with chromatin remodeling complexes such
as SWI/SNF. It has been discovered that YAP-mediated
transcription and carcinogenic activities require the SWI/
SNF component ARID1A. The ability of YAP to regulate
gene expression and tumor growth is compromised when
the YAP-SWI/SNF connection is disrupted.®

Considering that the YAP promoter is hypermethylated

in specific malignancies like hepatocellular carcinoma,
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it is evident that DNA methylation can regulate YAP
expression.?) In these circumstances, demethylating
drugs can revive YAP expression.

Metabolic regulation of YAP:

YAP activity is regulated by the sterol regulatory
element binding protein/mevalonate signaling pathway,
an essential cellular metabolic route. YAP/TAZ nuclear
localization is inhibited by the rate-limiting enzyme 3-
hydroxy-3-methylglutaryl-coenzyme A reductase, accor-
ding to research by Sorrentino et al. Geranylgeranyl
pyrophosphate, which is generated by the mevalonate
pathway, activates Rho GTPase. This GTPase breaks the
bond between angiomotin (AMOT) and YAP by poly-
merizing F-actin.*?) As a result, YAP can go to the nucleus
and start the transcription of pro-growth genes.

Regulation by microenvironment:

The regulation of YAP activity and localization
is significantly influenced by the extracellular matrix
(ECM) and cytoskeletal tension. Since YAP is primarily
cytoplasmic in soft matrix environments, cell growth
is inhibited. On the other hand, YAP translocates to the
nucleus in a rigid extracellular matrix, encouraging cell
division. Cells use the cytoskeleton to detect and react to
mechanical stimuli. Nuclear YAP levels rise as a result of
F-actin polymerization, which also produces an opposing
force to balance tension and promote cell division. ECM
rigidity and YAP regulation are linked via the scaffold
protein AMOT. AMOT is a YAP inhibitor that works
either directly or via kinases LATS1/2 in the Hippo path-
way. AMOT binds to F-actin preferentially during F-actin
polymerization, removing the inhibitory effect on YAP.4D
Furthermore, F-actin increases nuclear YAP accumulation
by inhibiting LATS1/2 activity.

YAP-The key oncogenic pathway of
human cancers

Many human malignancies exhibit extensive YAP
activation. Nevertheless, most cancers do not initiate
because of YAP activation or Hippo kinase inactivation.
In the mammalian gut, homeostatic self-renewal and
regeneration are generally primarily fueled by the Wnt
pathway. Meanwhile, the most frequent cause of colon
tumor growth is the constitutive activation of this
system.*?) According to research by Seo Y et al., cytoplas-
mic YAP can reduce the formation of intestinal epithelia

that regenerates by reducing the activity of Dishevelled,
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Figure 3: YAP's regulatory mechanism. The classical Hippo pathway, which is composed of MST1/2-SAV1 > LATS1/2-MOBI, is the
main regulator of YAP/TAZ. By either ubiquitination and proteasome-mediated destruction or 14-3-3-mediated cytoplasmic sequestration,
LATS1/2 phosphorylates YAP/TAZ and renders it inactive. After translocating to the nucleus, unphosphorylated YAP/TAZ interacts with
TEAD transcription factors to trigger target genes. TAOK, STK25, MAP4KS, and NF2 activate LATS1/2, whereas F-actin and NUAK2
inactivate it in response to mechanical stimuli and GPCR-mediated RHOA. MARK4 and TAOK activate MST1/2. LATS separately regulates
YAP/TAZ as well. YAP/TAZ interacts with AMOT and PTPN14, which sequesters it in the plasma membrane. TITAM1 or the B-catenin
destruction complex directly interacts with YAP/TAZ to inhibit it. Additionally, AMPK, CDK1, NLK, Aurora A, and several other proteins

directly phosphorylate and control YAP/TAZ.

which in turn limits Wnt signaling.*>) Furthermore, YAP
is reactivated to limit the growth of colorectal carcinoma
xenografts, and it is silenced in a subpopulation of highly
aggressive and undifferentiated human colorectal car-
cinomas.*¥ Thus, via disrupting Wnt signaling, it has
been demonstrated that YAP acts as a tumor suppressor
in colon cancer. It has also recently been discovered that
YAP activation can sustain intestinal epithelial cells in a
wound-healing signaling state with decreased Wnt signal-
ing and increased production of Kruppel-like factor 6.4>)
On the other hand, colonic tumors that were produced
focally grew more quickly when YAP was deleted which

is evidence that YAP functioned as a tumor suppressor

and that activating hippocampal kinases was a novel ther-

apeutic strategy for the treatment of colorectal cancer.*¥

YAP as a tumor suppressor

Although YAP is involved in carcinogenesis, some
research has connected its function to anti-tumor pathways
in different kinds of cancer. Low YAP1 expression is
associated with poorer prognosis in hematological
cancers, and YAP reduces proliferation in multiple myeloma
cells via interaction with pro-apoptotic p73.44¢)

Breast cancer has been linked to the loss of heterozy-
gosity in chromosome 11q22-q23, which contains YAP1.
Additionally, YAP deletion or knockdown in breast cancer
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cell lines decreases tumorigenic potential.*”) A recent
study demonstrated that, only when YAP is hydroxylated
in a prostate cancer cell line, YAP1 knockdown increases
the in vitro metastatic potential in cell lines from multiple
tissues, indicating a tumor suppressive effect. A subset of
neuroendocrine prostate tumors exhibits YAP silencing,
suggesting a context-dependent post-translational modi-
fication-based tumor suppressive role.*®)

These results imply that, depending on the situation,
YAP may display a binary switch between oncogene and
tumor suppressor. YAP functions as a tumor suppressor
only in certain cases. A tiny group of cancers, including
hematological malignancies and small cell neuroendo-
crine tumors, have YAP silenced as in the majority of the

cases it serves as a tumor progressor gene.

Role of YAP in oral cancer

Chronic exposure to risk factors like tobacco and
alcohol can lead to genetic alterations in the normal oral
mucosa, causing uncontrollable cellular proliferation
and rendering cells unable to respond to stress or DNA
damage.”) Modifications to pathways such as p53, p16,
cyclin D1, and retinoblastoma protein, lead to oral cancer
development. Although there is currently little informa-
tion linking the Hippo-YAP pathway to the aetiological
aspects of oral cancer, it is most likely the case that YAP
contributes to metastasis rather than starting the oncogenic
process. According to several research, YAP may be an
important therapeutic target.(!®)

YAP plays a critical role in cell migration by pro-
moting EMT and inhibiting adherens junctions mediated
by E-cadherin.('®) Furthermore, in OSCC, YAP is thought
to be a biomarker for metastasis and resistance to EGFR
inhibitors like cetuximab and gefitinib.% With the genet-
ic changes linked to oral cancer, YAP may be a target for
therapy even if it may not start the oncogenic process in
OSCC but rather drive metastasis.

A lot of research has been done on the carcinogenic
function of YAP in a variety of carcinoma types, including
OSCC. Research has demonstrated that YAP is consid-
erably overexpressed and amplified in OSCC, suggest-
ing a possible function for it in oncogenesis.**) In many
types of squamous cell carcinomas (SCCs), elevated YAP
expression has been associated with nuclear localiza-
tion, which promotes cell proliferation, invasiveness, and

survival.3®) Studies have consistently shown that OSCC
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tissues exhibit higher levels of YAP than neighboring

normal tissues.

YAP in the onset and progression
of OSCC

Clinical outcomes and treatment responses in oral
cancers can be influenced by the molecular and genetic
heterogeneity of the original tumors. This heterogeneity
can be better characterized and the disease mechanisms,
including metastasis, more thoroughly understood through
in vitro studies using cancer cell lines. Previous research
investigating the Hippo-YAP pathway in OSCC cell
lines derived from the buccal mucosa and floor of the
mouth demonstrated overexpression of WWTRI and
YAP1, highlighting their potential roles in OSCC patho-
genesis. !

Recent gene expression profiling of oral squamous
cell carcinoma (OSCC) cell lines has identified three
major gene signature groups. First, twenty-one genes
related to the Hippo pathway-including YAP1, WWTRI,
core pathway components, and associated transcription
factors-were found to be upregulated in OSCC cell lines.
Second, eight genes recognized as cancer biomarkers
exhibited higher expression levels in carcinoma cell lines
compared to normal oral epithelial cells. Third, seventeen
genes involved in intercellular anchoring junctions, such
as those encoding desmosomes and adherens junctions,
were downregulated in both cancer and dysplastic cells.
Notably, the extent of downregulation of these junc-
tion-related genes varied among different OSCC cell lines,

reflecting the molecular heterogeneity of the disease.(!”

Literature studies on YAP and OSCC

A systematic and comprehensive literature search
was conducted to identify relevant studies on the role of
Yes-associated protein (YAP) in OSCC and oral precan-
cerous lesions. The search was performed across multiple
electronic databases, including PubMed, Scopus, and
Web of Science, to ensure broad coverage of biomedical
literature published between January 2010 and March
2025. The search terms included "YAP," "Yes-associated

nn

protein,”" "Hippo pathway," "oral squamous cell carcino-
ma," and "oral cancer." Inclusion criteria were original
research and review articles in English focusing on YAP
in OSCC or oral precancerous lesions. Exclusion criteria

included non-English articles, case reports, and studies
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not involving OSCC or YAP

Many authors in the literature have studied the
expression of YAP in oral cancer cell lines, mouse models,
and human tissues. (Table 1). The authors showed an
increased expression of YAP in Oral cancer tissues com-
pared with normal tissues.*?"°”) Omron H et al reported
that the onset of OSCC depends on YAP1 activation,
inhibition of which slows the progression of OSCC.(?)
Another study done by Ono S et al.,*®) showed a positive
correlation between increased YAP expression in poorly
differentiated OSCC and well-differentiated tissue
samples. From this, it is evident that Yap expression can

be used as a prognostic marker.

Table 1: Literature studies on Yap association in OSCC.
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YAP as a therapeutic agent

Yes-associated protein (YAP) has emerged as a pro-
spective target for cancer therapy. Since this complex is
necessary for YAP-mediated transcriptional activity and
carcinogenic activities, the main focus of YAP cancer
therapy has been to break its interaction with TEAD tran-
scription factors.(®!

Numerous small-molecule inhibitors that can attach
to YAP and stop it from joining TEAD have been found;
these inhibitors limit YAP's capacity to convert in vitro.
Vertiporfin (VP), a porphyrin derivative, is one such sub-
stance that has been demonstrated to bind to YAP and
obstruct the YAP-TEAD interaction. It's interesting to

S no Author, Year of study, Hippo Methods of Detection Impact in cancer
Country component
1 Li SY, 2013, China.*? YAPI RT PCR; Increase in cDNA of YAPI in OSCC tissue;
Western blotting; IHC ~ ITHC — Increased expression localized in the
cytoplasm of OSCC tissue.

2 Hiemer SE et al, 2015, YAPI THCIIC; Increased nuclear expression of YAP in

The USA.G?) Immunofluorescence;  severe dysplasia High levels of YAP expres-
sion in poorly differentiated.

3 Hasegawa K et al, 2021, YAPI1 HC Hyperactivated YAP1 expression in OSCC

Japan.G¥ tissues.

4 Ge L, 2011, China.®*> YAP IHC Increased YAP expression in OSCC tis-
sue; Leukoplakia — cytoplasmic expression
in basal and parabasal layers; Control —
Undetectable; Upregulated expression —
Nodal metastasis;

5 Qi L et al, 2019, China.®® YAP HC Increased expression of YAP than adjacent
normal tissue localized in the majority at the
nucleus, few in the nucleus, and few in both;

6 Szelachowska J et al, 2019, YAP IHC Expression of YAP with cytoplasmic locali-

Poland.®? zation in cancer cells;

7 Ono S et al, 2019, J apanfsg) YAP IHC Positive YAP expression in all OSCC tissues;
Higher expression in poorly differentiated
than well and moderately differentiated; Yap
expression increased in poor survival;

8 Zhang L et al, 2011, China.®%) YAP Western blotting; High expression of YAP in OSCC cell lines;

RTPCR;
9 Omori H et al, 2020, Japan.(60) YAP1 IHC Increased nuclear YAP 1 expression in OSCC

than control; onset of OSCC depends on
YAPI activation; inhibition of YAP1 slows
the progression of OSCC.
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note that VP has clinical approval for the treatment of
macular degeneration. In preclinical research, VP was
repeatedly administered in a mouse model of liver cancer
to effectively decrease hepatic expansion and delay tumor
progression without having a major negative impact on
other organs.(®?)

YAP can be directly targeted, but it can also be acti-
vated by blocking the Hippo pathway's upstream kinases,
like Mst1 and Mst2. For instance, it has been demonstrated
that the Mstl inhibitor 9E1 increases YAP function. Addi-
tionally, it has been discovered that dasatinib, a Src family
kinase inhibitor, inhibits the kinase YES1, which inacti-
vates the YAP1-B-catenin-TBXS complex and reduces the
proliferation of cells that are active with p-catenin.(®3

Targeting the YAP-TEAD connection, whether
directly or indirectly, has shown promising results in
preclinical research and warrants further investigation as

a potential therapeutic approach for cancer.

Conclusions

Although YAP overexpression has been reported in
various cancers, including oral squamous cell carcinoma
(OSCQ), its precise role in disease progression and prog-
nosis remains uncertain. Importantly, YAP abundance
alone-particularly given its predominantly nuclear locali-
zation-may not accurately reflect its functional activity,
as treatment resistance in OSCC cells is influenced by the
complex interplay between YAP, TAZ, and the broader
Hippo-YAP pathway. While there is increasing interest
in YAP’s involvement in the neoplastic process and its
potential as a therapeutic target, current evidence specifi-
cally linking YAP to the onset and progression of OSCC
is limited, and strong conclusions regarding its prognostic
value are not yet warranted. Many aspects of Hippo path-
way signaling in OSCC, including its influence on cell
junction adhesion, structural integrity, invasion, and me-
tastasis, remain to be fully elucidated. Therefore, further
in vivo validation and comprehensive clinical studies are
needed to clarify the diverse functions of YAP in OSCC,
and future research in these areas will be essential for
advancing our understanding of the disease and evaluating

the potential of YAP as a biomarker or therapeutic target.
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Abstract

Objectives: To investigate the effect of different bone graft substitutes on osteoconduction

and mineralization in bone cells derived from the osteoblast cell line hFOB 1.19.

Methods: Osteoblast cells were cultured and placed on different bone graft materials,
including Bio-Oss (xenograft), M bone (alloplast), Osteon II (alloplast), HXT1, and HXT2
(hybrid between xenograft and TCP). The concentration of elements in bone grafts was
analyzed by X-ray fluorescence (XRF). The vitality test was evaluated by the methyl
thiazolyl tetrazolium assay (MTT) after 1, 3, and 7 days. Alkaline phosphatase (ALP)
activity was measured at 3, 7, and 14 days. Alizarin red S staining assay was performed at
7, 14,21, and 28 days. The data were analyzed using ANOVA along with Tukey's honestly

significant difference test.

Results: The cell viability rate was significantly higher in Osteon I and HXT2 compared
to the other materials (p<0.001). On day 14, Osteon II and the HXT2 group had higher
levels of ALP activity than the Bio-Oss group (p<0.05). Alizarin red assay showed that
Osteon II had the highest mineralization (p<0.001) at days 14, 21, and 28, followed by
HXT?2 and Bio-Oss respectively.

Conclusions: Osteon II, an alloplastic bone graft, and HXT2, a newly developed
hybrid between xenograft and TCP, exhibited high viability rates and expression levels in
mineralized tissue cells of the osteoblast cell line hFOB 1.19 in vitro.

Keywords: bone graft, bone tissue engineering, hybrid bone graft, osteoblast cells,

xenograft
Oral Sci Rep. 2025; 46(3): 149-160



150

Introduction

Bone volume lost following tooth extraction is a
problem for dental implant treatment. About two-thirds
of the bone loss may occur within the initial three months
post-extraction.!) Several procedures have been developed
to engineer lost bone, including guided bone regeneration
(GBR), which involves filling bone defects with graft
material to reconstruct alveolar bone and minimize future
loss.®)

Autograft is the standardized choice for a bone graft
since it can possess all three requirements, which are
osteogenesis, osteoinduction, and osteoconduction, for
bone regeneration.®) However, the autogenous bone has
numerous benefits, its limitation is the quantity to collect
for large defect and the fastest resorption of all bone graft-
ing materials.

Xenograft is bone tissue collected from various
species of the host. The use of xenograft is a material of
choice for dental implant treatment. Deproteinized and
defatted bone (Kiel bone or Oswestry bone) has a lower
immunological response, but it loses its osteoinductive
properties.”) Bio-Oss® (Geistlich, Wolhusen, Switzer-
land) is the leading commercial deproteinized bovine
bone substitute for regenerative bone dentistry worldwide.
Bio-Oss® can be integrated and then replaced by new
bone formation in dogs after implantation for 4 months.
It fulfills the criteria of an osteoconductive material.*>)

Allograft is tissue collected from one individual
and grafted into another individual of the same species.
Allografts do not provide osteogenic characteristics with-
out live cells. The extent of osteoinductive and osteocon-
ductive properties, and the methods of graft processing,
affect the mechanical strength of allograft. Despite the
benefits of allografts, there have been reports of HIV and
hepatitis C virus (HCV) infections, as well as the risk of
bacterial microbiome contamination and unknown viral
infections.(®7)

Alloplastic bone grafts are designed to replicate the
natural properties of bones. Common synthetic materials
used in orthopedic and dental treatments include metals
(e.g. nickel-titanium), calcium phosphate ceramics (e.g.
hydroxyapatite and tricalcium phosphate), and decellu-
larized bone matrix, polymers (e.g. polymethylmeth-
acrylate).®) Biphasic calcium phosphate (BCP) com-
posed material of beta-tricalcium phosphate (3-TCP) and
hydroxyapatite (HA). Altering the composition (HA/
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B-TCP ratio) and/or crystallinity of BCP bioceramics can
affect their bioreactivity. BCP bioceramics are currently
approved for usage in orthopedic and dental applications
as a substitute or supplement with autogenous bone.
The HA/TCP ratio appeared to be inversely linked to the
quantity of bone formation and filler material degradation.
A higher ratio of HA results in a lower resorption rate.
Consequently, the resorption rates of autogenous bone
and BCP 20/80 were high, while those of BCP 80/20 and
BCP 60/40 were low.!!?

Hybrid bone graft is a combination of different types
of bone grafts, with aims to enhance and improve specific
properties derived from each type of bone graft. At present,
there is still a limited prevalence of hybrid bone grafts,
and there is a scarcity of studies in this area.('!

The activity of alkaline phosphatase was especially
important as it played a critical role in initiating the
mineralization process of bone development.!'?) To
determine the degree of mineralization in cell cultures, the
specimens underwent staining with Alizarin red S (ARS),
which is a well-established technique used to assess the
presence of calcium-rich deposits within cultured cells
for decades.(!31¥)

The objective was to assess and contrast the osteo-
conductivity and mineralization of alloplastic and hybrid
bone graft materials (Xenograft sintering and coating
with-p TCP) in comparison with a commercially available
xenograft material, specifically investigating the miner-
alization process using a human fetal osteoblast cell line
(hFOB1.19) model.

Materials and Methods

Materials

Bio-Oss® (Geistlich Pharma, Wolhusen, Switzer-
land) was a xenograft material used as a positive control
group. M-bone (National Science and Technology
Development Agency: NSTDA, Pathum Thani, Thailand)
and Osteon II (GENOSS Co., Suwon, Korea) were com-
mercially alloplastic bone graft materials with a ratio of
HA/B-TCP of 30/70. Prototype hybrid xenograft TCP
1000 (HXT1) (OSS HYDROXY COMPANY LIMITED,
Nonthaburi, Thailand) and prototype hybrid xenograft
TCP 1200 (HXT2) (OSS HYDROXY COMPANY
LIMITED, Nonthaburi, Thailand) were hybrid materials,

in which xenografts (bovine bone) were coated with
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B-TCP at sintering temperatures of 1000°C and 1200°C,
respectively.

Osteoblast cells hFOB 1.19 were obtained from
ATCC (American Type Culture Collection, Manassas,
VA). The complete media for this cell line consisted of
a 1:1 combination of Ham's F12 Medium and Dulbec-
co's Modified Eagle's Medium with 2.5 mM L-glutamine
(without phenol red). The following ingredients were
added to the base medium to create the complete growth
medium: 0.3 mg/ml G418; fetal bovine serum to a final
concentration of 10%. Cultures were incubated at 37°C
with 95% air and 5% CO2 in T-75 flasks, and the culture
medium was changed every 3 days. Mineralization was
induced with osteogenic media (OstM) containing 10
mM f-glycerophosphate, 50 pg/ml L-ascorbate, and
10-7 M dexamethasone. Cultures were incubated at 37°C
with 95% air and 5% Co,, and the culture medium was
changed at regular intervals, specifically every three days,
to ensure optimal growth conditions for the cells.('>)

The osteoblast cell line utilized in this study is hFOB
1.19, which is derived from human fetal tissue. This cell
line has been established as a valuable experimental model
for investigating osteoblast biology, particularly in the
context of drug development and biomaterial engineering.
The choice of hFOB 1.19 is advantageous due to its human
origin and its ability to provide a homogeneous, rapidly
proliferating system for studying osteoblast differentiation

and physiology.

Methods

X-ray fluorescence (XRF)

Each sample will be mounted on carbon tape and then
examined with a Micro-XRF spectrometer (M4 TORNADO
PLUS) to investigate the concentration of elements present
in the samples. The scan was conducted with a pixel time
of 20 ms/pixel, and a total acquisition time of 9 minutes.
The pixel size was set to 40 pm, and the X-ray tube
operated at 50 kV. The detection limit of the Bruker M4
TORNADO PLUS micro-XRF system typically ranges
from 1 to 100 ppm (parts per million).

In vitro biological studies

Cell viability by MTT assay

Cell viability was evaluated using the MTT assay,
which involves the reduction of 3-(4,5-Dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide by living
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cells.

To ensure accuracy, all experiments were performed
in triplicate. Eight sequential trials were conducted to
optimize cell density and graft quantity. Initially, 10,000
cells/well in 96-well plates allowed clear formazan visu-
alization (Experiment 1). For 24-well plates, 20,000 cells/
well was optimal by day 7 (Experiments 2-3). However,
100 mg of graft caused significant cell death (Experiment
4). Due to limited graft availability, M-bone from Chiang
Mai University was used (Experiment 5), and 50 mg was
found suitable in 24-well plates (Experiment 6). Pre-soak-
ing grafts for 24 h improved early viability (Experiment
7), but was excluded for being unrepresentative. The final
condition used 7.5x10% cells/well with 50 mg of non—pre-
soaked graft (Experiment 8).

The hFOBI1.19 cells were seeded at a density of
7.5x10* cells per well into a 24-well plate (Greiner bio-
one, Germany). Cells were treated with 50 mg of various
bone grafts as described above for 1, 3, and 7 days, and the
osteogenic medium was changed every 3 days. Cultures
were incubated at 37°C with 95% air and 5% CO,,. Each
cell-containing well was added with 250 pl MTT solution
(5 mg/ml MTT dissolved in PBS: Phosphate buffer saline)
and 250 pl DMEM F-12. The plate was incubated in a
CO, incubator at 37°C for 3 hours. The medium was then
removed, and formazan crystals were dissolved in 1,000 pl
of DMSO and absolute ethanol (ratio 1:1). After incuba-
tion for 10 minutes, absorbance was read in a 96-well plate
at a wavelength of 540 nm with a reference wavelength
of 690 nm. The data were recorded using a microplate
reader (TECAN Sunrise™, Austria). Equation (1) was
used to calculate cell viability percentage. No material is
the group that is 100% comparable in each experimental

group and each day in MTT result.

D
S %100 (1)

Cell viability = oD
n

where ODs = sample optical density and ODn = No
bone graft sample optical density

Bio-Oss was selected as the positive control group in
this study due to its widespread use, established reputa-
tion, and strong support from numerous previous research
studies.

Alkaline phosphatase activity

Each bone graft material (50 mg) was added to 24-
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well plate (Greiner bio-one, Germany). Approximately
7.5x10% cells of hFOB1.19 were added to each well with
bone grafts for 3, 7, and 14 days with 2 ml of osteogenic
media. The osteogenic media were collected on days 3,
7, and 14 of the experiments to measure ALP activity
using an ALP detection kit and fluorescence (Sigma-
Aldrich, USA). Briefly, 20 pl of each sample was added
to a 96-well plate (duplicates from each well) and
incubated at 65°C for 30 minutes, then cooled down to
room temperature with ice. Twenty pl of dilution buffer,
160 pl of fluorescent assay buffer, and 4 pl of the diluted
substrate were added to each well. The plate was mixed
and incubated in a dark room at room temperature for 15
minutes. Finally, the fluorescence was read by a Spark
multimode microplate reader (Tecan, Switzerland) set to
360 nm excitation and 440 nm emission.

Alizarin red-s staining: microscopy and assay

The hFOBI1.19 cells were seeded at a density of
7.5x10% cells per well in a 24-well plate (Greiner bio-one,
Germany). Cells were treated with 50 mg of various bone
grafts, as described above, for 7, 14, 21, and 28 days, and
the osteogenic medium was changed every 3 days. Nodule
formation was observed on days 7, 14, 21, and 28 of the
experiments by Alizarin red-S staining. Briefly, the medi-
um from the wells was aspirated, and the cells were rinsed
twice with 500 pl of PBS. The cell cultures were fixed
for 15 minutes with a 4% paraformaldehyde solution in
PBS. The solution was removed, and the cells were rinsed
three times with PBS. The cells were subjected to staining
with a 40 mM Alizarin Red S solution in deionized water,
adjusted to a pH of 4.2. This process was carried out under
controlled conditions: at room temperature, in darkness,
and for a period of 45 minutes. After staining, the Alizarin
Red S solution was aspirated, and the cells were rinsed
ten times with deionized water. The removal of water was
done by aspiration, and the cells were incubated in PBS for
15 minutes at room temperature. The PBS was aspirated
from the wells, and the cells were gently washed with a
fresh solution of PBS. After that, they underwent four
rinses with deionized water and were observed using an
inverted light microscope (Olympus BX41, Japan).(!3:1%)

The cells were destained for 15 minutes with 10%
(w/v) cetylpyrindinium chloride (CPC) in 10 mM sodium
phosphate (pH 7.0). The collected stain medium was added
to a 96-well plate, and A SpectraMax 340 plate reader/

spectrophotometer (Molecular Devices Corp.) was used
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to measure the absorbance at 562 nm.(13-10)

Statistical analysis

Normality tests were initially conducted on the datasets.
The normally distributed data were summarized as mean
+ standard deviation. Statistical analysis involved a two-
way ANOVA to evaluate the effects of the variables and
their interactions. Tukey's test was applied post-hoc to
compare the means of different groups. The analysis was
performed using SPSS version 25 software (IBM, USA),
with a significance level of p<0.05 used to determine

statistically significant differences.

Results

X-ray fluorescence (XRF)

XRF analysis was conducted to study the chemical
composition of the materials. Bone morphologies of each
bone graft were depicted in Figure 1A. The individual
element content is listed in Table 1 and was also graphically
presented in Figure 1B. Elemental mapping and spectrum
analysis was show in Figure 2. The XRF analysis indicated
that each bone graft had a similar ratio of oxygen, calcium,
and phosphorus. Calcium concentrations follow the order:
Osteon 11 > HXT2 > Bio-Oss > HXT1 > M-bone.

In vitro biological studies

Cell viability by MTT assay

Cell viability of hFOB 1.19 cells on bone graft mate-
rials, measured by the MTT assay, was presented in Figure
3. There were significant differences between the cell-only
group and the tested bone graft materials (p<0.001). Each
tested material exhibited a significantly decreased percent-
age of viability compared to the no-bone-added group on
the first and third days. Osteon II and HXT?2 had signifi-
cantly higher levels of MTT than the other tested materials
(p<0.001). On day 7, Osteon II had the highest level
of MTT (104%) among the tested materials (p<0.001),
followed by HXT2, Bio-Oss, HXT1, and M-bone group
with the lowest level (22%).

Alkaline phosphatase activity

Alkaline Phosphatase (ALP) was involved in osteo-
genic differentiation, playing a significant role in initiating
the mineralization process and forming the Extracellular
Matrix (ECM). The study examined the effect of different
bone graft materials on ALP release in hFOB1.19 cells by
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Figure 1: Bone morphologies of each bone graft are depicted in Figure 1A. The individual element content is presented in Figure 1B with a

similar ratio of oxygen, calcium, and phosphorus. Calcium concentrations follow the order: Osteon II>HXT2 > Bio-Oss > HXT1 > M-bone.
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Figure 2: Elemental mapping analysis showed Ca element (al-e1), O element (a2-e2), K element (a3-e3), The intensity of elements contents

in the corresponding samples are shown in graphs a4, b4, c4, d4, e4 respectively.
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1 Day 3 Days 7 Days

as mean of % viability £ SD (n=15 per group). With the same letter indicating that there is no significant difference between the groups
(<0.05), *p<0.001. Osteon II and HXT2 had higher level of MTT than control group (Bio-Oss) at significantly 95%.

200.00 ¥ % * f o« % 4
## # -
180.00
¥ %
160.00
f
140.00
120.00
de
a
S 100.00
de
80.00
b,cd,e | b,cd,e lcde
60.00 =
b,c,d i
7 | A &
] ; ‘ abe
40.00 : = g
20.00
a
0.00 .
3D 70 14D

M Bio-oss M Mbone mOsteonl!l mHXT1 mHXT2

Figure 4: Quantification of ALP activities in response to each group at day 3, 7, and 14 shown in units/mg protein (Data are expressed as
Mean + SD, n=4). With the same letter indicating that there is no significant difference between the groups (»<0.05) and * p<0.001.
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measuring ALP activity in the culture media.

It was found that ALP activity in every material,
except for Osteon II, was slightly lower on day 7, with the
highest level observed on day 14 (Figure 4). Each day of
the treated group showed no significant difference in ALP
activity, except for Osteon II, which significantly higher
ALP activity than other tested materials was found on day
14 (p<0.001) (Figure 4). On day 3, Osteon II and HXT2
groups had significantly higher levels of ALP activity
than Bio-Oss (p<0.001). On day 7, Osteon II, HXT1, and
HXT?2 groups had significantly (p<0.05) higher levels of
ALP activity than the Bio-Oss group. On day 14, Osteon
II and the HXT2 group had higher levels of ALP activity
than the Bio-Oss group (p<0.05), with the highest level of
ALP in Osteon 11, followed by the HXT?2 group.

Study on mineralization by alizarin red-s staining:
microscopy and assay

Alizarin red is a marker for mineralization. When
colored circle around the cells is found, means that the
bone-forming cells (osteoblasts) are creating a miner-
alized structure. The different materials bone graft can
found Alizarin red circle. The qualitative measurement
of calcium deposition was examined by histochemical
staining. On days 14, 21, and 28, cells were stained with
Alizarin red-S, and nodule formation was investigated
using an inverted light microscope (Figure 5). Nodule
formation was observed on days 14, 21, and 28 in all con-
ditions. However, cells cultured without adding any bone
graft to osteogenic media indicated a clearly lower level
of nodule formation. The results confirmed the importance

of scaffolds in the process of mineralization.

OstM Bio-oss

Day14

Day21

Day28
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The quantification of Alizarin Red S-stained particles
was performed using the CPC extraction method, and the
absorbance of the resulting solution was assessed at a
wavelength of 562 nm. Every group showed increasing in
the results day by day (Figure 6). On day 7, HXT1 showed
significantly higher mineralization over other materi-
als (p<0.001) (Figure 6). Osteon II showed significantly
higher mineralization (p<0.001) on days 14, 21, and 28,
while HXT2 and Bio-Oss were in between. M-bone had
significantly lower mineralization than other tested groups
on days 21 and 28. On day 28, the Osteon II group had
the highest mineralization (p<0.001), and HXT2, Bio-Oss,
HXT1, and M-bone decreased in order (p<0.001).

Discussion

For bone regenerating operations, xenograft bone
substitutes have been used extensively. Bio-Oss® (Geistlich,
Wolhusen, Switzerland) is the leading commercial bone
substitute for regenerative bone dentistry worldwide.
Alloplastic bone substitutes are employed due to their
synthetic nature, comprising vital chemical elements
found in natural bone, such as calcium and phosphate,
recognized for their ability to stimulate bone regenera-
tion.(!” Alloplastic bone substitutes offer advantages,
including product quality and a reduced risk of infectious
diseases, in contrast to allogeneic and xenogenic bone
grafts.(®”) However, the processing method employed
for bone grafts can influence the outcomes in relation
to osteoblast cells. The bone regeneration of hFOB 1.19
osteoblast cells on five bone graft substitutes was com-

pared, and cell viability activity was studied by the MTT

Osteon Il HXT1

Figure 5: Alizarin red-S staining revealed the calcium nodule under the inverted light microscope.



156

Oral Sci Rep: Volume 46 Number 3 September-December 2025

¥ % % ¥ % % ¥ o% %
25 ¥ % _ % % x ¥ % %
%% * % ,—‘—'
% ¥ 1
R 1 :
k
$ % o
—+ f N
i i i
8 s £ b
| ;
e
1
. |
0.5 b,CI | II | |
ab
a
7 Day 14 Day 21 Day 28 Day

MBiooss mMbone mOsteonl|l WHXT1 mHXT2
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assay at 1, 3, and 7 days. The ALP activity was studied at
3,7, and 14 days. Alizarin red staining was studied at 7,
14, 24, and 28 days.

The MTT assay findings showed a statistically
significant interaction between time and group variables,
influencing cell viability. The p-value of less than 0.001
underscored the strong statistical significance of this inter-
action, suggesting that both time and group factors played
crucial roles in determining cell viability. The cell viability
at day 7 was in the following order: Osteon II > HXT2
> Bio-Oss > HXT1 > M-bone. The difference among the
Bio-Oss group at 1, 3, and 7 days was statistically signifi-
cant (p<0.001). Nader et al.,'"® showed that Bio-Oss had
the lowest MTT among other xenograft and alloplastic
bone grafts. Kiibler et al.,'”) reported the same result
when comparing Bio-Oss with another bone graft. The
results show that Osteon II and HXT?2 have significantly
(»<0.001) higher viability than the other groups in every
period of the experiment. In contrast to our results, Nader
et al, found that Bio-Oss and Osteon material had no
difference in cell viability on Sa0S-2.1% Cell viability
was not affected by the type of bone graft, even if the

same type as HXT1 and HXT?2 had a different viability
rate. HXT2 exhibited a higher vitality rate compared to
HXT]1, indicating that the sintering process at 1200°C
enhanced its compatibility more effectively than the
1000°C sintering conditions. Furthermore, HXT2 demon-
strated a vitality rate surpassing that of Bio-Oss but falling
short of Osteon II. Notably, HXT2 combines the proper-
ties of xenograft and biphasic calcium phosphate (BCP)
materials, offering a unique mixed of characteristics that
may be advantageous in specific applications. Alcaide
et al.,?9 proceed a study involving the cultivation of
SaOs-2 cells on HA/B-TCP discs, a good biocompatibility
and a high percentage of viable cells on these discs.
Saldana er al.,®") reported that the viability of human
mesenchymal cells on BCP remained stable over a four-day
period. The higher performance of Osteon II compared to
Bio-Oss may be attributed to the higher solubility of the
B-TCP compound, potentially facilitating subsequent bone
growth within the hydroxyapatite particles. Nevertheless,
our findings revealed that cells cultured on M-bone, a
BCP, exhibited significantly lower cell viability compared

to other groups. Cell growth and proliferation are influ-
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enced not only by the graft's chemical composition but
besides by surface roughness and porosity. The porosity
surface and pore sizes can impact cell growth and mor-
phology.?? Another factor could be the effect of these
materials on the medium's pH, as the release of phosphate
ions might affect cell growth too.??)

Similar outcomes were reported by Schmitt et al.,
after cultivating osteoblast-like cells from bovines onto
several bone substitute materials. The authors observed
the non-adding bone substitution had the highest prolifer-
ation. Bone substitute materials have been shown to sup-
port cell differentiation effectively. However, they often
exhibit a reduced rate of cell proliferation. Specifically,
Bio-Oss was found to have the lowest proliferation rate
among the materials examined in this study.

Alkaline phosphatase is highly expressed in miner-
alized tissue cells and plays a crucial role in the creation
of hard tissue.*” Our study showed that Osteon II had
the highest ALP activity at 14 days. Nader et al., observed
that Osteon material, followed by Bio-Oss, had the higher
ALP activity.!®

Even though we measured each type of bone graft
equally, they have different densities. Miron, Richard
et al.,*> demonstrate how bone graft seeding density has
a significant impact on in vitro testing of bone-grafting
materials. Osteoblast adhesion and cell proliferation were
lower when cells were seeded on high-density bone graft
when compared to low-density bone graft. In contrast,
alkaline phosphatase (ALP) and alizarin red staining were
significantly increased on high-density bone graft. Bone
graft materials can influence cell differentiation and bone
formation based on their chemical characteristics and how
they affect the concentration of Calcium ions. The absence
of calcium deficiency in BCP's composition, coupled with
its lower textural properties, restricted excessive calcium
ion uptake. This balanced calcium environment allowed
osteoblasts to develop a functional phenotype and exhibit
enhanced alkaline phosphatase activity.?!) XRF showed
that the concentration of calcium followed this order:
Osteon I > HXT2 > Bio-Oss > HXT1 > M-bone, and this
result is the same order as cell viability, ALP assay at 7
days, and ARS assay at 21 and 28 days. Even if Osteon II
has the highest Calcium element, at 7 days of ARS assay,
they didn’t have the highest level of Calcium deposition.
This result showed that osteoblast cells differently depos-

ited calcium elements in each bone graft.
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Calcium deposition was significantly higher in
Osteon II compared to other groups, even if M-bone was
the same alloplastic bone graft material that had a ratio of
HA/B-TCP is 30/70. ARS assay shows Osteon II had the
highest calcium deposited at 14, 21, and 28 days. HXT 2
had the second one, followed by Bio-Oss. The top three
highest are different types of bones.

In a rabbit study, small bone particles size 0.25-1 mm
were found to be more effective in promoting osteogenesis
than larger bone graft materials measuring 1.0-2.0
mm.%?7) In contrast, a study conducted in dogs reported
that B-tricalcium phosphate (B-TCP) particles sized 1-2
mm, in combination with recombinant human platelet-
derived growth factor-BB, resulted in significantly greater
new bone and cementum formation than smaller particles
(0.25-1 mm)@® Similarly, in augmentation procedures
utilizing various grafting materials including anorganic
bovine bone, allografts, biphasic B-TCP with hydroxy-
apatite (alloplasts), and demineralized bovine bone mineral
grafts with larger particle sizes (1-2 mm) yielded supe-
rior outcomes compared to those with smaller particle
sizes (0.25-1 mm)?°3D Furthermore, Riachi et al.,0% In
the investigation of sinus augmentation procedures for
implant placement, it was found that the average particle
size of Bio-Oss (1 mm) was considerably smaller than that
of Cerabone (2.7 mm). Radiographic analysis revealed
that Bio-Oss underwent significantly greater volumetric
reduction over time compared to Cerabone.

The particle size ranges of the bone graft materials
used in this study were as follows: Bio-Oss® (0.25-1 mm),
M-Bone (0.5-1 mm), Osteon II (0.2-2.0 mm), HXT1 (0.2-
1.5 mm), and HXT2 (0.5-2 mm). The results indicated that
larger bone particles facilitated superior bone regeneration
compared to smaller particles, which aligns with reported
findings.

Including implant surface roughness data would
significantly improve the completeness of this study, as
surface topography critically affects osteoblast response
and osseointegration. Previous research shows that
moderate roughness (Ra around 1-2 um) enhances cell
adhesion, proliferation, and differentiation better than
either very smooth or very rough surfaces.3%3% Specifi-
cally, Le Guehennec ez al.,*® highlighted that rough
surfaces improve protein adsorption and integrin-medi-
ated cell attachment, which are essential for bone for-

mation. One review noted that roughened titanium sur-
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faces achieved higher osteogenic marker expression and
improved bone—implant contact in both in vitro and
in vivo settings.)

Our observations, showing superior mineraliza-
tion in HXT2 and Osteon II groups, align with known
effects of material processing and composition. Studies
on biphasic calcium phosphate (BCP) ceramics reveal
that sintering temperature significantly alters microstruc-
ture and roughness. For instance, increasing the sinter-
ing temperature from 1000°C to 1300°C leads to grain
growth and changes in porosity, which directly correlate
with mechanical strength—an indirect indicator of sur-
face topology.*® Additionally, SEM analysis of HA/
B-TCP mixtures confirms that B-TCP-rich surfaces exhibit
more pronounced roughness and porosity than HA-rich
ones.®? Given that HXT2 is sintered at a higher tem-
perature and Osteon II has a biphasic structure, their
favorable performance may stem from these roughened
surfaces.

However, it's important to note that this in vitro study
exclusively demonstrates the effects of different bone
graft substitutes on osteoconduction and mineralization in
osteoblast cell line, which differs from the conditions in
the human living body. Furthermore, the decision-making
process for selecting the appropriate bone material for
bone grafting procedure requires comprehensive clinical
studies. Moreover, the novel hybrid bone substitute ma-
terial (HXT2) still lacks an in vivo study to validate its
tissue biocompatibility and regenerative potential. Hence,
the further clinical research is required to compared bone
substitute material in terms of clinical outcomes, stability,

and bone regenerative properties of the grafts.

Conclusions

Distinct bone graft materials have different impacts
on the cell viability and mineralization of hFOB 1.19
osteoblasts in vitro. The results suggest that higher con-
centrations of calcium elements affect mineralization.
Considering the present results, the osteoblast cell line
hFOB 1.19 in the presence of the tested scaffolds demon-
strated that alloplastic material (Osteon II) and newly
hybrid xenograft with B-TCP (HXT?2) significantly pro-

mote mineralization in osteoblast cells in vitro.
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Abstract

Objectives: This study aims to assess the knowledge depth regarding periodontitis
among Thai adults using open-ended questions and explore the factors influencing their
comprehension of the disease.

Methods: A cross-sectional questionnaire-based study was conducted involving Thai
adults aged 18 years and above. Participants were asked to describe periodontitis in an
open-ended question and were classified as "totally correct” (TC), "partially correct”
(PC) or "incorrect" (IC) based on the American Academy of Periodontology's definition.

Subgroup comparisons were performed using the Chi-square test.

Results: Out of the 1205 participants analyzed, the majority (72.4%) fell into the PC
category, primarily associating periodontitis with gingival inflammation. Terms such as

nn

"gingival inflammation," "gingival swelling," and "gingival bleeding" were frequently
mentioned. Participants mentioning keywords related to attachment loss were more like-
ly to demonstrate a better comprehension of the disease. Significant associations were
observed between participants' familiarity with periodontitis and factors such as age

(»<0.05), educational level (p<0.05), and frequency of dental visits (p=0.001).

Conclusions: This study highlights the superficial understanding of periodontitis within

the Thai population, notably the limited awareness beyond gingival inflammation.

Keywords: attachment loss, gingival inflammation, knowledge, periodontitis, Thai
population
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Introduction

Periodontitis, a chronic disease affecting individuals
across all regions of Thailand, stands out as a significant
public health issue. The 9" National Health Survey (2566
BE)(") highlighted the extensive impact of this condi-
tion, revealing that 51.8% of Thai adults aged 35 to 44
displayed signs of gingival inflammation. Remarkably,
23.4% of this group exhibited periodontitis with probing
depths of 4 to 5 millimeters, while 9.2% had periodontal
pockets exceeding 6 millimeters. Furthermore, the survey
unveiled a concerning prevalence of periodontitis among
the elderly, as 48.7% of those aged 60 to 74 were diag-
nosed with the condition.

Periodontitis is characterized by inflammation of the
gingiva and loss of alveolar bone. Untreated periodontitis
can result in tooth loss, affecting essential oral functions
such as chewing, speech, and overall aesthetics. Despite
its global impact>™, awareness of periodontitis among
the general population remains low®®, possibly due to
its gradual progression and a lack of understanding about
the disease. Previous studies have shown that a significant
proportion of the population remains uninformed about
the causes, symptoms, and treatment of periodontitis, even
after regular dental visits.("®)

Patient awareness and understanding of periodontitis
significantly impact their decision to seek treatment. It
is crucial for dental professionals to evaluate patients'
knowledge of periodontal diseases to design effective,
targeted oral health education programs that cater to
various demographic groups. Knowledge of oral health,
especially regarding periodontal diseases, is essential for
the prevention and management of these conditions across
different age groups, including children, adolescents, and
adults.”) Despite its importance, numerous studies have
consistently indicated that the general population has
a limited understanding of periodontal diseases.(!%!%
However, these studies often predominantly focused on
the symptoms of periodontitis. The questionnaire used
in these studies included multiple-choice questions to
assess knowledge and a Likert scale to measure agree-
ment or disagreement. This methodological approach may
constrain the assessment of participants' comprehensive
understanding of the disease, potentially overlooking
important aspects of their knowledge of periodontitis.
To the best of our knowledge, there is none of studies in
Thailand that examine the comprehension of periodontal
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disease.

Therefore, this study aimed to evaluate the knowledge
of periodontitis among Thai adults through an open-ended
question and explore the factors that shape their compre-

hension of the disease.
Materials and Methods

Data collection

An online questionnaire was created using Google
Forms, which participants accessed via a QR code. The
QR code to access the questionnaire was distributed to
study participants via an online platform and in-person
interaction, particularly within the Department of
Periodontology’s clinic, where they were invited to par-
ticipate and provided access to the QR code on-site
between December 2023 and January 2024. The question-
naire consisted of two sections: the first section collected
demographic information such as age, gender, smoking
status, diabetes status, social status, and frequency of
dental visit, while the second section contained an open-
ended question: “What is periodontitis?”” Responses to the
open-ended question were evaluated and analyzed by one
periodontist (S.T.). Each response was manually tagged
with keywords extracted from the answer. Keywords
included phrases such as gingival inflammation, gin-
gival swelling, gingival bleeding, tooth mobility, gingival
recession, calculus, malodor, other conditions unrelated
to periodontitis (e.g., dental caries), and the response
“do not know”.

Participants were grouped based on their familiarity
with periodontitis as shown in their responses to the
open-ended question. Familiarity with periodontitis
was assessed according to the American Academy of
Periodontology (AAP)'s Glossary of Periodontal Terms
definition of periodontitis('*), which was deemed appro-
priate for general population understanding. Apart from
the “do not know” response, the tagged keywords in each
response were categorized into groups related to gingival
inflammation (e.g., gingival inflammation, gingival swell-
ing, or gingival bleeding), attachment loss (e.g., tooth
mobility or gingival recession), conditions suggestive of
periodontitis but not consistent with the AAP’s periodon-
titis definition'?, and other unrelated conditions.

