


Guidelines for Authors

Chiang 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.
 At present, 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
 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 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.

 2.  Review Articles 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.

 3.  Systematic Reviews 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.

 4.  Case Reports/Series 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.

 5.  Letters to the Editor Commentaries on published papers in the journal and other relevant matters that 
must not exceed 1000 words in length

 6.  Short Communications 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:
  • 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.



Oral Sci Rep: Volume 46 Number 2 May-August 2025

 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 
  • 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.
 



Oral Sci Rep: Volume 46 Number 2 May-August 2025

 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), 
Eqs. (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.

 F. 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, Fernández 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.



Oral Sci Rep: Volume 46 Number 2 May-August 2025

  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, Qld: 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/2021-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
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Abstract

 The emergence of glass hybrid glass ionomers (GH-GICs) represents a significant 
innovation in restorative dentistry, addressing the limitations of traditional materials 
through enhanced mechanical strength, fluoride release, and ease of application. Given 
the absence of prior comprehensive literature reviews on this topic, this systematic review 
was conducted to provide general practitioners with essential insights. A comprehensive 
literature search was performed in the PubMed, Scopus, and Web of Science databases 
from 2010-2023, using terms related to GH-GICs, their properties, and their clinical 
performance. The studies included were published in English and included in vitro and  
in vivo research as well as randomized controlled trials. Compared with conventional 
glass ionomers, GH-GICs exhibit improved mechanical properties, fluoride release, and 
remineralization potential, showing clinical performance comparable to that of resin 
composites in small to moderate class I and class II posterior restorations. However, 
limitations such as marginal adaptation, surface wear, and reduced aesthetics persist, 
particularly in larger restorations. While resin coatings improve initial wear resistance, 
their limited longevity and reduced fluoride release present additional concerns. GH-GICs 
remain promising for specific clinical scenarios, especially in high-caries-risk, pediatric, 
and geriatric patients, but further long-term studies are needed to confirm their efficacy 
fully and extend their applications.
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Introduction
 Resin composites are highly desirable for their 
aesthetic and physical qualities but are hindered by the 
time-consuming technique needed, particularly in deep 
cavities.(1) To simplify procedures and save time, bulk-
fill materials such as bulk-fill resin composites and high- 
viscosity glass ionomer cements (HV-GICs) have been  
developed.(2,3) Bulk-fill resin composites offer a promis-
ing, time-efficient alternative to conventional resin com-
posites for posterior restorations. Nevertheless, further 
long-term randomized clinical trials are needed to fully 
validate their clinical effectiveness.(1,2,4)

 Recently, HV-GICs have gained attention as bulk-fill 
materials, combining the benefits of conventional low- 
viscosity glass ionomer cements with improved handling 
properties and mechanical strength. The latest advance-
ment in HV-GICs is the introduction of glass hybrid glass 
ionomer cements (GH-GICs), which are being promoted 
for broader clinical applicability. This paper reviews the 
literature on GH-GICs, focusing on their properties, appli-
cations, and clinical implications in restoring permanent 
teeth.
 Search strategy and inclusion criteria
 A systematic literature search was conducted 
to identify relevant studies on GH-GICs. The search  
was  performed via electronic databases such as PubMed, 
Scopus, and Web of Science, with search terms including 
“glass hybrid glass ionomer,” “high-viscosity glass ion-
omer,” “bulk-fill,” “restorative dentistry,” “Equia Forte,” 
“Equia,” “mechanical properties,” “clinical performance,” 
and “fluoride release.” Boolean operators (AND, OR) 
were used to refine the search. Studies published in  
english from 2010-2024 that focused on the properties, 
clinical applications, and performance of GH-GICs, as 
well as comparisons with other restorative materials, were 
included. Both in vitro and in vivo studies, including ran-
domized controlled trials and laboratory studies, were 
considered. Duplicates were removed, and articles were 
screened on the basis of titles, abstracts, and full-text 
reviews. The reference lists of the selected articles were 
also examined to ensure comprehensive coverage of the 
relevant literature.

Results of the literature search  
 High viscosity glass ionomers
 During the 1990s, industry coined the term ‘high 

viscosity glass ionomer cement’ to describe improved 
glass ionomer cement (GIC).(5) These materials contain 
high-molecular-weight polyacrylic acid and surface-mod-
ified fillers, which increase their reactivity and produce 
high cross-linkages in the set matrix.(6) Additionally, they 
are mixed in a higher powder‒liquid ratio than conven-
tional GICs are, increasing their performance.(7,8)

 HV-GICs exhibit superior physical and mechanical  
properties, particularly in terms of wear resistance, along 
with a faster setting time, enabling restorations to be com-
pleted in a single visit. Compared with their conventional 
counterparts, they possess a more translucent appearance  
due to the inclusion of fine glass particles.(7,9) The  
enhanced attributes of HV-GICs broaden their applica-
tions,(6,10-14) making them versatile for various clinical 
applications where resin composites and amalgams might 
not perform optimally.(15-24)

 Microlaminated GICs have been introduced to widen 
the indications for using HV-GICs in the posterior region, 
where HV-GICs are combined with a light-cured coating. 
In 2007, the Equia restorative system (GC America, Alsip, 
IL, USA), comprising Equia Fil–a self-adhesive bulk-fill 
HV-GIC–and Equia Coat–a highly nanofilled light-cured 
resin coating–was introduced. Equia Fil, was optimized by 
the manufacturer to enhance cross-linkage within the GIC 
matrix. Paired with the Equia Coat, it was promoted as a 
suitable restorative material for posterior stress-bearing 
restorations. 
 The clinical performance of high-viscosity glass 
ionomers
 Studies investigating the clinical performance of 
HV-GICs have demonstrated satisfactory performance 
in class I(24,26-30) and small-to-medium class II resto-
rations,(9,27,30-32) with some studies recommending limit-
ing the size of medium class II cavities to ensure that they 
do not exceed half the intercuspal width in the isthmus 
width.(33) Klinke et al.,(30) compared the clinical effective-
ness of the Equia system to that of the conventional Fuji 
IX GP Fast (GC, Tokyo, Japan) coated with Fuji Coat LC 
(GC, Tokyo, Japan) on permanent posterior teeth in both 
class I and class II (two and three surfaces) cavities over 
a 4-year observation period. The results indicated com-
parable performance between the two materials in class I 
cavities. However, in class II fillings, the Equia restorative 
system displayed superior overall performance, with few-
er failures observed during follow-up evaluations. Türkün 
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Table 1: Lists the HV-GIC products currently available on the market.

Product Coat* Manufacturer Notes
-GC Fuji IX GP
-GC Fuji IX GP Fast
-GC Fuji IX GP Extra

G-Coat Plus (light cure 20 sec),
GC Fuji Coat LC (light cure 10 sec),
or GC Fuji Varnish (blow dry)

GC, Tokyo, Japan Fuji IX GP Fast is the fast setting version