An answer was considered “totally correct” if it

included keywords related to both gingival inflammation
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and attachment loss, as per the AAP's Glossary of Peri-
odontal Terms!'¥ Conversely, responses were labeled as
“partially correct” if they contained keywords associated
with either gingival inflammation or attachment loss,
while answers with other keywords were categorized as
“incorrect”. Consequently, participants were classified
into 3 groups: totally correct (TC), partially correct (PC)

and incorrect (IC).

Statistical analysis

Data analysis was performed using SPSS software
version 29.0 (SPSS®: Inc., Chicago, IL, USA). Descrip-
tive statistics were utilized to present demographic data
and clinical variables. Subgroup comparisons were con-
ducted using the Pearson chi-square test, with a signifi-

cance level set at p<0.05.

Results

A total of 2150 participants completed the ques-
tionnaire. Among them, 772 participants (35.9%) did not
respond to the open-ended question, and 173 participants
(8.0%) answered “do not know”, leading to their exclusion
from the analysis. Therefore, the analysis was conducted
on a total of 1205 participants (Figure 1).

The 1,205 participants included in the study had a
mean age of 38.4+14.4 years. The gender distribution was
366 (30.4%) male, 805 (66.8%) female, and 34 (2.8%)
unspecified. A majority of the participants held a
bachelor’s degree (62.7%), and their reported income
was 10,001-30,000 THB (39.9%). More than half of the
participants reported visiting the dentist on a regular ba-
sis (62.7%). Furthermore, 3.3% of the participants were
smokers, and 1.9% reported having diabetes.

The keywords extracted from the response of the
open-ended questions, “What is periodontitis?” are pre-
sented in Table 1. Out of the 1205 answers analyzed,
75.8% of participants (914 responses) included 1 key-
word, while 17.5% (211 responses) contained 2 keywords.
Furthermore, 54 responses (4.5%) included 3 keywords,
21 responses (1.7%) had 4 keywords, 4 responses (0.3%)
featured 5 keywords, and 1 response (0.1%) included 6
keywords.

Of the total 1608 keywords identified from the 1205
participants, 70.3% were related to gingival inflammation,
while 10% were associated with attachment loss. The

remaining keywords were categorized as “other keywords

163

implying periodontitis but not in the AAP periodonti-
tis definition” (7.2%) and “other conditions not related
to periodontitis” (12.6%). The most common keywords
related to gingival inflammation were “gingival inflam-
mation” (44.3%; 713 out of 1608), “gingival swelling”
(17.8%; 287 out of 1608), and “gingival bleeding” (8.1%;
131 out of 1608). Keywords associated with attachment
loss were primarily “gingival recession” (Table 1).

Upon categorizing the participants based on their
responses, the majority (72.4%) were classified into the
PC group. Remarkably, within the PC group, a significant
95.8% provided responses containing keywords related to
gingival inflammation, contrasting with only 4.2% that
included keywords linked to attachment loss. About one
fifth of the participants were assigned to the IC group, with
only 8.5% falling into the TC group (Table 2).

In this study cohort, a significant majority (77.8%;
938 out of 1205) of participants mentioned keywords
associated with gingival inflammation. In contrast, a
smaller proportion (11.6%; 140 out of 1205) reported
keywords related to attachment loss. Notably, among
those who mentioned attachment loss keywords, a
significantly higher percentage (73.6%; 103 out of 140)
also referenced keywords related to gingival inflammation
compared to the group (11%, 103 out of 938) that men-
tioned gingival inflammation keywords and also reported
attachment loss keywords.

The findings from Pearson chi-square analysis indi-
cated that age, educational level, and dental visit frequen-
cy were statistically significant factors associated with
participants’ familiarity with periodontitis. In contrast,
sex, Diabetes mellitus status, smoking status and income
showed no significant association with participants’ famil-

iarity with periodontitis (Table 3).

Participants completed the questionnaire (n=2150)

Excluded participants (n=945)
4> * Did not respond to the open-ended
question (n=772)

* Respond “Do not know” (n=173)

Participants remained in the analysis (n=1205)

Figure 1: Flow of data collection.
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Table 1: Distribution of keywords across participant groups based on responses to the question “What is periodontitis?”.

Number of keywords; N=1608 (100%)

Keywords
All groups TC group PC group IC group

Gingival inflammation 1131 (70.3%) 148 1083 0
- Gingival inflammation 713 74 639 0
- Gingival swelling 287 43 244 0
- Gingival bleeding 131 31 200 0
Attachment loss 160 (10%) 116 44 0
- Tooth mobility 74 60 14 0
- Gingival recession 86 56 30 0
Other keywords implying periodontitis but not in the 115 (7.2%) 33 53 29
AAP periodontitis definition

- Calculus 84 20 39 25
- Malodor 31 13 14 4
Other conditions not related to periodontitis 202 (12.6%) 0 0 202
- Dental caries 10 0 0 10
- Disease in the mouth, cystic lesion, tooth disease, etc. 192 0 0 192
Total 1608 (100%) 297 1180 231

Abbreviations: TC = Totally correct; the answer with keywords related to both gingival inflammation and attachment loss, PC = Partially

correct; the answer with keywords associated with either gingival inflammation or attachment loss, IC = Incorrect; the answer with other

keywords

Table 2: Distribution of the participants in study groups based on responses to the question “What is periodontitis?”

Group of the participants

Total
TC group PC group IC group
872 (72.4%)

Number of

. Keywords related to Keywords related to
participants; 103 (8.5%) L . 230 (19.1%) 1205 (100%)

%) “gingival inflammation” “attachment loss”
n (7

835

37

Abbreviations: TC = Totally correct, PC = Partially correct, IC = Incorrect

Discussion

This study on periodontitis comprehension among
the Thai population highlights the pressing need for
increased public awareness. A comprehensive under-
standing of periodontitis is essential, as patient awareness
directly influences their willingness to seek timely and
appropriate treatment. Given the progressive nature and
long-term consequences of untreated periodontal diseases,
dental professionals must assess and address public
knowledge gaps. Developing targeted, evidence-based
oral health education programs that consider demographic
and socioeconomic variations is essential to improving
periodontal outcomes. Oral health literacy, especially
concerning periodontitis, is crucial for effective preven-

tion, early diagnosis, and management across the lifespan.

Despite its clinical significance, research indicates that
public awareness and understanding remain alarmingly

low-®)

, underscoring the urgent need for intensified
educational and preventive strategies at individual and
community levels.

In this study, of the 1378 respondents, 12.6% (173
individuals) lacked knowledge about periodontitis, while a
substantial 72.4% of the remaining participants exhibited
only a superficial understanding, primarily linking
periodontitis with gingival inflammation. Participants
mentioning attachment loss keywords were more likely
to demonstrate a better understanding of periodontitis.
These findings underscore the necessity to enhance public
awareness of periodontitis, particularly in elucidating its

broader implication beyond gingival inflammation.
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Table 3: Demographic variables and dental visit frequency and their association with the responses to the question “What is periodontitis?”.

Demographic data TC group
(N=103)
Gender
Female 74 (9.2%)
Male 25 (6.8%)
Unspecified 4 (11.8%)
Age (years)
18-39 61 (8.8%)
40-59 38 (10.2%)
>60 4 (3.0%)

Educational Level

Below bachelor’s degree 26 (11.9%)

Bachelor's degree 64 (8.5%)

Above bachelor’s degree 13 (5.6%)
Income (THB)

<10,000 15 (8.3%)

10,001-30,000 45 (9.4%)

30,001-50,000 26 (8.8%)

>50,001 17 (6.8%)
Dental visit frequency

Regularly (At least once a year) 77 (10.2%)

Only when having symptoms 22 (5.1%)

Never 4 (25.0%)

Diabetes mellitus status

Yes 102 (8.6%)

No 1 (4.3%)
Smoking status

Non-smoker 92 (8.4%)

Smoker 5(12.5%)

Former smoker 6 (9.1%)

Group of the participants

PC group IC group Total
p-value
(N =872) (N=230) (N=1205)
0.648
581 (72.2%) 150 (18.6%) 805 (100%)
268 (73.2%) 73 (19.9%) 366 (100%)
23 (67.6%) 7 (20.6%) 34 (100%)
0.016*
488 (70.1%) 147 (21.1%) 696 (100%)
273 (73.0%) 63 (16.8%) 374 (100%)
111 (82.2%) 20 (14.8%) 135 (100%)
0.012*
139 (63.8%) 53 (24.3%) 218 (100%)
552 (73.1%) 139 (18.4%) 755 (100%)
181 (78.0%) 38 (16.4%) 232 (100%)
0.367
130 (71.8%) 36 (19.9%) 181 (100%)
332 (69.0%) 104 (21.6%) 481 (100%)
222 (75.5%) 46 (15.6%) 294 (100%)
188 (75.5%) 44 (17.7%) 249 (100%)
0.001*
545 (72.1%) 134 (17.7%) 756 (100%)
320 (73.9%) 91 (21.0%) 433 (100%)
7 (43.8%) 531.3%) 16 (100%)
0.286
852 (72.1%) 228 (19.3%) 1182 (100%)
20 (87.0%) 2 (8.7%) 23 (100%)
0.625
795 (72.3%) 212 (19.3%) 1099 (100%)
26 (65.0%) 9 (22.54%) 40 (100%)
51(77.3%) 9 (13.6%) 66 (100%)

Abbreviations: TC = Totally correct, PC = Partially correct, IC = Incorrect, THB = Thai baht

*Pearson Chi-square test: p<0.05.

An open-ended question was utilized in this study
to evaluate participants' understanding of periodontitis.
Unlike multiple-choice questions, this approach assesses
the comprehension of the disease rather than recall-
ing information from memory, thereby minimizing the
potential for guessing. However, some participants may
leave the question blank, as seen in this study, where
approximately 36% did not respond. Previous studies have
typically developed questionnaires to assess periodontal
health knowledge and awareness among the population
related to variables and factors using multiple choices
and Likert scale.®'>13-15 However, the findings of

existing studies raise important considerations regarding

the assessment of participants' understanding of periodon-
titis. Researchers have employed simplified terminology,
such as "gum disease," and have primarily focused on
the symptoms of the condition. This approach may not
adequately capture the complexities associated with perio-
dontitis and could limit insights into participants' com-
prehensive understanding of the disease. Additionally, by
concentrating on symptoms, the assessment may provide
an incomplete picture of participants' awareness. While
participants may recognize certain symptoms, they might
benefit from a deeper understanding of periodontitis. In
this study, To enhance the evaluation of knowledge, it

may be beneficial to incorporate open-ended questions
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that allow for a deeper exploration of participants' under-
standing. To our knowledge, no validated questionnaire
specifically designed to evaluate understanding of perio-
dontitis currently exists.

In this study, the definition of periodontitis from the
AAP Glossary of Terms was employed as the reference
for answers of the question, "what is periodontitis?".
According to this definition, periodontitis is characterized
by inflammation of the periodontal tissues, leading to
clinical attachment loss, alveolar bone loss, and perio-
dontal pocket formation. While the most recent 2018

periodontal classification!!®

provides a case definition
of periodontitis based on detectable interdental clinical
attachment loss at two non-adjacent teeth, this classifica-
tion is primarily intended for dental professionals to aid in
treatment decisions and clinical research. The complexity
of the 2018 periodontitis case definition renders it unsuit-
able for the present study aimed at assessing the general
population's understanding of periodontitis.

It may be speculated that the loss of support of the
periodontium around teeth can cause difficulty in masti-
catory function such as tooth sensitivity and pain during
function. This, in turn, leads individuals to understand
and become aware that attachment loss, such as tooth
mobility or gingival recession, may serve as potential
indicators of periodontitis. This heightened awareness
parallels findings from prior research that established a
correlation between self-awareness of tooth mobility and
the presence of severe periodontitis.!”) This awareness
will prompt consideration for dental evaluation when such
signs become apparent.

The significance of understanding attachment loss
cannot be overstated, as it indicates the progressive
destruction of supporting structures around the teeth,
leading to various oral health issues and systemic implica-
tions. Dental professionals play a crucial role in educating
patients about this aspect of periodontitis, emphasizing the
importance of proper oral hygiene practices, regular dental
examinations, and early symptom recognition. Effective
collaboration between dentists and patients is crucial for
preventing and managing periodontitis. Additionally, im-
proving knowledge dissemination and promoting optimal
periodontal health can be strengthened through public
health campaigns, educational programs, and digital plat-
forms.(1®)

Age and educational level emerged as key demo-
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graphic factors associated with comprehension of perio-
dontitis, with gender showing no correlation with partici-
pants’ familiarity of the disease, consistent with previous
research.(!%2%) The majority of participants across all
age groups demonstrated only a partial understanding of
periodontitis. Importantly, only 3.4% of elderly indivi-
duals demonstrated a complete understanding, while
a higher proportion of young adults and middle-aged
participants could explain the key characteristics of
periodontitis. In terms of educational level, individuals
with less than a bachelor’s degree accounted for the largest
proportion of subset providing incorrect answers, at
24.3%, while participants with higher education levels
exhibited a smaller proportion of subsets with incorrect
answers, at 18.4% for those with a bachelor’s degree and
16.4% for those with a degree above bachelor’s level.
This is consistent with prior research linking both age
and educational level to knowledge of periodontal
disease.?!"?>) Despite common assumptions, our study
challenged the notion that higher education ensures a
comprehensive understanding of periodontitis, as most
participants, regardless of educational background, fell
into the PC group.

In terms of dental visit frequency, participants who
have never seen a dentist exhibited limited knowledge or
understanding of periodontitis. Conversely, the majority
of the participants who accurately answered the open-
ended question about periodontitis tended to visit the
dental office regularly. Surprisingly, even among those
who visit the dentist regularly, a significant portion still
only have partial knowledge of periodontitis, with nearly
20% lacking any understanding of the condition. These
findings suggest that dental professionals may not be
placing enough emphasis on educating patients about
periodontitis. Interestingly, these results were in con-
trast with previous study which regular dental attendees
demonstrated a better understanding of periodontal
health.?®) This is possibly due to differences in the focus
of the questionnaires used; the previous study centered on
periodontal health in general, while our study specifically
addressed understanding of periodontitis.

This study found that diabetes mellitus and smoking
status are not associated to an understanding of periodon-

titis, which contrasts with previous®’2®)

studies sug-
gesting that individuals with diabetes or smokers tend

to have lesser knowledge and awareness of periodontitis
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compared to non-diabetics and non-smokers. However,
those studies used multiple-choice or yes/no questions
and focused on the symptoms or negative effects of
periodontitis rather than a deeper understanding of what
periodontitis is. Additionally, the sample composition in
those studies differed, with more diabetics and smokers,
while this study's sample consisted mostly of non-dia-
betics and non-smokers, which may have influenced the
results.

While this study benefited from a large and diverse
population sample, it is important to acknowledge certain
limitations. The online dissemination of the questionnaire
may have created barriers to access for certain groups,
potentially leading to the underrepresentation of elderly
individuals and those with limited internet connectivity.
Consequently, the study primarily included participants
between the ages of 18 and 40, predominantly holding
bachelor’s degrees and belonging to middle to high so-
cioeconomic groups. Future studies may aim to include a
more diverse range of participants by distributing paper
questionnaires alongside the online version. Furthermore,
The data collection was conducted through an online
questionnaire distributed via Google Forms, which, while
efficient in reaching a broad audience, did not allow for
clinical examinations. As a result, the actual periodontal
status of participants could not be verified. To address
these limitations, future research should aim to include a
more diverse and representative sample by incorporating
both paper-based and online surveys, and should also
integrate clinical examinations to ensure more accurate
and objective assessment of periodontal health.

In addition, participants may have sought informa-
tion from sources other than the survey itself, such as the
internet or consultations with peers, which could have
influenced their responses. However, This highlights
the way individuals often interpret health information in
real-world scenarios. it is well-recognized that external
influences, such as media, personal experiences, and
interactions with healthcare professionals, significantly
shape participants’ knowledge and perceptions.?”) The
intention of this study was to capture this broader, general
awareness, rather than aiming for clinical precision, as it
reflects the reality of how health information is understood
and applied by the public.

In this study, the questionnaire included a single

open-ended question designed to explore participants’
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understanding in their own words. Because the question
was straightforward and exploratory in nature, a formal
validation process was not carried out. To improve future
research, it is recommended that a more detailed and
validated instrument be developed to ensure greater
reliability and applicability of results across diverse popu-

lations and levels of periodontal health literacy.

Conclusions

In conclusion, this study successfully evaluated the
knowledge of periodontitis among Thai adults through
an open-ended question, revealing a superficial under-
standing of the disease, with limited awareness beyond
gingival inflammation. Additionally, age, gender, and
frequency of dental visits were identified as significant
factors influencing the level of comprehension. These
findings underscore the critical role of dental profession-
als in educating patients about the broader implications
of periodontitis, including attachment loss. Continuous
efforts are required to enhance public education and pro-
mote a deeper understanding of periodontal health in
Thailand.
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Abstract

Objectives: To evaluate dimensional changes in masticatory muscles, dentoskeletal
relationships, and correlations between muscular and vertical skeletal changes following
Class III camouflage treatment.

Methods: This clinical trial included ten participants with skeletal Class III malocclusion
who met the eligible criteria and provided them non-extraction camouflage treatment using
Class III elastics. MR images (T1W) and lateral cephalograms were taken before treat-
ment (T0) and after achieving normal occlusion (T1). Length, width, and cross-sectional
area (CSA) of the masseter (MM), temporalis (TM), lateral pterygoid (LPM), and medial
pterygoid (MPM) muscles were measured using MicroDicom DICOM viewer software.
Dentoskeletal changes were assessed by Dolphin® imaging software. Statistical analyses
were conducted using IBM® SPSS® software to analyze differences between TO and T1,
and correlations.

Results: Significant changes were observed in jaw-closing muscles, with increased length
(MM 1.0£0.4 mm, TM 0.7£0.2 mm, MPM 0.5+£0.5 mm), decreased thickness (MM
1.3+0.7 mm, TM 0.2+0.2 mm, MPM 0.8+0.6 mm), and decreased CSA (MM 79.3+70.5
mmz, T™ 16.2+14.9 mm2, MPM 16.2+8.8 mmz). Minimal changes were noted in lateral
pterygoid muscles. No significant correlations were found between muscular changes and
vertical skeletal changes.

Conclusions: Masseter, temporalis, and medial pterygoid muscles exhibited significant
changes following Class III camouflage treatment using Class III elastics, but no signif-
icant correlations were observed between muscular dimensional changes and vertical
skeletal changes.

Keywords: camouflage treatment, Class III elastics, masticatory muscles, MRI, skeletal
Oral Sci Rep. 2025; 46(3): 170-181 Class III
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Introduction

Skeletal Class 111 malocclusion is widely recognized
as one of the most challenging types of malocclusion to
treat in orthodontic practice, particularly among adult
patients who have limited treatment options.(!) While
orthognathic surgery and orthodontic camouflage
treatment have traditionally been considered standard
approaches for these patients, many individuals are likely
to opt against orthognathic surgery due to its cost and inva-
sive nature. Camouflage treatment has emerged as a viable
alternative, especially for patients with mild to moderate
skeletal discrepancies.®*) To correct anterior crossbite
and achieve a Class I relationship through camouflage
treatment, several modalities are available based on the
severity of malocclusion and the patient's specific needs.
Treatment options include permanent tooth extraction,
Class III elastics, temporary anchorage devices (TADs),
the multiloop edgewise archwire (MEAW) technique, or
extraoral appliances.) Among these, Class III elastics
used with full-fixed appliances are commonly used due
to their effectiveness and simplicity.

Although the effects of Class III elastics have been
broadly described in previous studies, they are typically
discussed in terms of lateral cephalometric changes such
as mandibular clockwise rotation, increased vertical
dimension, and maxillary molar extrusion.*®) While
these positional changes of the mandible are well-
documented, their impact on the entire masticatory
muscles has been minimally studied. Given that all
masticatory muscles predominantly insert on mandibular
structures, positional changes of the mandible may
contribute to dimensional and functional adaptations
in these muscles. Moreover, alterations in masticatory
muscle dimensions are likely to affect facial aesthetics in
the frontal view following orthodontic treatment, especially
the thickness of the masseter muscles.?) Regrettably, this
aspect has often been overlooked in orthodontic practice,
where treatment outcome assessments have primarily
focused on lateral profile changes.

The primary objective of this study was to evaluate
the dimensional changes in all masticatory muscles on
both sides (temporalis, masseter, lateral pterygoid, and
medial pterygoid) following conventional Class III cam-
ouflage treatment using Class III elastics. The secondary
objectives were to investigate the associated dentoskele-

tal changes after treatment and explore the correlations

171

between these muscular adaptations and vertical skeletal

changes.
Materials and Methods

Study design

This study is a clinical trial conducted as a pre-post
intervention study and registered with the Thai Clinical
Trials Registry under the identifier TCTR20220316003

(available at thaiclinicaltrials.org).

Ethical approval

This clinical trial was approved by the Khon Kaen
University Ethics Committee for Human Research,
following the guidelines outlined in the Declaration of
Helsinki and the International Conference of Harmoni-
zation Good Clinical Practice (ICH GCP) Guidelines
(reference number HE641561). Written informed consent

was obtained from all participants.

Study sample and sample size calculation

This clinical trial focused on adult patients with
skeletal Class III malocclusion, adhering to specific
eligibility criteria. The inclusion criteria encompassed: (1)
completion of mandibular growth (CS6); (2) skeletal Class
IIT malocclusion (overjet < 0 mm in centric occlusion
which distinguishes functional Class I1I cases, ANB < 0.5°,
G’-Sn-Pog’ > 172.8°); (3) hypodivergent or normodiver-
gent pattern (FMA < 28.1°); (4) symmetric face (defined
by the absence of significant chin deviation, i.e., <3 mm);
and (5) desire for camouflage treatment.('%!") The exclu-
sion criteria included: (1) pre-existing temporomandibular
disorder (TMD) symptoms; (2) history of craniofacial
surgery; (3) presence of severe space deficiency that ne-
cessitates tooth extraction; and (4) contraindications for
MRI. Withdrawal criteria comprised: (1) poor compliance
with Class III elastics use; (2) administration of botulinum
toxin injections during treatment; and (3) significant body
weight loss during the treatment period (TO-T1).

Sample size calculation was performed using a test
for difference in two dependent means, n=[(Za+Zp)>
6d?]/(n1-p2)%. The difference in primary outcomes
between TO and T1 was estimated from a previous study
by Pan et al.,”) and a sample size of at least 8 partici-
pants was required to achieve 80% power and 5% alpha

error. Consecutive sampling method was employed to
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recruit participants at the Orthodontic Clinic, Faculty of
Dentistry, Khon Kaen University, between January to
December 2022.

A total of 36 patients with skeletal Class III maloc-
clusion were initially evaluated for eligibility. Of these,
10 patients met the inclusion and exclusion criteria and

were enrolled in the study.

Treatment protocol

Non-extraction camouflage treatment was provided
in all participants under the same protocol, as the inter-
vention in this study. The treatment employed full-fixed
orthodontic appliances to address dental crowding and
correct Class III malocclusion without tooth extractions,
orthognathic surgery, or temporary anchorage devices
(TADs). MBT 0.022" ceramic brackets (3M™ Clarity™
Advanced Ceramic Brackets, 3M Unitek™, Monrovia,
CA) was used with straight-wire technique. A sequence
of nickel-titanium archwires (0.014, 0.016, 0.016x0.022,
0.017x0.025, and 0.019x%0.025-inch NiTi) was utilized
for leveling and aligning. Additional mechanics, such
as archwire expansion, anterior tooth proclination using
advancement arches with omega loops, and interproximal
stripping (IPR), were employed prior to the Class III
correction phase in cases where dental crowding was
present. Posterior bite ramps (Ultra band-lok®, Reliance
Orthodontic Products, Itasca, IL) were applied to either
the maxillary or mandibular molars to disarticulate both
arches during anterior crossbite correction and were
subsequently removed upon correction. The correction
of the dental Class III relationship and anterior cross-
bite was achieved through the combined use of Class III
elastics and large rectangular stainless-steel archwires
(0.017x0.025 or 0.019x0.025-inch SS). Class III elastics
(174", 4.5 oz.) were worn full-time, facilitating maxillary
dentition advancement, mandibular dentition retraction,
and clockwise mandibular rotation to reduce the severity
of the skeletal Class III relationship. Concurrently, the
large rectangular stainless-steel archwires allowed for
controlled proclination of the maxillary incisors through
the fully expressed bracket prescription. Arch form
modifications, including contouring (bending) of the
main archwires, were employed to further optimize the
dental alignment and arch coordination, contributing to the
effective correction of the malocclusion. Class 111 elastics

were continued until a Class I relationship was achieved

Oral Sci Rep: Volume 46 Number 3 September-December 2025

bilaterally. The leveling and aligning phase and Class 111
correction phase are shown in Figures 1-2.

MR images of skull were taken before treatment (T0)
and after normal occlusion achieved (T1) by using Achie-
va dStream 3.0T MR Systems (Philips®, Koninklijke
Philips N.V., Amsterdam, Netherlands), under the same
settings: coronal and axial spin-echo (SE) T1-weighted
sequence, 2D acquisition, TR 500-625 ms, TE 10-15 ms,
332%313 matrix size, 2.0 mm slice thickness, 0.2 mm
inter-slice gap, and 20%20 cm field of view (FOV). The
participants were positioned supine while maintaining
the maximum intercuspal position (MIP) without apply-
ing excessive clenching force during MRI acquisition.
Subsequently, all MR images were exported and stored
as DICOM format files.

Furthermore, lateral cephalograms captured before
treatment (TO0) and after achieving normal occlusion (T1)
for all participants were also collected. Specifically, T1
was defined as the point at which normal occlusion was
achieved, based on clinical criteria aligned with the Amer-
ican Board of Orthodontics Discrepancy Index (2016): (1)
Proper incisor relationship with normal overjet (1-3 mm)
and overbite (1-3 mm), (2) Class I canine and molar rela-
tionship with good buccal intercuspation, and (3) Overall
dental alignment without significant crowding. These
cephalograms are routinely prescribed as part of initial
and progressive orthodontic records, in accordance with

the standard protocol of our clinic.

Measurement methods and outcomes

The MR images were first imported into the Micro
Dicom DICOM viewer software (version 2022.1; Micro
Dicom Ltd, Sofia, Bulgaria) and then reoriented. There-
after, the dimensions of each masticatory muscle were
measured from the coronal or axial slice of the MR
images, where the muscle's dimensions were maxi-
mized—that is, the slice displaying the greatest length,
width, or cross-sectional area. This slice was selected for
measurement in order to standardize the analysis of mus-
cle dimensions across all participants. Length, thickness,
and cross-sectional area (CSA) of the masseter, tempo-
ralis, lateral pterygoid, and medial pterygoid muscles on
both sides were assessed at TO and T1, and then compared.

Length (mm) was measured along the direction
of muscle fibers, which refers to the orientation of the

fibers from the muscle's origin (attachment point) to its
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Figure 2: Class III correction phase, using the Class III elastics on rigid stainless-steel archwires.



174

insertion (opposite attachment point). Thickness (mm)
was measured at the thickest part of the muscle and was
taken perpendicular to the muscle's length. Similarly,
CSA (mm?) was measured as total area of the muscle
on the same slice used for the thickness measurement
of each muscle, where the muscle's cross-sectional area
was maximized. These measurements were performed in
accordance with the specific anatomical features of each
muscle. The measurement methods, including details of
the origin, insertion, and fiber orientation of each muscle,
are further clarified and illustrated in Figures 3-6.
Moreover, lateral cephalometric measurements were
performed using the lateral cephalograms at TO and T1,
and then compared individually. The alterations of skeletal
and dental relationship were analyzed through cephalo-

metric variables, as demonstrated in Table 3.

Statistical analysis

The examiner underwent training and standardi-
zation with radiologists and commenced measurements
once acceptable agreement between the examiner and
experts was achieved (intraclass correlation coefficients,
ICCs>0.80). For intra-examiner reliability assessment,
MR images and lateral cephalograms of 30% of all par-
ticipants were randomly selected and analyzed, yielding
excellent reliability (ICCs ranged between 0.90-0.99).

All variables were measured three times by
a single examiner with two-week intervals and their
average values were used in the statistical analysis. The
statistical analysis was conducted using IBM SPSS soft-
ware (version 28.0; IBM Corp., Armonk, NY). To assess
normal distribution, the Shapiro-Wilk test was utilized.
Comparisons between TO and T1 data regarding muscle

dimensions and lateral cephalometric measurements, were
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performed using either paired t-tests or Wilcoxon signed-
rank tests. In addition, linear correlations between the
changes in muscle dimensions and vertical skeletal changes
were analyzed using the Pearson correlation coefficient or
Spearman’s correlation coefficient. The significance level

was set at p<0.05.

Results

Table 1 demonstrates the demographic data of the
whole sample (n=10), including sex, age, duration of elas-
tics application, and total treatment duration. The overall
characteristics of their initial malocclusion were summa-
rized in Table 2, which indicated the anterior crossbite,
deep overbite, skeletal Class III relationship, hypodiver-
gent pattern, and concave profile.

Dentoskeletal changes following camouflage treat-
ment were demonstrated through a comparison of lateral
cephalometric measurements at TO and T1 in Table 3.
Statistically significant changes were observed in skeletal
and dental components.

In terms of skeletal changes, significant improve-
ments were observed in both antero-posterior and vertical
relationships, as evidenced by increased ANB, FH-MP,
and PP-MP. These improvements were primarily attributed
to a clockwise rotation of the mandible, as shown by
decreased SNB and SNPog, along with increased
FH-MP. Furthermore, the mean ANB and FH-MP values
at T1 indicated that participants achieved normodivergent
pattern and nearly approached the normative value for
skeletal Class I relationship following treatment, as per
the Thai norm.!%!1

Regarding dental measurements, changes were
noticed in both maxillary and mandibular incisors. The

maxillary incisor exhibited proclination and protrusion,
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Figure 3: Measurement method of masseter muscles. (right) Length was measured from the zygomatic arch to the lateral surface of the

mandibular lower border on coronal slice, while (right) thickness and (left) CSA were also measured on the same slice.
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Figure 4: Measurement method of temporalis muscles. (right) Length was measured along the center of muscle thickness from the uppermost
part (lying above the temporal fossa) to the coronoid process of the mandible on coronal slice. (middle) Thickness was measured as 3 subparts

(anterior, middle, and posterior) due to their flat fan-shaped morphology on the axial slice, and (left) CSA were measured at same slice.

Figure 5: Measurement method of lateral pterygoid muscles. (right) Length, (right) thickness, and (left) CSA were measured on the axial
slice at condylar head level. Length was measured from lateral surface of the lateral pterygoid plate to anterior part of the temporomandibular

joint (TMJ) capsule, while thickness and CSA were measured on the same slice.
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Figure 6: Measurement method of medial pterygoid muscles. (right) Length was measured from the medial pterygoid plate to the medial

surface of the mandibular lower border on coronal slice, while (right) thickness and (left) CSA were also measured on the same slice.
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as evidenced by increased U1-NA, while the mandibular
incisor showed retroclination and retrusion, with
decreased L1-MP and L1-NB, aimed at correcting anterior
crossbite and compensating for skeletal Class III relation-
ship. A slight clockwise rotation of the occlusal plane was
also observed.

The comparison of muscle dimensions at TO and T'1
revealed significant changes in all masticatory muscles,
including the masseter, temporalis, lateral pterygoid,
and medial pterygoid muscles. These muscular changes

Table 1: Demographic data (n=10).
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manifested similarly, with increases in length, decreases
in thickness, and reductions in CSA. Notably, the lateral
pterygoid muscles exhibited relatively lesser changes
(0.2+0.3 in length, 0.2+0.2 in width) compared to the
other masticatory muscles, and no significant change was
observed in their CSA between TO and T1. Conversely,
the greatest magnitude of dimensional changes was
observed in the masseter muscles (1.0+0.4 in length,
1.3+£0.7 in width). Detailed measurements of these
dimensional changes can be found in Table 4.

Sex, n=10
Male, 3
Female, 7
Age (year)
Elastics application duration (month)

Total treatment duration, TO to T1 (month)

Table 2: Characteristics of initial malocclusion (n=10).

30%

70%

243 7.0 18-36
3.8 1.8 2-7
12.6 1.8 10-15

Overjet (mm) (-)2.3 0.59 ()1.5-(-)3
Overbite (mm) 3.7 1.9 1-5.5
CO-CR discrepancy (mm) 1.5 0.8 0-2.5
ANB (°) (-)3.1 1.6 (-)1.5-(-) 6.6
FH-MP (°) 22.4 33 18.1-28.1
Profile angle (°) 180.45 2.4 176.8-183.2
Table 3: Comparison of lateral cephalometric measurements at TO and T1 (Mean£SD).
B e T
@ @y @aTeTy
Skeletal measurements
SNA (°) 83.2+2.8 83.3+2.8 (-) 0.1£0.1 0.142
SNB (°) 86.3+2.9 84.0+2.9 2.340.6 <0.001*
SNPog (mm) 86.1+2.4 83.842.2 2.440.6 <0.001*
ANB (°) (-) 3.1£1.6 (-) 0.7£1.5 (-) 2.4+0.5 <0.001*
FH-MP (°) 22.4+3.3 251434 (-)2.7£1.1 <0.001*
PP-MP (°) 19.5+4.7 22.1+4.8 (-)2.6+1.2 <0.001*
Dental measurements
UIL-NA (°) 25.245.5 29.0+2.4 (-)3.845.2 0.083
UI-NA (mm) 6.542.1 7.3+1.5 (-) 0.8+£0.9 0.038*
L1-MP (°) 85.7£5.5 82.9+4.9 2.8+1.9 0.005*
L1-NB (°) 21.4+4.6 19.245.0 2.243.0 0.080
L1-NB (mm) 5.4+1.3 4.2+1.7 1.2+0.9 0.008*
SN-OP (°) 11.6+5.3 13.1£6.1 (-) 1.5+1.9 0.064

*Statistically significant (Paired t-test or Wilcoxon signed-rank test, p<0.05)
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Additionally, the results of the Pearson correlation

analysis denoted no significant correlations between the

dimensional changes (in terms of length and width) of

these four pairs of masticatory muscles and the vertical

Table 4: Comparison of muscle dimensions at T0O and T1 (Mean+SD).
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changes in skeletal components, which were entirely

influenced by mandibular rotation (represented by FH-MP

value). These findings are presented in Table 5.

Masseter muscles
Length (mm)
Thickness (mm)
CSA (mm?)

Temporalis muscles

Length (mm)

Thickness (mm) - anterior

Thickness (mm) - middle

Thickness (mm) - posterior

CSA (mm?)

Lateral pterygoid muscles
Length (mm)
Thickness (mm)

CSA (mm?)

Medial pterygoid muscles
Length (mm)
Thickness (mm)

CSA (mm?)

62.9£5.6 63.5£3.1
16.9+1.4 17.4+2.4
856.1£142.9  890.3+108.7
107.9+7.4 110.4£7.5
18.6+1.4 18.6+1.5
4.0£1.1 42+1.5
3.3+0.9 3.5+0.7
485.7£75.9  479.5£65.9
29.9+3.0 28.843.2
14.4+2.1 14.0£2.5
367.6+67.9  355.7+74.2
49.4+6.9 49.6+6.3
15.8+1.6 15.6+1.3
492.1495.9  488.2+66.6

b value indicating increase, + value indicating decrease

64.0+£5.3
15.6+1.4
805.4+120.2

108.6+£7.4
18.4+1.5
3.8+1.1
3.1+0.7
469.5+75.4

30.143.3
14.242.0
367.3£66.6

49.9+7.1
15.0+1.5
475.9+£93.8

*Statistically significant (Paired t-test or Wilcoxon signed-rank test, p<0.05)

Table 5: Correlations between muscular changes and vertical skeletal change (n=10).

64.5£3.2
16.1£2.0
811.0£95.1

111.3+7.0
18.4+1.4
3.7£1.2
3.240.6
465.6+66.8

29.143.1
13.7+2.3
355.5¢72.9

50.1£6.6
15.0£1.5
471.4£70.2

() 1.15£0.7
1.3£0.7
50.8465.5

(1) 0.7£0.2
0.240.2
0.240.2
0.2:0.4

16.2414.9

(-)0.2+0.3
0.2+0.2
0.3+5.3

(1) 0.5+0.5
0.80.6
162488

() 1.0£0.4
130.8
79.3470.5

(-)0.90.8
0.2+0.3
0.5+0.5
0.3+0.2

14.0£13.8

(-) 0.4+0.3
0.3+0.6
0.2£2.9

() 0.5+0.6
0.6£0.4
16.8+19.1

0.003*
0.001*
0.065

<0.001*
0.061
0.008*
0.351
0.018*

0.051
0.031*
0.869

0.026%
0.006*
0.001*

<0.001*
0.003*
0.015%

0.011*
0.131
0.018*
0.007*
0.024*

0.014*
0.251
0.877

0.079
0.008*
0.042*

Length

Masseter muscles

Temporalis muscles

Width

Length

Width (middle)

Length

Lateral pterygoid muscles

Width

Length

Medial pterygoid muscles

Width

Rt.
Lt.
Rt.
Lt.
Rt.
Lt.
Rt.
Lt.
Rt.
Lt.
Rt.
Lt.
Rt.
Lt.
Rt.
Lt.

*Statistically significant correlation (Pearson or Spearman’s correlation coefficient, p<0.05)

0.146
0.731
(-)0.210
(-) 0.052
0.181
(-) 0.293
0.111
(-) 0364
(-) 0.002
0.535
(-) 0.570
(-) 0.054
(-) 0319
(-) 0.747
(-) 0.138
(-) 0.186

0.730
0.039 *
0.618
0.902
0.668
0.481
0.793
0.376
0.997
0.172
0.141
0.900
0.441
0.033 *
0.745
0.659
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Discussion

Non-extraction camouflage treatment, utilizing
pre-adjusted edgewise fixed appliances with Class II1
elastics, is widely recognized as one of the most common
approaches for patients with mild-to-moderate skeletal
Class III malocclusion, especially in individuals exhibi-
ting hypo- or normo-divergent vertical patterns.‘¥ This
technique principally addresses anterior crossbite and
dental Class III malocclusion by proclining the maxillary
incisors, retroclining the mandibular incisors, and notably
extruding the maxillary molars.®) As a consequence of
maxillary molar extrusion, a clockwise rotation of the
mandible occurs, concurrently improving skeletal Class
III severity and insufficient vertical height. This leads to
enhanced facial aesthetics—specifically, a less protrusive
chin and longer facial height. Despite our results regarding
the dentoskeletal changes and abundant evidence demon-
strating mandibular clockwise rotation in this type of Class

[T camouflage treatment,>®)

studies investigating changes
in associated muscles remain limited, particularly the
masticatory muscles that insert onto parts of the mandible
and are potentially affected by this rotation.

To the best of our knowledge, no previous studies
have comprehensively investigated the alterations of all
masticatory muscles following orthodontic treatment,
either in terms of morphological or functional changes.
Most prior studies have focused solely on changes in the
masseter muscles, with only a few mentioning alterations
in the temporalis muscle.®>'>"!'") This focus is likely due
to the superficial location of both muscles, making them
easier to investigate. In regard to the assessment methods
employed in previous studies, surface electromyography
(sEMQG), cone-beam computed tomography (CBCT), and
ultrasonography were often utilized to investigate muscle
activity and dimension owing to their acceptable accuracy,
non-invasive nature, and ease of use. However, these
methods are limited in their ability to precisely investi-
gate deep-layer muscles such as the medial and lateral
pterygoid muscles.

In contrast, MRI can provide accurate results in
muscular dimension assessment, both in superficial and
deep layers, in a non-invasive and non-radiation manner.
Furthermore, MRI can visualize the overall size and shape
of each muscle, clearly display its location relative to
surrounding structures, and also enable 2D-slice sections

throughout the entire thickness. Although supine position-

Oral Sci Rep: Volume 46 Number 3 September-December 2025

ing during MRI does not replicate the upright orientation
of daily functional activities, this posture is standard for
craniofacial imaging. Importantly, both TO and T1 scans
were performed under identical conditions and imag-
ing protocols for each participant, allowing for reliable
within-subject comparisons. Given MRI’s superior soft
tissue resolution and its ability to assess both deep and
superficial muscles, we believe its advantages outweighed
this limitation in the present study. Nonetheless, MRI
remains contraindicated in patients with claustrophobia
or implanted metal prostheses.(!$-21)

Therefore, this study primarily aimed to evaluate the
dimensional changes in all masticatory muscles following
orthodontic treatment, particularly Class III camouflage
treatment which alters the position of the mandible.
The muscles of interest included the masseter muscles
(inserting along angle of the mandible and lateral surface
of the mandibular ramus), temporalis muscles (inserting
to the coronoid process of the mandible), lateral pterygoid
muscles (inserting to the TMJ capsule, TMJ articular disc,
and neck of the condylar process of the mandible), and
medial pterygoid muscles (inserting onto medial surface
of the ramus and angle of the mandible). MRI was utilized
in this study due to its advantages described previously.

With regard to our findings, significant changes in
masticatory muscle dimensions were observed after under-
going this camouflage treatment for an average treatment
duration of 10-15 months. In the group of jaw-closing
muscles (i.e., masseter, temporalis, and medial pterygoid
muscle), significant increases in length and decreases in
thickness were noted following treatment, even in our
participants who have hypo- to normo-divergent vertical
pattern (mean FH-MP=22.4°). Referring to the decreases
in CSA, they were likely associated with a significantly
decreased thickness of these muscles. On the contrary,
only minimal changes in muscle dimensions were noted
in the lateral pterygoid muscle.

Compared to previous studies, our results align with
the findings of Pan et al.,””) who investigated thickness
changes in masseter muscles and surrounding soft tissues
following full-fixed orthodontic treatment. They reported
a significant decrease in masseter muscle thickness in
both extraction and non-extraction groups. Similarly,
our results correspond to those of Jokaji et al.,'® who
observed smaller width and cross-sectional area (CSA)

of the masseter muscle after preoperative orthodontic
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treatment.

Furthermore, the correlation between reduction in
muscle size and muscle activity has been reported in
several studies.!%?%) Also, certain studies have reported
relationships between CSA of the masseter muscle and
both maximum occlusal force and muscle activity. (%2324
Based on these reports, the decreases in masticatory
muscle dimensions and CSA observed in our results may
be associated with decreased masticatory muscle activity
and bite force, Therefore, it could be inferred that our
findings are consistent with the results of many studies
that investigated muscle activity following orthodontic
treatment and indicated decreased muscle activity of the
masseter and temporalis muscles after treatment.

The observed increases in muscle length and reduc-
tions in thickness and CSA in the masseter, temporalis, and
medial pterygoid muscles may reflect adaptive remodeling
in response to occlusal and biomechanical changes during
treatment. These changes may be particularly advanta-
geous for patients with hypo- or normo-divergent vertical
patterns, by promoting better vertical control. In addition,
reduced muscle thickness—particularly in the masseter—
may enhance facial esthetics in patients with prominent
jaw musculature and potentially support post-treatment
stability by minimizing hyperactivity in overcompensat-
ing muscles.

These significant changes in the jaw-closing muscles
may result from mandibular rotation. Clockwise rotation
of the whole mandible leads to downward and backward
movement of the mandibular angle and also downward
and forward movement of the coronoid process. This
movement may cause stretching of the jaw-closing
muscles as their insertions move downward, leading
to subsequent adaptation to compensate for increased
length.(" Conversely, the minimal change observed in the
lateral pterygoid muscle may be attributed to its insertion
location near the condylar head, the fulcrum of mandibular
rotation. As its insertion does not move as much as those of
the other jaw-closing muscles, stretching or dimensional
changes may be less pronounced.

Nevertheless, correlation analysis demonstrated no
significant correlations between muscular dimensional
changes (i.e., length and width) and vertical changes in
skeletal relationship in this study. This may be due to
limitations in sample size, as the study primarily aimed

to detect differences in muscle dimensions between TO
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and T1 rather than correlations with other variables.
However, there appears to be a trend towards greater
muscle dimensional changes in participants with larger
clockwise mandibular rotation. With a larger sample
size, this trend may have reached statistical significance.
Further investigations are necessary to confirm this finding.

In addition to changes in vertical skeletal compo-
nents, the use of posterior bite-ramps and alterations in
eating behavior during orthodontic treatment may also
affect muscle activity and dimension. Studies by Chang-
siripun & Pativetpinyo®® and Antonarakis‘*®) have shown
that bite-raising appliances can reduce masticatory muscle
activity during maximum clenching in the short term, and
may lead to a decrease in muscle thickness in the long
term.”) In our study, posterior bite ramps were used to
facilitate anterior bite opening during Class III correction.
These bite-raising appliances may reduce occlusal force
transmission and clenching activity in the short term,
potentially contributing to decreased muscle thickness.
Although all patients received similar bite ramp designs,
individual variation in neuromuscular response cannot be
ruled out. Moreover, behavioral changes to avoid chewing
hard or sticky foods during treatment may contribute
to reduced muscle activity and subsequent muscle size
diminution.®®

Beyond treatment-related factors and behavioral
adaptations, underlying skeletal morphology may also play
arole in influencing masticatory muscle dimensions. The
composition of skeletal Class III discrepancy—whether
predominantly due to maxillary deficiency, mandibular
excess, or a combination—may potentially influence
masticatory muscle morphology and response to treatment.
Previous studies have shown associations between
jaw muscle dimensions or activity and craniofacial
factors such as vertical skeletal configuration, mandibular
plane angle, gonial angle, mandibular length, Y-axis,
facial width, lower anterior facial height, and facial asym-
metry.?%39 In the present pilot study, we controlled for
major craniofacial variables across the three primary
planes (i.e., sagittal, vertical, and transverse) by including
only subjects with skeletal Class I1I malocclusion, normo-
or hypo-divergent vertical patterns, and symmetric face, to
reduce baseline variability. However, future research with a
larger cohort should explore the impact of specific skeletal
components and additional morphological variables on

muscle adaptation following camouflage treatment.
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Building upon these considerations, future studies
should aim to expand the sample size to enhance statistical
power and improve the generalizability of results. To
gain a more comprehensive understanding of masticatory
muscle adaptation during Class III orthodontic treatment
and to address the limitation of MRI in assessing muscle
activity, MRI could be combined with complementary
tools such as electromyography (EMG) or bite force mea-
surements to evaluate both static muscle morphology
and functional dynamics. Including a matched control
group would also strengthen the study design; however,
ethical concerns related to delaying necessary treatment
for a control arm must be carefully addressed. Moreover,
although we consider T1 to be a valid and clinically rele-
vant time point to assess the effects of Class III treatment
using Class III elastics mechanics, post-debonding (T2)
or long-term follow-up assessments may provide further
insights into the stability and permanence of these treat-

ment-induced muscular changes.

Conclusions

Significant alterations in the jaw-closing muscles
(i.e., masseter, temporalis, and medial pterygoid muscles)
were observed following Class III camouflage treatment
using Class III elastics, with these muscles exhibiting
increased length along with decreased thickness and CSA.
In contrast, the lateral pterygoid muscles showed only
minimal and statistically insignificant dimensional changes.
Furthermore, no significant correlations were found
between the dimensional changes in these muscles and the

vertical skeletal changes.
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and convenience (4.59/5, 91.21%), with slightly lower scores for durability (4.20/5,
84.07%) and safety (4.40/5, 88.55%). No significant differences (p>0.05) were found
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oral care to dependent older adults. Its adaptable design enhances usability across diverse

community settings.

Keywords: dental home visit care kit, dependent older adults, innovative, satisfaction

Oral Sci Rep. 2025; 46(3): 182-191



Oral Sci Rep: Volume 46 Number 3 September-December 2025

Introduction

The increasing number of older adults is a signifi-
cant global and national trend. According to the United
Nations, the global population aged 65 years and above
is projected to nearly double by 2050, reaching approxi-
mately 1.5 billion, up from 727 million in 2020." In
Thailand, the Institute for Population and Social Research,
Mahidol University, reported that the country is transi-
tioning into a fully aged society. By 2030, it is estimated
that individuals aged 60 years and above will account for
30% of the total population.®) This demographic shift
necessitates more comprehensive healthcare services,
especially for those with dependency and limitations in
daily activities. These challenges often hinder access to
healthcare services, including oral health care, which is
frequently neglected due to difficulties in traveling to
healthcare facilities.

Comprehensive oral health care at home for depen-
dent older adults can mitigate significant health issues,
such as respiratory infections, and reduce mortality rates.
Notably, individuals receiving continuous oral health
care have lower mortality rates than those without such
care.>¥ Oral health care for dependent older adults is
critically important, as mobility limitations increase the
accumulation of dental plaque and oral bacteria, leading
to a heightened risk of respiratory infections such as aspi-
ration pneumonia.® Studies have shown that home-based
oral health care not only reduces infection risks but also
alleviates disease burdens, thereby improving the quality
of life for older adults effectively.

In Sukhothai Province, the growing number of older
adults aligns with national trends. According to the
Department of Provincial Administration, older adults in
Sukhothai account for over 20% of the total population,
signaling a transition to a fully aged society.(®) Among this
group, dependent older adults with mobility limitations
often face barriers to accessing healthcare services. In
response, providing dental services at home or within
communities has become a vital strategy to enhance oral
health and quality of life for these individuals.) Delive-
ring oral health care to remote and underserved popu-
lations remains a challenge, particularly for dependent
older adults who cannot visit healthcare facilities.
Deploying home care teams equipped with comprehen-
sive an innovative dental home visit care kit is a crucial

strategy to increase access to oral health services. However,
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current dental home visit care kits have several limita-
tions, particularly in equipment organization and ease of
use. Many kits lack an intuitive, well-organized structure,
making it difficult for dental professionals to quickly
locate and access necessary tools during home visits.
This inefficiency can lead to delays, prolonging visits
and potentially compromising care quality. Additionally,
many kits are not user-friendly, with poor ergonomics and
unclear labeling, creating unnecessary challenges for
dental professionals providing care to dependent older
adults in non-clinical settings.

The evaluation of satisfaction with the use of the
innovative dental home visit care kit is a critical step in
the development of oral health care innovations, aimed
at ensuring the effectiveness and relevance of the kit in
meeting the needs of its users. This study focuses on
analyzing and assessing user satisfaction to gather insights
that will inform future improvements and ensure the kit
is well-suited for practical use. The development of this
specialized innovative dental home visit care kit, tailored
to the needs of dental professionals, not only enhances
service efficiency by reducing the workload of preparing
equipment and minimizing the risk of missing essential
tools, but it also addresses the specific needs of dependent
older adults and individuals in remote areas who face
access barriers to oral health services. This innovation
promotes equity in access to dental care and contributes
to the overall improvement of quality of life for older

adults in society.

Materials and Methods

This study used a descriptive research design to
develop an innovative dental home visit care kit and assess
user satisfaction with the innovation. Ethical approval for
the study was obtained from the Human Research Ethics
Committee of the Sukhothai Provincial Public Health
Office, Thailand, under approval COA No. 101/2024 and
IRB No. 14/2025.

Study population and sample

The study population consisted of 128 dental
personnel from Sukhothai Province, including dentists
and dental public health professionals. The sample size
was determined using Fisher’s formula, resulting in 38
participants. To ensure an unbiased selection process,
simple random sampling was conducted using the lottery

method. All participants provided written informed con-
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sent and were informed that they would use the innovative
dental home visit care kit during one home visit with
a dependent older adult, followed by completion of a

satisfaction questionnaire. The participant recruitment and

retention process is illustrated in Figure 1.

Figure 1: Flowchart of participant recruitment and retention process.

Description of developing an innovative dental home
visit care kit

The innovative dental home visit care kit was
developed to meet the specific needs of dependent older
adults who are unable to access dental care at hospitals.
The kit is housed in a bag measuring 6x12x8 inches,
designed to be lightweight, portable, and highly durable.
Made from premium synthetic leather, it weighs 1.2
kilograms and features a water-resistant finish for added
protection and longevity. The smooth surface enhances
its sophisticated appearance while ensuring ease of main-
tenance. For ease of transport, the bag is equipped with
an integrated shoulder strap, securely stitched for added
durability. The front features a flap-opening design,
providing convenient access to its spacious interior. The
generous storage space is designed to accommodate

medical supplies and various essential tools, ensuring that
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all items are neatly organized and easily accessible. The
kit is equipped with all the necessary tools and materials
for comprehensive dental care.

The contents of the bag include:

* Basic examination tools: Mouth mirrors, explorers
no.5, and forceps.

* Protective gear: Gloves, surgical masks, hair caps.

* Oral hygiene supplies: Toothbrushes, toothpaste,
fluoride varnish, chlorhexidine mouthwash.

 Treatment tools: Hand scaling instruments, cotton
rolls, gauze, and topical anesthetics.

* Teaching aids: Tooth brushing model and instruc-
tional materials.

* Additional supplies: Flashlights, alcohol gel,
lubricants, dental wax, plaque disclosing agents, syringes,
waste disposal bags.

The innovative dental home visit care kit features
an inventory checklist to assist with supply management
and ensure preparedness for each home visit. Its design
prioritizes ease of use, enabling dental personnel to deliver
care efficiently.

Validation process and expert feedback

The innovative dental home visit care kit under-
went a validation process conducted by a panel of three
experts, including two specialists in geriatric dentistry and
one family medicine physician. The evaluation utilized
the Index of Item-Objective Congruence (I0C) method
to assess the kit’s design, practicality, and suitability for
dependent older adults. Each component was systemati-
cally reviewed to ensure alignment with the intended
objectives and its effectiveness in facilitating home-
based dental care. The experts rated the relevance and
appropriateness of each item based on predefined criteria,
providing a quantitative measure of the kit’s overall quality.
The resulting 10C score of 0.85 reflects a high level of
agreement among the experts, confirming the kit’s validity,
usability, and potential for successful implementation in
real-world home care settings.

Development of the satisfaction questionnaire for
evaluating the innovative dental home visit care kit

A structured process was employed to develop and
validate a questionnaire assessing satisfaction with the
use of the innovative dental home visit care kit. The steps
included:

1. Literature review and coceptual framework
development



Oral Sci Rep: Volume 46 Number 3 September-December 2025

The satisfaction questionnaire was designed based
on the framework proposed by Suksod T®, which was
adapted for this study. The assessment focused on four
key dimensions: 1) Function: utility and functionality
of the bag. 2) Convenience: ease of use and comfort. 3)
Durability: structural durability and quality. 4) Safety:
risk minimization and user protection. Questions for each
dimension were developed according to this framework.

2. Content validity testing

The initial version of the questionnaire was reviewed
by three experts to evaluate its content validity. These
experts, including specialists in geriatric dentistry and
dental public health, examined each item to ensure its
relevance and alignment with the intended objectives of
the study. The Index of Item-Objective Congruence (I0C)
was then calculated to quantify the degree of alignment,
with an IOC score of 0.80, indicating satisfactory content
validity. This score reflects a strong consensus among the
experts regarding the appropriateness and relevance of the
questionnaire items for assessing the effectiveness of the
innovative dental home visit care kit.

3. Revisions and refinements

Based on expert feedback, the questionnaire was
revised to improve clarity and relevance.

Implementation and data collection

The finalized questionnaire was self-administered
and distributed to participants after they had used the
innovative dental home visit care kit during a home visit
to provide oral health services to dependent older adults.
Participants were instructed to independently assess their
satisfaction based on their actual experience. Standard-
ized written instructions were provided, and the princi-
pal investigator was available to clarify any issues. This
approach was intended to minimize interviewer bias and
enhance the objectivity of the responses.

Data analysis

The demographic characteristics of the sample were
summarized as percentages, while satisfaction question-
naire results were analyzed item-by-item and presented
as percentages to highlight trends and overall satisfac-
tion with the innovative dental home visit care kit. Satis-
faction mean scores were interpreted based on Srisawat
B®), categorizing satisfaction into five levels: very high
(4.51-5.00), high (3.51-4.50), moderate (2.51-3.50), low
(1.51-2.50), and very low (1.00-1.50), ensuring a stan-

dardized and systematic assessment. Higher scores indi-
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cated greater approval, while lower scores suggested areas
for improvement. The Mann-Whitney U test, suitable
for ordinal data, was used to compare satisfaction levels
between dentists and dental public health professionals,
with statistical significance set at p<0.05. Additionally,
interaction tables explored the relationships between par-
ticipant characteristics and satisfaction scores, providing
insights into how factors such as professional experience
and role influenced perceptions of the kit’s usability and
effectiveness. All analyses were conducted using SPSS

version 17 for reliable statistical interpretation.

Results

The development of the innovative dental home visit
care kit received a score of 0.85 on the Index of Item-
Objective Congruence (IOC), indicating a high level
of agreement among experts regarding its relevance,
usability, and effectiveness in addressing the needs
of dependent older adults. A figure has been included
(Figure 2) to present the actual kit and its components for
clearer visualization of the innovation. The figure illus-
trates the kit’s compact, water-resistant, and ergonomic
design, enhancing portability and efficiency over conven-
tional box-based kits. It also highlights a systematically
organized set of essential tools that facilitate comprehen-
sive and effective oral care during home visits.

The general information of the 38 participants reveals
that the majority were female (86.84%), with the largest
age group being 20-30 years (68.42%). Participants were
evenly distributed between dentists and dental public
health professionals, each accounting for 50.0% of the
sample. Regarding education level, most participants held
a bachelor's degree (86.84%), while a smaller proportion
had a diploma (10.53%) or a master's degree (2.63%).
Notably, none of the participants reported holding a
doctorate or a professional certification/diploma (Table 1).

The evaluation of the innovative dental home visit
care kit was conducted with 38 participants, including
dentists and dental public health professionals. Based
on the feedback, the kit demonstrated exceptional effec-
tiveness in all assessed areas, achieving a high overall
satisfaction score of 4.48 (89.49%), as shown in Table 2.
In terms of functionality, the highest satisfaction scores
were observed in the usability of dental tools (95.79%)
and their suitability for patients’ oral conditions (95.26%),

indicating that the kit is well-suited for clinical purposes
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— shoulder strap

1.fluoride varnish
2.chlorhexidine mouthwash
3.alcohol gel

4.lubricants

5.toothbrushes and toothpaste

6.hand scaling instruments

7.modified toothbrush handle

8.tooth brushing model
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items list

9,10.disposable waste bags

11.vaseline

12.plaque disclosing agents
13.cotton rolls

14 flashlights

15.masks

16.hair caps

17.gloves

Figure 2: The innovative dental home visit care kit and its components.

Table 1: General information (n=38).

Category
Gender

Age

Occupation

Education Level

Sub-category

Female

20-30 years
31-40 years
41-50 years

51 years and above

Dentist

Dental public health professionals

Diploma

Bachelor's degree

Master's degree

Doctorate

Diploma

inventory checklist

18.hand towel
19.mouth mirrors,
explorers no. 5, forceps
20.gauze

21.syringes

22.dental wax
23.measuring tape

n Percent
33 86.84
5 13.16
26 68.42
7 18.42
2.63
4 10.53
19 50.0
19 50.0
4 10.53
33 86.84
2.63
0 0
0 0
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and tailored to the needs of dependent older adults. For
convenience, while the kit was rated very highly for easy
and straightforward usage (93.16%), slight improvements
could be made in its portability (91.47%) and organized
layout for tool access (90.08%). Regarding durability,
participants emphasized the quality of materials (85.20%)
and structural strength (85.00%), but noted that material
cost (82.00%) could be optimized further. In terms of
safety, secure closure (92.40%)and regular inspection
of tools and bag condition (89.21%) were rated highly,
ensuring the kit is reliable and safe to use. Additionally,
the cleanliness of the bag received a satisfaction score of
85.20%, further supporting its suitability for professional
dental home visits.

The satisfaction scores regarding the innovative
dental home visit care kit were evaluated by two groups:
dentists and dental public health professionals. The study
assessed four key aspects: functionality, convenience,
durability, and safety. In terms of functionality, both
groups rated this aspect highly, with mean scores of 4.65
for dentists and 4.82 for dental public health professionals.
The p-value (0.347) indicates no statistically significant
difference. For convenience, dental public health profes-
sionals rated this aspect slightly higher (x=4.63) compared
to dentists (x=4.46), but the difference was not statistically
significant (p=0.212). Regarding durability, the scores
were comparable, with means of 4.49 for dentists and
4.61 for dental public health professionals (p=0.610). In
terms of safety, this aspect received high ratings from
both groups, with no significant difference (p=0.386).
The analysis, performed using the Mann-Whitney U-test,
revealed no statistically significant differences (p>0.05)
between the two groups across all aspects, suggesting
similar levels of satisfaction with the innovative dental
home visit care kit. The comparison of satisfaction scores
between dentists and dental public health professionals is
presented in Table 3.

The assessment evaluated four key aspects—
functionality, convenience, durability, and safety—us-
ing a 4-point Likert scale (4=most important, 1=least
important). The results revealed that functionality was the
most highly rated aspect, with most evaluators consider-
ing it "Most Important" (52.63%) or "Very Important"
(42.11%), resulting in the highest mean score (x=3.47).
This indicates strong satisfaction and alignment with user

needs. Convenience was also highly valued, with over
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90% of participants rating it positively, including "Most
Important" (36.84%) and "Very Important" (55.26%),
leading to a high mean score (x=3.29), emphasizing its
practical value during dental home visits. In contrast, du-
rability received the lowest rating, with 71.05% marking
it as "Least Important", leading to the lowest mean score
(x=1.32), suggesting concerns about the kit's robustness.
Safety ratings were mixed, with "Moderately Important"
(60.53%) being the most common response, followed by
"Least Important" (28.95%), and a mean score of x=1.92,
indicating the need for improvements in this area. Overall,
the findings highlight functionality and convenience as the
most valued aspects, reinforcing the kit’s effectiveness
and ease of use in practice. However, the relatively lower
scores for durability and safety suggest areas that
require further development to enhance user confidence and
ensure the long-term reliability of the kit.

Participants recommended adding designated
compartments for tools to improve organization and
accessibility. Including educational materials, such as
educational pamphlets or guides, and items like dental
floss and a mouth gag was suggested to enhance the kit's

utility and comprehensiveness for home dental care.

Discussion

The development of the innovative dental home visit
care kit received a score of 0.85 on the Index of Item-
Objective Congruence (IOC), indicating strong expert
agreement on its relevance, usability, and effectiveness in
meeting the needs of dependent older adults. This study
aligns with other research highlighting the importance of
tailored dental care solutions for this population, which
is projected to experience a growing number of depen-
dent older adults requiring home-based care from dental
professionals.'%'®) This study aligns with the World
Health Organization (WHO) guidelines for healthcare
innovation, particularly in the initial phase. It addresses
two core strategies: collecting user feedback from dental
professionals through actual use and satisfaction question-
naires and developing expert-validated protocols to ensure
consistent and safe implementation. To enhance public
health integration and long-term impact, further efforts
should focus on standardization, wider regional distribu-
tion, and the establishment of measurable indicators to
assess oral health outcomes and guide future improve-

ments.'”) The demographic profile of the 38 participants
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Table 2: Evaluation of the innovative dental home visit care kit.

Functionality 1. Usability of dental tools 4.79 0.41 95.79 Very high
2. Suitability for patients’ oral conditions 4.76 0.43 95.26 Very high
3. Adequate storage for intended tools 4.66 0.57 93.16 Very high
Convenience 1. Easy and straightforward usage 4.66 0.57 93.16 Very high
2. Lightweight and portable for home visits 4.57 0.64 91.47 Very high
3. Organized layout for easy access to tools 4.54 0.64 90.08 Very high
Durability 1. Quality of materials used 4.26 0.49 85.20 High
2. Structural strength and durability 4.25 0.54 85.00 High
3. Reasonable material cost 4.10 0.71 82.00 High
Safety 1. Secure closure to prevent item loss 4.62 0.39 92.40 Very high
2. Tools are in working condition without damage 4.27 0.43 85.40 High
3. Regular inspection of tools and bag condition 4.46 0.46 89.21 Very high
4. Cleanliness of the bag 4.26 0.48 85.20 High
Overall satisfaction 4.48 0.52 89.49 High

Table 3: Comparison of satisfaction scores on the innovative dental home visit care kit between dentists and dental public health professionals.

Functionality 4.65 4.82 .347
Convenience 4.46 .70 4.63 49 212
Durability 4.49 .56 4.61 57 .610
Safety 4.70 44 4.78 41 .386

* Mann-Whitney U test, p<0.05

Table 4: Evaluation of the innovative dental home visit care kit.

Functionality 52.63 42.11
Convenience 14 36.84 21 55.26
Durability 0 0 1 2.63
Safety 4 10.53 0 0

5.26 3.47
3 7.89 0 3.29
10 26.32 27 71.05 1.32
23 60.53 11 28.95 1.92

Rating scale: 4=most important, 3=very important, 2=moderately important, 1=least important

showed that the majority were young (20-30 years old)
and female, with most holding a bachelor's degree. This
distribution reflects a common demographic in the dental
profession, where younger professionals are entering the
field with a foundational education level suitable for initial
practice.

Functionality was rated the highest among the four
aspects assessed, with both dentists and dental public

health professionals expressing high levels of satisfac-

tion. The majority found the tools in the kit well-suited
to clinical needs and practical for use in home settings.
Convenience was also highly rated, with over 90% of
participants indicating positive experiences in terms of
ease of use and portability. However, slight modifications
were suggested regarding the organization of tools to
further enhance accessibility during home visits. The
results highlight functionality as the most positively

evaluated aspect of the kit, consistent with previous



Oral Sci Rep: Volume 46 Number 3 September-December 2025

research underscoring the significance of practical and
efficient tools in enhancing home dental care.??) Both
dentists and dental public health professionals found
the tools appropriate for clinical needs and effective for
use in home environments. The high ratings for conve-
nience further validate the kit's portability and ease of use,
attributes crucial for delivering home-based care.!
Durability, while crucial for long-term use, received the
lowest ratings among the aspects assessed. Participants
noted concerns about material quality and the structural
integrity of the kit, reflecting a significant challenge
in maintaining reliable long-term performance. Safety
was identified as moderately important, with a need for
further improvements to ensure safe use, especially in
home settings. This aligns with prior research that stresses
the importance of ensuring ergonomic design and mini-
mizing risks associated with the use of dental equipment
in non-clinical environments.*?) For example, Steele
and Walls (1997) emphasized that safe and user-friendly
equipment is essential for the effective delivery of oral
care to frail and dependent older adults.1?

The Mann-Whitney U-test revealed no statistically
significant differences between dentists and dental public
health professionals in their satisfaction with the kit across
all aspects. This suggests a general consensus among
professionals, regardless of their specific roles or back-
grounds. The lack of significant differences may indicate
that the innovative dental home visit care kit is equally
effective and satisfactory for both groups, highlighting
its broad applicability and suitability for a diverse range
of dental care providers. This consistency in satisfaction
could reflect the kit’s user-friendly design and function-
ality, which meets the needs of both dentists and public
health officers involved in home-based care for dependent
older adults

The study highlighted the effectiveness of the
innovative dental home visit care kit in delivering
comprehensive oral care. Participants praised the kit for
its practicality, ease of use, and adaptability to the specific
needs of dependent older adults. These findings under-
score the essential role that home-based dental visits play
in maintaining oral hygiene for older adults, particularly
those who rely on others for daily care. The effectiveness
of such innovative dental home visit care kit in provid-
ing thorough and accessible oral care has been further

supported by several studies, which emphasize their value
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in improving oral health outcomes for elderly popula-
tions, especially those with limited mobility or access to
traditional dental services For instance, Niesten et al.,(!V
conducted a qualitative study that explored the impact of
frailty on oral care behaviors among older adults, empha-
sizing the urgent need for practical, tailored solutions for
this vulnerable demographic. Similarly, Henni ez al.,(!?)
performed a scoping review on oral health and quality
of life among older adults receiving home health care
services, highlighting the crucial role of accessible dental
care interventions in maintaining oral hygiene within this
population. Together, these studies reinforce the essential
role of innovative dental home visit care kit in improving
oral health outcomes for dependent older adults, who face
significant challenges in accessing traditional dental care

This study revealed that the innovative dental home
visit care kit received a high score for functionality,
indicating that it was highly effective and user-friendly
for dental professionals during home visits. The partici-
pants reported that the kit’s design and organization made
it easy to locate and use the necessary tools, contribut-
ing to a smoother, more efficient delivery of care. The
high functionality score suggests that the kit meets the
practical needs of dental professionals, allowing them to
provide quality oral health services to dependent older
adults in a home setting with minimal disruption. Previous
research has demonstrated that portable dental equipment
can significantly improve access to oral care for elderly
populations, particularly those with mobility limitations
or who are homebound. For instance, a study by Rahman
et al.*» explored dentists' perceptions of using portable
dental units in community outreach programs, emphasiz-
ing their utility in delivering care to underserved popula-
tions, including the elderly. The study found that portable
units allowed dental professionals to offer essential dental
services in non-clinical settings, helping to overcome
barriers such as transportation issues and physical limita-
tions. Additionally, Charlton (2007) emphasized that
portable dental equipment should prioritize mobility, ease
of use, durability, and suitability for older adults, par-
ticularly in space-limited settings.?>* Consistent with
these principles, the innovative dental home visit care
kit—featuring a compact, ergonomic, and water-resistant
design—offered greater portability and efficiency than
conventional box-based kits. Its organized layout facili-

tated faster setup and tool access, enabling more effec-
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tive care delivery during home visits. These advantages
demonstrate the kit’s alignment with Charlton’s criteria
for effective portable dental solutions. Recommendations
from study participants included the need for designated
compartments to enhance tool organization, the addition of
educational materials on oral health care, and the inclusion
of dental floss and a mouth gag for more comprehensive
care. These recommendations align with previous research
that emphasizes practical improvements in dental kits to
support patient education and the comprehensive care of
dependent older adults. This discussion underscores the
importance of refining innovative dental home visit care
kit to better meet the needs of dental professionals and
patients in community settings. The study's findings
provide critical insights into the design and usability
of dental care kits, emphasizing the need for material
improvements, particularly in durability and safety, to
enhance the overall effectiveness of dental care in home
settings.

The innovative dental home visit care kit demon-
strated practical effectiveness by expanding access to
dental services among dependent older adults. In 2025, the
year of its implementation, service coverage increased to
76.58%, compared to 32.04% in 2024, 26.92% in 2023,
and 58.21% in 2022, according to the Sukhothai Health
Data Center.>>) This upward trend highlights the kit’s
contribution to improving outreach and service equity.
Beyond high user satisfaction, the kit enhanced operational
efficiency by enabling more streamlined and timely care,
allowing dental personnel to serve more patients during
home visits. For national integration, key challenges
must be addressed, including securing sustainable fund-
ing, standardizing training and protocols, and establishing
robust monitoring and evaluation systems. Policy-level
support and collaboration with primary care teams and
community health volunteers are also critical for embed-
ding the kit into routine oral health services. Addressing
these factors is essential for maximizing public health
benefits and ensuring long-term sustainability.

In addition, the potential cost-effectiveness of the
innovative dental home visit care kit is noteworthy. Com-
pared to conventional box-based kits often used in field
visits, which are typically compartmentalized but less
adaptable, this innovative kit—although slightly more
costly in initial production due to its ergonomic, water-

resistant design and structured layout—offers greater
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long-term value. It improves efficiency, reduces prepara-
tion time, and enhances tool accessibility, allowing dental
professionals to provide care more quickly and serve more
households per visit.

The innovative dental home visit care kit developed
in this study illustrates the practical application of tailored
solutions for community-based care. Its adaptability to
different contexts allows it to effectively meet the unique
needs of elderly patients in home settings. The primary
benefit of this kit is its ability to improve oral health for
dependent older adults, thereby enhancing their overall
quality of life. By enabling dental professionals to provide
targeted, practical care in a familiar environment, the kit
helps reduce barriers to accessing essential oral health
services, leading to improved outcomes for dependent
older adults

The limitation of the study includes a small sample
size, which may limit the generalizability of the findings.
Additionally, the study assessed only user satisfaction
without evaluating direct outcomes in patients’ oral health,
thereby restricting conclusions about clinical effective-
ness. Most participants were aged 20-30 years, limiting
age diversity and potentially introducing bias or type I
error in comparative analyses. Future research should
examine long-term clinical outcomes, include more
diverse participant demographics, and explore the kit’s
integration into broader community-based oral health
systems to support evidence-based improvements for

dependent older adults.

Conclusions

This study demonstrates the effectiveness of the
innovative dental home visit care kit in meeting the needs
of dentists and dental public health professionals in caring
for dependent older adults. It highlights the importance
of adapting the kit to diverse community contexts and
improving material quality for safety and durability. The
findings provide valuable insights for optimizing dental
care kits, emphasizing the need for continuous innovation

to support high-quality, personalized care.
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Abstract

Objectives: This study evaluated the effects of light intensity and color on facial dimen-
sions measured along three axes (X, Y, and Z) using a structured-light 3D facial scanner.

Methods: Forty-seven adults (mean age 25.7+3.4 years) underwent facial scanning
under two light intensities (500 and 700 lux) and two light colors (daylight and cool white)
generated from a softbox photography lighting setup. The scans were performed in a
room illuminated with ambient daylight-color LED at 300 lux without external light inter-
ference. Facial measurements were analyzed using Dolphin Imaging Software. Two-way
repeated measures ANOVA was used to assess the effects of light intensity, light color,
and their interactions on facial measurements. Statistical significance was set at p<0.05.

Results: Light intensity had no significant effect on 3D facial measurements (p>0.05).
However, light color significantly influenced upper lip anterior-true vertical line through
the alar base (ULA-TVL) and lower lip anterior-true vertical line through the alar base
(LLA-TVL) measurements along the Z axis (p<0.05), with greater values recorded under
daylight compared to cool white. No significant interaction effect between light intensity
and light color was observed (p>0.05).

Conclusions: Light color influences upper and lower lip protrusion measurements in 3D
facial scanning with a structured-light 3D facial scanner, whereas light intensity does not.

Standardizing light color is recommended for consistent measurements.

Keywords: face, lighting, photography, 3D imaging
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Introduction

Facial 3D scanning is increasingly used in various
fields of dentistry,(> especially in complex cases where
facial soft tissue correction is an essential part of treatment
planning.®Y The advantage of a 3D facial scan lies in its
capacity to capture the entire face in three dimensions
without exposing the subject to radiation while also mini-
mizing angular errors. This technology enables precise
quantification of linear, angular, and volume changes in
facial regions,® the evaluation of facial deformities, and
superimposition for assessing treatment outcomes in fields
such as orthodontics, maxillofacial surgery, and prost-
hodontics.™ These capabilities surpass those of direct
measurement with a vernier caliper, which offers crude
measurements of a complex 3D morphology.(®

Studies have assessed the accuracy of various types
of 3D facial scanner technologies including stereophoto-
grammetry,""*) monoscopic photogrammetry,>®? 3D

laser scanners, %10 (1-3,11,12)

structured-light scanners,
and infrared scanners.?*!"1?) No significant difference
has been found between structured-light scanners and
stereophotogrammetry,(" but structured-light scanners
have been reported to be more accurate than 3D laser®
and infrared scanners.>>!12) In contrast, monoscopic
photogrammetry has been found to be less accurate than
stereophotogrammetry® but more accurate than 3D laser
scanning.”) These findings suggest that structured-light
scanners may offer the highest accuracy among the
various types of scanners.

Factors that reduce scanner accuracy include the
complexity of the patient's facial shape and surface condi-
tions, such as concavities and undercut areas," as well as
lighting conditions during scanning.'” Ambient light can
decrease the intensity of the light projected by scanners,
leading to degraded reconstruction quality'>) and inaccu-
rate coordinate measurements.(') Moreover, using only
overhead ambient lighting in a room has been reported
to cause images to have a greenish tint.'*) Additionally,
a laboratory experiment found that the color of the light
source (e.g., daylight, cool white, or dark night) can
influence the range accuracy of certain colors on a 24-color
patch chart.!®)

Medical imaging requires proper and sufficient
illumination of the surface. Overhead ambient lighting
alone may cause uneven shadows and reduce image detail

capture around cervical areas, especially in subjects with
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dark skin tones. Using additional hard light sources, such
as ring flashes, is not recommended, as they produce flat
images with inaccurate details and colors of the actual
face.(!31722) Studies have recommended positioning at
least two light sources at a 45-degree angle to both the
subject and the camera with the light passing through
a diffusion layer to reduce light harshness and hard
shadows. This can be achieved using a softbox or lighting
umbrella.(1-2D

Two key light parameters commonly considered
in imaging are light intensity and light color. Light
intensity, measured in lumens per square meter (Lm/m? )
or lux!"¥ represents the amount of light emitted onto a
surface, while light color ranges from warm yellow to
cool blue. The effect of light intensity and color during
facial scanning with a structured-light facial scanner on
the accuracy of obtained measurements remains unclear.
This study aimed to examine the effect of two different
light intensities and two different colors, projected from
a softbox light source setup, on distance measurements
along the X, Y, and Z axes during a 3D facial scan. The
null hypothesis was that distance measurements obtained
from a structured-light facial scanner under different light

intensities and colors would not differ significantly.
Material and Methods

Sample size

This study was approved by the Faculty of Dentistry,
Prince of Songkla University Ethics Committee (EC-
6704-022). All procedures were conducted in accordance
with relevant laws and ethical guidelines. The sample
size was determined based on a previous study investi-
gating the accuracy and precision of 3D images obtained
from a structured-light facial 3D scanner.>® The sample
size calculation was performed using G*Power software
(version 3.1.9.2), with parameters set at 0=0.05, power=0.9,
and effect size=0.4.%%) The minimum required sample
size was 44.

The inclusion criteria were subjects aged 18-30 years
with normal physical health, a visually normal facial
morphology with balanced proportions and symmetry, and
no visible abnormalities or deformities. Exclusion criteria
included craniofacial anomalies, a history of craniofacial
trauma or facial surgery, excessive facial hair that might

obscure anatomical landmarks, facial scars or birthmarks,
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ongoing orthodontic treatment, and an inability to comply
with the experimental protocol. The study procedure was
explained to each volunteer, privacy rights were observed,

and written informed consent was obtained.

Subject preparation and scanning process

Subjects were asked to remove makeup, accesso-
ries, and excessive facial hair. Hair was tied back, and a
headband was used if necessary. A black apron was worn
to cover their clothing. Following previous studies®1%%
fifteen anatomical landmarks (Table 1) were marked on
each the subject’s facial skin using edible marker by a
single operator (Figure 1). For each subject, landmarks
were placed once to minimize potential marking errors.

Subjects were seated 30 cm from the facial 3D scanner
in a natural head position. They were instructed to slowly
rotate their heads up and down, gradually reducing the
range of motion until they achieved a balanced position.
Once positioned, they looked into a mirror placed 200 cm
away at eye level, followed by an assessment from the
researcher to ensure a natural appearance. Subjects were
then asked to say “Emma” to relax their lips before gently
bringing their teeth into maximum intercuspation with
light occlusal contact, the same position used for routine
lateral cephalometric radiographs. Their eyes remained

open and their ears were included in all scans.

Table 1: Facial landmarks, abbreviations, and definitions.
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3D facial scans were performed in a room illuminated
by ambient overhead daylight-colored LED lighting at 300
lux, with no external light interference. Additional lighting
was provided by two softbox light sources placed 150 cm
away from the subject at a 45-degree angle relative to both
the facial 3D scanner and the subject. This setup produced
combinations of either 500 lux or 700 lux intensity. These
values were selected based on the recommendations of the
European Standard EN-12464: 2011?% which state that
acceptable illumination levels for physicians' examination
rooms should range between 500 and 1,000 lux. At each
light intensity, two lighting color temperatures, daylight
and cool white, were tested.

Before each scan, light intensity was measured
using a lux meter (DIGICON LX-50, Digicon Inc, Japan)
to ensure accuracy. Subject were allowed to rest for at
least 30 seconds with the lights turned off to reduce eye
strain between scans, after which the natural head position
setting method was repeated. A structured-light facial 3D
scanner (Accu3DX Co., Ltd) was used, and the scanning
sequence followed four conditions: 500 lux+daylight;
500 lux-+cool white; 700 lux+daylight; and 700 lux+cool
white. Each lighting condition was scanned only once
per subject.

The scanning process for each subject began with

a front view, followed by the right, left, and neck views.

Definition

The midpoint on the soft tissue contour of the base of the nasal root at the level of the

The lowest point of alar base (left and right sides)

The midpoint on the nasolabial soft tissue contour between the columella crest and the

The outermost point of vermillion border (left and right sides)

Midpoint of the upper vermilion line (upper vermillion border)

The middle contact point of upper and lower lips (in competent lips)

The most inferior midpoint of the vermilion border of the upper lip (in incompetent lips)
The most superior midpoint of the vermilion border of the lower lip (in incompetent lips)
Midpoint of the lower vermilion line (lower vermillion border)

The most posterior midpoint on the labiomental soft tissue contour that defines the border

The most inferior midpoint on the soft tissue contour of the chin

Anthropometry point Abbreviation
Nasion N
frontonasal suture
Alar contour AcL, AcR
Pronasale Prn The most anterior midpoint of nasal tip
Subnasale Sn
upper lip
Cheilion ChL, ChR
Labiale superioris Ls
Stomion Sto
Stomion superius Sts
Stomion inferius Sti
Labiale inferioris Li
Supramentale Sm
between the lower lip and the chin
Pogonion Pg The most anterior midpoint of the chin
Gnathion Gn
Upper lip anterior ULA The most anterior midpoint on upper lip
Lower lip anterior LLA The most anterior midpoint on lower lip
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A white mesh visible-spectrum projection pattern was
projected onto the face and captured from four angles by
an operator with experience in facial scanning, having
worked on more than 20 cases. The scanner was calibrated

before each scanning session.

Figurel: Facial landmarks and measurements used in the study. (A),
X axis: (B), Y axis: (C), Z axis.

3D facial measurement

The scanned facial images, saved as OBJ files, were
analyzed using Dolphin Imaging 11.9 (Dolphin Imaging
Systems LLC). Measurement variables in three axes
(Figure 1), adapted from previous studies>#2627) are
presented Table 2. The X-axis represented width, running
parallel to the interpupillary line; the Y-axis represented
length, running perpendicular to the X-axis and pass-
ing through the facial midline; and the Z-axis represents
depth in the anteroposterior direction, running perpen-
dicular to the true vertical line aligned with Earth's gravity
and perpendicular to the ground.

To assess intra-examiner reliability, all measurements
were repeated twice on ten randomly selected subjects,

with each measurement taken two weeks apart.

Table 2: 3D distance measurements in X, Y, and Z axes in millimeters.

X axis Y axis
AcL-AcR

ChL-ChR

N-Gn
N-Sto
Ls-Sto
Sto-Sm
Sto-Li
Li-Sm
Sto-Gn
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Statistical analysis

Statistical analysis was performed using SPSS soft-
ware (Statistical Package for the Social Sciences, version
29.0.1.0, IBM Corp). The Shapiro-Wilk test was used to
assess the normality of data distribution. For non-normally
distributed data, logarithmic transformation was applied to
achieve normality. Two-way repeated measures ANOVA
was conducted to analyze variance. Intra-examiner
reliability was evaluated using the intraclass correlation
coefficient (ICC). Significance was set at p<0.05.

Results

Forty-seven healthy volunteers participated in the
study. The mean age was 25.7+3.4 years with 33 females
(70.2%) and 14 males (29.8%). Descriptive statistics,
including the mean and standard deviation, are presented
in Table 3. The ICC values for the X, Y, and Z axes ranged
from 0.985-0.999, 0.929-0.999, and 0.986—0.999, respec-
tively, indicating excellent reliability for every lighting
condition.

Table 4 presents the results of the two-way analysis
of variance. Light intensity (500 lux vs. 700 lux) did not
significantly affect the measured distances in any of the
three dimensions (p>0.05). However, light color signifi-
cantly influenced the distances of the upper lip anterior-
true vertical line through the alar base (ULA-TVL) and
lower lip anterior-true vertical line through the alar base
(LLA-TVL) along the Z axis (p<0.05), while distances
along the X and Y axes remained unaffected (p>0.05).
ULA-TVL and LLA-TVL measurements were signifi-
cantly greater under daylight conditions than under cool
white light, with mean differences of 0.45+0.19 mm and

0.37+0.15 mm, respectively. No significant interaction

Z axis
Sn-Prn
Sn-TVL through the alar base
ULA-TVL through the alar base
LLA-TVL through the alar base
Sm-TVL through the alar base
Pg-TVL through the alar base

True vertical line (TVL) through the alar base was measured on the right side.
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between light intensity and color was observed in any of
the three dimensions (p>0.05).

Discussion

This study found that increasing light intensity from
500 lux to 700 lux did not affect facial scan measurements
along the X, Y, or Z axes. However, changing light color
from daylight to cool white resulted in significant devi-
ations in lip protrusion measurements along the Z axis.
No significant interaction was observed between light
intensity and light color.

A previous study reported that increasing light inten-
sity enhanced the completion of 3D facial scans, leading
to improved measurement accuracy, particularly along the
Z axis, which is often less precise due to insufficient light
reaching the deeper surfaces.®) However, that study used
a polyacrylic model, whereas the present study focused
on scanning human skin. Building on their findings, it
was demonstrated that light intensity of 500 lux and 700
lux did not cause deviations in measurements along any
axis, suggesting that both intensities are interchangeable
in practical applications.

A change in light color during the scanning affected
the upper and lower lip measurements along the Z axis

(depth dimension) but did not influence other distance

Oral Sci Rep: Volume 46 Number 3 September-December 2025

measurements. Daylight color resulted in greater distances
for these two parameters compared to cool white color,
which could be attributed to several factors.

First, daylight color provides higher contrast and
clarity,®® making the edges of the lips more distinct that
leading to more precise measurements. In contrast, cool
white light may not offer the same level of contrast, poten-
tially causing slight blurring at the lip edges, which could
shorten the perceived lip protrusion.

Second, lip color varies from light pink to brown,
which distinguishes it from other facial skin areas. This
suggests that light color may have a greater impact on
regions with these hues compared to skin-toned areas.

Our findings contrast with a previous laboratory
study'® which projected different light colors onto a
Macbeth ColorChecker chart containing 24 colors and
scanned it using a structured-light scanner. That study
found that red tones on the chart exhibited less deviation
in image capture compared to light and dark skin tones.
However, it is important to note that light pink to brown
hues — resembling natural lip color - were not represented
on the chart. Additionally, the absorption and scattering
properties of the color chart may differ from those of
human skin.

Lastly, the absence of a significant interaction effect

Table 3: Descriptive statistics for measurements under different light conditions in millimeters.

Measurements Mean 5D
500 lux Daylight 500 lux Cool white 700 lux Daylight 700 lux Cool white

X axis

AcL-AcR 19.18+0.27 19.29+0.27 19.26+0.26 19.13£0.24
ChL-ChR 46.52+3.46 46.62+3.50 46.56+3.73 46.78+3.49
Y axis

N-Gn 112.90+5.42 112.90+5.51 113.0145.41 113.19+5.48
N-Sto 74.58+3.75 74.71+3.76 74.99+3.77 74.72+3.90
Sto-Gn 38.08+4.20 38.00+4.25 38.10+4.29 38.15+4.33
Sto-Sm 16.70+2.21 16.64+2.20 16.75+£2.22 16.67+£2.27
Li-Sm 5.73£1.96 5.75+£2.02 5.81£1.79 5.76£1.98
Ls-Sto 7.59+1.32 7.56+1.33 7.47+1.30 7.48+1.22
Sto-Li 10.86+1.78 10.78+1.82 10.87+1.64 10.82+1.76
Z axis

Sn-Prn 12.19+1.81 12.18+1.71 12.29£1.79 12.26£1.72
Sn-TVL 8.65+2.27 8.58+2.24 8.68+2.41 8.60+2.12
ULA-TVL 13.18+2.58 12.78+2.67 13.28+3.08 12.79+2.59
LLA-TVL 11.57+2.94 11.2742.97 11.66+3.06 11.21+2.90
Sm-TVL 4.91+3.52 4.64+3.47 4.88+3.75 4.76+3.55
Pg-TVL 6.52+3.84 6.24+3.93 6.46+4.25 6.34+4.00
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Table 4: Summary of the two-way repeated measures ANOVA results for the measurements.

Light

Intensity

Color

Intensity and color
interaction

Measurements

X axis
AcL-AcR
ChL-ChR

Y axis
N-Gn
N-Sto
Sto-Gn
Sto-Sm
Li-Sm
Ls-Sto
Sto-Li

Z axis
Sn-Prn
Sn-TVL
ULA-TVL
LLA-TVL
Sm-TVL
Pg-TVL

X axis
AcL-AcR
ChL-ChR

Y axis
N-Gn
N-Sto
Sto-Gn
Sto-Sm
Li-Sm
Ls-Sto
Sto-Li

Z axis
Sn-Prn
Sn-TVL
ULA-TVL
LLA-TVL
Sm-TVL
Pg-TVL

X axis
AcL-AcR
ChL-ChR

Y axis
N-Gn
N-Sto
Sto-Gn
Sto-Sm
Li-Sm
Ls-Sto
Sto-Li

Z axis
Sn-Prn
Sn-TVL
ULA-TVL
LLA-TVL
Sm-TVL
Pg-TVL

* Statistical significance at p<0.05.

Sum of squares

0.07
0.44

0.00
2.13
0.31
0.00
0.10
0.42
0.03

0.37
0.02
0.12
0.01
0.02
0.02

0.00
1.31

0.00
0.23
0.01
0.00
0.01
0.00
0.18

0.02
0.28
9.43
6.44
0.03
0.03

0.68
0.16

0.00
1.88
0.20
0.00
0.05
0.02
0.01

0.00
0.00
0.11
0.22
0.00
0.00

Degree of freedom

— e e e

— e

O Sy Sy

— e = e e e

S VI a—

Mean square

0.07
0.44

0.00
2.13
0.31
0.00
0.10
0.42
0.03

0.37
0.02
0.12
0.01
0.02
0.02

0.00
1.31

0.00
0.23
0.01
0.00
0.01
0.00
0.18

0.02
0.28
9.43
6.44
0.03
0.03

0.68
0.16

0.00
1.88
0.20
0.00
0.05
0.02
0.01

0.00
0.00
0.11
0.22
0.00
0.00

F-value

0.24
0.25

2.96
3.48
0.57
1.01
0.65
1.34
0.06

1.48
0.02
0.06
0.01
0.69
1.14

0.00
0.70

0.24
0.33
0.01
0.02
0.05
1.00
0.41

0.08
0.39
5.58
6.12
2.82
1.15

2.76
0.10

2.11
2.72
0.48
1.64
0.17
1.00
0.03

0.02
0.00
0.06
0.21
0.04
0.14
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p-value

0.63
0.62

0.09
0.07
0.46
0.31
0.44
0.25
0.81

0.23
0.88
0.82
0.93
0.41
0.29

0.96
0.41

0.63
0.57
0.91
0.88
0.83
0.91
0.53

0.78
0.54
0.02*
0.02*
0.10
0.29

0.10
0.76

0.15
0.11
0.49
0.21
0.69
0.75
0.87

0.88
0.97
0.81
0.65
0.85
0.72
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between light color and light intensity suggests that the
influence of light color on the facial measurements was
independent of light intensity.

This study was conducted in a sealed room, elimi-
nating external light interference. Natural light can affect
image color, as its characteristics vary throughout the day,
with midday light tends to have a bluer tint, while morning
and evening light appear warmer.®?%) Additionally,
the light intensities and colors tested in this study are
commonly found in commercially available light bulbs.
This enhances the practical applicability of the findings,
making them relevant for real-world settings.

This study has some limitations. The findings are
specific to individuals with morphologically normal faces
and skin tones ranging from light-medium to tan, typical
of Asian skin tones. As a result, these findings cannot be
generalized to individuals with other skin tones. No com-
parisons were made with other types of 3D facial scanners
or different brands of the same scanner type. While the
same light bulbs were used and the light intensity was
calibrated with a lux meter throughout the study, light
color calibration was not performed. Using a light color
meter to measure color temperature could have ensured
greater consistency in light color conditions. This study
lacked an ambient light-only control group, which could
have shown how the measurements differed from those
taken under additional lighting conditions. Additionally,
the scanning sequence was not randomized. This may
have introduced potential order effects related to subject
adaptation, fatigue, or varying responses to lighting
exposure during repeated scans.

Furthermore, this study focused on precision (repro-
ducibility across conditions) in measurements under
different light intensities and colors rather than on
measurement accuracy (closeness to truth). Evaluating
accuracy would typically require a reference model as a
gold standard, as human skin exhibits natural variations
due to melanin, blood vessels, and oiliness. However,
examining the effect of light intensity and color on an
artificial model may not fully translate to human skin,
given the differences in light absorption and scattering
properties.

The clinical implications of this study suggest that
when using a structured-light scanner for 3D facial scan-
ning of the same subject, an additional light intensity of

either 500 lux or 700 lux can be interchangeable. To ensure
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consistency, it is recommended to use the same light color
throughout the scanning process. Although it was not
conclusive from this study, daylight color may be more
appropriate, as previous studies''>?% have indicated that
it provides neutral lighting, minimizing unwanted yellow

or green tints in the images.

Conclusions

* A light intensity of 500 lux or 700 lux did not affect
any of the three-dimensional measurements obtained from
a structured-light 3D facial scanner.

* Light color variations during 3D facial scanning
influenced upper and lower lip protrusions along the Z

axis.

Acknowledgments

The authors sincerely appreciate the financial
support provided by the Graduate School and the Faculty
of Dentistry, Prince of Songkla University.

References

1. Zhao YJ, Xiong YX, Wang Y. Three-dimensional accu-
racy of facial scan for facial deformities in clinics: a new
evaluation method for facial scanner accuracy. PLoS One.
2017;12(1):e0169402.

2. Tsuchida Y, Shiozawa M, Handa K, Takahashi H, Nikawa
H. Comparison of the accuracy of different handheld-type
scanners in three-dimensional facial image recognition.
J Prosthodont Res. 2023;67(2):222-30.

3. Amornvit P, Sanohkan S. The accuracy of digital face scans
obtained from 3D scanners: an in vitro study. Int J Environ
Res Public Health. 2019;16(24):5061.

4. Hajeer MY, Millett D, Ayoub A, Siebert J. Applications of
3D imaging in orthodontics: Part 1. J Orthod. 2004;31:62-70.

5. Pellitteri F, Scisciola F, Cremonini F, Baciliero M,
Lombardo L. Accuracy of 3D facial scans: a comparison
of three different scanning system in an in vivo study. Prog
Orthod. 2023;24(1):44.

6. Weinberg SM. 3D stereophotogrammetry versus traditional
craniofacial anthropometry: Comparing measurements from
the 3D facial norms database to Farkas's North American
norms. Am J Orthod Dentofacial Orthop. 2019;155(5):
693-701.

7. WonglY, Oh AK, Ohta E, Hunt AT, Rogers GF, Mulliken JB,
et al. Validity and reliability of craniofacial anthropometric
measurement of 3D digital photogrammetric images. Cleft
Palate Craniofac J. 2008;45(3):232-9.

8. Staller S, Anigbo J, Stewart K, Dutra V, Turkkahraman H.
Precision and accuracy assessment of single and multi-
camera three-dimensional photogrammetry compared with



Oral Sci Rep: Volume 46 Number 3 September-December 2025

10.

11.

12.

13.

14.

15.

16.

17.

18.

direct anthropometry. Angle Orthod. 2022;92(5):635-41.
Ayaz I, Shaheen E, Aly M, Shujaat S, Gallo G, Coucke W,
et al. Accuracy and reliability of 2-dimensional photography
versus 3-dimensional soft tissue imaging. Imaging Sci Dent.
2020;50(1):15-22.

Joe PS, Ito Y, Shih AM, Oestenstad RK, Lungu CT.
Comparison of a novel surface laser scanning anthropo-
metric technique to traditional methods for facial parameter
measurements. J Occup Environ Hyg. 2012;9(2):81-8.
Koban KC, Perko P, Etzel L, Li Z, Schenck TL, Giunta RE.
Validation of two handheld devices against a non-portable
three-dimensional surface scanner and assessment of poten-
tial use for intraoperative facial imaging. J Plast Reconstr
Aesthet Surg. 2020;73(1):141-8.

Koban KC, Perko P, Li Z, Xu Y, Giunta RE, Alfertshofer
MG, et al. 3D Anthropometric Facial Imaging-a comparison
of different 3D scanners. Facial Plast Surg Clin North Am.
2022;30(2):149-58.

Thongma-Eng P, Amornvit P, Silthampitag P, Rokaya D,
Pisitanusorn A. Effect of ambient lights on the accuracy of
a 3-dimensional optical scanner for face scans: an in vitro
study. J Healthc Eng. 2022;2022(1):2637078.
Katsioloudis PJ, Jones M. Effects of light intensity on spatial
visualization ability. J Technol Stud. 2017;43(1):2-13.
Chen BR, Poon E, Alam M. Photography in dermato-
logic surgery: selection of an appropriate lighting
solution for a particular clinical application. Dermatol
Surg. 2018;44(1):106-14.

Voisin S, Foufou S, Truchetet F, Page D, Abidi M. Study
of ambient light influence for three-dimensional scanners
based on structured light. Opt Eng. 2007;46(3):30502-3.
Swamy RS, Most SP. Pre-and postoperative portrait photo-
graphy: standardized photos for various procedures. Facial
Plast Surg Clin North Am. 2010;18(2):245-52.

Daniel RK, Hodgson J, Lambros VS. Rhinoplasty: the light

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

199

reflexes. Plast Reconstr Surg. 1990;85(6):859-66.
Fernandez-Pellon R, Saghir M, Jaber A, Apaydin F. Which
lighting option is the best for photography in rhinoplasty?.
Facial Plast Surg. 2021;37(05):657-65.

Khavkin J, Ellis D. Standardized photography for skin
surface. Facial Plast Surg Clin North Am. 2011;19(2):241-6.
Galdino GM, DaSilva D, Gunter JP. Digital photography
for rhinoplasty. Plast Reconstr Surg. 2002;109(4):1421-34.
Shah AR, Hamilton GS, Dayan SH. Pitfalls of photography
for facial resurfacing and rejuvenation procedures. Facial
Plast Surg. 2005;21(2):154-61.

Kim SH, Jung WY, Seo YJ, Kim KA, Park KH, Park YG.
Accuracy and precision of integumental linear dimensions
in a three-dimensional facial imaging system. Korean J
Orthod. 2015;45(3):105-12.

Chalearnthongtakul S, Arunjaroensuk S, Kaboosaya B,
Dhanesuan K, Tunwatatanapong B, Pimkhaokham A. The
accuracy and precision of twelve-angle camera facial scan
system for measurement of facial soft tissue. J Dent Assoc
Thai. 2023;73(2):145-52.

Comité Européen de Normalisation (CEN). Light and
lighting- Lighting of work places- Part 1: Indoor work
places. EN 12464-1. 2011:33-90.

Farkas LG, Tompson B, Phillips JH, Katic MJ, Cornfoot
ML. Comparison of anthropometric and cephalometric
measurements of the adult face. J Craniofac Surg.
1999;10(1):18-25.

Swennen GR, Schutyser FA, Hausamen JE. Three-dimen-
sional cephalometry: a color atlas and manual: Springer
Science & Business Media; 2005:260-70.

DeLaney W, Hughes P, McNelis J, Sarver J, Soules T. An
examination of visual clarity with high color rendering
fluorescent light sources. Leukos. 1978;7(2):74-84.
Jakowenko J. Clinical photography. J Telemed Telecare.
2009;15(1):7-22.



#: OSR
/

v mm  Assessing the Applicability of Artificial
Al Intelligence (Al) in Fabrication and
IR Plagiarism of Scientific Literature

in the Field of Orthodontics

Saeed N. Asiri!, Anwar S. Alhazmi®, Vini Mehta®

! Department of Pediatric Dentistry, College of Dentistry, Prince Sattam Bin Abdulaziz
University, Saudi Arabia
’Department of Preventive Dentistry, College of Dentistry, Jazan University, Saudi Arabia

Received: April 1, 2025
Revised: May 19, 2025 3 X .
Accepted: June 12, 2025 Department of Dental Research Cell, Dr. D. Y. Patil Dental College and Hospital, Dr. D. Y.

Patil Vidyapeeth (Deemed to be University), Pimpri, Maharashtra, India

Corresponding Author:

Vini Mehta, Department of Dental
Research Cell, Dr. D. Y. Patil Dental
College and Hospital, Dr. D. Y. Patil
Vidyapeeth (Deemed to be University),

Pimpri, Pune 411018, India Abstract

E-mail: vini. mehta@statsense.in
Objectives: The study aims to evaluate the applicability of Chat Generative Pre-trained
Transformer (ChatGPT-4) to fabricate an orthodontic research paper and assess the ability
of human reviewers (clinicians and academic reviewers) and artificial intelligence (AI)

detection tools to identify such fabricated content.

Methods: This study employed a descriptive exploratory research design. ChatGPT-4 was
used to generate a research paper on the orthodontic topic. A search strategy was used to
extract relevant research studies from three databases, then rewritten using ChatGPT-4.
A panel of 10 orthodontic experts were given a mix of Al-rewritten and human-written
abstracts to identify fake and real ones. Additionally, Al detection tools were tested for
their efficiency in identifying Al-generated content. The results were analyzed using

descriptive statistics and comparative percentages.

Results: Orthodontic experts and researchers correctly identified only 68% of Al-
generated abstracts as fake, while 86% of human-written abstracts were recognized as
real. Online Al detection tools demonstrated weak performance, with overall sensitivity
and specificity of just 89% and accuracy of 44.5%. GPTZero had 100% specificity and
100% predictive values, along with the highest sensitivity and accuracy compared to
others. However, writers Al demonstrates the poorest performance, indicating 0 predictive
values in identifying Al-fabricated research works.

Conclusions: Reviewers experienced difficulties in distinguishing between Al-generated
abstracts and those written by humans due to the substantial resemblance to real papers.
To safeguard scientific integrity, it is crucial to use measures such as improving detection

tools, refining peer review, and creating a transparent culture around Al use.
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Introduction

The integrity in scientific research is paramount
to advance scientific knowledge and improve patient
outcomes.!) The rapid development in the field of
artificial intelligence particularly large language models
(LLMs) has further aided in increasing productivity in
the research.?) These artificial intelligence (AI) models
have the ability to generate coherent texts in seconds,
thereby accelerating scientific writing tasks such as draft
automation, article summarization, and translation.®) Chat
Generative Pre-trained Transformer (ChatGPT), a LLM
powered by deep neural networks, has garnered signifi-
cant attention, attracting millions of active users within
just a few months of its launch.) Many researchers have
praised it for its usefulness in speeding up writing process,
grammar, and sentence restructuring, suggesting creative
ideas for scientific work, developing research outlines,
citation and referencing.®-”

However, despite its potential, scientific community
have pointed out the potential for Al based fabrication
and plagiarism in research on using ChatGPT.®) The
use of this Al chatbot has been evolving into a potential
"Weapon of Mass Deception" in research, contributing
to the publication of questionable papers in acade-
mic journals. This has emphasized the necessity for rigorous
assessments of ChatGPT generated scientific outputs.®'"
Moreover, there are many apprehensions that its acces-
sibility may decrease critical thinking and creativity
among the scientific community.('®) Studies have also
highlighted concerns about ChatGPT's use of existing data
and its tendency to generate fabricated information when
prompted with topics beyond its training dataset.”) This
introduce limitation in its reliability and can undermine
the ethical use of Al in academic writing.!!>!¥ Studies
has also identified the risk of fake image generation
using these intelligent models for fraudulent practices in
research.13:10) Besides, the ease with which Al can
generate convincing yet entirely fabricated research
papers pose another significant threat to the scientific
literature. These Al-generated works can undermine the
credibility of legitimate research and lead to misguided
clinical decisions.”) Furthermore, since ChatGPT is
trained on a vast amount of internet-based data, it may
unintentionally generate phrases that replicate or closely
resemble previously published material without provid-

ing appropriate credit or citations, thereby increasing the

201

risk of unintentional plagiarism.(®) Although there are
many significant tools that support plagiarism checks
and Al-generated text, the ability of the Al-assisted para-
phrasing tools has shown risks of passing the plagiarism
checkpoints.!”) Else H, in 2023, demonstrated similar
concerns in his paper indicating that “Abstracts Written
by ChatGPT Fool Scientists”.('® This raises concerns
about the integrity and accuracy of using ChatGPT in
academic writing.

In the field of orthodontics, the importance of
accuracy in diagnoses, treatment planning, and predicting
treatment outcomes has been emphasized to treat patients
efficiently.(l) Evidence-based research has been critical
for improvement in patients’ health conditions in the
orthodontics field through treatment planning, appliance
designing and development of patient care protocol."
However, with the growing pressure to conduct research
and development, the risk of publishing fabricated papers
has also risen in this highly technical field which pose
ethical risk such as misinformation, data fabrication,
compromised academic integrity and clinical misjudge-
ment.'”) Therefore, it is essential to uphold the authen-
ticity of orthodontic research to address the heightened
risks of fabrication and plagiarism, which may ultimately
affect the academic credibility for patient care and
well-being.?? Therefore, this study aims to evaluate the
capability of an Al chatbot—ChatGPT-4—to fabricate an
orthodontic research paper and assess the effectiveness of
human reviewers (clinicians and academic reviewers) and
Al detection tools in identifying such fabricated content.
The primary objective of this study is to answer a very
important research question investigating that how effec-
tive is ChatGPT-4 in fabricating an orthodontic research
paper, and what is the accurately can human reviewers
identify the Al fabricated research work from human-
generated. Furthermore, this study also investigates how
effective are current online Al detection tools in iden-
tifying paraphrased or reworded Al-generated research
papers. Additionally, the study seeks to explore the
implications of these findings for the orthodontic research
community. Understanding of these Al implications is
vital to safeguard the credibility of orthodontic research
and ensure responsible adoption of Al technologies in
scholarly communication and evidence based clinical

decision making.
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Materials and Methods

This study employed a descriptive exploratory
research design, which aims to perform a detailed analysis
of the ChatGPT’s potential to produce Al-fabricated

research papers in orthodontics.

Al based abstract generation

OpenAl’s LLM, ChatGPT version 4, was used to
generate a sample research manuscript on a topic related
to the orthodontic field. We chose to fabricate a systematic
review paper comparing the effectiveness of two treatment
appliances- Herbst and Forsus, in treating Class 11
malocclusion. The following prompt was sent to
ChatGPT-4, along with the PICO format (Population,
Intervention, Comparator, and Outcome) specifications
requisite to fabricate the research article: "Write me a
systematic review paper that includes an introduction,
methods, results, and conclusion section comparing the
effectiveness of HERBST and FORSUS appliances in
treating class II malocclusion using and give it a title."
The following command was systematically developed
after considering prior methods published in the previous
studies. In a study by Ray PP®Y it was comprehensively
explained applications of ChatGPT’s different versions.
Similarly, authors have also referred to Biswas SS(®
to further authenticate the process of developing these
commands and prompts given to Al tool to generate
fabricated research papers.

This prompt was designed to mimic realistic scientific
inquiry by incorporating key components of research
structure: objective, methods, results, and conclusions.
All prompts were written by a single author (VM) to
ensure the minimum variability in the methods of data
collection. Since the outline for the manuscript was given
in the initial prompt itself, the Al tool generated a prop-
er review research article, which was further used to
assess the efficiency of the researchers in identifying Al-
generated or written abstracts.

Search and extraction of human written abstracts

A systematic search strategy was developed based
on the PICO framework (including MeSH and key terms]
to retrieve the human-generated abstracts from three
scientific databases- PubMed, Scopus, and Google Scholar
(detailed search strategy given in Supplementary Table 1).
Abstracts from relevant review research articles published
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in high-impact dental journals were deemed eligible and

included in the study.

Abstract evaluation by human reviewers

The selected abstracts were re-written using
ChatGPT-4 based on the title prompt given to the Chat
GPT. A panel of 10 orthodontic experts who had a post-
graduate qualification in orthodontics, had over 10 years
of experience in the field, including both the researchers
and the clinicians, knowledge or prior experience of scien-
tific research, publication or peer reviewing were selected
randomly for evaluation process. They were given a mix
of Al-rewritten and human-written abstracts to identify
fake and real ones. The methodology for the evaluation
of results was similar to the one used by Gu et al.,('> and

2) in their comparative study on Al-generated

Gaoetal.,
scientific abstracts and medical images with that of

original scientific works.

Abstract evaluation by Al detection tools

The following Al detection tools were used to
evaluate the Al generated vs real abstracts: Writer Al,
Grammarly Al detector, Writefull X, Content detector Al,
ZeroGPT and GPTZero. This analysis was intended to
demonstrate the potential of Al detection tools in filtering
out research fabricated abstracts with and without being
reworded. Rewording was done using the tool- Quillbot.
This methodology was in accordance with the one
described by Elali and Rachid.!'

Data management and analysis

All collected data were entered and managed in
Microsoft Excel (Version 2402, Office 2019). Descriptive
statistics and comparative analysis were performed and
the results are presented in the form of percentages,

followed by narrative descriptions.
Results

Ability of ChatGPT-4 to generate orthodontic research
paper

In response to the prompt, the Al model successfully
generated a convincing orthodontic research abstract. On
analysing the fabricated research paper (Table 1), the
appearance seemed to be scientifically sound initially;

however, upon closer inspection, it was observed to
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contain fabricated data and results that could not be

verified.

Ability of ChatGPT-4 to generate modified conclusion
in favor of the treatment of interest over the other

In addition, on giving a prompt to support one treat-
ment's effectiveness over the other, ChatGPT meticulously
generated the conclusion that indicated the superiority of

treatment-of-choice over the other (Table 2).

Performance of human reviewers in distinguishing Al
fabricated vs human-written research abstracts

The abstracts from the original reviews were regen-
erated using ChatGPT on the same title (Supplementary
Table 2). Interestingly, it was found that orthodontic
experts failed to identify 14% of human-generated
abstracts and had difficulty recognizing 32% of Al-
generated content. (Tables 3 and 4)

Accuracy of Al tools in detecting Al-reworded vs
original human research works

On analysis, it was found that online Al detectors
showed varying degrees of precision in identifying the
Al-generated content ranging from 61.63% to 100%
(Table 5). However, their efficiency was significantly
reduced when the text was processed through online
rewording tools. Grammarly Al failed to identify the
Al generated text, whereas other tools identified only
6-38.2% of content as Al generated. As shown in the Table
6, overall specificity, and sensitivity of the tools (n=6)
were only 89%, with an accuracy of 44.5% cumulatively.
Also, positive predictive values (PPV) and negative
predictive values (NPV) for the tools indicate poor to
moderate levels of performance. Writer Al and Content
Detector failed to detect any fabricated abstracts correctly,
having zero sensitivity and PPV. However, GPTZero has
excellent specificity (100%) and PPV (100%), along with
the highest sensitivity and accuracy compared to others
for identifying fabricated abstracts (including re-worded).
Also, the content detection rate was fairly poor, with only
11.7% overall across all the tools.
Overall performance metrics;

* Sensitivity = 23%

* Specificity = 66%

* Sensitivity + specificity= 89% (significantly less
than 150%)
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* Overall Accuracy = 44.5%

Discussion

The findings of this study demonstrate that
ChatGPT-4 is capable of generating scientific research and
abstracts based on provided prompts or titles. This poses
significant challenges to the orthodontic field and related
scientific community. Moreover, it is also noteworthy that
the ability of LLMs (ChatGPT-4) to produce fabricated
scientific pieces of information has advanced to a level
where it is challenging for humans to differentiate between
Al-fabricated research papers from human-written ones.
This indicated that ChatGPT-4 can fabricate convincing
yet entirely plagiarized research papers, demonstrating
the capabilities of Al to produce false or misleading
information and undermining the ethical integrity of the
scientific community.(!®) This view was supported by
Tan et al.,*® while assessing the ability of generative Al
in the field of ophthalmology. OpenAl, the developer of
ChatGPT also stated that the ChatGPT model can produce
"plausible-sounding yet erroneous or illogical responses.”
Also, the model is iteratively updated based on users’
feedback to improve it. Hence, this is an evident sign that
the model is not yet prepared to be used as a trustworthy
source of information, especially in absence of human
supervision.?¥

The ability of ChatGPT-4 to create a fabricated ortho-
dontic research paper based on prompts indicate that the
model cannot make an evidence-based decision-making.
Existing studies!"">32%) have made comparable findings,
showing the possible hazards of data falsification on use of
Al technologies. In a similar vein, Lingard®” stated that
ChatGPT do not have knowledge and it can only generate
semantically meaningful and grammatically correct
responses based on prediction. Thus, the responses have
uneven factual accuracy. This inaccurate or misleading
research if not supervised is potentially dangerous in
determining best treatment option and may put patients'
health at stake by resulting in poor healthcare decisions.
Eladi and Rashid"D, reported that ChatGPT can fake
findings using the most recent available data. Such is-
sues became more obvious with the introduction of
GPT-4, which has potential of handling wide range of
instructions.?32?) According to Hwang ez al.,% while
Al chatbots have demonstrated impressive capabilities in

their approach, they still fall short in satisfying the needs
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Table 1: Fabricated research model generated using an intelligent AI Chatbox: ChatGPT.

Prompt

Response

Write me a systematic review paper that includes an introduction, methods, results, and conclusion section comparing the effectiveness
of HERBST and FORSUS appliances in treating class II malocclusion. Give it a title.

Title:
Comparative Effectiveness of Herbst and Forsus Appliances in the Treatment of Class II Malocclusion: A Systematic Review

Abstract

Objective: This systematic review aims to compare the clinical effectiveness of the Herbst and Forsus fixed functional appliances in
the treatment of Class II malocclusion, focusing on skeletal and dentoalveolar changes, treatment duration, and patient compliance.
Methods: A systematic search was conducted across PubMed, Scopus, Embase, and Cochrane Library databases up to May 2025.
Randomized controlled trials (RCTs), prospective, and retrospective studies comparing Herbst and Forsus appliances in growing
patients with Class II malocclusion were included. Study quality was assessed using the Cochrane Risk of Bias tool and the New-
castle-Ottawa Scale.

Results: A total of 12 studies were included, comprising 6 RCTs and 6 observational studies. Both appliances demonstrated signif-
icant improvement in molar relationships and overjet reduction. Herbst appliances were associated with greater skeletal changes,
particularly mandibular advancement, while Forsus appliances showed more dentoalveolar compensation. Forsus showed better
patient compliance due to easier insertion and removal.

Conclusion: Both Herbst and Forsus appliances are effective in managing Class II malocclusion. Herbst offers greater skeletal
changes, whereas Forsus is advantageous in terms of patient comfort and ease of use. Appliance choice should be individualized
based on patient growth status, clinical objectives, and compliance potential.

Introduction

Class II malocclusion, characterized by a retrusive mandible, affects approximately one-third of the adolescent population and is a
common reason for orthodontic treatment. Functional appliances have been widely used to correct this discrepancy by stimulating
mandibular growth or by dental compensation.

Among the fixed functional appliances, the Herbst appliance, introduced in the early 1900s, is considered a rigid, noncompliant
device that promotes mandibular advancement. In contrast, the Forsus Fatigue Resistant Device (FRD) is a semi-rigid, push-rod
spring appliance introduced in the early 2000s, known for its ease of application and compatibility with fixed orthodontic appliances.
Although both devices are widely used, debate continues regarding their relative effectiveness in producing skeletal versus dental
changes and their overall impact on treatment outcomes. This systematic review aims to critically assess and compare the clinical
effectiveness of Herbst and Forsus appliances in treating growing patients with Class II malocclusion.

Methods

Protocol and Registration

This systematic review was conducted following PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines. The review protocol was registered in PROSPERO (ID: CRD42025255011).

Eligibility Criteria
Inclusion criteria:
¢ Human studies involving Class II malocclusion patients aged 818 years
» Comparisons between Herbst and Forsus appliances
¢ Outcomes including skeletal changes, dental changes, treatment duration, and compliance
¢ RCTs, cohort studies, and controlled clinical trials
» English language articles
Exclusion criteria:
« Case reports, expert opinions, reviews, animal studies
+ Studies without comparative data between appliances
Information Sources and Search Strategy
Databases searched: PubMed, Scopus, Embase, and Cochrane Library (up to May 2025). Search terms included:
» "Herbst appliance" AND "Forsus appliance" AND "Class II malocclusion"
» "Functional appliance" AND "mandibular advancement"
« Filters: Human studies, English language
Study Selection
Two reviewers independently screened titles, abstracts, and full texts. Disagreements were resolved by a third reviewer.
Data Extraction and Quality Assessment
Data extracted included: sample size, patient age, appliance type, treatment duration, skeletal and dental outcomes, and compliance
indicators. Risk of bias in RCTs was assessed using the Cochrane Risk of Bias 2.0 tool, while observational studies were evaluated
using the Newcastle-Ottawa Scale.
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Results
Study Selection
From 487 articles identified, 47 full-texts were reviewed, and 12 studies met the inclusion criteria (6 RCTs, 6 observational studies).
A PRISMA flow diagram summarizes the selection process.
Study Characteristics
* Total participants: 654 (Herbst: 326, Forsus: 328)
e Agerange: 10-16 years
*  Mean treatment duration: 9-12 months
*  Most studies had a follow-up period of 6—18 months post-treatment

Skeletal Changes
* Herbst appliances produced statistically significant increases in SNB angle (mean increase: 1.8°) and mandibular length
(Co-Gn).

¢ Forsus also induced mandibular growth, but changes were more dentoalveolar than skeletal.
» Studies using lateral cephalometry confirmed that Herbst produced more pronounced mandibular advancement.
Dentoalveolar Changes
* Both appliances reduced overjet effectively (Herbst: 4.5-6 mm; Forsus: 4-5.5 mm).
e Forsus showed greater maxillary incisor retroclination and mandibular incisor proclination, indicating more dental
compensation.
Treatment Duration and Compliance
*  Treatment duration was comparable.
« Forsus was easier to integrate with fixed orthodontic appliances and allowed better hygiene and patient comfort.
¢ Herbst showed higher rates of appliance breakage and soft tissue irritation.
Risk of Bias
¢ Among RCTs, 4 studies showed low risk, while 2 had unclear risk due to lack of blinding.
¢ Observational studies had moderate to high methodological quality.

Discussion

This review highlights the relative strengths of Herbst and Forsus appliances in treating Class Il malocclusion. Herbst offers superior
skeletal correction due to its rigid design and constant mandibular posturing. Forsus, while less impactful on skeletal growth, effec-
tively achieves correction through dental compensation with greater ease of use and better patient tolerance.

These differences suggest that Herbst is more suitable for patients in early or peak growth periods, while Forsus may be pre-
ferred during late adolescence or in non-compliant patients due to its user-friendly nature.

However, heterogeneity in measurement methods, appliance designs, and treatment timing limits the generalizability of results. Future
high-quality RCTs with standardized outcome measures and long-term follow-up are warranted.

Conclusion

Both Herbst and Forsus appliances are effective in correcting Class II malocclusion. Herbst tends to produce more skeletal changes,
while Forsus achieves correction primarily through dentoalveolar modifications. The choice between the two should be tailored to

individual patient characteristics, including growth potential, compliance, and treatment goals

Table 2: Prompt given to Chat GPT to support only one treatment intervention over the other.

Prompt given to Chat GPT to support only one treatment intervention over the other.

Original conclusion from This systematic review concludes that both the Herbst and Forsus appliances are effective in treating Class

the initial prompt II malocclusion, but each has specific strengths. The Herbst appliance is more effective in achieving skeletal
correction and is preferable in cases where mandibular advancement is a priority. The Forsus appliance, how-
ever, offers shorter treatment duration and higher patient compliance, making it a good choice for patients
prioritizing comfort and ease of use. Further high-quality RCTs with standardized outcome measures are
needed to draw more definitive conclusions on the comparative effectiveness of these appliances. Clinicians
should consider patient preferences, compliance levels, and treatment goals when choosing between the Herbst
and Forsus appliances to achieve optimal treatment outcomes for Class II malocclusion.

New prompt in support of Support HERBST as an effective management strategy for the Class 11 malocclusions

choice of treatment

The new modified response  Both HERBST and FORSUS appliances are effective in treating Class II malocclusions, with distinct

generated by ChatGPT-4  advantages depending on patient characteristics and treatment objectives. HERBST, with its proven ability
to achieve significant skeletal changes and mandibular growth stimulation, is a highly effective strategy,
particularly for growing patients. FORSUS is better suited for dental corrections and enhancing patient
compliance. Clinicians should integrate patient preferences, growth potential, and treatment goals into the

decision-making process
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Table 3: Percentage distribution comparing abilities of human reviewers in identifying Al vs human written abstracts.

Human Reviewers (orthodontic clinicians and researchers)

Assessed accurately

Assessed inaccurately

Table 4: Prompt given to the ChatGPT-4 for fabrication of the abstract.

Prompt
A Systematic Review."

Response

Abstracts (in percentage)

Human ChatGPT
86 68
14 32

Write me an abstract on the topic “Effectiveness of Herbst and Forsus Appliances in Treating Class 1l Malocclusion:

Class II malocclusion, a common orthodontic issue, is frequently managed with functional appliances. The Herbst and

Forsus appliances are widely utilized in this treatment, but their comparative efficacy remains a subject of interest. This

systematic review evaluates the effectiveness of these two appliances in correcting Class II malocclusion, focusing on

dental and skeletal changes, treatment time, and patient compliance. Results from various clinical studies are analyzed

to provide a comprehensive comparison, guiding clinicians in selecting the most suitable appliance based on treatment

goals and patient needs.

Table 5: Al detection test results from different diagnostic tools after paraphrasing

Conclusions

Original Abstract (Al fabricated):

Class Il malocclusion, a common orthodontic issue, is frequently managed with
functional appliances. The Herbst and Forsus appliances are widely utilized
in this treatment, but their comparative efficacy remains a subject of interest.
This systematic review evaluates the effectiveness of these two appliances
in correcting Class II malocclusion, focusing on dental and skeletal changes,
treatment time, and patient compliance. Results from various clinical studies
are analyzed to provide a comprehensive comparison, guiding clinicians in se-
lecting the most suitable appliance based on treatment goals and patient needs.
Reworded Conclusion:

Functional appliances are commonly used to treat Class II malocclusion, a
common orthodontic issue. Although the Herbst and Forsus appliances are
frequently used in this treatment, there is still debate regarding their relative
effectiveness. With an emphasis on patient compliance, treatment duration,
and dental and skeletal changes, this systematic review assesses how well
these two appliances work to correct Class II malocclusion. A thorough
comparison is produced by analyzing the results of multiple clinical studies,
which helps clinicians choose the best appliance for their patient's needs and

treatment objectives.

Detector Name
Writer AI*

Grammarly Al detector.

Score (Realness)
83% Human-generated
100% of this text appears
to be Al-generated

ZeroGPT¢ 61.63% generated from
GPT
GPT Zero® 0% Human
0% Mixed
100% Al
Writer Al 94% human-generated

Grammarly Al detector

content
0% of text appears to be
Al-generated

ZeroGPT 38.2% of the text is
ChatGPT generated
GPT Zero 91% Human
1% Mixed
8% Al

a: Writer Al: https://writer.com/ai-content-detector/; b: Grammarly Al: https://www.grammarly.com/ai-detector; c: ZeroGPT: https://www.

zerogpt.com/; d: GPT Zero: https://gptzero.me/

of specialized healthcare professions like orthodontics.
Additionally, ChatGPT adhere closely to the ethical guide-
lines of European Union for Artificial intelligence, which
underscore the significance of technical safety and robust-
ness, human supervision, privacy, and data governance.
Thus, before using ChatGPT, the possible drawbacks and

moral issues must be carefully evaluated and resolved.!

Our findings also indicate that orthodontic researchers
and clinicians face significant difficulties in accurately
differentiating between Al-fabricated and human-
generated works which clearly emphasizes the ability
of AI to mimic human works. Gao et al.,*?) reported
68% accuracy of identification of Al generated abstracts

by reviewers. Similarly, Levin ez al.,*? in their study
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Table 6: Detection rates of Al-generated abstracts from the five review papers.
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Correctly Detected Incorrectly detS:t]il(:;n:ate Positive Negative
Al detection identified as partial AT identified as (detected Al% Sensitivity ~ Specificity ~predictive predictive = Accuracy
tools Al-based (in  content (in  Al-based (in by actual Al % Y% values values %
percentage)  percentage)  percentage) %) (PPV)%  (NPV) %
Writer Al 0 0 100 0.27 0 44 0 44 22
Grammarly Al 0 20 100 0.19 0 50 0 63 25
GPTZero 100 0 0 3.68 60 100 100 71 80
Write full X 0 20 80 0.34 20 80 50 50 50
Content detector 0 20 80 0.94 0 60 0 38 30
Al
ZeroGPT 0 60 40 1.65 60 60 60 60 60

reported that reviewers only found 46.3% of gynaecologic
oncology abstracts generated by ChatGPT. However, we
also noted that the reviewers also misclassified some of
the abstracts which is in concordance with Gao et al.,??
study. This highlights that human reviewers themselves
have faced challenges in assessing the samples, indicating
that Al's ability to generate fabricated outcomes poses a
significant threat to the research community's analytical
and intellectual integrity.*?) This is compounded by
ChatGPT's ability to offer incorrect yet confident, sensible,
and compelling responses in healthcare research, also
known as Al hallucination. Alkaissi and McFarlane
had similar opinions on the risk of hallucinations in Al-
powered medical research.'®) Kim ez al.,?* noted hallu-
cination in 20% of spine-related responses generated by
Al indicating its plausible ability to tell a lie and making
it difficult for users to differentiate between real and fake
research works.>>33) This can be attributed to the capa-
bilities of LLMs to formulate research work mimicking
human works using large integrated databases.*¥

While the AT detection tools are relatively good at
avoiding false positives, their ability to detect fabricated
abstracts (true positives) is limited and varied across
the different Al tools. This result was supported by the
observation given by Chakraborty et al.,*>) and Kim
et al.,* indicating that the probability of fabricated
research work bypassing checkpoints designed solely for
detection purposes increased the chance of plagiarized
work. Similarly, Ibrahim et al.,(36) and Kar et al.,(37) also
expressed concerns over inaccurate performances of the
Al detection tools. Our analysis also revealed that the Al
detection commented "Your text is AI/GPT Generated"

in 80% (4 of 5) of human-written abstracts, underscoring
the practical constraints on its uses. Similarly, Odri and
Yoon®® discovered that AI detection methods errone-
ously identified Al-generated content in an essay written
by Charnley in 19603%), demonstrating that the detection
tools' estimates were wrong. As a result, difficulties in
identifying Al-generated abstracts as true positives have
highlighted the limited efficiency of contemporary Al
detectors.!!) The discrepancies in accuracies between Al
detection technologies can be attributed to variances in
algorithms and detection tactics used by different plat-
forms. Some Al detection technologies rely on monolin-
gual algorithms like repetition, predictability, sentence
organization, and burstiness to determine whether or not
the text is Al generated. However, these techniques are not
infallible, especially when applied to scientific abstracts,
which have a rigid, formal, and consistent structure that
limits the detection capabilities of tools. Furthermore,
the usage of paraphrase tools or generative Al assistants
like Copilot and Grammarly adds an additional degree of
difficulty for Al detection tools. As a result of the wide-
spread use of these technologies, distinguishing between
paraphrased, plagiarized, and Al-fabricated work has
become increasingly difficult. Moreover, our analysis also
reiterates the Ji e al.,*? conclusion, which indicates the
detection tool’s ability to detect Al-fabricated content
has created hallucinations regarding LLMs in the scien-
tific research community. Furthermore, LLMs such as
ChatGPT-4 are stronger tools with capabilities to generate
highly coherent, contextually appropriate, and human-like
text that can evade detection algorithms. This observation

was also given by Flitcroft ez al.,*") indicating varying
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performances of Al detection tools and false conclusions
by labeling human-written articles as Al-generated. It
is noteworthy that these detection tools are trained on
different yet limited datasets, which eventually limits
their power to detect such coherent scientific texts. This
suggests that there is an urgent need to modify and develop
powerful tools to assess such deeper semantic, stylistic, or
discourse-level inconsistencies found in the Al-fabricated
texts. Similar observations were given by Weber-Wulff
et al.*?) concluding that “most available detection tools
were neither accurate nor reliable and showed bias toward
classifying output as human-written rather than detecting
Al-generated text”. Notably, one of the studies by Liang
et al.,* also noted that GPT detectors possess a signifi-
cant risk of bias against non-English language papers by
consistently classifying them as Al-generated. The study
also highlighted that simple prompting strategies can
successfully evade the abilities of these detection tools,
indicating their inabilities. Thus, the restricted detection
capabilities of Al technologies necessitate a more nuanced

approach to evaluating scientific literature.

Implications

As LLMs and generative Al continue to advance,
distinguishing between human-generated and Al-gen-
erated texts will become increasingly difficult, making
the detection process nearly impossible.®> Thus, with
an understanding of the possible risks of Al technology
in regard to orthodontics research, it has become vital to
ensure minimum infiltration of AI produced or para-
phrased works in the research databases.®3*% Despite
the fact that Al-generated content is factually reliable and
free of plagiarism, orthodontic doctors and researchers
must exercise caution when using it. This is because Al
models are based on probabilistic trends from massive
data sets, which can provide contextually inaccurate
information without genuine grasp of the context, as well
as plausible-sounding claims with insufficient proof.
Furthermore, it cannot provide methodological rigor
and ethical accountability, which jeopardize scientific
integrity. Thus, journals must ensure the establishment
and implementation of a rigorous verification process
that will serve as a checkpoint when accepting research
papers.?”) Eladi and Rashid indicate that methods like
submitting data collection proofs, proof of methodology

(depending on the type of the completed study), and codes
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used for statistical analysis can assist to minimize poten-
tial fraud.!") Similarly, editors and reviewers from the
journals should also be educated regarding the identifica-
tion of the potential influx of plagiarized work.>> This
can be done by provisioning workshops and seminars
where they can be sensitized regarding patterns and signs
of Al-generated content.!> Such positive practices will
not only incorporate a culture of transparency but will
also foster trustworthiness among the researchers.!1%*%)
While this study highlights the implications of Al-gener-
ated research within the orthodontic field, future research
could extend to other areas of medical and dental sciences
to gain a deeper understanding of the impact of such
methods. Additionally, researchers could explore effec-
tive strategies for identifying Al-generated content using
advanced technologies, as well as examine the potential

long-term impacts on future research in this domain.

Strengths and limitation

To the best of our knowledge, this study was the
first of its kind in orthodontic research, demonstrating
potential risks associated with the use of LLM-based Al
chatbots in orthodontic research. However, it has several
limitations. The sample review paper used in this study
was fairly small. Furthermore, the LLMs used to generate
summaries are applied based on an analysis of the primary
findings of the studies, which introduces the potential
for subjective bias. Additionally, it was not possible to
create a receiver operating characteristic (ROC) curve to
evaluate the performance of different detection tools as
there is no standardized criteria for defining Al generated
content which may hinder confusion matrix calculation- a
requisite for ROC analysis. Our evaluation was limited
to the performance of open-source Al detection tools,
which restricted our understanding and the applicability
of the results to subscription-based Al detection tools.
Furthermore, our study also has limitations regarding the
evaluation method to assess the performance of LLMs
(ChatGPT-4) as it may not fully capture the quality of
the LLM-generated abstract detection. This can be at-
tributed to the types of tools being considered within the
scope of this study (which were essentially free-access
tools) and the algorithms of these tools. Additionally,
while human reviewers were also field experts and were
provided Al-fabricated and human-generated abstracts,

it was observed that human-based evaluation of LLM
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performances was subjective. This introduces an element
of heterogeneity in the evaluation process, thereby influ-
encing the outcome of the results. Future studies could
address this limitation to provide more comprehensive

and generalizable findings.

Conclusions

Al'models have the ability to generate convincing but
fabricated research content. Due to the significant similarity
to original research works, human reviewers found it
challenging to distinguish between Al-generated abstracts
and those written by humans. Besides, the variability in
efficiency of Al detection tools to detect fabricated papers
further highlights the need for continuous improvement in
accuracy of tools. Moreover, since Al-generated research
can impact the development of healthcare policies, treat-
ment strategies, and patient care, it is imperative to take
proactive measures. These include integrating advanced
detection tools, enhancing peer review processes, and
fostering a culture of transparency regarding the use of

Al in research.
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clindamycin (CDM)-loaded composite hydrogel developed as a potential preventive
measure for medication-related osteonecrosis of the jaw associated with bisphosphonate
(MRONIJ-B).

Methods: The surface and structural properties of the drug-loaded hydrogel were char-
acterized using stereomicroscopy, scanning electron microscopy, confocal fluorescence
microscopy, and micro-computed tomography. The hemolytic activity of the drug-free
(control) and drug-loaded hydrogels was comparatively assessed using three in vitro
models: washed red blood cells (RBCs), diluted whole blood, and clotted whole blood,
to evaluate the impact of the plasma and fibrin matrix on the hemolytic potential of the

materials.

Results: The results showed that the drug-loaded hydrogel exhibited an average pore
size of 38+24 pm, with a porosity of 84+4.3% and an interconnectivity of 99.9+0.1%.
The control hydrogel demonstrated minimal hemolysis (<0.5%) in all test models. While
the drug-loaded hydrogel exhibited increased hemolysis (>5%) in both washed RBC and
diluted whole blood models, the presence of natural fibrin formation and platelet lysate
significantly mitigated the hydrogel's hemolytic activity. Notably, platelet lysate encap-
sulation provided superior RBC protection compared to natural fibrin within the clotted
whole blood model. Histological analysis of the drug-loaded hydrogel in ex vivo cultures
with clotted whole blood did not reveal significant RBC toxicity.

Conclusions: These findings suggested that the drug-loaded composite hydrogel may be
suitable for further in vivo investigations of its biocompatibility and efficacy in preventing
MRONIJ-B.

Keywords: geranylgeraniol, hemolysis, hydrogel, medication-related osteonecrosis of

_ the jaw, platelet lysate
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Introduction

Medication-related osteonecrosis of the jaw
(MRONYJ) associated with bisphosphonates (MRONIJ-B)
is a condition characterized by necrotic exposed bone in
the maxillofacial region that does not heal after 8 weeks
in patients who are receiving or have previously received
bisphosphonates (BP) and have no history of radiation
therapy in the craniofacial region.") Recently, dual pro-
longed releases of geranylgeraniol (GGOH) and clinda-
mycin (CDM) from composite drug carriers, developed
for the potential prevention of MRONIJ-B, were reported.
These composite hydrogels were primarily composed of
carboxymethyl chitosan (CMCS) and amine-function-
alized mesoporous silica, Mobil Composition of Matter
No. 41 (NMCM-41) nanoparticles.?>* The biological
properties, including in vitro and in vivo biocompatibility,
the ability to reverse the cytotoxicity of zoledronic acid
(ZA), and antibacterial activity, of these dual drug-loaded
hydrogels have also been reported.>?) Several studies
have supported the application of GGOH in reversing
angiogenesis inhibition® and local toxicity® of BP. In
addition, GGOH may be a potential drug for MRONJ-B
prevention due to its ability to maintain a population of
viable mesenchymal stem cells (MSCs) with osteogenic
efficacy against BP.(>”) CDM, a widely used antibacterial
drug for odontogenic infections, is particularly effective
against oral streptococci and strictly anaerobic bacte-
ria®, and helps control oral bacterial infections, which
are identified as an important part of the etiopathogenesis
of MRONIJ-B.®) The in vitro data suggest that implanta-
tion of these GGOH/CDM-releasing NMCM-41/CMCS
composite hydrogels into bony extraction sockets may
help prevent MRONJ-B in high-risk patients.

Although CMCS exhibits high biocompatibility 113,
studies have demonstrated that MCM-41 nanoparticles can
induce hemolysis exceeding 5% at concentrations ranging
from 100 to 500 pg/mL.(4'® Furthermore, GGOH has
been reported to cause significant hemolysis, exceeding
20%, at concentrations above 500 mg/mL.("") This raised
concern about the hemocompatibility of these recently
developed GGOH/CDM-releasing NMCM-41/CMCS
composite hydrogels, which warrant blood compatibility
assessment before the animal and clinical studies

As with intravascular medical devices, hemocom-
patibility is also important for the local application of
blood-contacting extravascular devices, such as implanted

Oral Sci Rep: Volume 46 Number 3 September-December 2025

biomaterials and the aforementioned GGOH/CDM-
releasing NMCM-41/CMCS composite hydrogels. Blood
is a complex biological fluid composed of approximately
55% plasma, 44% red blood cells (RBCs), and 1%
leukocytes and platelets. To prevent the excessive activa-
tion and destruction of blood components, newly developed
medical devices must not elicit harmful interactions with
blood components, especially RBCs, which are the most
abundant blood cells. RBCs are highly susceptible to
hemolysis due to shear stress, osmotic pressure fluctua-
tions, and drug-induced oxidative stress.'® Hemolysis
can have a negative impact on tissue healing, resulting in
delayed or non-healing tissues.'”) For example, hemolytic
RBCs release hemoglobin and heme into surrounding
healing tissues. Heme, a damage-associated molecular
pattern (DAMP) derived from ruptured RBCs, exerts
potent pro-inflammatory and pro-thrombotic effects.>?
It also triggers excessive activation of platelets, endo-
thelial cells, and immune cells and changes the func-
tional properties of plasma proteins.?®) Heme-mediated
immune dysregulation may exacerbate infection-associated
diseases, such as MRONJ-B. Hemoglobin and heme
possess oxidative properties. Specifically, heme has been
demonstrated to oxidize low-density lipoprotein, a process
that can subsequently trigger the activation of toll-like
receptors 2 and 4, leading to the stimulation of patho-
genic innate immune cells.?!>?) Moreover, hemolysis
also induces the formation of erythrophagocytes, which
negatively regulate inflammation and immunity, and may
modulate disease-specific outcomes.'” Damaged RBCs
may also impair oxygen delivery to tissues.>>) Since the
correlation between in vitro hemolysis and in vivo toxicity
has been reported®®, in vitro hemolysis assays are
thus crucial for initial biomaterial-blood compatibility
assessment, preventing poor tissue healing and potentially
severe acute toxic reactions when tested in vivo.>>)

To evaluate the potential for in vivo biocompatibi-
lity and MRONJ prevention of the novel, in-house
developed GGOH/CDM-loaded composite hydrogel,
it was imperative to first assess its possible hemolytic
activity. This study was thus conducted to determine the in
vitro hemolytic potential of the drug-releasing hydrogel.
Furthermore, the influence of biologically relevant factors,
such as plasma, fibrin matrix, and platelet lysate (PL) gel
encapsulation, on its hemolytic activity was investigated.
The study hypotheses were that the drug-loaded hydro-
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gel exhibited acceptable hemolytic activity and that the
plasma, fibrin matrix and PL gel affected the hemolytic
activity of the drug-loaded hydrogel.

Materials and Methods

Materials

Water-soluble CMCS (I\ZW=3.OX105 Da, degree
of substitution (DS)=0.9) and NMCM-41 mesoporous
silica nanoparticles were directly prepared in our
laboratory, according to the method described in the
literature.® Clindamycin hydrochloride (MW=479.46 g/
mol) and GGOH (MW=290.48 g/mol) were supplied by
Sigma-Aldrich Corporation. All analytical-grade chemi-
cals were used as received without further purification.

The Blood Bank at Thammasat University Hospital
kindly provided expired leukocyte-poor pooled platelet
concentrate (LPPC) and buffy coat samples. Healthy
volunteers provided whole blood samples. This study
was ethically approved by the Ethics Review Sub-Com-
mittee for Research Involving Human Research Subjects
of Thammasat University No. 3 (COA No. 068/2564), the
Institutional Biosafety Committee of Thammasat Univer-
sity (057/2564).

Preparation of composite hydrogels

A composite hydrogel used in the present study was
NMCM-41/CMCS composite hydrogel that was initially
fabricated in a disc form with a dimension of 4 mm
diameter x 2 mm thickness) and then loaded with 240
mg CDM and 120 pg GGOH per specimen (coded as
drug-loaded hydrogel). Both drug-loaded and drug-free
(coded as control hydrogel) hydrogels were prepared in
our laboratory using the method described in a previous
report.® All specimens were UV-sterilized for 1 h before
being tested.

Preparation of hydrogels encapsulated with human
PL gel

The PL was prepared from LPPC containing
approximately 1-1.5x10° platelets/pL that were subjected
to 3 freeze-thaw cycles at 37°C and -80°C. To initiate
gelation and form PL gel, 147 pL of PL was mixed with
3 pL of 1 M CaCl,. Subsequently, 30 uL of the mixture
was dropped onto each pre-wet hydrogel (4 mm diameter
x 2 mm thickness). The PL gel-encapsulated hydrogels
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were then incubated at 37°C for 45 min to allow complete
gelation. The PL gel-encapsulated drug-loaded hydrogel
was coded as PL-drug-loaded hydrogel.

Structural characterization of hydrogels and PL
gel-encapsulated hydrogels

The pore structure and microstructural morpho-
logy of hydrated samples were also examined by using
a stereomicroscope, X-ray microcomputer tomography
(nCT), confocal fluorescence microscopy, and scanning
electron microscopy (SEM). For visual observation under
the stereomicroscope, the encapsulated hydrogels were
prepared within the PL gel mixed with food-grade purple
coloring (Food color violet color, Best odour Co., Ltd).
The samples were then visualized under a stereomicro-
scope (Euromex, Arnhem, The Netherlands).

For the uCT examination, drug-loaded hydrogel and
PL-drug-loaded hydrogel specimens were fully hydrated
in distilled water overnight and stained with 0.2% Lugol’s
iodine solution (a mixture of one part iodine and two
parts potassium iodide in water) for 24 h and scanned in a
container filled with distilled water using a pCT SkyScan
1275 (Bruker pCT, Kontich, Belgium) under the follow-
ing parameters: pixel size=8 pum, source voltage=40 kV,
source current=80 pA, no filter, and rotation step=0.2°.
Two- and three-dimensional visualizations of the hydrogel
were obtained using DataViewer and CTVox, respec-
tively. Adaptive thresholding and 3D despeckling were
employed to segment dense material from voids. Porosity
analysis was conducted using CTAn software. Intercon-
nectivity was calculated as the ratio of open pore volume
to total pore volume. Total porosity and interconnectivity
were determined from analyses of the middle region of
the hydrogel specimen.

Autofluorescence of the fibrin matrix within the PL
gel was used to visualize the presence of the PL gel in the
porous space of the drug-loaded hydrogel specimen. The
PL-drug-loaded hydrogel was prepared, and scanning was
performed using the Nikon C2plus confocal microscopy
(Nikon Corporation, Tokyo, Japan). The specimens were
captured using a 20 objective in two channels (green and
blue), and the autofluorescence images were then merged.
For SEM analysis, samples were exposed to a series of
washes with increasing ethanol concentrations of 20%,
50%, 70%, and 100%. The samples were then left to
dehydrate completely at 37°C overnight. Finally, the
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samples were sputter-coated with gold for 6 min using
a sputtering coating machine (Smart Coater, JEOL Ltd.,
Tokyo, Japan) and subjected to SEM analysis using
JEOL NeoScope JCM-6000 scanning electron micro-
scope. (JEOL Ltd., Tokyo, Japan). The average pore sizes
were also measured directly from their SEM images using

ImagelJ with 50 pores per image (n=3).

RBC hemolysis test

In the present study, the hemolysis test was performed
using three different models with RBCs and three different
blood compositions (Figure 1). These models included
(1) washed RBCs, i.e., the tested sample immersed in
1% washed RBCs in phosphate-buffered saline (PBS, pH
7.0), (2) diluted fresh whole blood, i.e., the tested sample
immersed in 1% fresh whole blood consisting of similar
compositions to the whole blood with 1:100 dilution,
and (3) clotted fresh whole blood, i.e., the tested sample
encapsulated in a clotted blood with the presence of fibrin
matrix. The total volume for each test was maintained at
600 pL for each tested hydrogel.

For washed RBCs and diluted whole blood hemoly-
sis tests, 3 mL of whole blood was collected into a 3-mL
VACUETTE Coagulation sodium citrate 3.2% tube. RBC
suspensions were prepared by centrifuging freshly drawn
blood samples at 1700x g for 5 min. The supernatant was
removed and replaced with 2 mL of PBS. This washing
procedure was repeated thrice until the supernatant was vi-
sually clear. The final RBC pellet was resuspended in PBS
to a concentration of 1%. For experiments using diluted
fresh whole blood, the washing procedure was omitted,
but subsequent experimental steps remained unchanged.
In the clotted blood model, fresh whole blood was used
without any additional processing steps.

Following 3 h incubation at 37°C of the tested
hydrogels with the RBCs, the supernatants were collected
by centrifuging at 2000 g for 5 min, and the absorbance
at 540 nm was then measured using a microplate spectro-
photometer Varioskan® Flash Spectral Scanning Multi-
mode Reader (Thermo Scientific, Waltham, MA, USA). In
some experiments, the remaining RBCs were smeared and
observed under a light microscope. The mean percentage
of spherocytes was quantified across four microscopic
fields per group. Meanwhile, the RBCs adhered to the
hydrogels were prepared for SEM analysis, as described

below. The positive control was prepared by disrupting
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the RBC membrane with sterile deionized (DI) water,
while the negative control consisted of RBCs incubated
in PBS. The hemolysis was calculated using the following

equation:

Hemolysis (%) =

< Neutrophil
f:’ Mononuclear cell

‘ Mesenchymal cell
-
‘r hl

Platelets
Fibrin

@ Redblood cell
?2\5 Hydrogel

(A) (B) ©

Figure 1: Schematic diagram showing the three different hemo-

lysis models used in the present study. (A), Washed RBCs model
consisting of 1% washed RBCs in PBS: (B), Diluted fresh whole
blood model containing 1% fresh whole blood, which consisted of
1% RBCs with 5% human plasm in PBS: (C), Clotted fresh whole
blood consisting of undiluted RBCs and other blood cells within

fibrin network and plasma.

Morphological characteristics of the remaining RBCs
on the hydrogel surface

SEM was used to observe morphological features
of the remaining RBCs adhering to the hydrogel surface
after the hemolysis test. The samples were fixed in 10%
formalin for 24 h before dehydration and processing and

subsequently examined by SEM, as described above.

Ex vivo cultures of hydrogel-embedded clotted fresh
whole blood and histological analysis

Each pre-wet hydrogel was incubated with 600 pL of
fresh whole blood in end-cutting inverted 1.5 mL micro-
tubes for 1 h to allow complete blood clotting. Cell culture
medium (o-minimum essential medium (Gibco Life Tech-
nologies Ltd, Paisley, UK) containing 10% fetal bovine
serum supplemented with 200 U/mL penicillin, 200 pg/
mL streptomycin, 2 mM L-glutamine (all from Gibco) was
added to overflow the microtubes, and incubation con-
tinued for an additional 1 h and 24 h in a 37°C incubator
with a humidified atmosphere of 5% CO,. Clotted fresh
whole blood samples without hydrogels were also used

for comparison. At the end of each time point, the clots
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were fixed with 10% formalin for 48 h and transferred to
5% formalin until processed into histological samples.
Paraffin sections were cut at a 5-um thickness, stained
with hematoxylin and eosin (H&E), and observed under
the Nikon C2plus microscope (Nikon Corporation, Tokyo,
Japan) using both brightfield and phase contrast modes.
Clotted fresh whole blood samples without hydrogels

were used for comparison.

Statistical analyses

Unless otherwise noted, the studies were carried out
at least in triplicate, and the results were reported as the
mean =+ standard deviation (SD) based on three separate
experiments. Statistical differences were analyzed using
one-way Analysis of Variance (ANOVA) followed by post
hoc Bonferroni tests (SPSS software version 26; SPSS,
Inc., Chicago, IL). A p-value of 0.05 or less was consi-

dered statistically significant.

Results and Discussion

Characterization of the hydrogels

The microstructure of the drug-loaded hydrogel is
shown in Figure 2. Stereomicroscopic analysis revealed a
porous structure and an irregular surface of the drug-loaded
hydrogel (Figures 2A and 2B). The fluorescence images
obtained from the autofluorescence of CMCS in the blue
channel revealed the ultrastructure of non-processed
samples, which revealed the porous structure of the
drug-loaded hydrogels (Figures 2C and 2D). SEM
micrographs in Figures 2E and 2F further demonstrated an
interconnected network of pores within the hydrogel, with
mesoporous silica nanoparticle agglomerates dispersing
throughout the CMCS matrix surface. Measured directly
from the SEM images, the average pore size was approx-
imately 38+24 um. Most pore size fell within a range
between 20 pm and 40 um (Figure 2G). In Figure 2H,
the 3D uCT image confirmed the porous structures of the
hydrogel with porosity of 84+4.3% and interconnectivity
of 99.9+0.1%. The microstructure of the control (drug-
free) hydrogel was similar to that of the drug-loaded
hydrogel.

Given the interaction between the hydrogel and
RBCs, the highly porous structure of the hydrogel, char-
acterized by interconnected pores exceeding 5 pum in
diameter, facilitated the diffusion of RBCs throughout
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its extensive surface area. This intimate contact between
RBCs and the hydrogel microstructures positively raises
the potential for contact-induced hemolysis, warranting
further investigation into the hemolytic activity of the

material.

Characterization of PL-encapsulated drug-loaded
hydrogels

A previous study has demonstrated that GGOH could
induce hemolysis in vitro. It is, therefore, plausible that,
besides potential contact-induced hemolysis, GGOH
released from the drug-loaded hydrogel, as previously
reported®, might contribute to the hemolytic activity of
the hydrogel. Our earlier work suggested a role for fibrin
gel in the controlled release of GGOH from hydrogels.®
To mitigate this hemolytic effect, encapsulation within
a fibrin-containing PL gel was employed in the present
study.

Following the encapsulation of drug-loaded hydro-
gels within the PL gel mixed with purple food coloring,
direct observation under a stereomicroscope showed
that the PL-drug-loaded hydrogel surface exhibited
reduced porosity and roughness due to the spreading of the
purple PL gel into the pores and across the entire surface
(Figure 3A). Cross-sectional images of the hydrogels
also supported these observations. The PL-drug-loaded
hydrogel showed significant penetration of the purple
PL gel throughout the material, highlighting the effec-
tive infiltration and distribution of the PL gel within the
hydrogel (Figure 3A).

A confocal fluorescence microscopy analysis of the
PL-drug-loaded hydrogel in Figure 3B demonstrated
the formation of PL-derived fibrin within the hydrogel
pores. The porous structure of the hydrogel displayed blue
autofluorescence in the blue channel, whereas the PL gel
containing fibrin exhibited notable green autofluorescence
observed in a green channel within the pore structure
(Figure 3B). This observation suggested the integration of
PL gel coating throughout the surface and internal pores
of the hydrogel. In Figure 3C, SEM images reveal pore
structure and microstructural morphology of the PL-drug-
loaded hydrogel. The PL gel, characterized by a fine mesh-
like structure of fibrin fibers, infiltrated into the pores of
the hydrogel, as shown in Figure 3C. This suggested that
the fibrinous PL gel could fill the material cavities. The

formation of the fibrin network of PL gel occurred within
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Figure 2: Porous structure of the drug-loaded hydrogel. Surface morphology of the hydrogel under a stereomicroscope at low (A) and high

(B) magnifications. Blue channel autofluorescence images at low (C) and high (D) magnifications. Representative SEM images at a low

magnification revealing pore interconnectivity (E) and a high magnification showing the agglomeration of mesoporous silica nanoparticles

(black arrows) on the hydrogel surface (F). The pore size distribution analysis is shown in (G). The data are presented as mean percent + SD

(n=3). (H) 3D uCT image of the drug-loaded hydrogel.

the porous structure of the hydrogel was consistent with
the pore size analysis of the PL-encapsulated drug-loaded
hydrogel (Figure 3D), which indicated a reduction in the
average pore size compared with that of the non-PL-incap-
sulated hydrogel. This is likely due to a reduction in the
number of smaller pores, resulting in a population of pores
with a more uniform size distribution, as shown in Figure
3C. Pore size analysis revealed that both drug-loaded
hydrogel and PL-drug-loaded hydrogel had median pore
sizes within 20-40 um (Figure 3D). However, the average
pore size of the drug-loaded hydrogel was approximately
62+24 pum, compared with that of 38+24 pum of the
PL-drug-loaded hydrogel. An increase in the fibrin-filled
pores in the PL-drug-loaded hydrogel was clearly evident

by uCT analysis (Figure 3E). The drug-loaded hydrogel
encapsulated within PL gel experienced a decrease in total
porosity values from 84+4.3% (of the starting drug-loaded
hydrogel) to 41£6.9%, while the interconnectivity
values before and after encapsulation were 99.9+0.1% and
98+0.3%, respectively. The formation of PL-derived fibrin
matrix within the presently studied drug-loaded hydrogel
appeared to be similar to that derived from human plasma
within the previously reported drug-loaded plasma-treated
MCM-41/CMCS composite hydrogel.”®) This would
reasonably allow the sufficient diffusion of oxygen/
nutrients and the capillary ingrowth to the implanted
drug-loaded hydrogel at the tooth extraction site in vivo.

In summary, these findings suggested that the
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Figure 3: Pore structure and microstructural morphology of PL-drug-loaded hydrogel. (A), Stereomicroscopic images of the PL-drug-loaded

hydrogel demonstrated the purple PL gel (*) spreading into the pores, as seen in a cross-sectional aspect: (B), Autofluorescence images of

the PL-drug-loaded hydrogel revealed the presence of green autofl
hydrogel porous structure: (C), SEM images revealed the pore stru

uorescence of fibrin within the PL gel and blue autofluorescence of the

cture and microstructural morphology of the PL-drug-loaded hydrogel:

(D), A summary of pore size distribution analysis comparing PL-drug-loaded hydrogel with drug-loaded hydrogel. The data are presented
as a mean percent=SD (n=3): (E), 2D uCT images of the drug-loaded and PL-drug-loaded hydrogels.

encapsulation of the PL gel allowed it to penetrate into the
pore structure of the drug-loaded hydrogel. This might act
as a barrier to protect RBCs from direct contact with the

hydrogel surface, thus potentially preventing RBC lysis.

Assessment of hemolytic activity of drug-loaded
hydrogels in three different ex vivo models

To evaluate the hemolysis of the control (drug-free),

drug-loaded, and PL-drug-loaded hydrogels, three differ-
ent models, i.c., washed RBCs, diluted fresh whole blood,
and clotted fresh whole blood, were used. As shown in
Figure 4A, the hemolysis rate of the control hydrogel
exhibited minimal values in washed RBCs, diluted fresh
whole blood, and clotted fresh whole blood, measuring
0.27+0.32%, 0.1140.19%, and 0.35+0.002%, respectively.

These were much below the 2% threshold considered for
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non-hemolytic materials in all three models tested),

indicating the excellent compatibility of the control
hydrogel with RBCs. In contrast, the drug-loaded hydro-
gel demonstrated significantly increased hemolysis rates
compared with the control hydrogel in the models using
washed RBCs and diluted fresh whole blood, measuring
5.45£1.63% and 8.4344.72%, respectively. These values
exceed the acceptable limit of 5% hemolysis®®, suggest-
ing potential RBC toxicity of the drug-loaded hydrogel.
Interestingly, the hemolysis of the drug-loaded hydrogel
in clotted fresh whole blood was significantly lower at
3.98+1.04%, compared with the diluted fresh whole blood
model (8.434+4.72%). After encapsulation with PL, the PL-
drug-loaded hydrogel demonstrated significantly reduced
hemolysis rates compared with the drug-loaded hydrogel
in all three models, measuring 1.41+0.16%, 3.13+0.30%,
and 1.93+0.53%, respectively, well below the acceptable
limit of 5% for hemocompatible materials. Moreover, the
study found that the hemolysis of the PL-drug-loaded
hydrogel was significantly different across the three
models, with the highest rate observed in diluted fresh
whole blood and the lowest in clotted fresh whole blood.

The corresponding hemolysis images of RBCs in a
diluted fresh whole blood model are displayed in Figure
4B. The transparency of the supernatant in the control
hydrogel was similar to that of the baseline hemolysis in
the negative control group (PBS), whereas the red-color
supernatant of the positive control, prepared using DI
water indicated complete RBC lysis. Figure 4C shows
the hemolysis images of RBCs in the clotted fresh whole
blood model. Notably, both drug-loaded and PL-drug-
loaded hydrogels exhibited red discoloration in the super-
natant, which was lighter than that of the positive control,
indicating partial RBC lysis.

The morphology of the remaining RBCs after the
hemolysis test was also investigated using a phase-con-
trast microscope and SEM, and the results are shown
in Figures 4D and 4E, respectively. In the drug-loaded
hydrogel group, non-adherent RBCs exhibited a spherical
morphology, characteristic of spherocytes (black arrows).
No spherocytes were observed in the control group. How-
ever, quantitative analysis revealed that the drug-loaded
hydrogel significantly increased the spherocyte per-
centage to 17%. Conversely, in the PL-drug-loaded
hydrogel group, this percentage was markedly reduced

to approximately 0.8%, comparable to that in the con-
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trol group. Additionally, RBCs with a "shooting target"
appearance, characterized by a dark center surrounded by
a white ring and a dark outer peripheral rim, consistent
with target cells (green arrows), were also observed. Blue
arrows indicate hollow RBC membrane remnants devoid
of cytoplasmic content. SEM analysis revealed that RBCs
exhibited a spherical morphology on the surface of the
drug-loaded hydrogel, in contrast to the normal biconcave
disc-shaped RBCs observed on the control hydrogel sur-
face (Figure 4E). Notably, RBCs treated with the PL-drug-
loaded hydrogel primarily displayed a normal biconcave
morphology, although some macrocytes were observed,
and the incidence of altered RBC shapes was significant-
ly reduced (Figure 4D). These findings supported the
hemolysis-protective ability of PL encapsulation for the
drug-loaded hydrogel.

It is important to note that a small number of RBCs
observed in all groups, including the control PBS group,
exhibited echinocytic characteristics, characterized by
uniformly distributed, short projections extending from
their surface (yellow arrows). Echinocytosis is often
considered an in vitro artifact, potentially arising from
sample preparation or storage conditions.?”) Alterations
in RBC plasma membrane integrity can increase mem-
brane permeability, leading to cell swelling, spherocytosis,
and ultimately, hemolysis.?®?%) Therefore, spherocytic
morphology may be one of the key characteristics of
hemolysis.G?

The control hydrogel, primarily composed of CMCS,
previously considered a non-hemolytic material!-3%),
exhibited minimal hemolysis, far below the 2% thresh-
old, eliciting hemolysis about 1-1.5%. Unlike the control
hydrogel, the drug-loaded hydrogel released significant
levels of CDM and GGOH during the first 24 h®, which
likely caused high hemolysis activity of the drug-loaded
hydrogel. Exposure to CDM (up to 100 pg/mL) for 3 h
caused very low hemolysis of less than 0.1% (data not
shown). During the first 24 h, the cumulative release of
CDM of the present drug-loaded hydrogel was approx-
imately 149 pug/mL.®) This released CDM amount was
unlikely to cause hemolysis of the drug-loaded hydrogel
tested. Moreover, CDM is also not known to cause
hemolysis in vivo.(3¥ In contrast to CDM, GGOH presented
evidence of hemolysis. GGOH at an extremely high
concentration of 1.725 mM showed a significantly high
hemolysis percentage of 26.4%.(!7) Moreover, GGOH
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at 100 uM induced 1% hemolysis and co-treatment with
CDM at 100 pg/mL did not further induce hemolysis (data
not shown). Within the cells, GGOH is converted into
geranylgeranyl pyrophosphate (GGPP), which, in turn,
activates the enzyme GGTase-I, which plays a role in the
geranylgeranylation of Racl. Activated Racl stimulates
NADPH oxidase and subsequently generates reactive
oxygen species (ROS).3% The increased ROS production
leads to oxidative stress, damaging the cell membrane and
causing cell dysfunction and stiffness, ultimately contri-
buting to increased hemolysis.®® It is thus likely that the
high hemolysis activity of the drug-loaded hydrogel is a
result of the burst release of GGOH, particularly at the
material surface.

The finding that the hemolysis of the PL-drug-loaded
hydrogel differed significantly across the three models
suggested the involvement of PL-derived fibrin matrix
and plasma mediators in GGOH-induced hemolysis
of the drug-loaded hydrogel. Fibrin formation within
GGOH-loaded hydrogels has been reported to decrease
GGOH release by reducing the exposed hydrogel surface
area and interacting with released GGOH molecules.?)
Given that GGOH-induced hemolysis might induce
oxidative stress in RBCs, human plasma might contribute
to anti-hemolysis through plasma oxidation-counteracting
molecules. These include al-Microglobulin (A1M) and
albumin, which bind to heme and neutralize ROSG7-3%),
thereby protecting against oxidative damage and reducing
hemolysis. Moreover, in clotted fresh whole blood, the he-
molysis of the PL-drug-loaded hydrogel was significantly
lower than that of the drug-loaded hydrogel, indicating
that encapsulating the drug-loaded hydrogel with PL gel
provided superior protection against hemolysis compared
with plasma-derived fibrin spontaneously formed in the
clotted fresh whole blood. The presence of certain biomol-
ecules in PL might help prevent hemolysis. Insulin-like
growth factor (IGF-1) present in PL increases the activity
of glutathione peroxidase (GPX), a crucial antioxidant
enzyme.(%) PL also contains antioxidant biomolecules,
including superoxide dismutase, glutathione peroxidase,
and catalase.*”) Whether PL-mediated reduction of GG-
OH-induced hemolysis of drug-loaded hydrogels has
clinical significance warrants further investigation.

According to International organization for standard-

ization (ISO) standards, devices that have direct contact
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with circulating blood should undergo hemolysis testing.>®)

Similarly, American society for testing and materials
(ASTM) standards recommend a 5% hemolysis threshold as
the acceptable limit for blood-contacting biomaterials."
This 5% limit specifically applies to direct contact with
circulating blood devices such as endovascular grafts or
pacemaker leads, which can potentially cause systemic
hemolysis. In contrast, hydrogels are classified as extra-
vascular implant devices that primarily interact with tissue
rather than blood. As a result, they may cause localized
hemolysis, for which no specific hemolysis threshold has
been established. Assuming a normal hemoglobin concen-
tration of 15 g/dL (or 150 mg/mL), a 1% hemolysis would
release approximately 1.5 mg/mL of hemoglobin. Hemo-
globin at 2 mg/mL can induce pro-inflammatory cytokine

expression in macrophages*?

, while hemoglobin at 1 mg/
mL also significantly disrupts mitochondrial function and
microvascular endothelial barriers.**) This can lead to
increased macrophage apoptosis, chronic inflammation,
tissue damage, and delayed wound healing."'”) These
in vitro studies suggested that 1% hemolysis might poten-
tially have detrimental effects on wound healing. The
clinical significance of 1% hemolysis on wound healing
remains unclear. /n vivo data are essential to establish
the safe hemolysis threshold for extravascular medical
devices.

To evaluate the potential hemolytic effects of the
drug-loaded hydrogel intended for placement in extraction
sockets, a three-dimensional whole blood clot model
was employed. This approach offers several advantages,
including its physiological relevance and its capacity
to capture the intricate interactions within the clot. By
accurately replicating the complex three-dimensional
structure and physiological conditions of a blood clot,
this model enables the assessment of hemolytic potential
within a more realistic environment, encompassing the
interactions between blood cells, platelets, and the fibrin
network. Due to the absence of a standardized protocol
for analyzing hemolysis in whole blood clots, a previ-
ously published protocol was adapted to suit its specific
needs.***>) This three-dimensional clotted whole blood
model mimics in vivo conditions for local tissue implan-
tation and may, therefore, be beneficial for hemolysis

assessment of extravascular medical devices.
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Figure 4: Hemolysis test of the control (drug-free), drug-loaded, and PL-drug-loaded hydrogels. Three different hemolysis models,
using washed RBCs, diluted fresh whole blood, and clotted fresh whole blood, were conducted as described in the Materials and Methods.
(A) Hemolysis percentages were determined for control, drug-loaded, and PL-drug-releasing hydrogels in washed RBCs, diluted fresh
whole blood, and clotted fresh whole blood models. Data are presented as mean percentage£SD (n=6), with *p<0.05 indicating statis-
tical significance. Visual inspection was performed on microcentrifuge tubes containing diluted fresh whole blood (B) and clotted fresh
whole blood (C) samples. These samples were exposed to composite hydrogel, DI water (positive control), and PBS (negative control).
The presence of red discoloration in the supernatant, indicating RBCs lysis. (D) RBC morphology of blood smears, which were prepared
from the remaining RBCs in the diluted fresh whole blood model examined under a light microscope. Various RBC morphologies were
observed, including normal biconcave RBCs (red arrows), spherocytes (black arrows), target cells (green arrows), ghost cell (blue arrows),
and echinocytes (yellow arrows). Spherocyte percentages are reported as mean+SD (n=4). Distinct uppercase letters denote statistically
significant differences among mean spherocyte percentages (p<0.05). (E) SEM imaging of adherent RBC morphology to the drug-loaded
and PL-drug-loaded hydrogels in the diluted fresh whole blood model.
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Histological analysis of ex vivo culture of clotted fresh
whole blood with drug-loaded hydrogel

After 1 hincubation of ex vivo cultures of clotted fresh
whole blood individually with control and drug-loaded
hydrogels, H&E staining revealed three distinct zones
in both groups (Figure 5). The material zone exhibited a
porous structure with interconnected channels, facilitating
the penetration of blood components. An edematous zone
was observed, characterized by loose tissue containing
fibrin fibers and scattered inflammatory cell infiltrates.
Finally, a hemorrhagic zone included collections of RBCs
which were observed at the peripheral areas of the fibrin
layer. Some RBCs were also seen within the peripheral
pores of the hydrogel (arrow heads) and forming clusters
or aggregates at the material periphery (arrows). These
three zones were still observed at 24 h of incubation,
although a decrease in the edematous zone was noted.
H&E images of clotted whole blood cultured without
hydrogel served as controls, demonstrating the character-
istic features of the ex vivo culture.

Figure 6 demonstrates the high magnification of
H&E images of the ex vivo cultures, highlighting RBCs
morphology and fibrin network within a pore-structured
hydrogel. The results showed that normal RBCs shape
and size as well as the fibrin matrix containing poten-
tially activated platelets were observed in both hydrogels,
comparable to those seen in the control clotted blood
(no hydrogel group). Additionally, fibrin fibers were also
able to adhere to the surface of both hydrogels and fully fill
the pore spaces. These findings suggested that in ex vivo
clotted blood culture, the drug-loaded hydrogel appeared
hemocompatible, compared to both control hydrogel and
clotted blood. The fibrin layer adhering to the scaffold
surface likely reduced burst drug release and prevented
direct contact between RBCs and the hydrogel pore sur-
face, mechanisms that may inhibit toxicity to RBCs. As a
result, the RBCs remained intact and retained their normal
morphology, as shown in Figure 6. This was consistent
with the hemolysis results, which showed that the clotted
fresh whole blood model had a lower hemolysis percent-
age for the drug-loaded hydrogel than both washed RBCs
and diluted fresh whole blood models.

The present study has some limitations that should
be acknowledged. The 3-h hemolysis incubation, while
standard, may not fully capture the long-term, dose-time-

dependent hemolytic activity of released GGOH observed
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in previous studies. Furthermore, the focus on RBC
interactions may overlook potential critical effects on
other vital cell types, such as platelets and immune cells.
Finally, the inherent variability in PL composition intro-
duces a challenge for reproducibility in clinical applica-

tions.

Conclusions

The recently developed GGOH/CDM-releasing
NMCM-41/CMCS composite hydrogel elicited vary-
ing degrees of hemolysis in three distinct experimental
models (i.e., 5.45+1.63%, 8.43+4.72%, and 3.98+1.04%
in models utilizing washed RBCs, diluted fresh whole
blood, and clotted whole blood, respectively). The control,
drug-free hydrogel, exhibited excellent compatibility
with RBCs across all models, inducing hemolysis of less
than 0.5%. Compared with the washed RBC model, an
elevation in plasma proteins within the diluted fresh whole
blood model exacerbated the hemolytic response of the
dual drug-loaded hydrogel, potentially attributable to
an augmented release of protein-bound GGOH into the
surrounding environment. Conversely, the presence of
a fibrin matrix within the PL encapsulation and within
the ex vivo clotted whole blood model contributed to
a diminished release of GGOH from the hydrogel and
mitigated direct contact between RBCs and the hydrogel
surface, thereby attenuating hemolysis. While encapsulat-
ing the hydrogel within a PL gel significantly suppressed
hemolysis, providing superior RBC protection compared
to that afforded by natural fibrin in clotted whole blood,
histological analysis of the drug-loaded hydrogel revealed
no significant toxicity to RBCs within the clotted whole
blood culture. The present findings suggested that the
dual drug-loaded composite hydrogel fulfilled the safety
criteria prior to in vivo investigations of biocompatibility
and preventive efficacy for MRONIJ-B.
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Figure 5: H&E staining of 1-h and 24-h ex vivo cultures of clotted human whole blood individually with control and drug-loaded hydrogels
revealed the following three zones: The Material zone was composed of the hydrogel. The edematous zone was a loose area surrounding
the material, containing scattered inflammatory cells and fibrin (marked as black asterisks). The hemorrhagic zone consisted of collections
of RBCs, indicating hemorrhage, and was observed at the periphery of the sections. RBCs were also observed within the peripheral pores

of the hydrogel (arrowheads) and formed clusters or aggregates at the material’s periphery (arrows).
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Figure 6: Representative H&E histological images showed RBCs visualized under light microscopy, along with platelets and fibrin fibers
visualized under phase-contrast microscopy within the hydrogel, appearing as purple or blue structures. These images were obtained after
24 h of ex vivo cultures of clotted human whole blood, either with control or drug-loaded hydrogels. The clotted whole blood culture with
no hydrogel, was used as a control.
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Abstract

Objectives: This study aimed to compare the root coverage outcomes of connective

tissue grafts (CTG) harvested from the palate before and after recipient site preparation.

Methods: Twenty single gingival recessions type 2 (RT2) at buccal sites of single-rooted
teeth, randomized into two groups: graft harvested after (control) and before (test) site
preparation. Clinical parameters and patient satisfaction were assessed at baseline and
at three months, with follow-ups for complications at 1 week, 2 weeks, 1 month, and 3

months.

Results: At three months, recession reduction was 2.2+1.1 mm (control) and 2.5+0.7
mm (test), with root coverage percentages of 82.0+32.0% and 90.5+30.1%, respectively.
No significant differences were observed in clinical outcomes, complications, or patient

satisfaction between the two approaches.

Conclusions: These findings indicate that harvesting CTG prior to recipient site prepa-
ration can serve as a clinically effective and flexible alternative, especially in situations
where anatomical limitations of the palate might complicate the traditional treatment

sequence.

Keywords: gingival recession, recession reduction, root coverage
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Introduction

Gingival recession is a significant issue that affects
about 50-100% of the population.!**) This condition
often causes patients to experience hypersensitivity and
unpleasant esthetics. Several factors contribute to gingival
recession, including tooth malalignment, traumatic tooth
brushing technique, occlusal trauma, irritation from
orthodontic appliances, and defective restoration or pros-
thesis.“*”) The root coverage procedure is an effective
treatment option for addressing gingival recession. Now-
adays, a combination of connective tissue graft (CTG) and
coronally advanced flap (CAF) is recognized as the gold
standard for treating gingival recession.® This technique
offers excellent esthetic results and a high success rate.®)
In the CTG technique, it is customary to prepare the
recipient site prior to the preparation of the donor site.*-!?
This approach is grounded in the principle of minimiz-
ing the duration that the CTG is exposed to the external
environment, as prolonged exposure may compromise the
viability of the graft.(1214)

The most frequent harvesting area is the hard palate
because of its good dimension and blood supply.('>!1®)
However, in some cases, there are some anatomical limita-
tions at the palate, such as exostosis, thin palatal gingiva,
or shallow palatal vault.!”) These circumstances lead to
inadequate graft harvesting for the recipient site, which
has already undergone excessive preparation. Over-pre-
paring the recipient site can cause additional tissue
damage, increased vasodilation, and diffusion of inflam-
matory mediators and immune cells, all of which may lead
to a higher risk of postoperative complications.'3-2%) To
address these concerns, some clinicians have proposed a
modified technique in which the donor graft is harvested
prior to recipient site preparation. This approach allows
the clinician to adjust the flap design based on the actual
size and shape of the harvested graft, potentially reduc-
ing the risk of over-preparation and limiting unnecessary
flap exposure. However, scientific evidence to support
this method is still lacking. The research question of this
study was: Does the timing of harvesting CTG from the
palate—either before or after the preparation of the recip-
ient site—impact root coverage outcomes in the treatment
of gingival recession? Therefore, the objective of this
study was to evaluate and compare the root coverage
outcomes of CTG harvested from the palate using two

different approaches. We hypothesized that there was no
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significant difference in root coverage outcomes between
CTG harvested before recipient site preparation and those

harvested afterward.

Materials and Methods

All participating patients were recruited from the
Periodontics Clinics at Mahidol University’s Faculty of
Dentistry between June 2023 and April 2024. The Faculty
of Dentistry/Faculty of Pharmacy, Mahidol University
Institutional Review Board approved the study protocol
(Ethic number COA.No.MU-DT/PY-IRB 2023/024.0803).
The inclusion criteria consisted of non-periodontitis
patients aged 18 years or older with isolated gingival
recession at buccal sites of single-rooted teeth, which were
classified as recessions type 2 (RT2) by Cairo, 2011.?D
Full mouth bleeding on probing and plaque score were
at or below 25%. The probing depth was at or below 4
mm at the site of interest, with no history of periodontal
surgery at the recipient site. Patients were excluded from
the study if they had any medical contraindications to
periodontal surgery, a current or past history of smoking,
or if they had used antibiotics or medications that could
potentially impact periodontal healing within the last six
months. Additionally, individuals exhibiting excessive
tooth mobility or non-carious lesions deeper than 1 mm
were also excluded.

The sample size was determined based on a statis-
tical power of 80%, with an alpha error level set at 0.05.
Anticipating a patient dropout rate of 10%, the calculations
indicated that each group should comprise 10 recessions.!>
The investigator (K.T.) calibrated clinical measurements
with an expert clinician (W.S.). The intraclass correlation
coefficient was excellent for each clinical measurement.

The study was a prospective, parallel-group,
randomized control trial registered in Thai Clinical Trials
Registry no. TCTR20230826008, the protocol of which is
presented in Figure 1. Following the recruitment process,
patients participated in interviews, underwent clinical
examinations, received oral hygiene instructions, and
had full-mouth scaling performed. After this initial phase,
patient allocation was performed using the nQuery Advisor
program by K.T., with random assignment to either the
control or test group. Patients were blinded to their group
allocation. The random allocation sequence was concealed
in sealed opaque envelopes and was not disclosed to the

surgeon until immediately before the surgical procedure.
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Patients were subsequently followed up at intervals of 1
week, 2 weeks, 1 month, and 3 months. A clinical exam-
ination was repeated at the 3-month mark. During each
follow-up, patients were asked to report any pain at both
the donor and recipient sites, using the Wong-Baker Faces
Pain Rating Scale, which had a score of 1-10.2? At the
3-month follow-up, patients were also requested to rate

their satisfaction using a Patient Satisfaction Index (PSI),
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with scores ranging from 1 to 4. Score 1 means surgery
met my expectations, score 2 means surgery improved
my condition enough so that I would go through it again
for the same outcome, score 3 means surgery helped me,
but I would not go through it again for the same outcome,
and score 4 means I am the same or worse compared to

before surgery.>?)

{ 19 patients recruited ]

—

5 patients excluded J

At Baseline, 14 patients enrolled,
consisting of 20 defects

Interviewing &
Clinical examination

Randomization

v

Control Group: Harvesting graft
AFTER preparing recipient (n=10)

!

Y

Test Group: Harvesting graft
BEFORE preparing recipient (n=10)

!

4 N

N7 ™

. S/

Loss to follow-up Sn=1) Loss to follow-up Sn=1)
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Figure 1: Study protocol.
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Clinical parameter measurements: Clinical param-
eters were measured by K.T. before the surgery and at 3
months post-operation with a PCP-UNC-15 probe (Hu
Friedy, Chicago, IL, USA) under a dental loupe (x2.5) as
follows:

Probing depth (PD): the distance from the gingival
margin to the bottom of the gingival sulcus.

Cementoenamel junction-gingival margin (CEJ-GM):
distance from the gingival margin to the CEJ.

Clinical attachment level (CAL): calculation from
probing depth plus CEJ-GM

Keratinized tissue width (KTW): the distance from
the gingival margin to the mucogingival junction.

Plaque score: the percentage of plaque that was stain-
ing on the tooth surface.?¥

Bleeding on probing (BOP): present bleeding imme-
diately after probing.

Gingival thickness: the periodontal probe shining
through gingival tissue after being inserted in the gingi-
val sulcus was defined as thin, and no periodontal probe
shining was defined as thick.>)

Recession reduction (RecRed): the difference of
CEJ-GM at baseline and 3 months

The percentage of root coverage (RC): was calculat-
ed using the following formula: Percent of root coverage=
(Initial gingival recession depth-Gingival recession depth
at 3 months)/(Initial gingival recession depth) x 100

Surgical procedure: An expert clinician (W.S.)
performed the surgical procedures, using local anesthesia
of 2% mepivacaine with 1:100,000 epinephrine to
anesthetize the donor and recipient sites.

Donor site: The donor site was prepared using a
2-parallel-incision technique modified from Bruno’s tech-
nique.'"”) The initial incision was made by positioning
the blade perpendicular to the palatal gingiva, ensuring
a distance of 2 mm from the gingival margin. A second
incision was then created 2 mm apically and parallel to
the first, with the blade angled to follow the contours of
the palatal surface, achieving a depth of approximately
5 mm to secure adequate graft width. The third incision
was initiated along the same line as the first and was per-
formed by angling the blade parallel to the second incision,
ensuring a consistent depth of 5 mm to achieve the desired
graft width. Once the graft had been excised from the
palate, the epithelial collar was carefully removed. The

graft was harvested within 5 minutes and immediately
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placed in normal saline for hydration. Subsequently, the
flap was sutured in place using 4-0 polyglactin 910 suture
(VICRYL™) and protected with a non-eugenol perio-
dontal dressing (COE-PAK™).

Recipient site: The recipient site was prepared using
a modified Bruno’s and Bernimoulin’s technique.(!%-29)
Briefly, a horizontal incision was made at the base of the
interdental papillae, positioned between the recessed tooth
and the adjacent teeth. This created a new incision shaped
like new papillae, located apical to the initial tips of the
papillae. The tissue coronal to these horizontal incisions
was de-epithelialized. A sulcular incision was then per-
formed, allowing for the reflection of a partial-thickness
flap. A minimal odontoplasty was performed to reduce the
root contour if necessary. The graft was carefully adapted
to the recipient site and secured with 5-0 polyglactin 910
sutures (VICRYL™), The donor and recipient site prepa-
rations are shown in Figure 2. At the surgical site, all the
following parameters were measured by K.T. and W.S.

Surgical time (minutes): The duration from the initial
incision to the final suture was documented. The time
was also measured separately between the donor and the
recipient site preparation. The donor preparation time
starts from the first incision at the donor site until the graft
is removed. The duration the graft remained extraorally
was also recorded from when it is removed from the donor
until it is placed at the recipient site. The recipient exposure
time starts from the first incision at the recipient site to the
time when the donor graft is in place.

Gingival thickness: The thickness was measured
using an endodontic silicone disk affixed to a sterile needle,
positioned at the mid-facial area 1.5 mm below the
gingival margin of the recession site. The disk was secured
with a flowable composite. Subsequently, the thickness
was determined with a caliper accurate to the nearest
0.1 mm.

Alveolar bone dehiscence: A distance from the
cementoenamel junction (CEJ) to the bottom of the
dehiscence defect was measured using a periodontal
probe.

Connective tissue graft size (mm): The width and
height of the graft were measured utilizing a periodontal
probe.

Post-operative care: The patient was prescribed 15
tablets of ibuprofen 400 mg and 15 tablets of paracetamol

500 mg. They were advised to take the medications as
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needed for pain relief. Additionally, patients were instruct-
ed to avoid brushing their teeth in the surgical area for four
weeks. They rinsed the area for 30 seconds with a 0.12%
chlorhexidine solution twice daily for two weeks.
Statistical analysis: The main outcome of the study
was the reduction of gingival recession. Secondary out-
comes included various other clinical parameters as
previously specified. Data were summarized using
descriptive statistics, presenting means+standard
deviations for quantitative variables and percentages for
qualitative variables. To analyze differences in baseline
data and outcomes between the two treatments, the Fisher
exact test and Mann-Whitney U test were employed.
A significance level of p=0.05 was set for rejecting the

null hypothesis.

Figure 2: The donor site (a) and recipient site (b) preparation.

Results

Study population at baseline and surgical visit: A
total of 19 patients were screened for the study, of which
five did not meet the inclusion criteria, resulting in the
recruitment of 14 patients (20 teeth). At the three-month
follow-up, all subjects were successfully contacted. The
mean age of participants was 36.7 years (+10.3), with ages
ranging from 22 to 57 years. At baseline, there were no
significant differences in the characteristics between the
two groups. Most parameters assessed during surgical
visits were also comparable, as shown in Table 1. How-
ever, two parameters differed significantly: the recipient
site exposure time was shorter in the test group (p=0.015),
while the extraoral graft duration was shorter in the control
group (p=0.001)

Clinical Outcomes at Baseline and 3 months: The
BOP, plaque score, KTW, PD, CEJ-GM, CAL, and
gingival thickness did not differ between the two groups.
However, when compared to the baseline, significant
improvements were observed at three months, with

notable gains in CAL, increased KTW, and enhanced
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gingival thickness. The RecRed measurements did not
exhibit any differences between the two groups, with the
control group showing 2.2+1.1 mm and the test group
2.5+0.7 mm. The clinical parameters assessed at baseline
and three months are detailed in Table 2. At baseline, the
CAL in the control and test groups was 4.3+1.0 mm and
4.5+1.1 mm, respectively. At the 3-month mark, CAL
improved in both groups, showing increases of 1.9+1.0
mm in the control group and 1.8+0.9 mm in the test group.
Additionally, the KTW at baseline was recorded at 1.7+1.6
mm for the control group and 1.2+1.2 mm for the test
group. After 3 months, the KTW measurements in the
control and test groups were 3.0+£1.2 mm and 2.8+0.6
mm, respectively. The first premolars in both the control
and test groups were followed up to three months, as
illustrated in Figure 3.

Pain and patient satisfaction: Pain management was
addressed only during the first week post-surgery. After
that point, no pain or painkillers were utilized, with the
exception of one patient in the test group who reported
slight discomfort at the recipient site during the second
week. All patients rated their experience with a score of
1, indicating that the surgery met their expectations. How-
ever, one patient in the control group provided a score of
2, suggesting that the surgery sufficiently improved their
condition to the extent that they would undergo the proce-
dure again for the same outcome. There was no significant
difference in pain scores or patient satisfaction between

the two groups.

Figure 3: The first premolar of control group followed up at baseline

(a), one month (b), and three months (c), the test group followed up
at baseline (d), one month (e), and three months (f).

Discussions
Our research examined the outcomes of root coverage
achieved using CTG harvested from the palate, both

before and after the preparation of the recipient site. The
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Table 1: Study population characteristics at baseline and parameters at surgical visit.

Parameter Control (n=10) Test (n=10) p-value
Baseline
Age (years): Mean=SD 36.5+£10.6 36.8+£10.6 0.970
BMI (kg/m?): Mean+SD 22.5+1.9 23.7+3.8 0.643
Males: Females 4:6 5:5 1.000
Area of tooth: Maxilla 6 6 1.000
Mandible 4 4
Tooth type: Maxillary lateral incisor 2 1 -
Maxillary canine 2 1
Maxillary premolar 2 4
Mandibular canine 2 1
Mandibular premolar 2 3
Surgery visit
Total Surgical time (mins) 49.0+16.6 53.7+£10.2 0.174
Recipient exposure time (mins) 38.1£10.6 27.1+£6.6 0.015
Donor preparation time (mins) 4.1+0.9 4.1+1.0 0.734
Graft remains extraorally (mins) 17.6+6.8 38.3£9.2 0.001
Gingival thickness (mm) 0.9+£0.3 1.1£0.4 0.161
Alveolar bone dehiscence (mm) 5.9+1.8 6.0+1.7 0.760
Graft width (mm) 14.9+2.7 15.7£2.0 0.619
Graft height (mm) 4.1+£0.6 4.4+0.8 0.395
Table 2: Clinical parameters outcomes compared between baseline and three months.
Parameter Time points  Control (n=10) Test (n=10) p-value
Probing depth (mm) Baseline 1.8+0.4 1.7+0.7 0.588
3-months 1.6+1.0 1.6+0.5 1.000
p-value 0.688 1.000
Cementoenamel junction to gingival margin (mm) Baseline 2.6+0.9 2.8+0.6 0.685
3-months 0.5+0.8 0.4+0.8 0.693
p-value 0.000 0.000
Clinical attachment level (mm) Baseline 4.3+1.0 4.5+1.1 0.587
3-months 1.9£1.0 1.8+0.9 0.875
p-value 0.002 0.002
Keratinized tissue width (mm) Baseline 1.7+1.6 1.2+£1.2 0.507
3-months 3.0£1.2 2.840.6 0.903
p-value 0.008 0.008
Plaque score (%) Baseline 16.6+5.2 17.1+4.9 0.939
3-months 21.9+£11.7 18.845.6 0.650
p-value 0.232 0.625
Bleeding on probing (mm) Baseline 10.949.4 9.7+6.4 0.850
3-months 8.1£5.1 9.7+4.5 0.450
p-value 0.492 0.695
Gingival thickness (Number: Thin, thick) Baseline (10, 0) 9,1) 0.317
3-months (6,4) (6,4) 0.383
p-value 0.046 0.025
Recession reduction (mm) 3-months 2.2+1.1 2.5+0.7 0.388

Percent of root coverage (%) 3-months 82.0+£32.0 90.5+30.1 0.729
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study demonstrated that both treatment methods yielded
satisfactory clinical results, with comparable outcomes
for both groups. Patients in both goups reported that pain
subsided within two weeks postoperatively. Additionally,
patients expressed a high level of satisfaction with the
results of their treatments.

A two-parallel incision was employed for the
donor site, while the modified Bruno’s"'? and Berni-
moulin’s®® techniques were utilized for the recipient site.
This method avoids the need for vertical incisions, thereby
minimizing trauma to the wound area, promoting quicker
healing, and lessening post-operative complications.('?)

At baseline, the BOP and plaque scores were below
25%, indicating effective control of inflammation prior
to the surgical procedure.*”) There was no significant
difference in PD between the two treatment groups at
different time points. This finding is consistent with
previous studies conducted in Cairo (2012, 2016) and
Zuhr (2014).28-39 In contrast, Silva, 2004 reported a
significant increase in PD from baseline to the 6-month
mark.GD

Gingival thickness exhibited significant improve-
ment following surgical intervention. According to Zuhr
(2021), an increase in soft tissue thickness was observed
at the six-month mark post-surgery.*?) At baseline, the
CAL was measured at 4.3+1.0 mm in the control group
and 4.5+1.1 mm in the test group. After three months, the
CAL values in the control and test groups were recorded as
1.941.0 mm and 1.8+0.9 mm, respectively. This indicated
a significant gain in CAL of approximately 2 mm for both
groups, which aligns with the findings of previous studies
conducted by Cairo et al., in 2012 and 2016, as well as by
Silva et al., in 2004.28-3D

The keratinized tissue width (KTW) measurements
were 1.7+1.6 mm for the control group and 1.2+1.2
mm for the test group at baseline. After three months,
KTW values increased to 3.0+1.2 mm and 2.8+0.6
mm for the respective groups. The results indicated
no significant difference between the two groups. The
observed KTW gain aligns with findings from Cairo
et al., (2012), where the initial KTW was recorded at
2.6£1.0 mm, rising to 3.7+0.9 mm after three months.(?®)
Additionally, Silva ef al.,3" reported a baseline KTW
of 2.84+1.0 mm, with an increase to 3.4+0.7 mm at six
months. This reflects a gain of approximately 1 mm in

KTW, which was consistent with the results of our study.
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At three months, the recession reduction (RecRed)
was measured at 2.2+1.1 mm in the control group and
2.5+0.7 mm in the test group, findings that align with
previous research. In a study by Zuhr ez al.,®% the gingival
recession observed with the tunnel technique combined
with CTG was reported to be 1.91+0.56 mm. The study
by Cairo ez al.,*® on root coverage treatment used a cor-
onally advanced flap, and CTG reported results of 2.4+0.6
mm at 3 months and 2.6£0.7 mm at 6 months, which
aligns with our findings. It was important to recognize
that the follow-up period for this research lasted only
three months, which may not fully capture the complete
healing and remodeling process of the connective tissue
graft. Therefore, we recommend extending the observa-
tion period in future studies.

The present study compared root coverage outcomes
between two harvesting sequences and found no signifi-
cant differences in clinical outcomes, patient satisfaction,
or complication rates. These findings suggested that both
techniques were clinically effective, and the modified
approach may serve as a practical alternative in anatomi-
cally challenging cases. This information can assist clini-
cians in selecting appropriate surgical protocols and may
contribute to improving the success and predictability of
root coverage procedures. However, the effect of grafts
exposed to an extraoral environment on graft viability
and shrinkage has not yet been studied. To date, research
has only examined secondary graft shrinkage, which can
occur for up to one year.®**% Future studies should focus
on primary graft shrinkage occurring immediately after
harvesting, within about 15 to 20 minutes and on graft
viability extraorally after being harvested. Understanding
these factors would lead to improved graft handling for
better clinical outcomes. This modified technique, which
involves harvesting the graft first, may also reduce
prolonged exposure of the recipient site, which can
enhance blood supply to the graft and improve wound
healing ability.

To our knowledge, this was the first study comparing
the clinical outcomes of root coverage using CTG based
on the timing of graft harvesting in relation to recipient
site preparation. A limitation of this study was its small
sample size and the brief duration of observation. Addi-
tionally, two patients were lost to follow-up at one month,
which may impact the statistical power of the results at

that one-month time point. Following the randomization
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process, the surgeon (W.S.) became aware of the treatment
group prior to the surgery, which compromised the ability
to blind the surgeon to the treatment protocol. Given the
limited number of investigators involved, the examiner
(K.T.) was responsible for conducting the randomization,
gathering clinical parameters, and carrying out the statis-
tical analysis. Another limitation is the lack of an acrylic
stent to assist with probe placement during follow-up
evaluations. While all measurements were carried out
by a single examiner, who was calibrated with an expert
periodontist and utilized a 2.5% surgical loupe along with
consistent anatomical landmarks, the implementation of a
stent might have further minimized variability in probing
measurements. Future studies should involve a larger
sample size and extended observation periods to validate
the findings.

Conclusions

This study concluded that harvesting the graft prior
to the preparation of the recipient site does not adversely
affect clinical outcomes. There were no significant differ-
ences in clinical results, complications, or patient satisfac-
tion between the two groups: those with grafts harvested
before site preparation and those with grafts harvested
afterward.

This research indicated that the clinical outcomes
of the two surgical techniques were not significantly
different. This information will aid surgeons in making
decisions and selecting suitable cases for treatment, espe-
cially in scenarios involving large exostoses or thin palatal
gingiva. Harvesting grafts prior to preparing the recipient
site can serve as an effective alternative treatment option.
Additionally, choosing the appropriate technique will
contribute to improving the success rates of root coverage

procedures.
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Introduction

Oral health is crucial for adults, influencing general
health, productivity, and quality-of-life.(':?) Diets high
in processed and sugary foods heighten oral health
risks.®®) Working adults’ poor oral health contributes to
substantial individual and national healthcare costs.®
Despite various initiatives, public oral healthcare (OHC)
in Malaysia remains stagnant, hindered by socioeconomic
inequalities, limited access, and low oral health literacy.5-%)
Evidence-based reforms are needed to integrate oral with
general healthcare and enhance targeted outreach.

Malaysia’s dual healthcare system consists of a sub-
sidized public sector and a fee-based private sector.”)
Recognized by the World Health Organization (WHO)
for achieving Universal Health Coverage (UHC) since the
1990s,® the public sector provide nominal fees, including
exemptions for vulnerable groups like the poor, disabled,
and elderly.(”) Public sector employees benefit from the
electronic-guarantee-letter (e-GL) for basic care, while
private sector employees may receive employer-spon-
sored benefits such as panel clinics or reimbursements.
() Others pay minimal out-of-pocket costs for public
sector care.!”) Malaysia lacks healthcare social insurance,
and private insurance, though available, is rarely used.(”’
Furthermore, limited funding and infrastructure strain its
capacity amid growing demand from an aging population.
This system includes an extensive network of dental care
facilities in health clinics, standalone clinics, hospitals,
schools, and urban and rural transformation centers (UTCs
and RTCs).(”) Mobile dental clinics and teams further
enhance access for underserved populations in subur-
ban and remote areas.®) Public sector dental services for
adults include treatment such as extractions, fillings, and
scaling, alongside group initiatives via community talks
and outreach programs to promote awareness and
prevention.?)

OHC utilization refers to the actual use of dental
services based on oral health needs or preferences.!'? It
is influenced by factors such as income, employment, and
healthcare infrastructure.>%!1:12) Regular check-ups and
early interventions align with global goals for better oral
health, including a caries-free future.'3) However, only
13.2% of adults reported utilizing dental services in the
National Health and Morbidity Survey (NHMS) 2019,
despite initiatives like free check-ups and awareness

campaigns.®) Many continue to self-medicate for dental
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issues rather than seek professional care.©

Recent trends in OHC utilization in Malaysia
reveal progress and ongoing challenges. National health
surveys from 2006 to 2023 highlight evolving patterns
in OHC-seeking behavior.!42!) Peaks in reported oral
health problems occurred in NHMS 2006 and NHMS
2019, alongside increased OHC utilization in NHMS
2019 (23.7%) and NHMS 2023 (25.7%).1'7!®) Govern-
ment dental clinics remained primary providers, despite
the temporary rise in self-care noted in NHMS 2011 and
NHMS 2015.0510) Disparities persist, with rural adults
reporting more dental problems (6.2%) than urban adults
(5.3%).©) While 46.4% of adults with dental problems
sought care, self-medication, ethnicity, education, and
income disparities influenced access in rural areas, with
the wealthiest 20% more likely to seek care than the
poorest 20%.©)

NOHSA 2020 highlighted significant oral health
challenges among Malaysian adults, with 94.6% needing
treatment, 17 in 20 experiencing dental caries, and 9 in 10
having unhealthy periodontium.?" Among older adults,
edentulism and tooth loss worsen the burden, with only
34.3% retaining 20 or more teeth.>") Despite the availability
of public OHC services, access remains challenging due to
constrained resources, limited funding, and infrastructural
capacity.>62?)

Time-series forecasting is crucial for healthcare
planning, enabling the prediction of future demand and
optimal resource allocation. Example of techniques

include exponential smoothing,>*)

regression-based
models,** and machine learning methods.*> Each method
has trade-offs: exponential smoothing captures short-
term patterns but oversimplifies;**) regression models are
interpretable but struggle with nonlinear dynamics;?¥
machine learning handles complexity but lacks tran-
sparency and requires large datasets.®> This study adopts
the ARIMA model, suited for univariate time series fore-
casting where historical data serves as the only input.®)
ARIMA captures temporal patterns, accommodates
non-stationarity, and allows confidence interval (CI)
construction for uncertainty estimates.?®) Prior studies
have demonstrated that historical trends reliably forecast
future demand, particularly when long-term data are avail-
able.?’29) Given the dataset's characteristics (moderate
size, annual resolution, and finite period), ARIMA strikes a

balance between simplicity, interpretability, and reliability.
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More complex methods were deemed unsuitable due
to data limitations and unnecessary complexity for this
study's focus on trend forecasting.?3->>)

The WHO Global Oral Health Action Plan 2023-2030
emphasizes the integration of oral health into primary
healthcare systems, promoting UHC to ensure equitable
access for the population.®?) It advocates for capacity
building in public healthcare systems, including train-
ing and infrastructure development, to meet the needs of
vulnerable groups. This aligns with the Malaysian National
Oral Health Strategic Plan (NOHSP) 2022-2030, which
prioritizes improving the accessibility, affordability,
and quality of OHC services, particularly for mar-
ginalized groups and those with complex care needs.*"
The NOHSP also focuses on developing workforce
strategies and expanding oral health services to address
the increasing demand driven by demographic shifts.!

This study supports these objectives by aiming to (1)
investigate trends in adult public OHC utilization and (2)
forecast future demand among adults in Malaysia. Accurate
forecasts help identify service gaps, optimize resources,
and develop sustainable plans for the OHC system.(?)
While existing research on OHC utilization focuses on
high-income countries, evidence from middle-income
settings like Malaysia remains limited. By establishing
baseline projections, this study provides evidence-based
insights for policy development, program evaluation, and

effective resource allocation.
Materials & Methods

Study Design and Data Sources

This study employed univariate time series analysis
to examine trends and forecast adult public OHC utiliza-
tion in Malaysia until 2034. Data from 1992 to 2019 were
sourced from the Annual Reports compiled by the Health
Information Management System (HIMS) under the
Ministry of Health Malaysia (MOH).®3%) These reports
are based on standardized national data collected by trained
and calibrated dental personnel following established
protocols.®¥ Data integrity is ensured through multi-level
verification at clinic, district, state, and national levels,
along with periodic audits and statistical checks by the
Health Informatics Centre.** These measures ensured
the integrity, consistency, and reliability of the dataset.

The analysis focused on the percentage of adults

Oral Sci Rep: Volume 46 Number 3 September-December 2025

(aged 18-59 years, as defined by HIMS) receiving
primary OHC in public facilities.”) This age range aligns
with Malaysia’s legal definition of adulthood.®® In this
study, "Adult Public Oral Healthcare Utilization" refers
to the percentage of this population utilizing public OHC

services in Malaysia.(?)

Data Preprocessing

The dataset covered years 1992-2019, arranged
chronologically in a Microsoft Excel file before being
imported into EViews 12 for analysis. Inclusion criteria
comprised national-level data for adults aged 18-59, with
complete, continuous, and structured annual observa-
tions from 1992-2019 suitable for ARIMA modeling.
State-level data, inconsistent definitions, and data from
2020 onward were excluded to avoid distortion from
COVID-19-related service disruptions.

In time series analysis, the sample consists of
individual data points, relying on historical patterns and
data availability rather than a fixed sample size.%37)
Including as many data points as possible ensures robust,
reliable results, making a specific sample size unneces-
sary.®%37) Data accuracy and consistency were verified
by HIMS personnel responsible for data collection before
entry into the database.

Missing data were addressed via linear interpolation,
a widely accepted technique that minimizes errors even

(38,39) However, no

when up to 60% of values are missing.
missing data were identified in this dataset. I[f missing data
were present, sensitivity analyses would be conducted
to ensure the chosen method did not alter the findings
significantly.*?) Outliers were detected via correlation
plots and logarithmically transformed to stabilize variance
and reduce skewness. The final dataset underwent normality
assessment using Jarque-Bera test (p>0.05) to confirm
a normal distribution.*" Box plots revealed no extreme
values within the data, ensuring the integrity of the dataset

for subsequent modeling.*?

Forecasting Models and Analysis

The automatic ARIMA function in EViews 12 was
used to forecast utilization prevalence (2020-2034).
ARIMA requires stationary data, where mean and
variance remain constant over time, ensuring stable data
generation and accurate forecasting. EViews 12 automates

differencing and selects optimal autoregressive (AR) and
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moving average (MA) terms using Akaike information
criterion (AIC) and Schwarz criterion (SC), streamlining
model selection.

The ARIMA model captures time-series dynamics
through three parameters: AR (p) for lagged observations,
integrated (d) for differencing to achieve stationarity, and
MA (q) for lagged residuals, forming the ARIMA (p, d,

q) equation:
O(B) (1 -B)Y=0(B) ¢,

In this equation, ®(B) and ®(B) are polynomials
representing the autoregressive and moving average
components, respectively. B is the backward shift opera-
tor, where BYt equals Y, The error term, € is assumed
to follow a white noise process, ensuring no autocorrela-
tion in the residuals.

Automatic ARIMA was chosen over manual
ARIMA which require manual differencing and para-
meter selection to reduce subjectivity and misspecifica-
tion risk.3%*) Automating these processes and selecting
optimal parameters based on AIC and SC minimizes over-
fitting and effectively models trends and autocorrelations,

making it well-suited for public health forecasting.(+>*¥

Model evaluation and validation

The adequacy of the ARIMA model was validated
through diagnostic checks, including residual analysis,
to assess independence and homoscedasticity. Goodness-
of-fit metrics (AIC and SC) were evaluated to confirm
model robustness. Diagnostic checks using R-squared and
Prob (F-statistics) confirmed model accuracy.(45 )

Durbin-Watson statistic tested for autocorrelation
while Jarque-Bera test assessed residuals’ norma-
lity.41:46) The Autoregressive-Conditional-Heteroscedas-
ticity (ARCH) test, which is appropriate for time-series
data exhibiting potential time-varying volatility tested for
homoscedasticity.4”*®) These statistical tests validated
model assumptions, which are detailed in the supplemen-

tary material.

Final Model and Forecasting

Using the finalized ARIMA model, forecasts for adult
public OHC utilization were generated for 2020-2034. To
verify the model's reliability, the results included the fore-

casted utilization prevalence and diagnostic plots, such as
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actual versus forecasted values and residual diagnostics.

All analyses were conducted via EViews 12.

Results

This study analyzed trends in adult public OHC utili-
zation in Malaysia from 1992-2019 and forecasted future
utilization through 2034.

Adult Public OHC Utilization Trends from 1992-2019

Adult public OHC utilization demonstrated four
distinct phases:

* Steady decline from 6.90% in 1992 to 5.38% in
1997, indicating a decline of 22.03% over five years.

* Stabilization from 1997-2002.

¢ Gradual growth from 4.94% in 2002 to 7.30% in
2012, a steady growth of 47.77% over the decade.

¢ Sharp increase from 7.30% in 2012 to 10.10% in
2019, representing an increase of 38.36%.

Figure 1 illustrates these trends, highlighting the
significant periods of decline, stabilization, and growth

over the 28-year period.

Model Selection and Diagnostics

The lowest AIC, indicating high accuracy, identified
ARIMA (3,0,4) as the best-fit model (Supplementary
Table 1). The log-transformed series was stationary with-
out differencing, validating the AR and MA components.
This model effectively captures trends and seasonality in

healthcare utilization data.

Model Performance, Diagnostic Tests, and Statistical
Significance

Key diagnostics confirm the robustness of the
ARIMA (3,0,4) model. Table 1 presents parameter
estimates, standard errors, t statistics, and significance
levels. The high R-squared (0.936) and adjusted R-squared
(0.910) indicate strong explanatory power. Low standard
error (0.063) and significant F statistic (p<0.001) affirm re-
liability. Durbin-Watson statistic (2.02) suggests minimal
residual autocorrelation, confirming the model’s
validity for forecasting public OHC utilization in Malaysia.
The Jarque-Bera test for normality yielded a statistic of
1.28 (p=0.526), indicating normally distributed residuals.
ARCH test showed homoskedasticity (F-statistic=2.19,
p=0.151; Obs*R-squared=2.17, p=0.140). Detailed results
of these diagnostic tests are provided in the supplementary

material.
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Figure 1: prevalence of adult public oral healthcare utilization (1992-2019).

Adult Public OHC Utilization Forecast from 2020-
2034

The forecasted adult public OHC utilization in
Malaysia indicates an initial upward trend, peaking in
2026 before gradually declining toward the end of the
15-year projection period (Table 2).

The forecasted adult public OHC utilization in Ma-
laysia reveals three distinct phases:

 Steady increase from 2020-2026, rising from
10.40% to 11.64%, indicating sustained growth.

* Gradual decline from 2027-2029, decreasing from
11.60% to 11.29%, signaling the onset of a downward
trend.

14.00
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Prevalence of Adult Public Oral Healthcare

e adult utilization

forecasted utilization

* Pronounced decline from 2030 to 2034, with utili-
zation falling from 11.03% to 9.53%.

The forecast includes 95% Cls, providing a mea-
sure of reliability to the projections. Near-term estimates
(+£0.52% in 2024), show greater certainty, while wider
intervals (£0.95% by 2034), reflect increased long-term
uncertainty.

The error measures further demonstrate the strong
predictive accuracy of the ARIMA model and highlight
the model's reliability for forecasting trends over the short
to medium term. Details regarding these error measures

are provided in the supplementary material.

8.70

Upper Limit

Figure 2: Trend and forecasted prevalence of adult public oral healthcare utilization (1992-2034).
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Table 1: Equation outputs of the fitted ARIMA model for the adult public oral healthcare utilization.

Variable
C
AR(1)
AR(2)
AR(3)
MA(1)
MA(Q2)
MAQ@3)
MA(4)
SIGMASQ
R-squared
Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

Coefficient Std. Error t-Statistic Prob.
2.052 0.372 5.509 <0.001
1.317 0.001 1300.410 <0.001
0.322 0.024 13.658 <0.001
-0.666 0.002 -279.619 <0.001
-0.860 186.749 -0.005 0.996
-0.940 2512.185 <0.001 1.000
0.578 1550.757 <0.001 1.000
0.273 1242.440 <0.001 1.000
0.003 2.795 0.001 0.999
0.936 Mean dependent var 1.862
0.910 S.D. dependent var 0.211
0.063 Akaike info criterion -2.041
0.076 Schwarz criterion -1.613
37.577 Hannan-Quinn criterion -1.910
34.944 Durbin-Watson statistic 2.029

<0.001

Table 2: Forecasted prevalence of adult public oral healthcare utilization in Malaysia from 2020 to 2034.

Forecasted Years Ahead

2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034

Discussion

Prevalence of adult public 95% Confidence Interval
oral healthcare utilization in Malaysia (%) Upper Limit Lower Limit
10.40 9.36 11.44
10.76 10.28 11.24
11.05 10.83 11.27
11.31 11.05 11.57
11.49 11.18 11.80
11.61 11.24 11.98
11.64 11.21 12.07
11.60 11.10 12.10
11.48 10.92 12.04
11.29 10.66 11.92
11.03 10.33 11.73
10.71 9.94 11.48
10.35 9.52 11.18
9.95 9.05 10.85
9.53 8.58 10.48

from 1992-2019 followed four phases: initial decline

This study examined trends and forecasted the future ~ (1992-1997), stabilization (1997-2002), gradual growth
utilization of adult public OHC services in Malaysia, (2002-2012), and sharp increase (2012-2019).
using automatic ARIMA univariate time series analysis to From 1992-1997, utilization dropped from 6.90%

generate forecasts through 2034.

to 5.38%, likely due to limited access, low awareness,
and economic barriers. NHMS 1996 reported that 57.5%

Trends in Adult Public OHC Utilization (1992-2019) of sick individuals did not seek care, often deeming it

Adult public OHC utilization trends in Malaysia  unnecessary. Early oral health surveys and the absence
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of comprehensive strategies, such as NOHP 2011-2020,
reflected limited policy focus on adult care at the time.”)

Between 1997 and 2002, utilization fluctuated
between 5.38% and 4.94%, reaching its lowest in 2002,
which likely reflected resource constraints, economic
challenges, or absence of large-scale interventions.
Although NOHSA 20001 provided useful data, struc-
tured efforts to enhance public OHC utilization were still
evolving. The low utilization in 2002 likely reflected
resource constraints, limited awareness, and economic
challenges during Malaysia’s recovery from the 1997-
1998 Asian financial crisis, with restricted healthcare
spending and a public dentist-to-population ratio of
1:8,371, indicating limited service capacity.®%°!) Less
widespread awareness campaigns also reduced public
engagement.*”) Hence, continuous monitoring is essential
to guide resource allocation and ensure equitable access
during economic uncertainties.

From 2002-2012, utilization rose from 4.94% to
7.30%, with a dip from 6.40% to 5.34% between 2007
and 2009, likely linked to the global financial crisis.?
Indirect costs such as transport and income loss may have
deterred non-urgent care.®?) Subsequent increases were
driven by policy initiatives, such as NOHSA 2010%%,
and NOHP 2011-2020,%% which improved service
delivery through integrated systems, online appointments,
automated reminders, and performance monitoring. %>
UTCs and RTCs enhanced accessibility.”)

Utilization accelerated after 2012, from 7.30% in
2012 to 10.10% in 2019, driven by major public OHC
reforms, including infrastructure expansion, targeted
health promotion, and technological integration. Mobile
dental clinics under the 12th Malaysia Plan improved

rural access,*”)

while outreach programs such as Pro-
gram Pergigian Mesra Rakyat,*>>® reflected targeted
population approach. Digital tools such as the ‘MyGusi’
and ‘MyOrtho’ in 2018 further increased accessibility to
specialized care.”)

Importantly, OHC utilization does not necessarily
reflect treatment needs, as it depends on accessibility,
awareness, SES, and individual behaviors.-® Therefore,
compatibility between adult treatment needs and actual
oral health service utilization must be cautiously inter-
preted. While NOHSA 2020 found 94.6% of Malaysian
adults require professional care,*!) lower utilization rates

suggest unmet needs and barriers to care. Integrating
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epidemiological data with utilization trends is crucial to
address these gaps effectively. These findings highlight
the need for policies to improve equitable access and meet

actual oral health needs.

Adult Public OHC Utilization Forecast from 2020-
2034

Forecasts reveal an initial upward trend, peaking in
2026 and a gradual decline from 2020 to 2034. The early
peak may reflect demographic shifts, including a growing
and aging population,® as older individuals face high-
er risks of oral health issues, particularly those with
diabetes.>® Years of health promotion, policy initiatives,
and continued subsidization of basic dental care likely

49 while modest

improved public awareness and access,
infrastructure improvements and rising demand con-
tributed to higher utilization.(-")

From 2027 onward, utilization begins to decline.
This reduction may reflect changes in healthcare policies,
demographic shifts, increased reliance on private
dental services, or accessibility challenges. Between
2016 and 2023, the private sector’s share of dentists
increased from 36.1% to 46.55%, while the public sector
declined from 63.9% to 53.45%.051 Although the public
dentist-to-population ratio improved from 1:6,725 (2016)
to 1:4,588 (2023), it lagged behind the private sector’s
expansion.®") The population-to-dental-unit ratio in the
public sector reflects systemic strain, improving from
1:12,037 in 1992 to 1:7,460 in 2006, then worsening to
1:17,501 in 2011 before recovering to 1:12,431in2019.©
This indicates stagnant infrastructure development amid
rising demand. While the growth of private clinics may
reduce public sector congestion, improving access for
those unable to afford private care, it is crucial to enhance
public infrastructure to ensure quality care and meet the
rising demand from an aging population. Without such
improvements, the public sector may still struggle to
support vulnerable groups despite reduced congestion.

Delayed public OHC access can worsen untreated
conditions, leading to advanced conditions, which escalate
treatment costs and systemic healthcare burdens.>7>%)
Low-income groups, lacking resources for private care,
are particularly vulnerable. Addressing this decline is vital
to prevent rising disease complications and healthcare
costs. Given the stagnant infrastructure and increasing re-

liance on private services, targeted policies are essential to
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address growing inequalities in OHC access and prevent

adverse health outcomes.

Policy Implications

Despite NOHSA 2020 findings that 94.6% of
Malaysian adults require professional intervention,?"
utilization is expected to drop, suggesting worsening
access barriers, potentially leading to unmet oral health
needs and an increased burden of untreated dental
conditions. Targeted policies to enhance affordability,
accessibility, and awareness are essential to address these
challenges.

Economic factors may contribute to declining public
dental service utilization. Despite subsidized OHC,(”
out-of-pocket costs for specific treatments, transporta-
tion and lost work time, may deter care-seeking,>-%:12)
especially for lower-income populations prioritizing other
financial obligations.®!'? The economic downturn and
rising cost of living exacerbate this problem, necessitat-
ing expanded subsidies, financial assistance programs, or
insurance coverage to maintain accessibility.

Long waiting time in MOH facilities also discourage
utilization.®® Working adults prefer private clinics for
faster, more convenient, and perceived better quality of
care despite higher costs.(®”)

Employer-sponsored dental benefits(®") may further
drive working adults towards private dental services. With
financial support, individuals may perceive private dental
care as more accessible and convenient, reinforcing the
preference for private clinics. Consequently, public OHC
services are increasingly utilized by populations without
such benefits, potentially widening socioeconomic dis-
parities in access.

The public sector workforce challenges compound
the issue. Despite increased dentist, limited permanent
positions in MOH facilities push contract-based dental
officers to private practice.(>®®) This reduces afford-
able public service capacity and affects those reliant on
government clinics. Addressing this workforce imbalance
requires sustained investment in infrastructure,
adequate staffing and resources to meet patient demand to
help mitigate service limitations and improve long-term
accessibility.

Beyond financial and workforce challenges,
geographic disparities in OHC remain a concern. Rural

and underserved adults often lack access to public
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dental facilities,®'" contributing to declining utilization.
Expanding mobile clinics, community outreach, work-
place-based initiatives, and teledentistry can improve
access, particularly for preventive care.

The NOHSP 2022-2030 prioritizes preventive and
rehabilitative measures but requires proactive efforts to
reverse declining utilization.®! Strengthening public
health campaigns, addressing financial barriers, and
sustaining the public dental workforce are crucial. Without
targeted interventions, declining service use, oral health
disparities and untreated dental conditions may worsen in
Malaysian adults.

Integrating OHC into Malaysia’s primary healthcare
(PHC) framework can address systemic challenges and
improve care for conditions like diabetes and cardiovas-
cular diseases.®> Currently, oral health services operate
independently within PHC, limiting holistic care despite
partial integration efforts, such as the National Strategic
Plan for Non-Communicable Disease 2016-2025 and
smoking cessation under the KOTAK program.*%-6%)
However, collaboration and referrals between medical
and oral health services remain inadequate, highlighting
the need for governance reforms and multidisciplinary
coordination within MOH.(®) Oral health professionals
should address systemic health issues, while primary
care physicians require basic oral health training.(3-67)
The existing lkon Gigi program, which trains community
representatives to promote oral health, can be expanded to
boost outreach efforts in underserved areas.®® Continuity
of care also requires shared electronic health records.
While Malaysia’s Teleprimary Care-Oral Health Clinical
Information System (TPC-OHCIS)®” supports integra-
tion, its adoption is limited by poor digital infrastructure
and stakeholders’ preference for systems like the Dental
Information System (DIS). Upgrading infrastructure
and unifying TPC-OHCIS and DIS can improve data
sharing and care coordination. To sustainably integrate
OHC into Malaysia’s PHC system, increased public fund-
ing and public-private-partnerships are needed. Current
programs like PeKa B40 and Skim Perubatan Madani
support low-income groups through free screenings and
treatment for medical conditions,(m) but exclude OHC.
Integrating basic oral health packages into these initiatives
would address a critical gap, support NCD prevention, and
advance UHC goals by improving access for underserved

populations.
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These policy recommendations should be considered
within the context of the study’s forecasting approach,
which extrapolates from historical utilization data alone.
Therefore, continuous data monitoring and incorporating
evolving socioeconomic and health system factors are

essential for responsive planning.

Strengths and Limitations

Given that our projections are based solely on
historical dental utilization data, the following outlines the
study’s methodological strengths and limitations, which
inform appropriate interpretation and future research
priorities.

The robustness of the dataset enhances this study’s
reliability, as it draws from credible national databas-
es systematically collected over 28 years (1992-2019)
through an established monitoring system. This long-term
consistency ensures accurate reflections of national trends
in adult OHC utilization, enabling pattern identification,
shift detection, and reliable projections. The dataset’s con-
tinuity strengthens the study’s validity, making its findings
valuable for policymakers and healthcare planners.

A key strength of this study lies in its ability to
provide macro-level insights into public OHC utilization
trends in Malaysia. By leveraging ARIMA modeling on
aggregated data, the study identifies distinct periods of
growth, stabilization, and decline, offering policymakers
a comprehensive view of the overall trajectory of
service demand. These insights are instrumental for
strategic planning, resource allocation, and national policy
development. While the data is aggregated at the national
level and lacks subgroup detail, the trends identified can
guide high-level decision-making by signaling overall
system demands and highlighting the need for targeted
follow-up studies.

The model uses only historical utilization data,
assuming trend continuity without incorporating external
factors. This limits its responsiveness to unexpected shifts
such as economic shocks, policy changes, or health crises.
Although post-2020 data was excluded to avoid pandemic
distortion, this also limits insight into recent system trans-
formations. Additionally, private sector utilization is not
captured, potentially underrepresenting total demand.
However, modeling 28 years of utilization patterns indi-

rectly captures the impact of major national health policies
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and programs, such as the NOHP 2011-2020, mobile
dental clinic expansion, and increased public sector dental
funding under the Tenth and Eleventh Malaysia Plans.?)
These embedded policy signals provide valuable insights
into their population-level effects, demonstrating how
long-term data can inform planning without explicitly
modeling interventions.

The absence of key explanatory variables restricts
the model’s capacity to identify causal relationships or to
predict the effects of targeted policies. Therefore, while
the forecast provides valuable insight into expected trends,
it should be complemented with ongoing data collec-
tion and periodic model updates incorporating broader
determinants when available. Hence, the forecasts provide
a practical baseline scenario but should be interpreted
cautiously, especially for long-term planning.’"

Nevertheless, univariate time series models like
ARIMA are valued for their simplicity and efficiency, with
studies demonstrating their ability to outperform multivar-
iate models, particularly when data is limited or complex.
29 1n this study, ARIMA's adequacy was validated through
rigorous diagnostic checks and residual analysis, confirm-
ing robustness and minimizing overfitting risks. Key error
measures further demonstrated strong predictive accu-
racy and reliability, highlighting the model’s suitability
for short- to medium-term forecasting.

Including 95% CIs enhances the interpretability
of projections.(’?) Short-term projections (2020-2026)
show greater precision, while longer-term forecasts (2027-
2034) are more uncertain due to potential demographic,
economic, or technological changes.’") These limitations
highlight the need for periodic updates with the latest data
and methodologies.(”®) Stakeholders should use short-
term insights for immediate planning, treat long-term
trends as evolving baselines, and incorporate scenario
planning to enhance preparedness and responsiveness.’?

Another limitation is the absence of subgroup
analyses (e.g., by SES, geography, or treatment needs) due
to data aggregation. This restricts the ability to pinpoint
disparities or identify underserved populations. None-
theless, national trends provide a foundation for targeted
research and policy formulation. Future studies should
incorporate multivariable approaches with stratified data
to enhance forecasting accuracy and support equitable

resource distribution.
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Conclusions

Trend analysis (1992-2019) revealed phases of
decline, stabilization, gradual growth, and sharp increase
in Malaysia’s adult public OHC utilization. Forecasts
predict a gradual decline (2020-2034) due to shifting
preferences, private sector growth, and infrastructure
constraints. These findings highlight the need for
proactive policies to improve access, expand infrastructure,
and promote preventive care, providing a foundation
for evidence-based policy-making to ensure equitable,
sustainable OHC.
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(3,4)(0,0)
(4,1)(0,0)
(2,1)(0,0)
(1,0)(0,0)
(1,1)(0,0)
(2,0)(0,0)
(3,2)(0,0)
(1,2)(0,0)
(3,0)(0,0)
(4,3)(0,0)
(4,0)(0,0)
(1,3)(0,0)
(2,2)(0,0)
(1,4)(0,0)
(3,1)(0,0)
(4,4)(0,0)
(4,2)(0,0)
(3,3)(0,0)
(2,3)(0,0)
(0,3)(0,0)
(0,2)(0,0)
(0,4)(0,0)
(2,4)(0,0)
(0,1)(0,0)
(0,0)(0,0)

37.58
35.37
33.17
30.81
31.17
31.10
33.34
31.23
31.21
34.67
31.46
31.33
31.29
32.27
31.25
35.24
32.66
32.66
31.30
26.96
25.16
26.96
26.83
17.51
435

-2.04
-2.03
-2.01
-1.99
-1.94
-1.94
-1.88
-1.87
-1.87
-1.83
-1.82
-1.81
-1.81
-1.80
-1.80
-1.80
-1.76
-1.76
-1.74
=157
-1.51
-1.50
-1.35
-1.04
-0.17

*Akaike’s Information Criterion (AIC) was used to compare the models

-1.61
-1.69
-1.77
-1.84
-1.75
-1.75
-1.55
-1.64
-1.63
-1.41
-1.53
-1.52
-1.52
-1.47
-1.52
-1.33
-1.38
-1.38
-1.40
=133
-1.32
-1.21
-0.96
-0.89
-0.07

-1.91
-1.92
-1.94
-1.94
-1.88
-1.88
-1.78
-1.80
-1.80
-1.70
-1.73
-1.72
-1.72
-1.70
-1.72
-1.66
-1.65
-1.64
-1.63
-1.50
-1.45
-1.41
-1.23
-0.99
-0.14

Supplementary Table 2: ARCH Test for Heteroskedasticity in Residuals of ARIMA Model for Adult Public Oral Healthcare Utilization

in Malaysia.

F-statistic
Obs*R-squared

2.19
2.17
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Supplementary Table 3: Error Measures and Interpretations for the Forecasted ARIMA Model of Adult Public Oral Healthcare Utilization.

Error Measure Value Interpretation
Root Mean Squared Error (RMSE) 0.372 Indicates the average magnitude of forecast errors; lower values reflect higher
accuracy.
Mean Absolute Error (MAE) 0.275 Represents the average absolute difference between observed and forecasted

values; smaller values are better.

Mean Absolute Percentage Error (MAPE) 4.515%  Shows the average forecast error as a percentage of the actual value; below
10% is generally acceptable.

Symmetric MAPE 4.437%  Similar to MAPE but avoids bias toward over- or under-forecasting; confirms
consistent accuracy.

Theil Inequality Coefficient 0.027 Measures the relative forecast accuracy compared to a naive model; values
close to 0 indicate high performance.

Theil U2 Coefficient 0.707 Evaluates the forecast's reliability relative to an ideal model; values below 1

suggest good performance.

12
Series: Residuals
10 Sample 1992 2019
Observations 28
8
Mean -0.007513
Median 0.006019
6 Maximum  0.106506
Minimum -0.139183
4 Std. Dev. 0.052667
Skewness -0.498239
2 Kurtosis 3.326453
0 - - Jarque-Bera  1.282785
-0.15 -0.10 -0.05 0.00 0.05 0.10 Probability ~ 0.526556

Supplementary Figure 1: Histogram of Residuals for ARIMA Model of Adult Public Oral Healthcare Utilization Prevalence in Malaysia.
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Researchers have extracted a number of bioactive substances including volatile oils,
flavonoids, lignans, iridoids, and terpenes from the leaves, seeds, and roots of Vitex
negundo. Anti-inflammatory, antioxidant, anticancer, and antibacterial properties are
displayed by these bioactive substances. The present study proposed to establish the
cytotoxic, apoptotic activity of crude ethanolic extract of Vifex negundo (VN) leaves on

an oral cancer cell line.

Methods: The OSCC cell line was exposed to different concentrations of crude ethanolic
extract of VN leaves and cisplatin for 24, 48, and 72 hours. The MTT assay was done to
check for cell viability. IC, ) was determined. The AO/PI assay for apoptosis was done at
IC50 after 72 hours. Early and late apoptotic changes were observed in VN-treated and
cisplatin-treated cells.

Results: In the human OSCC cell line, the percentage of viable cells decreased from 92.33
to 21.08 after 24 hours as the concentration increased from 20 pg/ml to 100 pg/ml. Cell
viability decreased from 71.20% to 17.89% after 48 hours and from 61.40% to 14.75%
after 72 hours. VN-treated cells were predominantly in the early stage of apoptosis with

chromatin changes (yellow-green nucleus) as compared to cisplatin on AO/PI staining.

Conclusion: Crude ethanolic extract of VN leaves had similar cytotoxic and apoptotic

efficacy to cisplatin on the OSCC cell line.

Keywords: apoptosis, cytotoxicity, oral squamous cell carcinoma cell line, Vitex negundo
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Introduction

Head and neck cancer is the seventh most common
cancer in the globe with a high incidence in Southeast
Asian countries. Over 650,000 cases and 330,000 mor-
talities worldwide are attributed to HNCs on an annual
basis.!) Oral cancer is regarded as a multifactorial disease
caused by environmental, genetic, and epigenetic factors.
Oral squamous cell carcinoma accounts for approximately
90% of all oral cancer cases. The incidence and mortality
of oral cancer in developing countries is showing a
dramatic increase due to habits such as smoking, betel
quid chewing, use of smokeless tobacco, and alcohol
intake.® Oral cancer is the most common cancer pre-
dominantly caused by the use of tobacco in middle-aged
males in India. Oropharyngeal cancer is reported in pa-
tients with human papillomavirus (HPV) infection. India
contributes one-third to the global cancer burden, which
may be attributed to the fact that the diagnosis is usually
made in the advanced stage. West Bengal is leading with
the highest number of oral cancer cases, and the lowest
number of cases are reported from Kerala.®)

Chemical and microbial carcinogens dysregulate the
cellular signaling pathways, cellular metabolism, cellu-
lar differentiation, apoptosis, senescence, angiogenesis,
immune response, and inflammation. Molecular upregu-
lation of proto-oncogenes, and downregulation of tumor
suppressor genes lead to genetic instability. Besides these
genetic causes, certain epigenetic alterations such as DNA
methylation, histone modification, and post-translational
modification of non-coding RNAs also contribute to car-
cinogenesis.¥ Oncogenic pathways, namely the mito-
gen-activated protein kinase (MAPK) pathway, epidermal
growth factor receptor (EGFR) pathway, phosphatidyli-
nositol 3 kinase/ mammalian target of rapamycin (PI3K/
mTOR) pathway, Janus kinase/signal transducer and acti-
vator of transcription (JAK/STAT) pathway, and suppres-
sor pathways such as p53/p16/retinoblastoma pathway are
deregulated in oral carcinogenesis.*)

Surgery is the most recommended course of treat-
ment for oral cancer, used alone or in combination with
radiotherapy and/or chemotherapy. Multimodality therapy
with radiotherapy and chemotherapy is advised depending
upon the surgical accessibility, positive tumor margin,
locally advanced cancer, nodal involvement, and
metastasis.”) All the therapeutic methods have their

own advantages and disadvantages. Chemotherapy may
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be administered before as induction chemotherapy to
reduce the size, during definitive treatment as concomitant
chemotherapy, or after definitive treatment as adjuvant
chemotherapy. Cytotoxic chemotherapeutic drugs inter-
fere with the replication and synthesis of DNA, promoting
the death of cancer cells and normal cells as well.®)

Chemotherapeutic drugs either target the enzymes
within the cell or change the metabolism of cells. The
concept of chemotherapy initially emerged after systemic
mustard gas poisoning damaged the bone marrow and
lymphatic tissues. Following this, an animal study using
nitrogen mustard to target lymphoma was conducted in
mice to prove this hypothesis. Later, nitrogen mustard was
administered to a 48-year-old patient at Yale University
to treat lymphosarcoma, which paved the way for the
chemotherapy regimen. Numerous side effects have been
reported from the duration and dosage, as they harm the
healthy cells amidst the cancer cells. Bone marrow sup-
pression and hematologic toxicity are a few major adverse
effects of chemotherapy.?)

Traditional medicine has been proven to have medici-
nal value with fewer side effects as compared to allopathic
drugs. It has been reported that more than 10,000 studies
from India are related to the antioxidant and antidiabetic
efficacy of medicinal plants.'?) Natural extracts were
considered to have a chemotherapeutic effect as they
interfered with the formation of microtubules and were
able to disrupt microtubule assembly. In the late 1950s,
antimitotic extract from Catharanthus roseus was intro-
duced as vinca alkaloids.'" Phytochemicals have been
reported to exert targeting the molecular mechanisms.
Few studies have demonstrated that the traditional herbs
exert antitumor efficacy by inducing cytotoxicity, pro-
moting apoptosis, regulating epigenetic modifications,
and inhibiting metastasis along with their antioxidant and
anti-inflammatory activity.(!?)

Different species of Vitex, such as Vitex agnus-castus,
Vitex rotundifolia, Vitex trifolia, and Vitex negundo, have
been documented to have medicinal values. Vitex negundo
(VN), also called Nirgundi or five-leaved chaste tree, is
a member of the Verbenaceae family. VN is a tenuous
shrub or small tree that can grow to a maximum height of
5 meters with quadrangular branches. Leaves of VN are
lanceolate with three to five leaflets, fruits are black, and
flowers are bluish-purple. The entire plant has therapeutic

properties and is used in Ayurveda, Chinese, Siddha, and
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Unani to treat multiple ailments as a sarvaroganivarani for
all diseases. Leaves have been reported to have antibacte-
rial, anti-inflammatory, antihistaminic, antidiabetic, anti-
oxidant, and anticancer action. Crude extracts of VN and
bioactive compounds were proven to induce apoptosis,
inhibit angiogenesis, and induce cytotoxicity by targeting
molecular pathways in lung cancer, breast cancer, ovarian
cancer, and colon cancer cell lines.'*) The present study
aimed to evaluate the cytotoxic and apoptotic activities
of crude ethanolic extract of VN leaves on an oral cancer

cell line.
Methodology

Ethical approval
The study was approved by the Institutional Review
Board (SRMDC/IRB/2021/MDS/NO.605)

Identification of the species and procurement of VN
leaves

Fresh, mature leaves of VN, authenticated from Pan-
dit Jawaharlal Nehru College of Agriculture and Research
Institute, Karaikal, were used.

Preparation of crude ethanolic extract of VN leaves
Procured leaves were shade-dried for a period of two
weeks and coarsely powdered. The extraction process was
done using a Soxhlet apparatus. 50 mg of the powder was
weighed and packed into a thimble made from filter paper.
200 ml of 90% ethanol was added to the extraction flask,
and the temperature was set at 80°C, as the boiling point
of ethanol is approximately 78°C-79°C. The process of
extraction was repeated for 24 hours. The solvent was
removed using a rotary vacuum evaporator, and the con-

centrate was stored at 4°C for further studies.®)

Cell culture

The human oral keratinocyte cell line and the human
oral squamous cell carcinoma cell line were procured
from NCCS, Pune. Cells were cultured using DMEM
supplemented with 10% FBS and antibiotics (penicillin,
streptomycin, amphotericin B) in humidified 5% carbon
dioxide at 37°C until 80% confluent.
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Cell viability assay—MTT (3-(4, 5-dimethylthi-
azol-2-yl)-2, S5-diphenyl tetrazolium bromide) assay—
oral cancer cells

The MTT assay was done to determine the viability
of cells after treatment with different concentrations of
crude ethanolic extract of VN leaves. 1.5x10% cells/well
were seeded into 96-well plates. These seeded cells were
treated with five concentrations of crude ethanolic extract
of VN leaves (20, 40, 60, 80, and 100 pg/ml) at 37°C for
24,48, and 72 hours. At the end of each incubation period,
a working solution of 20 pl of MTT reagent was added
to each well and further incubated for 4 hours. 100 ul of
DMSO was then added to each well, and the absorbance
was read using an ELISA reader at 570 nm. The experi-
ment was done in triplicate. Cisplatin (2, 4, 6, 8, 10 pg/
ml) was used as a positive control. Untreated cells were
used as a negative control. Percentage of viable cells was
calculated using the formula'),

Cell viability % =

Absorbance x 100

sample
Absorbance

control

Cell viability assay—MTT (3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyl tetrazolium bromide) assay—
human oral keratinocytes

The percentage of viability of human oral kerati-
nocyte cells was also identified after treatment with five
concentrations of crude ethanolic extract of VN leaves
(25,50, 100, 150, and 200 pg/ml) at 37°C for 24, 48, and
72 hours. This was done to prove that the crude ethanolic

extract of VN leaves was not cytotoxic to normal cells.

Inhibitory concentration (IC,) identification by stan-
dard curve method

The IC, value (half-maximal concentration 50%)
was calculated for crude ethanolic extract of VN leaves
and cisplatin by the standard curve method. A scatter plot
was drawn using concentration on the x-axis and cell
viability on the y-axis. A linear trendline was drawn, and
the R-squared value with equation was noted. IC,, was
determined by four parametric logistic equations for 24
hours, 48 hours, and 72 hours for crude ethanolic extract

of VN leaves and cisplatin.(!61®)
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Acridine Orange/Propidium Iodide (AO/PI) dual
staining—assessment of apoptotic activity

AO/PI dual staining was done to evaluate the apop-
totic activity of crude ethanolic extract of VN leaves.
Wells containing the test and control group at IC,, con-
centration were washed with PBS and stained with 16 pl
of dual fluorescent staining solution containing 100 pg/
ml AO and 100 pg/ml PI (AO/PI, Sigma, St. Louis, MO).
The mix was allowed to diffuse and enter into the cells for
5 min. The stained cells were viewed under a fluorescence
microscope (Invitrogen EVOS FL imaging; 40X magni-
fication). Both the viable and dead cells were permeated
by AO, and the nuclei appeared green under a fluores-
cent microscope. The nuclei of dead cells whose cyto-
plasmic integrity was lost appeared red from PI staining.
Thus, nuclei of viable cells showed green fluorescence,
early apoptotic cells with fragmented chromatin showed
yellow-green fluorescence, late apoptotic cells showed
orange fluorescence, and dead cells fluoresced red.(!%2?)

Statistical analysis

The results were analyzed for statistical significance
using Statistical Package for Social Sciences (SPSS) soft-
ware version 16. Statistical significance was set at p<0.05.
Mean and standard deviation were calculated for the tripli-
cate absorbance values of the MTT assay. The percentage
of viable cells was calculated from the mean absorbance
value. Mann-Whitney U test was done to compare the
mean of cell viability between the VN and cisplatin-treated
cells. The Friedman Kruskal-Wallis test was done to com-
pare the difference in mean for each concentration after
24 hours, 48 hours, and 72 hours.

Results

MTT cell viability assay

The cytotoxic efficacy of crude ethanolic extract of
VN leaves after 24 hours, 48 hours, and 72 hours was
determined at different concentrations in the human oral
keratinocyte cell line and the human oral squamous cell
carcinoma cell line. In the human oral keratinocyte cell
line, the cell viability after 72 hours was 88.59% at a con-
centration of 200 pg/ml of VN leaves (Figure 1). Thus,
the cytotoxic effects were tumor-specific.

In the human OSCC cell line, the cell viability
decreased from 92.33% to 21.08% after 24 hours as the

Oral Sci Rep: Volume 46 Number 3 September-December 2025

concentration increased from 20 pg/ml to 100 pg/ml.
The cell viability decreased from 71.20% to 17.89% after
48 hours and from 61.40% to 14.75% after 72 hours
(Figure 2).

The cell viability was also determined with different
concentrations of cisplatin after 24 hours, 48 hours, and
72 hours. The percentage of viable cells decreased from
90.81% to 20.36% after 24 hours, 85.68% to 17.18% after
48 hours, and 72.43% to 14.09% after 72 hours (Figure 3).
As described in Table 1 & Table 2, at a concentration of
20 pg/ml of the crude ethanolic extract of VN leaves,
cell viability was 92.33%, 71.2%, and 61.4% after 24,
48, and 72 hours, respectively. The difference was not
statistically significant (p=0.241) (N=3). 74.47%, 65.04%,
and 52.37% were the percentages of viable cells at a con-
centration of 40 pg/ml of VN after 24, 48, and 72 hours.
The difference did not show any statistical significance
(p=0.142) (N=3). Similarly, at 60 pg/ml, 51.7%, 47.23%,
and 40.67% percent of cells were viable after exposure to
VN leaves after 24, 48, and 72 hours with statistical signif-
icance (p=0.001) (N=3). Again at 80 pg/ml, the difference
was statistically significant (p=0.002) (N=3) with 31.725,
28.93%, and 26.84% percent of viable cells. The differ-
ence was also statistically significant (p=0.002) (N=3)
at 100 ug/ml after 24, 48, and 72 hours, with 21.08%,
17.89%, and 14.75% percent of viable cells, respectively.

This concentration-dependent cytotoxicity was also
assessed for cisplatin for comparison (Table 3 & Table 4).
At a concentration of 2 ng/ml, the percentage of viable
cells was 90.81%, 85.68%, and 72.43% after 24, 48, and
72 hours, respectively. On comparison, the difference was
not statistically significant (p=0.15) (N=3). At 4 pg/ml,
72.21%, 69.21%, and 41.12% were the viability percent-
ages with a statistically significant difference (p=0.02)
(N=3). Similarly, a significant difference (p=0.02) (N=3)
was found at 6 ng/ml, with viability of 40.1%, 39.22%,
and 33.92% after 24, 48, and 72 hours. At 8 pg/ml, the
viability was 26.94%, 25.13%, and 22.79% with a signifi-
cant difference (p=0.01) (N=3). At the final concentration
of 10 png/ml also, the difference was significant (p=0.002)
(N=3) with viability of 20.36%, 17.18%, and 14.09%.

To prove the time-dependent cytotoxic efficacy, the
viability was also compared after 24, 48, and 72 hours
between different concentrations of VN and cisplatin
(Figure 5). The first concentration was 20 pg/ml of VN

leaves crude ethanolic extract and 2 pg/ml of cisplatin.
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The second concentration was 40 pg/ml of VN and 4 pg/
ml of cisplatin. The third concentration was 60 pg/ml of
VN and 6 pg/ml of cisplatin. The fourth concentration was
80 pg/ml of VN and 8 pg/ml of cisplatin. The fifth con-
centration was 100 pg/ml of VN and 10 pg/ml of cisplatin.
The difference was significant for the 3rd (p=0.04) (N=3)
and 4™ (p=0.03) (N=3) concentrations among 5 different
concentrations of VN and cisplatin after 24 hours. After
48 hours, the 1% (p=0.03), 2" (p=0.02), and 3" (p=0.02)
(N=3) concentrations of VN and cisplatin showed sta-
tistical significance. After 72 hours, again, 15 (p=0.01),
2" (p=0.01), and 3" (p=0.04) (N=3) were statistically
significant (Table 5).

Inhibitory Concentration (IC, )

The IC,, value was determined for VN and cisplatin
after 24, 48, and 72 hours. For VN, IC,, was 64.83 ug/ml,
54.47 ng/ml, and 41.829 pg/ml after 24, 48, and 72 hours,
respectively. Similarly, 5.65 pug/ml, 5.77 ng/ml, and 4.05
ng/ml were the IC, ) values of cisplatin after 24, 48, and
72 hours, respectively.

Apoptotic assay - AQ/PI dual staining

The cells at IC ) were treated with AO/PI stain to
detect the morphological change of apoptosis. Cells treated
with control did not show any apoptotic change (green)
(Figure 4a). Most of the cisplatin-treated cells were
either in the early (yellow-green) or late stage (orange) of

apoptosis (Figure 4b). VN-treated cells were predom-
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inantly in the early stage of apoptosis with chromatin
changes (yellow-green nucleus) as compared to cisplatin

(Figure 4c).

Discussion

Oral cancer has been reported to be the ninth cause of
mortality from cancer on a global basis. Independent risk
factors for oral and oropharyngeal cancer include smoking
forms of tobacco, smokeless forms of tobacco, and HPV
infection. The incidence of oral cancer has increased from
4.28/100,000 to 4.52/100,000 in the last two decades at the
global level. Among the Southeast Asian countries, India
was the top ranker with the highest burden of oral cancer,
as per data from the International Agency for Research
on Cancer (IARC). Unfortunately, most of the patients
are diagnosed at their advanced stage with only a 5-year
survival period. Various time intervals, such as patient
interval, diagnostic interval, pre-treatment, and treatment
interval, have been reported in the diagnosis and manage-
ment of oral cancer. The mortality rate from oral cancer
can be considerably decreased by significantly reducing
the time period of these intervals.®!">3) Cancer therapeu-
tics such as surgery, radiotherapy, and chemotherapy also
contribute to the morbidity, indirectly affecting the quality
of life and survival rate.*%

Surgical management is the primary treatment of
choice for oral cancer; however, radiotherapy remains
the standard treatment for inaccessible tumor sites and

surgically unfit patients. Literature suggests that chemo-

Figure 1: (a), Human oral keratinocyte cell line treated with 25 pg/ml of VN: (b), Human oral keratinocyte cell line treated with 50 pg/ml

of VN: (c), Human oral keratinocyte cell line treated with 100 pg/ml of VN: (d), Human oral keratinocyte cell line treated with 150 pg/ml
of VN: (e), Human oral keratinocyte cell line treated with 200 pg/ml of VN (scale bar - 100 pm).
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Figure 2: (a), Human oral squamous cell carcinoma cell line treated with 20 pg/ml of VN: (b), Human oral squamous cell carcinoma

cell line treated with 40 pg/ml of VN: (c¢), Human oral squamous cell carcinoma cell line treated with 60 pg/ml of VN: (d), Human oral

squamous cell carcinoma cell line treated with 80 pg/ml of VN: (e), Human oral squamous cell carcinoma cell line treated with 100 pg/

ml of VN (scale bar - 100 um).

Figure 3: (a), Human oral squamous cell carcinoma cell line treated with 2 pg/ml of cisplatin: (b), Human oral squamous cell carcinoma

cell line treated with 4 pg/ml of cisplatin: (c), Human oral squamous cell carcinoma cell line treated with 6 png/ml of cisplatin: (d), Human

oral squamous cell carcinoma cell line treated with 8 pg/ml of cisplatin: (e), Human oral squamous cell carcinoma cell line treated with

10 pg/ml of cisplatin (scale bar - 100 um).

radiotherapy can be considered for advanced stages of
locoregional head and neck cancer.®> A study by Sarma
et al., compared the complications of management of oral
cancer with and without neoadjuvant chemotherapy. The
study reported that patients who received two to three
cycles of neoadjuvant chemotherapy prior to surgical
resection for tumor shrinkage had better outcomes than the
control group.®® Though chemotherapy is a blessing for
patients with advanced cancer, systemic adverse effects
affect the quality of life of the patients, thus prompting

the need for less toxic, effective phytochemical alterna-

tives for cancer management. Traditional herbs are being
studied in recent days for anticancer activity.

VN has been proven in literature to have potent
antimicrobial, antioxidant, anti-inflammatory, anti-
osteoporotic, anti-androgenic, anti-diabetic, anti-tumoral,
and hepatoprotective efficacy. Flavonoids, terpenoids,
steroids, and lignans have been reported to be the four
major classes of compounds from VN. Almost 120
compounds have been isolated from VN belonging to
these four major classes.?”) Vitexin, vitexicarpin, triter-

penoids, lagundinin, nishindaside, betulinic acid, negun-
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Figure 4: (a), Cells treated with control did not show any apoptotic change (green): (b), Cisplatin-treated cells either in the early

(yellow-green) or late stage (orange) of apoptosis: (c), VN-treated cells in the early stage of apoptosis (yellow-green nucleus) (scale

bar - 200 pm).
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Figure 5: Cell viability following treatment with different concentrations of crude ethanolic extract of VN leaf after 24 hours, 48 hours,

and 72 hours; Cell viability following treatment with different concentrations of cisplatin after 24 hours, 48 hours, and 72 hours.

doside, diterpene, B-caryophyllene, vitexoside, vitexdoin,
vitegnoside, ursolic acid, and vitelignin are a few active
phytoconstituents of VN leaves.(?7-30)

Species of Vitex have been documented to target the
PI3K/Akt pathway, JAK/STAT pathway, Wnt/p-caten-
in pathway, MAPK pathway, and NF-kB pathway. The
extracts were also stated to activate caspases, activate
pro-apoptotic proteins, inhibit anti-apoptotic proteins,
upregulate cytochrome ¢, downregulate MMP-9, induce
cell cycle arrest, induce apoptosis, inhibit viability of cells,

inhibit epithelial mesenchymal transition, and prevent

invasion and migration. Vitexicarpin/casticin from VN
has been proven through in vitro studies to exert antitum-
origenic effects on breast cancer, bladder cancer, cervical
cancer, colon cancer, hepatocellular cancer, leukemia,
esophageal cancer, lung cancer, ovarian cancer, prostate
cancer, and melanoma.3132)

Xin et al., reported that lignans from VN augmented
histone phosphorylation, Cdk1 phosphorylation, increased
expression of cyclin B1, induced cell cycle arrest at G2/M
phase, and induced apoptosis in various cancer cell lines.?)

Vo et al., explored the anti-tumorigenic and apoptotic



256 Oral Sci Rep: Volume 46 Number 3 September-December 2025

Table 1: Percentage of viable oral squamous cell carcinoma cells following treatment with different concentrations of crude ethanolic extract
of VN leaf after 24 hours, 48 hours and 72 hours.

24 hrs Control 20 pg/ml 40 pg/ml 60 pg/ml 80 pg/ml 100 pg/ml
0.759 0.698 0.568 0.395 0.243 0.164
0.752 0.697 0.561 0.392 0.235 0.152
0.746 0.689 0.552 0.38 0.238 0.16
Mean 0.752333 0.694667 0.560333 0.389 0.238667 0.158667
SD 0.006506 0.004933 0.008021 0.007937 0.004041 0.00611
Cell Viability (%) 100 92.33 74.47 51.70 31.72 21.08
48hrs Control 20 pg/ml 40 pg/ml 60 pg/ml 80 pg/ml 100 pg/ml
0.746 0.535 0.489 0.356 0.218 0.136
0.745 0.537 0.489 0.356 0.217 0.133
0.745 0.535 0.49 0.354 0.218 0.135
Mean 0.745333 0.535667 0.489333 0.355333 0.217667 0.134667
SD 0.000577 0.001155 0.000577 0.001155 0.000577 0.001528
Cell Viability (%) 99.06 71.20 65.04 47.23 28.93 17.89
72hrs Control 20 pg/ml 40 pg/ml 60 pg/ml 80 pg/ml 100 pg/ml
0.738 0.463 0.394 0.305 0.202 0.112
0.738 0.463 0.393 0.307 0.201 0.113
0.739 0.462 0.394 0.306 0.202 0.111
Mean 0.738333 0.462667 0.393667 0.306 0.201667 0.112
SD 0.000577 0.000577 0.000577 0.001 0.000577 0.001
Cell Viability (%) 98.22 61.40 52.37 40.67 26.84 14.75

Table 2: Comparison of mean viability of oral squamous cell carcinoma cells with different concentrations of crude ethanolic extract of
VN leaf after 24 hours, 48 hours, and 72 hours.

Concentration of crude ethanolic extract of VN leaf Time interval Percentage of viable cells (%) p-value
24 hours 100
Control 48 hours 99.06 0.312
72 hours 98.22
24 hours 92.33
20pg/ml 48 hours 71.2 0.241
72 hours 61.4
24 hours 74.47
40pg/ml 48 hours 65.04 0.142
72 hours 52.37
24 hours 51.7
60pg/ml 48 hours 47.23 0.001*
72 hours 40.67
24 hours 31.72
80pg/ml 48 hours 28.93 0.002*
72 hours 26.84
24 hours 21.08
100pg/ml 48 hours 17.89 0.002*
72 hours 14.75

Friedman Kruskal-Wallis test - *statistically significant (p-value less than 0.05).
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Table 3: Percentage of viable oral squamous cell carcinoma cells following treatment with different concentrations of cisplatin after 24

hours, 48 hours and 72 hours

24hrs Control 2 pg/ml 4 pg/ml 6 pg/ml 8 pg/ml 10 pg/ml
0.756 0.687 0.553 0.301 0.203 0.152
0.749 0.686 0.542 0.298 0.205 0.157
0.759 0.683 0.54 0.309 0.202 0.152
Mean 0.75467 0.68533 0.545 0.30267 0.20333 0.15367
SD 0.00513 0.00208 0.007 0.00569 0.00153 0.00289
Cell Viability (%) 100 90.81 72.21 40.10 26.94 20.36
48hrs Control 2 pg/ml 4 pg/ml 6 pg/ml 8 ng/ml 10 pg/ml
0.725 0.647 0.526 0.297 0.192 0.134
0.738 0.641 0.521 0.295 0.181 0.126
0.747 0.652 0.52 0.296 0.196 0.129
Mean 0.73667 0.64667 0.52233 0.296 0.18967 0.12967
SD 0.01106 0.00551 0.00321 0.001 0.00777 0.00404
Cell Viability (%) 97.61 85.68 69.21 39.22 25.13 17.18
72hrs Control 2 pg/ml 4 pg/ml 6 pg/ml 8 ng/ml 10 pg/ml
0.706 0.547 0.304 0.267 0.172 0.104
0.705 0.541 0312 0.245 0.176 0.106
0.705 0.552 0.315 0.256 0.168 0.109
Mean 0.70533 0.54667 0.31033 0.256 0.172 0.10633
SD 0.00058 0.00551 0.00569 0.011 0.004 0.00252
Cell Viability (%) 93.46 72.43 41.12 33.92 22.79 14.09

Table 4: Comparison of mean viability of oral squamous cell carcinoma cells with different concentrations of cisplatin after 24 hours, 48
hours, and 72 hours.

Concentration of cisplatin Time interval Percentage of viable cells (%) p-value

24 hours 100

Control 48 hours 97.61 0.11
72 hours 93.46
24 hours 90.81

2pg/ml 48 hours 85.68 0.15
72 hours 72.43
24 hours 72.21

4pg/ml 48 hours 69.21 0.02*
72 hours 41.12
24 hours 40.1

6pg/ml 48 hours 39.22 0.02*
72 hours 33.92
24 hours 26.94

8ug/ml 48 hours 25.13 0.01%*
72 hours 22.79
24 hours 20.36

10pg/ml 48 hours 17.18 0.002*
72 hours 14.09

Friedman Kruskal-Wallis test - *statistically significant (p-value less than 0.05).
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Table 5: Comparison of time-dependant cytotoxic efficacy of crude ethanolic extract of VN and cisplatin .

Time interval

24 hrs

48 hrs

72 hrs

Concentration

20pg/ml of VN leaf crude ethanolic extract
2ug/ml of cisplatin

40pg/ml of VN leaf crude ethanolic extract
4ug/ml of cisplatin

60ug/ml of VN leaf crude ethanolic extract
6pg/ml of cisplatin

80pg/ml of VN leaf crude ethanolic extract
8pg/ml of cisplatin

100pg/ml of VN leaf crude ethanolic extract
10pg/ml of cisplatin

20pg/ml of VN leaf crude ethanolic extract
2ug/ml of cisplatin

40pg/ml of VN leaf crude ethanolic extract
4pg/ml of cisplatin

60pg/ml of VN leaf crude ethanolic extract
6pg/ml of cisplatin

80ug/ml of VN leaf crude ethanolic extract
8pg/ml of cisplatin

100pg/ml of VN leaf crude ethanolic extract
10pg/ml of cisplatin

20pg/ml of VN leaf crude ethanolic extract
2ug/ml of cisplatin

40pg/ml of VN leaf crude ethanolic extract
4ug/ml of cisplatin

60pg/ml of VN leaf crude ethanolic extract
6pg/ml of cisplatin

80pg/ml of VN leaf crude ethanolic extract
8ug/ml of cisplatin

100pg/ml of VN leaf crude ethanolic extract
10pg/ml of cisplatin

Cell viability % p-value

92.33

0.29
90.81
74.47

0.06
72.21
51.7

0.04*
26.94
31.72

0.03*
26.94
21.08

0.26
20.36
71.2

0.03*
85.68
65.04

0.02%*
69.21
47.23

0.02*
39.22
28.93

0.13
25.13
17.89

0.32
17.18
61.4

0.01*
72.43
52.37

0.01*
41.12
40.67

0.04*
33.92
26.84

0.07
22.79
14.75

0.12
14.09

Mann-Whitney U test - *statistically significant (p-value less than 0.05).

efficacy of compounds from VN (vitexicarpin, penduletin,
and artemetin) in human breast cancer and liver cancer
cell lines.®% Awale er al., tested the cytotoxic efficacy
of chrysoplenetin, the active constituent of VN, against
a panel of 39 human cancer cell lines and the ethanolic
extract of VN against a human pancreatic cell line. This
study reported that the chrysoplenetin compound from
VN induced apoptosis and cytotoxicity in the cell lines.>

The cytotoxic efficacy of leaves of Vitex rotundifolia
was analyzed by Chaudhry ez al.,3®) in a breast cancer cell
line. Crude methanolic extract and seven fractions were
prepared from the leaves, and an MTS assay was done in

their study. Seven different concentrations of extract and

fractions were evaluated for cytotoxic efficacy after 24
hours, 48 hours, and 72 hours. The Annexin V/PI staining
assay was done to prove the apoptotic change in mor-
phology of the cells induced by Vitex. IC, after 72
hours was found to be 79.43 pg/ml, and at this concen-
tration apoptotic changes were also noticed. Aslanturk
etal.®7 evaluated the cytotoxic, apoptotic, and antioxidant
activity of crude extract from seeds of V. agnus-castus on
the MCF-7 breast cancer cell line by 1,1-diphenyl-2-pic-
ryl-hydrazyl (DPPH) assay. Methanol, diethyl ether,
petroleum ether, ethyl acetate, and aqueous extracts were
compared for potent anticancer activity. Methanol and

aqueous extracts had better antioxidant activity than other



Oral Sci Rep: Volume 46 Number 3 September-December 2025

extracts. The IC,) was 83.47 pg/ml with methanol
extract. All the extracts had similar cytotoxic and apoptotic
activity on the MCF-7 breast cancer cell line. Ibrahim et al.
evaluated the antioxidant, antitumoral, and anti-inflam-
matory efficacy of V. agnus-castus fruit extract. The
inhibition of COX-2 was dose-dependent, and the anti-
inflammatory activity was correlated to the anti-tum-
origenic efficacy owing to the decreased prostaglandin
production.®® Similarly, Ilhan e al. studied the apoptotic
activity of essential oil from leaves of V. agnus-castus
on a multi-drug resistant lung carcinoma cell line and
normal human cells also to prove the specific action on
tumor cells. The study concluded that both intrinsic and
extrinsic apoptotic pathways were activated and the ex-
pression of Bel-2, Bax, Bad, caspases, and TRAIL were
modulated by V. agnus-castus.®% Gong et al.,*?) isolated
rotundifuran from the fruits of V. trifolia and found that
the proliferation of cervical cancer cells was suppressed
by induction of apoptosis. The study also evaluated the
molecular mechanisms associated with the development
of cervical cancer. CYR61 was identified as a potential
target as the relative gene expression was 2.963. The study
concluded that rotundifuran could upregulate CYR61
expression and can be considered as a potential thera-
peutic herb in the management of cervical cancer.

The antiproliferative and antioxidant activity of VN
was evaluated on a hepatoma cell line by Kadir et al. The
MTT assay was done to evaluate the antiproliferative
activity, and the IC, j value after 24 hours, 48 hours, and 72
hours was found to be 66.46 ng/ml, 57.36 pg/ml and 65.12
ng/ml.("> Mohammad et al. isolated the bioactive com-
pound artemetin from VN and evaluated the anticancer
and antioxidant activity of the ethyl acetate leaf extract on
the MCF-7 breast cancer cell line by the MTT assay. The
study reported that the maximum activity was reported at
a concentration of 200 pg/ml.“" In our study, MTT assay
was done to analyze the cell viability of OSCC cells after
five different concentrations of crude ethanolic extract
of VN leaves after 24 hours, 48 hours, and 72 hours, and
IC, ) was found to be 41.83 pg/ml after 72 hours. PI/AO
dual staining was done in our study to evaluate the early
and late apoptotic changes at IC, | concentration. The via-
bility of OSCC cells was found to reduce with increasing
dose and time interval. Thus, effects were observed to be
dependent on dose and time.

Similarly, Gowthami et al.,*?) performed an in-silico
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modeling study with AutoDock Vina to identify the com-
pounds from the leaves of VN to target the Wnt signaling
pathway. Wnt signaling proteins, namely, axin, 3-catenin,
GSK-3pB, APC, and Dishevelled, were selected for the
molecular docking study. The binding energy was found
to be maximum for luteolin, chrysophanol, and isoori-
entin. Thus, the study concluded that these compounds
can be used as potential targets for the Wnt signaling
pathway in colorectal cancer. Vitexin was isolated from
the leaves of VN, and its anticancer, apoptotic activity
on human malignant melanoma cell lines was studied by
Liu er al.*¥) A cytotoxicity assay was done, and IC, was
calculated after 48 hours following exposure to different
concentrations of vitexin from VN leaves. Apoptosis was
studied with Annexin V/PI staining. RT-PCR was done to
explore the expression of p21, PUMA, CDK1, MCM6,
CYCE, CDK6, and CYCA, as these were involved in the
regulation of the cell cycle. The IC,, was found to range
between 5 and 15 uM, and the apoptotic activity was
around 17% at 5 uM, 39% at 20 uM, indicating the time-
and dose-dependent increase in anti-tumorigenic efficacy.
Vitexin was also found to induce cell cycle arrest at the
G2/M phase. The cytotoxic activity was also determined
in a normal human skin keratinocyte cell line, and the IC,,
was found to be around 80 puM, suggesting the selective
cytotoxic activity of vitexin on melanoma cells.**) These
findings are in concordance with our study, as the cell via-
bility of the normal human oral keratinocyte was 88.59%
after 72 hours of exposure to 200 pug/ml of crude ethanolic
extract of VN leaves, clearly demonstrating the selective
cytotoxic action on OSCC cells.

The limitation of the study is that active compounds
of the VN leaves were not investigated for anticancer ac-
tivity. Secondly, the quality of the extract was not assessed
before and after storage by phytochemical profiling, or
thin layer chromatography, or high-performance liquid
chromatography. Thirdly, only crude ethanolic extract was
studied; other solvents were not compared for analysis.
Fourthly, only VN was considered for the study; other
species belonging to the family of Verbenaceae, such as
Vitex agnus-castus, Vitex rotundifolia, and Vitex trifolia,
were not added, though the literature documented potent
anticancer activity. In addition to these, the antioxidant
activity of VN was also not included in the study. Fur-
ther research with isolation and characterization of active

compounds accompanied by comparative analysis with
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other solvents and in-silico molecular docking studies in
the future might fortify the establishment of cost-effec-
tive, less toxic phytochemicals in the field of therapeutic
oncology. Similar to the multimodality treatment meth-
ods, combinations of multiple herbs similar to the study
by Nazhvani et al.,** could also be considered for the
development of alternative traditional therapeutic strate-

gies for oral cancer.

Conclusions

Our study attempted to evaluate the cytotoxic and
apoptotic efficacy of crude ethanolic extract of VN
leaves on an oral squamous cell carcinoma cell line in
comparison with cisplatin. After 72 hours of exposure,
the cell viability was 14.75% with VN and 14.09%
with cisplatin. Thus, the cytotoxic efficacy of VN was
almost similar to cisplatin. Future clinical trials would
be considered to include VN as an alternative therapeutic

regimen in the management of oral cancer.
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Abstract

Objectives: Mandibular advancement devices (MADs) are an effective alternative treat-
ment for obstructive sleep apnea (OSA), improving daytime symptoms and enhancing
quality of life. However, evidence on the cost-effectiveness of MAD for OSA treatment
remains limited. This study aimed to conduct a cost-utility analysis comparing MAD
treatment for OSA to no treatment in Thailand.

Methods: A social perspective was adopted to evaluate the cost-utility of MAD com-
pared to no treatment using a Markov model with a lifetime horizon in OSA patients with
excessive daytime sleepiness (EDS). Input parameters were drawn from international
and national sources, including published literature, national databases, and local expert
consultations. Costs were presented in the United States dollar (USD), and a 3% discount
rate was applied to both costs and outcomes, in accordance with Thailand's National HTA

Guidelines.

Results: The base case analysis indicated that using MAD resulted in an increase in
QALYs by 0.85, with additional costs of 3,308 USD. This resulted in an ICER of 3,891
USD, which is slightly lower than the willingness-to-pay threshold in Thailand, set at
4,526 USD per QALY. MAD was found to be cost-effective, with a probability of cost-
effectiveness of 51.9%. Parameters influencing cost-effectiveness were identified and the
most sensitive parameters affecting changes in the incremental cost-effectiveness ratio

(ICER) were examined through the one-way sensitivity analysis.

Conclusions: MAD therapy appeared marginally cost-effective in Thai settings for OSA
patients with EDS. The considerable uncertainty revealed in sensitivity analyses suggests
that further research is needed to clarify key parameters and inform decision-making.

Keywords: cost-effectiveness analysis, cost-utility analysis, economic evaluation, man-
Oral Sci Rep. 2025; 46(3): 262-273 dibular advancement devices, obstructive sleep apnea, road traffic accidents
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Introduction

Obstructive sleep apnea (OSA) is a common sleep-
related breathing disorder characterized by the relax-
ation of pharyngeal muscles, which leads to recurrent
episodes of upper airway obstruction during sleep. As
a protective mechanism, the brain triggers an arousal to
awaken the individual, tightening the upper airway mus-
cles and reopening the airway to resume breathing.(’-?)
Repeated sleep disruptions and awakenings can result
in various symptoms and health complications.®) OSA
significantly increases the risk of accidents, especially
road traffic accidents (RTAs), due to excessive daytime
sleepiness (EDS)."!V Individuals with OSA are partic-
ularly vulnerable to microsleep episodes and decreased
alertness, particularly in monotonous driving conditions.
Microsleep, a brief lapse in attention, is among the most
hazardous outcomes of untreated OSA and contributes to
a 2-to-7-fold increase in crash risk among affected drivers
compared to the general population.*” In Thailand, the
prevalence of OSA with EDS is approximately 4.4% of
the total population.!'?)

Treatment options for OSA vary depending on the
severity of the condition and the patient’s needs. Continuous
positive airway pressure (CPAP) therapy is considered
the gold standard. This device provides a continuous flow
of air through the nose and/or mouth to keep the airways
open during sleep. CPAP has demonstrated effective-
ness in reducing EDS and lowering the risk of RTAs. 313
Specifically, adherence to CPAP for more than four hours
per night has been associated with a 67.1% to 81% reduc-
tion in RTAs!"Y, with noticeable improvements in driving
performance within 2 to 7 days of treatment initiation. 1>

Despite its efficacy, CPAP adherence remains a
major challenge. Globally, only about 50% of OSA
patients maintain consistent CPAP use.(">!>) In Thailand,
access to CPAP is further hindered by cost barriers. The
device, which costs approximately 566 USD, is not
currently covered under the Thai Universal Health Coverage
(UHC) scheme, requiring patients to pay out-of-pocket.!®)
Consequently, many patients either forgo therapy or
seek alternative treatments. Therefore, Mandibular
advancement device (MAD) provides a viable alternative,
especially for patients with mild to moderate OSA. These
devices function by repositioning the mandible forward

relative to the upper jaw, helping to maintain an open
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airway and preventing the collapse of soft tissues. MAD
treatment effectively reduces EDS and improves daytime
functions, such as driving performance and it was reported
to have better patient compliance than CPAP.(17-2%

Although MADs provide health benefits compared
to no treatment, they also incur costs, necessitating
justification for inclusion in the public program. Using a
societal perspective, this study aims to conduct a cost-
utility analysis comparing MADs with the no-treatment.
The findings of this study may support policy considerations
for including MADs in the Thai UHC benefit package,
particularly in light of the affordability challenges asso-
ciated with CPAP.

Methods

Economic model

This was a cost-utility analysis designed to estimate
the expected costs and health gains associated with the use
of MAD treatment versus no treatment in OSA patients
with EDS. The study modeled OSA patients with EDS
driving vehicles and transitioning into four health stages:
OSA no event (OSA patients without any specific RTAs),
RTA alive (OSA patients surviving an RTA), RTA disability
(OSA patients disabled due to an RTA), and death. It was
assumed that OSA patients surviving an RTA would drive
similarly to OSA no event, meaning this group could
continue driving vehicles and could experience RTAs
again (Figure 1).

The model simulated scenarios for OSA patients
starting at the age of 39 years, which represents the
average age of OSA diagnosis in Thailand."'?) with a

cycle-length of 1 year and a lifetime time horizon.

All-cause mortality in
the general population

n

RTA disability

RTA event
Death from all
causes in disability
population

RTA event No event

RTA alive

RTA event

RTA event

Death from all causes in
general population

Figure 1: Structure of the Markov model.
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Model input

Transition probabilities

In the no-treatment scenario, the probabilities of tran-
sitioning from OSA no event to RTA alive, RTA disability,
and death from RTAs per year were calculated using the
following data: the number of RTA injuries, the number
of RTA injuries resulting in disability, and the number of
RTA-related deaths per year reported by the Thai Road
Safety Collaboration.?"); the number of licensed drivers
reported by the department of land transport, Thailand®?;
and an odds ratio of 2.36 (SE of 0.5255), derived from a
meta-analysis of car crashes involving patients with and
without OSA conducted by Luzzi er al.>® The resulting
probability was 0.060740 (0.015593) for OSA no event
to RTA alive, 0.00012 (0.000233) for OSA no event to
RTA disability, and 0.001012 (0.000053) annual proba-
bility of death from RTAs. This study assumed that OSA
patients who survived an RTA would drive similarly to OSA
patients in the no event group. Therefore, the probability
of transitioning from RTA alive to RTA disability was
assumed to be the same as the probability of transitioning
from OSA no event to RTA disability.

The probability of death for patients disabled due to
RTAs in OSA patients with EDS per year was assumed
to be comparable to that of patients with cervical spinal
injuries. Based on a report by Middleton et al.,* which
indicated a 40-year survival rate of 47% for cervical spi-
nal injury patients (most of whom were injured in motor
vehicle accidents), the annual probability of death was
calculated to be 0.0187 (0.0144).

The probability of a patient in the OSA no event
group transitioning to death from general causes per year
was assumed to be similar to the mortality rate of the
general population, obtained from the 2014 Thailand’s
life table.®)

In the MAD-treated scenario, the probability of RTAs
was reduced based on treatment adherence and its rela-
tive risk. The relative risk comparing MAD-treated and
untreated groups was calculated according to the data
reported by Quinnell e al.'® This study conducted an open
label, randomized, controlled, crossover trial in adults with
OSA, comparing four weeks of MAD treatment with four
weeks of no treatment. The secondary outcomes were ESS
scores, quality of life, and questionnaire-based evalua-
tion of driving-related sleepiness. The questionnaire

revealed that 11 out of 73 patients in the no-treatment
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group reported pulled off the road, compared to 4 out of
72 patients in the MAD-treated group. Statistical analysis
yielded a relative risk of 0.3687 (0.205). This reduction
was extrapolated to estimate a corresponding decrease in
RTA probability.

Treatment adherence data were obtained from
Uniken e7 al.,*® who reported that 34 out of 51 patients-
maintained MAD usage after a 10-year follow-up period,
resulting in an annual adherence rate of 0.958 (0.0280).

The relative risk and adherence rates were subse-
quently used to calculate the probabilities of RTAs and
associated outcomes (survival, mortality, and disability)
in MAD-treated patients. For non-compliant patients, the
probability of RTAs was assumed to be the same as that
of the no-treatment scenario.

After accounting for treatment adherence and relative
risk, the following probabilities were calculated for the
MAD-treated scenario: transition from OSA no event to
RTA alive: 0.023386 (0.013416), transition from OSA
no event to RTA disability: 0.000390 (0.000219), transi-
tion from OSA no event to death from RTAs: 0.000005
(0.000003), transition from OSA no event to death from
general causes and death from disability due to RTAs
assumed to be the same as in the no-treatment group. The
raw data calculated probabilities within this study are
presented in Table 1.

Costs

Under societal viewpoint, the costs analyzed in this
study included both direct medical expenses and direct
non-medical costs, with the majority of the data obtained
through comprehensive literature review and question-
naire surveys.

Direct medical costs

Medical costs including expenses such as cost of
a visit to a dentist and cost of a visit to a doctor, were
obtained from Thai Standard Cost List for Health Tech-
nology Assessment.>” RTA-related costs such as cost
of outpatient medical treatment for RTA patients, cost of
inpatient medical treatment for RTA patients were derived
from an analysis of the economic costs of road traffic inju-
ries from the perspective of the Thailand Social Security
System.?®) Additionally, the cost of MAD, the cost of
sleep test and the number of patients visiting a doctor and
dentist were obtained from the questionnaires collected
from 15 qualified dentists in dental sleep medicine and

9 qualified sleep medicine physicians in Thailand. The
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Table 1: Variables, standard deviations, and distributions associated with probabilities used in this study.

Input parameters Value SD Distributions Sources
Average number of persons holding driv- 32,792,963 51516.24 gamma Pradabboon K et al., 202147
ing licenses (per year)
Average number of persons injured from 843,996 107822.92 gamma Riewpaiboon A, 20092
accidents (per year)
Average number of persons dying from 14,059 827.24 gamma Riewpaiboon A, 20096
accidents (per year)
Average number of persons disabled due 173 9.70 gamma Riewpaiboon A, 200929
to accidents (per year)
Probability of death in C-spinal injury 0.0187 0.0144 beta Thailand Consumer Price Index®”)
patients
Odds ratio of OSA patients having acci- 2.360 0.5255% gamma Thailand Consumer Price Index®®
dents compared to 'no treatment'
Probability of OSA patients using MAD 0.958 0.028 beta Currie CJ et al., 20053%)
in the following year
Relative risk of treating OSA patients with 0.3687 0.205 beta Middleton JW ez al., 20243

MAD compared to 'no treatment'

SD, standard deviation

a Standard error

lifetime costs associated with the MAD were calculated
under the assumption that the device would require
replacement every five years, a timeframe consistent with
that of acrylic complete dentures, which are covered by
the Universal Coverage Scheme in Thailand.

Direct non-medical costs

Direct non-medical costs including expenses such as,
cost of transportation expenses for hospital visits, cost of
lost income for patients due to hospital visits, cost of lost
income for relatives due to hospital visits, food expenses
during hospital visits were obtained from Thai Standard
Cost List for Health Technology Assessment.?”) Further-
more, the cost of damaged vehicles from accidents, cost
of damaged government properties from accidents, were
derived from an analysis of the economic costs of road
traffic injuries from the perspective of the Thailand Social
Security System.® All costs were converted to 2024
values using the Thai consumer price index and presented
in USD (approximately THB 35.35=1 USD).>”)

Cost analysis for patients with no treatment

For patients without treatment, the cost of the OSA
no-event health stage during the first-year cycle was
equivalent to the cost of a single visit to a doctor. For
subsequent years, it was assumed that no additional costs
would be incurred until the end of life.

In terms of RTA-related costs, the total cost was

and Jenkinson C et al., 1998CD

determined by summing various expenses. These included
the cost of a visit to a doctor, outpatient medical treat-
ment for RTA patients, inpatient medical treatment for
RTA patients, costs associated with vehicle damage from
accidents, costs of damage to government property caused
by accidents, transportation expenses for hospital visits,
lost income for patients due to hospital visits, and food
expenses during hospital visits. Each of these costs was
calculated based on a single session, as the study assumed
that an RTA would occur only once per cycle or year.

For the RTA alive health stage, the cost was similar
to the RTA-related costs. However, in the RTA disability
or death health stages, the cost was also similar to the
RTA-related costs but was calculated only for the first
year. For subsequent years, it was assumed that no addi-
tional costs would be incurred, as patients with disabilities
or those who had died would no longer drive or require
treatment.

For patients in the RTA alive health stage, the costs
were equivalent to the RTA-related expenses. However, for
patients in the RTA disability or RTA death health stages,
the costs were also similar to the RTA-related expenses
but were calculated only for the first year. For subsequent
years, it was assumed that no additional costs, as patients
with disabilities or those who had died would no longer

drive.
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Cost analysis for patients with MAD treatment

For patients receiving MAD treatment, the study
assumed that the lifespan of the MAD was five years,
meaning that patients would need to replace the device
every five years. The cost of the OSA no-event health
stage during the first year of MAD treatment was calcu-
lated by considering several factors. These included the
Number of visits a patient sees the doctor during the first
year multiplied by the cost of a doctor’s visit, the Number
of visits a patient sees the dentist during the same period
multiplied by the cost of a dentist’s visit, the cost of one
session of a hospital sleep test, the number of follow-up
hospital sleep tests during the first year multiplied by the
cost of a hospital sleep test, the number of follow-up home
sleep tests during the first year multiplied by the cost of
home sleep tests, and the cost of the MAD itself.

For subsequent years (years 2 to 5), the cost of the
OSA no-event health stage was calculated similarly. This
included the Number of visits a patient sees the doctor per
year multiplied by the cost of a doctor’s visit, the Number
of visits a patient sees the dentist per year multiplied by
the cost of a dentist’s visit, the number of hospital sleep
tests per year multiplied by the cost of a hospital sleep test,
and the number of home sleep tests per year multiplied by
the cost of home sleep tests.

In the sixth year, the MAD would need to be replaced.
The cost for this year was similar to the costs for years 2
to 5 but included the additional cost of the MAD and three
times the cost of a dentist’s visit to account for the process
of creating a new MAD. For years 7 to 10, the costs were
similar to those for years 2 to 5. This cycle of costs (years
6 to 10) was repeated until the end of life, with the MAD
being replaced every five years.

The costs associated with the RTA alive health stage
were determined by adding the cost of MAD treatment in
each year to the RTA-related costs. For the RTA disability
and RTA death health stages, the costs were similar to
those for the RTA alive health stage during the first year.
However, for subsequent years, it was assumed that no
additional costs would be incurred, as patients with dis-
abilities or those who had died could no longer be involved
in RTAs or use MAD treatment.

This study did not account for productivity losses
due to morbidity and premature mortality from RTA, as
this could result in double counting alongside the utility

losses associated with disability and mortality outlined
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below. The raw data calculated costs within this study are
presented in Table 2.

Health utility

In the no-treatment group, the utility value of OSA no
event was reported as 0.74, based on the study by Sadatsa-
favi et al.,*” which utilized data collected by Jenkinson
et al.®V This data was derived using the 36-item Short
Form Health Survey (SF-36), the Patient Generated Index
(PGI), and the EuroQol EQ-5D questionnaire in OSA
patients from United Kingdom. The utility value of RTA
alive as 0.62, according to the study by Sadatsafavi
et al.,GO) which utilized data from Currie ef al.®*?. This
data was collected and analyzed from patients treated at
the Cardiff and Vale National Health Service Hospitals
Trust in the United Kingdom. The utility value of RTA dis-
ability was reported as 0.19, as derived from the study by
Graham et al.®® This study collected and analyzed data
from the Application of the Functional Capacity Index to
NASS CDS Data, conducted by the National Highway
Traffic Safety Administration, USA. The utility value of
death in OSA patients was reported as 0.

In the MAD-Treated group, utility value of OSA no
event after MAD treatment was calculated as 0.767. This
value was derived by adding the baseline utility value of
OSA no event in no treatment group as 0.74 to the differ-
ence in the ESS score before and after treatment, multi-
plied by 0.01. The reduction in ESS scores was derived
from a single clinical study with a randomized crossover
design conducted in Thailand.®* This study provided
baseline ESS scores (no treatment) and post-intervention
ESS scores (MAD treatment). The results demonstrated a
reduction in mean ESS scores from 11.20 to 8.49 follow-
ing MAD intervention.¥

This adjustment is based on findings that a 1-point
reduction in the ESS score leads to a 0.01 (0.004) increase
in the utility value of the EQ-5D-3L, as determined by
analyses involving the ESS, SF-6D, and EQ-5D instru-
ments.> The utility value RTA alive, RTA disability, and
RTA death after MAD treatment were assumed to be the
same as in the no-treatment group. The raw data calculated
health utilities within this study are presented in Table 3

Base-case analysis

The primary outcomes of interest were the differ-
ences in the number of OSA no events, RTA alive, RTA
deaths, and RTA disabilities from driving a vehicle, as well

as the total costs and quality-adjusted life years (QALYs)
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Table 2: Variables, standard deviations, and distributions associated with cost used in this study.

Input parameters Value SD
Number of visits a patient sees the doctor during ~ 3.202 0.87
the first year of MAD treatment
Number of visits a patient sees the dentist during ~ 6.011 1.44
the first year of MAD treatment
Number of visits a patient sees the doctor per ~ 1.033 0.26
year during years 2 to 5 of MAD treatment
Number of visits a patient sees the dentist per ~ 1.133 0.46
year during years 2 to 5 of MAD treatment
Number of hospital sleep test for follow-up in ~ 0.571 0.47
the first year of MAD treatment
Number of home sleep test for follow-up during ~ 0.711 0.79
the first year of MAD treatment
Number of hospital sleep test per year during ~ 0.192 0.24
years 2 to 5 of MAD treatment
Number of home sleep tests per year during  0.193 0.05
years 2 to 5 of MAD treatment
Cost of MAD 231 102.86
Cost of hospital sleep test per session 248 27
Cost of home sleep tests per session 83 19
Cost of a visit to a dentist per session 8 1.88°
Cost of a visit to a doctor per session 8 1.88°
Cost of outpatient medical treatment for RTA 38 7.55°
patients per session
Cost of inpatient medical treatment for RTA 555 111°
patients per session
Cost of damaged vehicles from accidents per 277 55°
session
Cost of damaged government properties from 94 18.71°
accidents per session
Cost of transportation expenses for hospital 4.72 0.33*
visits per session
Cost of lost income for patients due to hospital 2.66 0.39*
visits per session
Cost of lost income for relatives due to hospital 3.17 1.00*
visits per session
Food expenses during hospital visits per session 1.75 0.15%

The cost was reported in USD.
a Standard error, b Standard error assumed, 20%.

SD, standard deviation

in the no-treatment and MAD-treated groups. The reduc-
tion in the number of RTA alive, RTA deaths, and RTA
disabilities caused by driving, along with the reduction in
the ESS in RTA alive and OSA events, could lead to gains
in QALYs for the MAD-treated groups. Future benefits,
including the costs and QALY's gained, were discounted

at 3%, as recommended by the Thai HTA guidelines.®

Distributions Sources

gamma survey

gamma survey

gamma survey

gamma survey

gamma survey

gamma survey

gamma survey

gamma survey

gamma survey

gamma survey

gamma survey

gamma Chaikledkaew U et al., 201439
gamma Chaikledkaew U et al., 201450
gamma Banhiran W ez al., 20189
gamma Banhiran W ez al., 201839
gamma Banhiran W ez al., 201869
gamma Banhiran W ez al., 2018639
gamma Chaikledkaew U et al., 201439
gamma Chaikledkaew U et al., 201409
gamma Chaikledkaew U et al., 201439
gamma Chaikledkaew U et al., 201409

The incremental cost-effectiveness ratio (ICER) in USD
per QALY gained for each policy option was presented
to assess the cost-effectiveness of the technology. To
be considered cost-effective in Thailand, MAD had to
provide an additional unit of health gain at or below a
willingness-to-pay (WTP) threshold of 160,000 THB
(approximately 4,526 USD) per QALY.('>)
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Table 3: Variables, standard deviations, and distributions associated with health utilities used in this study.

Input parameters Value SD
ESS of 'no treatment' 11.2 3.5
ESS of MAD treatment 8.49 0.7
Increased utility value per 1 ESS reduction 0.01 0.0040*
Utility value of OSA patients 0.74 0.1590*
Utility value of disabled patients 0.19 0.0560*
Utility value of RTA patients 0.62 0.27

SD, standard deviation

a Standard error

Uncertainty analysis

This study conducted a one-way sensitivity analysis,
a probabilistic sensitivity analysis (PSA), and scenario
analyses to assess the impact of model assumptions and
parameter uncertainty. In the one-way sensitivity analysis,
parameters were adjusted within their 95% confidence
intervals. However, for certain cost-related parameters
such as the cost of a dental visit, the cost of a doctor visit,
the cost of outpatient treatment for RTA patients, the cost
of inpatient treatment for RTA patients, the cost of vehicle
damage from accidents, and the cost of damage to gov-
ernment property from accidents. The standard error was
assumed to be 20 %. The most influential variables were
presented using a tornado diagram.

For the PSA, parameter distributions were assigned
following the guidelines of Briggs er al.®”) A beta distri-
bution was applied to parameters such as relative risk,
probabilities, and utility values, while a gamma distribu-
tion was used for cost-related parameters, number of per-
sons holding driving licenses, number of persons injured
from accidents, number of persons dying from accidents,
number of persons disabled due to accidents . Random
values were sampled from these distributions using Monte
Carlo simulation with 1,000 iterations. The findings were
summarized and displayed through cost-effectiveness
acceptability curves.

For the scenario analyses, several parameters were
varied to reflect different assumptions, including the
following: home sleep tests were performed annually for
follow-up, hospital sleep tests were performed annually
for follow-up, the utility value of RTA survivors was
assumed to be equal to that of OSA patients without
events, MAD adherence was assumed to be 70%, MAD

was assumed to have no effect on preventing RTAs, and

Distributions Sources
gamma McDaid C et al., 2009*D
gamma McDaid C et al., 200941
gamma Jenkinson C er al., 199831
beta Van Haesendonck G et al., 2015039
beta Ou YH et al., 202339
beta Ou YH et al., 202440

the cost of the MAD was adjusted. The results revealed

differences in the ICERs across scenarios.

Result

Base-case analysis

The result of base-case analysis comparing MAD
with no treatment for OSA patients in Thailand is presented
in Table 4. The analysis revealed that MAD treatment
resulted in a lifetime cost of 4,675 USD compared with
1,367 USD for no treatment, yielding an incremental
cost of 3,308 USD. In terms of health benefits, MAD
was associated with 17.08 QALYs, whereas no treatment
yielded 16.23 QALYsS, resulting in an incremental gain of
0.85 QALYs. Consequently, the ICER was calculated to
be 3,891 USD per QALY gained. According to the WTP
threshold, MAD appears to represent a cost-effective

intervention relative to no treatment.

Uncertainty analysis

The results of one-way sensitivity analysis indicated
that the variables which had a highly significant impact
on the base case ICER (more than 100% of ICER) were
utility value of RTA patients, number of hospital sleep test
per year during years 2 to 5 of MAD treatment, increased
utility value per 1 ESS reduction. Other variables that had
a significant impact on the base case ICER are shown in
Figure 2. The remaining parameters are not presented
in the tornado diagram, as they were unlikely to have a
substantial impact on the ICER (less than 10%). The PSA
results (Figure 3) revealed that at the current Thai WTP
threshold, the MAD treatment was cost-effective with a
51.9%. No treatment was cost-effective if WTP was below
3,253 USD.
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Table 4: Analyses of cost, QALY and ICER in different scenarios.

Scenario

Base case analysis

If home sleep test is performed annually for follow-up
If hospital sleep test is performed annually for follow-up
If utility value of 'RTA alive' equals 'OSA no event'

If MAD adherence is 70%

If MAD has no effect on preventing RTA

If the cost of MAD is 339.46 USD (12,000 THB)

The results of the scenario analyses are summarized
in Table 4. When follow-up was assumed to be conducted
annually using only a hospital-based sleep test, the ICER
increased substantially to 8,604 USD per QALY, reflect-
ing significantly higher healthcare costs. In contrast,
follow-up using only a home sleep testing yielded an
ICER 0f 3,879 USD per QALY, comparable to the similar
to the base-case estimation.

Altering the utility value of RTA patients to equal
that of OSA patients without events resulted in an ICER of
4,353 USD. Reducing MAD adherence to 70% increased
the ICER t0 4,509 USD. When MAD had no effectiveness
in reducing RTA incidence, the ICER rose substantially
to 7,156 USD per QALY, highlighting the importance of
treatment efficacy. Lastly, increasing the cost of the MAD
t0339.46 USD (12,000 THB) resulted in an ICER 0f 4,516
USD per QALY.

Discussion

Our model indicates that MAD yields an ICER of
3,891 USD, which is slightly lower than the WTP thresh-
old for the Universal Health Care Coverage Scheme in
Thailand. These findings suggest that, compared to the
no-treatment option, MAD is cost-effective in the Thai
setting. However, one-way sensitivity and probabilistic
sensitivity analyses highlight significant parameter
uncertainty, rendering the results inconclusive. While
MAD appears to have a higher probability of being
cost-effective at Thailand's WTP threshold, there remains
a 48% probability that the no-treatment option could be
more cost-effective than MAD. These results underscore
the need for further research to refine key parameters

identified in the one-way sensitivity analysis.
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MAD No treatment ICERs

Cost Cost (USD/
QALY QALY

(USD) (USD) QALY)
4,675 17.08 1,367 16.23 3,891
4,664 17.08 1,367 16.23 3,879
8,680 17.08 1,367 16.23 8,004
4,675 17.15 1,367 16.39 4,353
4,384 17.01 1,367 16.23 4,509
5,446 16.80 1,367 16.23 7,156
5,206 17.08 1,367 16.23 4,516

In comparison, a US study by Sadatsafavi ef al.,?)
that evaluated MAD against no treatment reported an
ICER of 2,984 USD, which is lower than the ICER ob-
served in this study (2,984 vs. 3,891 USD). The lower
ICER in that study was attributed to the clinical benefits
associated with the prevention of RTAs, stroke, and cor-
onary artery disease. These additional benefits may have
contributed to the higher incremental QALY observed in
the treatment group compared to our study. Although the
prevention of stroke and coronary artery disease could
make MAD therapy more advantageous, this study ex-
cluded cerebrovascular and cardiovascular diseases from
the economic model due to the numerous factors influ-
encing their onset, recovery, and progression. Despite ev-
idence suggesting that MAD may have beneficial effects
on cardiovascular comorbidities in OSA patients, studies
comparing MAD to CPAP therapy have shown similar
effects.(1%-38-40)

Regarding the ICER, a previous study conducted in
the UK, which included the prevention of RTAs, stroke,
and coronary artery disease in its economic model, reported
an ICER of approximately 17,003 USD. In the UK, the
WTP threshold ranges from 20,000 to 30,000 GBP.®% The
ICER in the UK study was higher than that observed in our
study. These differences can be explained by variations
in the cost of treatment between the two countries. For
instance, in this study, the cost of MAD was 231 USD,
whereas in the UK, it was 678 USD. Additionally, this
study assumed a lifespan of 5 years for MAD, while the
UK study assumed a lifespan of only 2 years.

The present study had some limitations. First, the
costs associated with caregivers for patients with RTA-

related disabilities were not included, which may have led
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to an underestimation of the costs in the RTA disability
health stage. Second, some variables, were not obtained
from Thai population such as the odds ratio of traffic
accidents in OSA patients could differ from those in other
countries.®%33#-43) The relative risk of RTAs following
MAD treatment, compared to the no-treatment group, was
analyzed based on questionnaire data from the UK®?),
which asked OSA patients about instances of pulling off
the road. However, this may cause the relative risk to not
accurately reflect reality. Not all cases of pulling off the
road due to sleep while driving result in traffic accidents,
as other factors, such as the safety of the car and the traffic
environment, may also play a role. While safer cars
may help prevent traffic accidents, they are often more
expensive. However, this study used a higher relative risk,
indicating that it may prevent accidents less effectively
compared to the UK study, which calculated the risk
using the ratio of ESS treatment effects (0.37 vs. 0.17).4D
In addition, OSA can cause various health problems
beyond EDS and RTAs, which were not included in the
model. These problems include sleepiness while driving,
nodding off behind the wheel, cardiovascular diseases,
depression, lower work performance, poorer sleep quality
for bed partners, heart disease, trouble with thinking, and
diabetes.*?) If research is done on how effective MAD is
in treating or preventing these issues, it could help create a
more detailed Markov model that affects cost calculations
and increasing utility values, making it more likely that
MAD will be seen as cost-effective. Lastly, this study
compared only MADs and no treatment; other available
treatments for OSA, such as CPAP, maxillomandibular
advancement surgery, and myofunctional therapy, were
not included, even though some of these treatments may
be more cost-effective than MAD.

This study focuses on the economic aspects of in-
cluding MAD in the Thai health benefit package, without
addressing feasibility and implementation challenges. For
instance, dentists who fabricate MADs are not authorized
to provide definitive diagnoses for OSA patients. There-
fore, successful implementation of this policy requires
multidisciplinary collaboration among physicians, qual-
ified dentists, sleep technicians, and other health profes-
sionals to ensure improved quality of life and effective
treatment for OSA.
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Conclusions

Given the limited data on RTA related to OSA in
Thailand, MAD may demonstrate limited cost-effective-
ness within the Thai healthcare context, as the probability
of cost-effectiveness was marginal (51.9%). Both one-way
and probabilistic sensitivity analyses identified substantial
uncertainty across several key model parameters, thereby
rendering its cost-effectiveness inconclusive. This pro-
nounced parameter uncertainty constrains the degree of
confidence in healthcare decision-making based on the
current evidence base. Nevertheless, these findings high-
light the imperative for further empirical research aimed at
refining critical clinical and economic inputs, minimizing
parameter uncertainty, and enhancing the methodological

robustness of subsequent cost-effectiveness analyses.
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Abstract

Gorlin-Goltz syndrome (GGS), a rare inherited autosomal dominant disorder is
characterized by presence of multiple basal cell carcinomas, odontogenic keratocyst
(OKCs), bifid ribs or numerous skeletal and dental anomalies. A high level of expressiveness
and penetrance is shown by this entity. It is therefore, necessary to understand the major
and minor diagnostic criteria for the prompt diagnosis of this condition. We hereby report
a case of a 50-year-old male who presented with multiple OKCs. On carrying out further
investigations, bifid ribs and calcification of falx cerebri were additional findings which
lead us to the diagnosis of GGS. It is therefore necessary to consider GGS as a possible

diagnosis while dealing with any case of multiple OKCs.

Keywords: Gorlin-Goltz syndrome, keratocyst, keratocystic odontogenic tumours,
nevoid basal cell carcinoma syndrome, odontogenic
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Introduction

Gorlin-Goltz syndrome (GGS), an inherited auto-
somal dominant disorder, is also known as nevoid basal
cell carcinoma syndrome (NBCCS).!" Gorlin & Goltz
described the classical triad of this syndrome which is
composed of multiple basal cell carcinomas (BCC), odon-
togenic keratocyst (OKCs) in the jaws and bifid ribs that
characterizes the diagnosis of this disorder.®) It is most
found from first to third decade of life. Although all the
findings are rarely seen in a single patient, this disorder
affects multiple organ systems including skeletal, eye,
skin, reproductive and neural.®) The mutations in the
patched tumor suppressor gene (PTCH), a human
homologue of the drosophila gene mapped to chromosome
9g21-21, causes this disorder. Most mutations involve
inactivating constitutional sequence variants in PTCH1,
located on chromosome 9q22, while mutations in its
paralog PTCH2, located on chromosome 1p34, rarely
occur. The underlying basis of this disease is an abnormality
in the Hedgehog (Hh) signaling pathway as suggested
by genetic studies and chromosomal mappings.**) The
case of GGS is rarely reported in India with limited
data available on its exact incidence or prevalence.) A
2020 case series reported only 64 cases documented in
India since 1977, with just four cases showing hereditary
involvement.() We hereby present a case of this syndrome

in a 50-year-old male patient.

Case Report

A 50-year-old male patient reported to the depart-
ment of Oral Medicine and Radiology with the complaints
of pain and watery fluid discharge from the lower right
back region of jaw for 15 days. The pain was gradual
in onset, mild in intensity, dull aching and continuous.
It aggravated on mastication and relieved on taking
medications. The pain radiated to the right side of his
upper jaw. He gave no history of swelling associated with
the pain. The medical, family, and psychological history
were non-contributory. He gave a history of an invasive
operatory procedure with the skull (craniotomy) on right
side following a head injury at the age of 10 years. There
were no symptoms associated with the same.

On extraoral examination, a solitary round shaped
nevus was seen on the left nasolabial fold measuring
approximately 0.5 cm in size (Figure 1). An extensive

bone defect was seen over the right half of forehead
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correlating with the history of surgery during childhood.

Intraorally, vestibular obliteration was seen in
relation to the mandibular right first and second molars.
Watery fluid discharge was noted from the lower posterior
right back region. No tooth mobility was noted however,
the alveolar mucosa adjacent to the mandibular right first
premolar, second premolar, first molar, and second molar
as well as the maxillary right second premolar, first molar,
and second molar showed signs of inflammation and was
tender on palpation. Mild expansion of the cortical plates

was noted in the 1% and 4™ quadrants.

An orthopantomogram (OPG) showed multiple
well-defined radiolucencies in the upper and lower
jaw, with the larger one extending from the periapi-
cal area of mandibular right lateral incisor to second
molar with scalloped margins and evidence of thinning
of inferior cortex of the jaw (Figure 2). Displacement
of the inferior alveolar canal was noted inferiorly along
the length of the lesion. Evidence of cortical perforation
was seen in the mandibular right first premolar region.
The lesion showed minimal expansion on occlusal ra-
diograph. An ill-defined osteolytic lesion was noted with
maxillary right third molar region with indistinct cortical
margins and loss of density with the cortical margins of
the floor of maxillary sinus. This feature was indicative of
secondary infection with the lesion in the right maxillary
third molar region. Another well-defined radiolucency,
oval shaped, with corticated margins was noted in the
periapical area of the left maxillary second molar. A small
well-defined round radiolucency with corticated margins
was also seen on distal aspect of the distal root of the
mandibular left second molar, measuring approximately 1
cm in diameter. A provisional diagnosis of multiple OKCs
was given. The differential diagnoses included GGS. A
computed tomography (CT) scan of the patient confirmed
the findings evident on OPG and showed calcification of
the falx cerebri and the tentorium cerebellum (Figure 3)
additionally. A chest radiograph of the patient showed
evidence of bifid rib with the right 5 rib near the sternal
end (Figure 4). Blood investigation revealed a higher
parathyroid hormone level (86.2 pg/ml). Since the clini-
cal and radiographical features satisfied 3 major criteria,
a clinico-radiographic diagnosis of GGS was given with
Brown’s tumor as differential diagnosis.

Under general anesthesia, surgical enucleation of the
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cysts was carried out along with extraction of the teeth in
relation to the lesion. The specimens of the lesion from
right maxilla and mandible were sent for histopathological
examination.

Hematoxylin and Eosin-stained section of the spec-
imen showed corrugated para-keratinised odontogenic
epithelium with tall columnar basal cell layer. Nuclei are
aligned and hyperchromatic, resembling a “picket fence”
pattern. The underlying fibrous stroma is loose and col-
lagenous. (Figure 5). All the features were suggestive of
OKC. A final diagnosis of GGS was derived from clinical,
radiographic and histopathological findings.

Figure 1: A solitary round shaped nevus seen on the left nasolabial
fold.

Figure 2: An Orthopantomogram (OPG) showed multiple well-de-

fined radiolucencies in the upper and lower jaw marked with arrows.

Figure 3: Computed tomography (CT) scan showing (a), Coronal
view with Multiple well defined radiolucent lesions: (b), Axial view
with calcification of the falx cerebri: (c), Axial view with calcifi-

cation of the tentorium cerebellum.
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Figure 4: Chest radiograph of the patient showing bifid rib with the

right 5™ rib near the sterna end (Arrow).

Figure 5: (a), High-power view (H&E, 100x magnification) showing

the parakeratinized stratified squamous epithelial lining (indicated by
the upper arrow) with a corrugated surface. The lower arrow points
to the palisaded basal cell layer, composed of columnar or cuboidal
cells with hyperchromatic nuclei arranged in a "picket fence" or
"tombstone" pattern: (b), Low-power view (H&E, 40x magnifica-
tion) illustrating the thin cystic wall and the uniform epithelial lining
(arrows), which remains detached in some areas from the underlying

connective tissue.

Discussion

The GGS was first reported by Jarish in 1894. Howell
and Caro associated the basal cell nevus with other anom-
alies and disorders in 1959. Gorlin and Goltz were the first
to define this condition as a syndrome.”) Varying by the
region, the incidence of this entity is 1 in 50,000-150,000
in the general population.(!) Like the present case, patients
with no family history may compose 60% of total GGS
patients and 35 to 50% represent new mutations.®

One of the most common features of 75% of GGS
patients is OKC, which is often the first sign in such cases.
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There is no sex predilection of OKC associated with this
syndrome.) In a case reported by Pol e al.,()) a 13-year-
old boy was diagnosed with GGS based on various
clinical findings including calcification of falx cerebri,
frontal bossing, macrocephaly, depression of nasal bridge,
hyper-telorism, prognathic mandible and palmar pits. In
the present case, the patient was a 50-year-old male and
showed along with multiple cystic lesions, evidence of
calcification of falx cerebri and tentorium cerebellum and
bifid rib. Other jaw bone abnormalities were not seen in
the present case. Some other clinical findings associated
with the GGS are cutaneous, dental, cardiac, sexual,
craniofacial, skeletal, neurological, and ophthalmic anom-
alies which were not seen in the present case.('?)

The diagnosis of GGS can be made clinically by the
criteria suggested by Evans ef al., (Table 1) and modified
by Kimonis ef al. in 1997 (Table 2). For the diagnosis
of GGS, two major or one major and two minor criteria
should be positive.®) Leonardi et al., in 2010 suggested
the inclusion of atlanto-occipital ligament calcification
as a diagnostic feature for NBCCS in addition to other
criteria.(”) In our case three major criteria were positive
namely, multiple OKCs proven by histology, calcification
of falx cerebri and bifid ribs, which led us to a diagnosis
of GGS.

Clinical and radiographic examination can be done
to arrive at the diagnosis. However, confirmation of this
syndrome is by ultrasound and DNA analysis. Diagnosis
of GGS can be confirmed through DNA analysis by iden-
tifying pathogenic mutations in the PTCH1 gene, which is
present in approximately 85% of affected individuals.(!")
While ultrasound has limited diagnostic value, it can assist
in detecting associated anomalies such as ovarian fibromas
or macrocephaly, particularly in prenatal or early postnatal
settings.(1?)

The treatment of GGS is similar to the treatment of
BCC and OKCs. Cystectomy with adjacent bony wall
removal is the treatment for OKCs. Carnoy’s solution
can be used after cyst enucleation and cryosurgery to
prevent recurrences.('?) A similar approach was fol-
lowed in the present case. Treatment of BCC includes
surgical excision, Mohs micrographic surgery, and for
advanced or multiple lesions—as seen in GGS—hedge-
hog pathway inhibitors like vismodegib are effective.(!¥
Compared to sporadic cases, syndrome-associated

BCCs and OKCs often require more conservative or
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Table 1: Diagnostic criteria by Evans ez al., in 1991.

Major criteria
More than 2 BCCs, one BCC in patients younger than 30 years
of age or more than 10 basal cell nevi
Any odontogenic keratocyst (proven by histology) or polyostotic
bone cyst
Three or more palmar or plantar pits
Ectopic calcification in patients younger than 20 years of age
(lamellar or early falx cerebri calcification)
A positive family history of NBCC

Minor criteria
Congenital skeletal anomaly (e.g., bifid, splayed, fused or missing
rib, or bifid wedged or fused vertebra)
Occipital-frontal circumference greater than the ninety seventh
percentile, with frontal bossing
Cardiac or ovarian fibromas
Medulloblastoma
Lymphomesenteric cysts
Congenital malformations such as cleft lip/palate, polydactylism
or eye anomaly (e.g., cataract, coloboma or microphthalmos)

BCCs: Basal cell carcinomas, NBCC: Nevoid basal cell carcinoma

Table 2: Diagnostic criteria by Kimonis ez a/., in 1997.

Major criteria
More than 2 BCCs or one BCC in patients younger than 20 years
of age
Odontogenic keratocysts of the jaw (proven by histologic analysis)
Three or more palmar or plantar pits
Bilamellar calcification of the falx cerebri
Bifid, fused or markedly splayed ribs
A first degree relative with NBCCS

Minor criteria
Macrocephaly
Congenital malformations (e.g., cleft lip or palate, frontal bossing,
coarse faces and moderate or severe hypertelorism)
Other skeletal abnormalities (e.g., sprengel deformity, marked
pectus deformity and marked syndactyly of the digits)
Radiological abnormalities (e.g., bridging of the sella turcica,
vertebral anomalies, modeling defects of the hands and feet, or
flame shaped lucencies of the hands and the feet)
Ovarian fibroma or medulloblastoma
BCCs: Basal cell carcinomas, NBCCs: Nevoid basal cell car-

cinomas

repeated surgical approaches, close monitoring, and
genetic counseling, as they tend to be multiple, recur-
rent, and aggressive.(ls) Early diagnosis and treatment

are important to prevent long term sequalae including
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malignancy and oro-maxillofacial destruction.

Conclusions

It can be said that GGS is an autosomal dominant
genetic disorder, which is of particular interest to the
dental specialists. It is a rare entity and must be considered
as a possible diagnosis in all the patients with odontogenic
cysts. Ignorance and delay in the management can lead to
development of multiple neoplastic lesions. Early diagno-
sis with the help of various clinical and imaging modalities
is therefore useful. Long term follow-up of such patients

is also necessary to avoid development of new lesions.
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Abstract

Vertical maxillary excess (VME) is one of the significant developmental deformities
which is present with excessive vertical growth of the maxilla, which often results in a
long facial appearance, incompetence of lips and a gummy smile. Patients with VME apart
from aesthetic concerns, there can be functional limitations such as occlusal and speech.
Treatment options VME mainly involves orthodontic and surgical interventions. Le Fort
I osteotomy being the best treatment approach as it allows for the superior repositioning
of the maxilla. This case describes the effectiveness of Le Fort I osteotomy in correction
of VME and improving the facial esthetics.

Keywords: genioplasty, gummy smile, Le Fort I osteotomy, vertical maxillary excess
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Introduction

Vertical maxillary excess (VME) is one of the signifi-
cant developmental deformities, characterised by exces-
sive vertical growth of the maxilla, which often results in
a long facial appearance, lip incompetence, and a gummy
smile.(l)) A gingival display exceeding 3-4 mm during
smiling is classified as a gummy smile. Factors like altered
passive eruption, hypermobile upper lip and dentoalveolar
extrusion contribute to the appearance of a gummy smile.?)
The development of VME is multifactorial; its aetiolo-
gy may involve genetic predispositions, developmental
anomalies, and environmental factors that can be present
simultaneously.®®) Patients with VME may experience
functional limitations—such as occlusal issues and speech
difficulties—in addition to aesthetic concerns. This con-
dition is often associated with a steep mandibular plane
angle and may present with a skeletal Class II relationship
which further complicates the orthodontic management.®
The existence of an anterior open bite determines the
classification of vertical maxillary excess. In patients with
VME and an anterior open bite, posterior tooth intrusion is
a crucial part of treatment because upper molar intrusion
causes the jaw to rotate counterclockwise, improving the
convex profile. Since only molar intrusion can cause a
posterior open bite, patients with VME and normal over-
bite should be treated by intrusion of the entire maxillary
arch.® In order to attain ideal functional occlusion and
balanced facial proportions, treatment of VME typically
involves both orthodontic and surgical procedures. Le Fort
I osteotomy is the best treatment approach as it allows for
the superior repositioning of the maxilla.") This surgical
procedure involves creating a horizontal osteotomy to
separate the tooth bearing portion of the maxilla from
the rest of the maxillary segment, enabling its reposi-
tioning to reduce vertical height and improving the facial
esthetics.(®) Non-surgical treatment in growing patients
using orthopaedic appliances such as high pull headgear
and vertical chin cup can be used, while in grown individ-
uals orthodontic mini-screws, can be used to intrude the
anterior teeth and decrease gingival display when surgical
intervention is not feasible or desired.®®)

This case report aims to emphasize the importance
of accurate diagnosis in cases with VME that are char-
acterized by Class II skeletal relationships, which can
give the perception of protrusive dentition and thus lead
clinicians to an extraction-based, orthodontic treatment
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approach to close spaces—ultimately leading to the per-
petuation of the problem, with too much gingival dis-
play and aesthetic problems. VME is fundamentally a
skeletal issue and should optimally be treated surgically,
if a patient is non-growing. A full assessment of all eti-
ologic factors contributing to gummy smile (which may
include soft tissue factors such as upper lip length) is
paramount to achieving optimal treatment results. This
was established in this patient, as both VME and the short
upper lip were treated. The clinical advantage of employ-
ing Le Fort I osteotomy in this instance is its unmatched
capacity for increased repositioning of the maxilla, espe-
cially in instances of severe VME when both functional
and aesthetic issues are significant. The operation corrects
the fundamental skeletal discrepancy, providing predict-
able outcomes in diminishing gingival visibility, contrib-
uting to lip competence, and improving general facial
harmony. This requires a thorough diagnostic protocol in-
cluding cephalometric analysis, clinical photography and
cervical vertebral maturation index (CVMI) assessment to
differentiate between dental and skeletal etiologies. The
emphasis on the reason for surgery in this young adult
patient points to the key role of personalised, evidence-

based treatment planning in attaining the best results.

Case presentation

A female patient, age 20, presented to us complain-
ing of poor appearance. Although she had no pertinent
past medical history when questioned, her dental history
showed that she had previously had orthodontic treat-
ment, which included having all four of her first premolars
extracted. Upon extraoral assessment, the patient's lips
were incompetent and her face form was grossly sym-
metrical and leptoprosopic (long and narrow face form).
Examining the patient's profile revealed a convex facial
profile. The soft tissue examination found an average na-
solabial angle and a slightly protruding upper and lower
lip. The patient had a short upper lip, extensive gingival
show, and a symmetrical, non-consonant smile. When
smiling, gingival show was 6 mm, and incisor visibility
was 10 mm, with gingival show 2mm when at rest, which
confirms gummy smile (Figure 1).

Intraoral examination revealed that all teeth in both
arches were present, except the maxillary third molars
and the right and left first premolars in both the maxilla

and mandible. Maxillary right central incisor was restored
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with a temporary single-unit prosthesis. Bilateral end-
on molar and canine relationships were observed. Mild
crowding was noted in the lower anterior region, the upper
anterior teeth exhibited under torqued, and the midline
was shifted to the right. (Figure 1).

An orthopantomogram (OPG) revealed the presence
of all teeth, except for the maxillary third molars and the
first premolars in both the maxilla and mandible. Ceph-
alometric analysis indicated Class I skeletal bases with a
vertical growth pattern (FMPA = 30°) and CVMI of stage
VI, suggesting that no further skeletal growth is expected.
The maxilla exhibited a clockwise rotation, contributing
to a gummy smile, in conjunction with a retruded chin
(Figure 1). The initial impression of dental protrusion
was revised after considering the skeletal and soft tissue
components, leading to a diagnosis of skeletal rather than
dental etiology. Clinical photographs and incisor display
measurements further supported a diagnosis of VME and

soft tissue, rather than dentoalveolar causes.

Diagnosis

The final diagnosis was skeletal Class I malocclusion
with Angle's Class II Division 1 malocclusion (character-
ized by a situation where the upper jaw is out of alignment
with the lower jaw, leading to a forward projection of the
upper front teeth) with a left-side subdivision and vertical

maxillary excess.

Treatment objective

The primary objective was to correct the gummy
smile, address the short upper lip, and advance the retruded
chin, aiming to achieve a Class I molar relationship on the
left side and a Class I canine relationship bilaterally, while
maintaining the existing Class I molar relationship on the

right side and establishing normal overjet and overbite

Treatment plan

A modified Le Fort I osteotomy was planned for
superior repositioning of the maxilla. Augmentation
genioplasty was selected to correct the retruded chin. Lip
repositioning surgery was also included to address the

short upper lip.

Treatment progress
Following patient motivation and oral prophylaxis,

orthodontic treatment commenced with bonding using
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0.0227x0.028” MBT brackets in both arches. Presurgi-
cal leveling and alignment were achieved using 0.016
NiTi progressing to 0.019”°x0.025” stainless steel wires.
Decompensation involved proclination of upper incisors
to increase overjet, facilitating mandibular autorotation
post-surgery.

After completion of decompensation of teeth surgi-
cal planning was reviewed and facebow transfer for the
patient was done and surgical splint was fabricated
(Figure 2).

A combination of augmentation genioplasty and
modified LeFort I osteotomy was performed. Additionally,
lip repositioning surgery was performed. Modified Le Fort
I osteotomy refers to surgical cuts and a down-fracture
technique altered to suit particular anatomical concerns
or specific operative needs, such as conservation of nasal
structures, asymmetry correction, or minimizing damage
to soft tissues, compared with the standard Le Fort I in
which a horizontal osteotomy is made above the tooth
roots to mobilize into one piece the maxilla. Modifications
may consist of segmental cuts, differential positioning,

or changes in vectors for movement. Following surgery,

Figure 1: Pre-treatment photographs: (A), Extraoral photographs:

(B),Intraoral photographs: (C), Radiographs.
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there was a reduction in the gummy smile and an improve-
ment in both functionality and appearance. The maxillary
incisors were positioned in good harmony with the upper
lip, and a normal lip seal was attained. When smiling,
there was also reduced exposure of the teeth and gingiva.
(Figure 3) (Table 1)

The patient remained in intermaxillary fixation (IMF)
for six weeks. Orthodontic refinement using elastics was

performed after the IMF phase to improve interdigitation.

Final results showed well-aligned arches, normalized

Figure 2: Splint Fabrication. (A),Facebow transfer: (B), Articulated
casts: (C), Fabricated splint.

Figure 3: Osteotomy cuts placed with saw and Lefort I osteotomy

done along with advancement genioplasty.

Oral Sci Rep: Volume 46 Number 3 September-December 2025

overjet and overbite, and coincident midlines. Full Class
I occlusion could not be achieved due to the patient's
satisfaction and decision to discontinue further treat-
ment. Tooth 11 prosthesis was replaced with a composite
build-up (Figure 4). One year post-operatively, extra-
oral results were stable with acceptable gingival display.
Intraorally, occlusion was maintained with a minor
relapse in overbite (2 mm). The patient expressed overall

satisfaction (Figure 5).

Figure 4: Post surgical photographs. (A), Extraoral photographs:
(B), Intraoral photographs.

Figure 5: 1 year follow-up photographs. (A), Extraoral photographs:

(B), Intraoral photographs.
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Table 1: Cephalometric readings of pre-treatment and post treatment.

Skeletal Parameter Norm Pre Current
SNA 82 82 81
SNB 80 77 79
ANB 2 5 2
N perp. To A 0+2 4
N perp to Pog 0-1 -9 -3
FMPA 25 30 28
Y axis 66 68 65
UI-NA 22 12 10
L1-NB 25 27 35
IMPA 90 95 98
Nasolabial angle 90-100 107 110

Discussion

VME is a notable skeletal deformity characterized
by an overgrowth of the maxillary bone, which leads to
a vertical elongation of the midface. This often creates
the appearance of a shortened upper lip and can result
in a gummy smile.(”) The condition has both aesthet-
ic and functional implications, including potential oral
health challenges. It's crucial to accurately diagnose
VME to differentiate it from other reasons for excessive
gingival display, such as altered passive eruption, den-
toalveolar extrusion, and upper lip abnormalities. The
management strategies can vary widely, ranging from
orthodontic treatments to orthognathic surgery, depending
on the root cause. Key features of VME include an
increased lower anterior facial height, excessive exposure
of the incisors, lip incompetence, a convex facial profile,
and specific radiographic indicators like a steep mandibu-
lar plane, a high SN-MP angle, and an increased maxillary
height. Diagnostic mistakes often occur when soft tissue
causes are misidentified, cephalometric evaluations are
incomplete, or when there's a reliance on 2D images and
clinical photos without considering skeletal dimensions.
VME may result from an increase in alveolar height, a
downward-tilted palatal plane, or a combination of both,
which can enhance gingival display when smiling.®
In the case presented, both mechanisms played a role in
the vertical dysplasia, highlighting the need for thorough
cephalometric analysis, photographic documentation, and
growth assessment (like the CVMI stage) to create an
accurate, skeletal-focused treatment plan.”)

Le Fort I osteotomy, a surgical technique intended
to realign the maxilla and address vertical excess, is
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frequently used to treat patients who show more than 4
mm of gingival display as a result of vertical maxillary
excess, according to Graber and Salama. Conventional
methods, however, have drawbacks, particularly when
significant superior maxillary displacement is needed.
In Le Fort I osteotomy, the lateral maxillary cuts usually
end inferiorly at the piriform opening, which may limit
the amount of bone that may be removed and the degree
of vertical correction that can be achieved.®)

A modified Le Fort I osteotomy approach, as out-
lined by Mommaerts ez al.,'”) was used in this instance
to get around these restrictions. This adjustment, referred
to as the "subspinal" approach, was made to avoid the
unintended soft tissue alterations that anterior maxillary
displacement may cause. For our patient, who needed
extensive superior relocation and correction of maxillary
cant, the typical method may result in an increase in the
breadth of the interalar rim. In order to prevent detaching
perirhinal muscle insertions and to reduce postopera-
tive increases in interalar width, a V-shaped incision is
made beneath the piriform opening. This method enables
more efficient bone resection from the inferior surface as
opposed to the superior aspect by positioning the inferior
osteotomy incision precisely at the base of the piriform
aperture, including the anterior nasal spine.(!)

This approach offers several advantages. First, it
increases the amount of bone available for resection,
which is critical for achieving the desired vertical reposi-
tioning of the maxilla. Second, by preserving soft tissue
attachments and minimizing changes in the interalar width,
the modification reduces the risk of adverse aesthetic out-
comes. Third, it reduces the likelihood of damage to the
infraorbital nerve, thereby decreasing the risk of postop-
erative sensory disturbances. The modified technique thus
represents a valuable option for managing severe cases
of vertical maxillary excess, offering improved outcomes
in terms of both bone resection and preservation of sur-
rounding tissues. Further research and clinical validation
will help to confirm the long-term benefits and efficacy
of this approach.(!?)

In the present case, the Le Fort [ osteotomy consisted
of the vertical maxillary excess counteracted by upwardly
positioning the maxilla. Vertical maxillary impaction was
directed primarily in the anterior region, with the aim of
minimizing gingival exposure and enhancing lip function.

This impaction permitted autorotation of the mandible in
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a counterclockwise manner, with the result of enhanced
chin projection and facial aesthetic enhancement.

These movements are in line with typical Le Fort
I osteotomy for VME correction, with maxillary im-
paction—more specifically, anterior impaction—resulting
in mandibular autorotation and improved lower facial
aesthetics. In this particular instance, however, the degree
of maxillary impaction was fairly substantial, and the
application of a modified subspinal osteotomy technique
allowed for greater vertical correction with less undesirable
widening of the nasal base. The modification, along with
simultaneous genioplasty, allowed for more significant
improvement of chin position and facial harmony than
could otherwise be accomplished with standard tech-
niques alone, and this modification enhanced surgical
precision and aesthetic outcomes.

In this instance, lip repositioning was used to address
the soft tissue component of the gummy smile that can
persist following skeletal correction by Le Fort I osteoto-
my. While the osteotomy corrected the vertical maxillary
excess by elevating the maxilla, the patient also had a
short upper lip and hyperactive elevator muscles. Lip
repositioning is used to reduce the display of the gingiva
by minimizing the length of the upward movement of the
upper lip during smiling. The technique used in surgery
involved excising a mucosal strip in the upper vestibule,
then suturing the lip mucosa nearer to the gingiva, hence
shortening the vestibule and preventing excessive eleva-
tion of the lip.

This treatment is indicated when soft tissue-related
issues, i.e., hypermobility or short upper lip length, lead to
excessive gingival exposure. It offers a less invasive way
of enhancing the aesthetic smile appearance, especially
when combined with orthognathic surgical correction.
It has advantages of improved aesthetic outcome and
patient acceptability; however, disadvantages can be tran-
sient discomfort, limited lip mobility, and relapse. In this
specific instance, the integrative treatment addressed both
the skeletal and the soft tissue aspects, thus establishing a
more harmonious and stable result.

Conclusions

The case here represents that proper skeletal diag-
nosis is essential in patients with protrusive dentition
and gummy smiles. While extraction-based ortho-
dontics would appear appropriate in Class II profiles,
failure to deem VME as a possibility can lead to poor
aesthetic and functional results. Modified Le Fort I os-
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teotomy and genioplasty, in association with lip repo-
sitioning, treated in this case all the features, skeletal
and soft tissue alike. This follow-up shall thus stress the
importance of evidence-based approach to treatment
planning, especially for the non-growing patient with
truly great complexity brought about by her dentofacial

discrepancies.
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presented with a history of persistent pain and swelling in the maxillary anterior region.
Clinical and radiographic examination revealed a well-defined radiolucent lesion at the
apex of a non-vital tooth, suggestive of a radicular cyst. After initial root canal therapy,
the infected tissue was carefully debrided, and the cystic cavity was filled with MTA to
promote healing. The biocompatible nature of MTA, combined with its ability to form a
tight seal, was believed to have contributed to the resolution of the cyst without the need
for surgical intervention. Follow-up radiographs taken at 6 months post-treatment demon-
strated significant healing of the periapical region. The patient remained asymptomatic,
with no clinical complications. These findings suggest that MTA can be an effective and
viable option for non-surgical treatment of radicular cysts. In conclusion, using MTA in the
non-surgical management of radicular cysts may offer a promising approach to preserving
the natural dentition while ensuring satisfactory clinical outcomes. Further long-term
studies and clinical trials are needed to better understand the efficacy and limitations of
MTA in the treatment of periapical cystic lesions.
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Introduction

Mineral trioxide aggregate (MTA) is a bioactive,
hydrophilic endodontic material known for its biocompati-
bility, as well as its ability to promote healing and osteo-
genesis. This material is composed of fine oxide powders,
including tricalcium oxide, silicon oxide, and bismuth
oxide, along with additional hydrophilic compounds such
as tricalcium silicate and tricalcium aluminate. These
components are responsible for the unique chemical
and physical properties of MTA. The cement sets when
exposed to moisture.!!> Upon hydration, the powder
forms a colloidal gel with a pH of 12.5, which solidifies
within 3 to 4 hours.(®”

Dental trauma is an unpredictable event, and its
management can often pose a challenge for clinicians.
Dentists should be prepared to treat patients who have sus-
tained dental injuries, as prompt action can significantly
improve the overall prognosis. When a dental trauma
results in pulp exposure, immediate intervention is neces-
sary to address the exposed pulp. MTA is commonly used
in such cases due to its high biocompatibility and mech-
anism similar to that of calcium hydroxide (Ca(OH),),
which is known for its strongly alkaline and antibacterial
properties.

In contrast to Ca(OH),, MTA hardens to a solid con-
sistency, making it particularly effective for restorative
procedures. Its rapid setting ability allows for definitive
restoration after partial pulpotomies performed with MTA.
) Endodontic treatment is typically indicated when car-
ies or trauma has caused irreversible damage to the pulp
tissue, leading to necrosis.

The mechanism by which MTA functions is closely
linked to the clinical characteristics of the human oral
environment. When MTA comes into direct contact with
oral tissues, it releases calcium ions that promote cell
proliferation. Additionally, its alkaline pH helps create an
antibacterial environment by regulating cytokine produc-
tion. This further supports the migration and differentia-
tion of cells responsible for forming hard tissue, leading
to hydroxyapatite formation on the surface of MTA and
providing a biological seal. MTA's advantages include
its excellent biocompatibility, antibacterial properties,
effective marginal adaptation, sealing ability, and its hy-
drophilic nature.”)

Management of radicular cysts involves both

non-surgical and surgical approaches, selected based on
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lesion size, location, symptoms, and response to initial
treatment. The primary goal is to eliminate the source of
infection and allow for periapical healing. Non-surgical
root canal therapy (NSRCT) is the first-line treatment for
small to moderately sized cystic lesions. By disinfecting
the root canal system and sealing it properly, many radic-
ular cysts resolve without the need for surgery.”)

When non-surgical management is insufficient—
particularly in cases of large, symptomatic, or persistent
cysts—surgical intervention is indicated. Enucleation is the
most commonly employed surgical technique, involving
complete removal of the cystic lining. It is typically
chosen for accessible, well-demarcated cysts where
surrounding structures are not at risk. In contrast, marsupi-
alization (or decompression) is used when the cyst is large
and enucleation could compromise adjacent anatomical
structures such as nerves, sinuses, or permanent tooth
buds. This technique reduces intra-cystic pressure by
creating a surgical window, allowing gradual shrinkage
of the lesion. Marsupialization may be followed by enu-
cleation once the lesion is smaller and safer to remove.”)

In some cases, a combined approach involving
both decompression and later enucleation is necessary.
Follow-up with clinical and radiographic evaluation is

essential to confirm resolution.

Case presentation

A 17-year-old male patient had been referred to
the department of endodontics with a chief complaint of
severe pain in the upper front region. He gave a history
of severe pain and swelling for which he had initiated
treatment at a private clinic 9 months earlier but did
not follow up there. Cone beam computed tomography
examination suggested a radicular cyst in relation to
maxillary left central incisor and maxillary left lateral
incisor, with dimensions 11.4x6.1x8.8 mm (Figure 1).
However, the vitality tests revealed that maxillary left
central incisor and maxillary left lateral incisor were non-
vital. After the patient and his family had been informed
about the treatment process, approval was obtained for

the treatment.

Treatment Procedure
Local anesthesia was applied for patient comfort.
The access cavity was opened. The old canal medica-

ment in the middle trio was removed using H files of [ISO
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Figure 1: Showing pre-op CBCT image.

sizes 15, 20, and 25 in an up-and-down motion. Copious
irrigation with 2.5% sodium hypochlorite was performed
between the use of files. The H file was used again for the
apical part. Working length was determined using an apex
locator and was confirmed radiographically, as shown in
Figure 2.

Later, the apical diameter was prepared with K and
H files up to size #50 to clean the necrotic root struc-
ture. Copious irrigation was performed between each file.
After the master apical diameter was prepared to size #50,
root canal preparation was completed with the step-back
technique. Serous exudate drained through the canal.
After final irrigation, the tooth was closed with a temporary
filling. Drainage did not stop, and dressing was continued
for the next three sessions. The tooth remained asymptom-
atic during the sessions. At the fifth appointment, the tooth
was ready for obturation. Furthermore, a conical shape
was given to the root canal with the step-back technique.
There were no irregularities in the root canal wall after
preparation.

Plugger fit was checked, and the apical 3-4 mm,
which consisted of maximum ramifications, was well
sealed with MTA. A moist cotton pellet was placed, and
the patient was recalled after 2 days. On the next visit, the
remaining canal was obturated using thermoplasticized
gutta-percha. Post-endodontic composite was performed
with maxillary left central incisor and maxillary left lateral

incisor.

Follow-up and outcomes
Follow-up via telephone communication was estab-
lished regularly, revealing successful treatment with no

complaints of pain, alleviation of symptoms, and preser-
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Figure 2: Showing confirmation of working length.

vation of tooth integrity. Figure 3 and 4 shows the results
at the three-month and six-months follow-up respectively,
also Figure 5 shows 3-dimensional post-operative CBCT
where the lesion has healed and where we can visualize
osteogenesis. This case highlights the efficacy of MTA
as an end filling material healing and bone formation in

periradicular involvement, offering promising outcomes

Figure 3: Showing the results at the three-month follow-up.

in challenging endodontic scenarios. Informed consent

was obtained from the patient for publication.

Discussion
Osteoblast differentiation is influenced by various

hormones and growth factors, including TGF-f (trans-
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Figure 4: Showing the results at the six-month follow-up.

Figure 5: Showing six-month follow-up CBCT image.

forming growth factor-f), BMP-2, and bFGF (basic
fibroblast growth factor).””>® Among these, BMP-2 is con-
sidered the most potent promoter of osteoblast prolifer-
ation, differentiation, and mineralization.®'") Previous
research has demonstrated that MTA not only promotes
osteoblastic mineralization but also enhances BMP-2
mRNA expression. 1214

Nowicka et al.,(lz) demonstrated that the formation
of reparative dentin bridges is influenced by the type
of material used. Bonte ef al.,'3) found no significant
statistical difference between Ca(OH), and MTA, but
noted that MTA yielded superior dentin healing. They
also suggested that apexification with MTA may lead
to better outcomes compared to Ca(OH),. Bernabe
et al.,'"™ highlighted the utility of MTA as a root canal
filling material following apicectomy, further noting that

sonic vibration could enhance its sealing capacity. Sonmez
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et al.'> concluded that the sealing ability of AH Plus and
ProRoot was comparable, but MTA Fillapex showed more
microleakage when compared to the other two materials.
Leye Benoist ez al.,('®) observed a higher success rate in
the MTA group compared to Ca(OH),. Hansen ez al. (17
demonstrated that MTA results in a higher intracanal
pH than Endodontic Sealer (ES), a finding that was also
supported by Yildirim et al."® MTA has been shown to
be effective as an apical filling material in root canals,
particularly in teeth requiring post-core restorations.

Recent studies highlight the remineralizing potential
of nanosized materials, which can intercept the progres-
sion of early lesions. These materials include calcium
phosphate, carbonate hydroxyapatite nanocrystals,
nanoamorphous calcium phosphate, and nanoparticulate
bioactive glass. Such materials, particularly when they
facilitate the self-assembly of proteins, play a crucial role
in biomimetic repair, even in the dental field. The small
size of these nanomaterials makes them ideal carriers for
dental products.(!7-19-24)

Consequently, it has been recently proposed that
incorporating nanomaterials with biological benefits into
adhesives not only enhances their mechanical and physical
properties but also improves the durability and longevity
of the adhesive bond.

A study by Karan and Aricioglu in 20203, which
assessed bone healing after the application of MTA and
platelet-rich fibrin in periapical lesions using cone-beam
computed tomography, found that MTA achieved high
success rates in endodontic microsurgery for periapi-
cal lesions. MTA is a biocompatible material that offers
superior sealing ability and promotes periapical tissue
regeneration, outperforming conventional retrograde
materials like gutta-percha (GP).(2627) Additionally,
previous randomized clinical trials reported MTA success
rates exceeding 80% after 12 months and over 90% after
24 months of follow-up.(28’29)

Although MTA offers many advantages, it does have
some drawbacks, including its relatively long setting time
and challenges with proper application. If not carefully
handled, the material can be easily displaced. Several
factors can influence the setting time and physical proper-
ties of MTA, including the nanoparticle size and concen-
tration, the powder-to-liquid ratio, environmental condi-
tions such as pH and room temperature, and the air trapped

during the mixing process.GO)
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The decision-making process between surgical and
non-surgical management of periapical cysts requires a
comprehensive evaluation of clinical, radiographic, and
patient-related factors. Non-surgical root canal thera-
py (NSRCT) is widely accepted as the initial treatment
of choice, particularly for lesions of endodontic origin
that are asymptomatic, well-contained, and of small to
moderate size. The rationale is based on the principle
that periapical cysts, whether true or pocket cysts, often
regress upon removal of the etiologic source—namely, the
intraradicular infection. Healing is initiated through effec-
tive canal disinfection, reduction of intracanal pressure,
and host-mediated immune response. While MTA is com-
monly highlighted for its bioactive properties, favorable
outcomes in cyst resolution are not exclusively attributed
to it. Rather, successful healing also occurs with other
materials and techniques, provided that microbial elim-
ination and apical sealing are achieved. Ca(OH),, for
example, promotes periapical healing by creating an
alkaline pH that inhibits residual pathogens and encour-
ages hard tissue deposition.!¥

However, non-surgical management has its limita-
tions. In cases of persistent or large lesions unresponsive
to endodontic therapy, or when there is cortical expan-
sion, tooth displacement, or proximity to vital structures,
surgical intervention may be warranted. Enucleation
allows for complete removal of the cystic lining and histo-
pathological confirmation, making it the preferred option
for accessible and well-defined lesions. Marsupializa-
tion, though less definitive, is indicated for extensive
cysts where enucleation may compromise anatomical
structures. It allows gradual decompression, promoting
reduction in cyst size and often followed by enucleation
when safer.(1)

Expected outcomes differ: non-surgical treatment is
conservative, cost-effective, and often sufficient, though it
may require prolonged monitoring.3! Surgical approaches
provide immediate lesion resolution but carry risks such
as postoperative complications, longer recovery, and
increased cost.(?) Ultimately, the choice between
modalities should be individualized, taking into account
the lesion’s characteristics, patient preference, and clini-
cian expertise. Regular radiographic follow-up is essen-
tial, regardless of the chosen method, to ensure complete

resolution and prevent recurrence.333%
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Conclusions

This case report highlights the successful manage-
ment of a radicular cyst using MTA as the primary sealing
material. The patient experienced notable clinical and
radiographic improvements, with complete resolution
of the cystic lesion and retention of the affected tooth.
MTA's exceptional biocompatibility, sealing properties,
and ability to stimulate tissue regeneration make it a prom-
ising material for treating radicular cysts. This case adds
to the growing body of evidence suggesting that MTA
can be a viable alternative to traditional surgical methods
in managing periapical diseases, contributing to favour-
able healing outcomes. However, further research with
larger sample sizes is necessary to validate its long-term
effectiveness and potential benefits over conventional

treatment approaches.
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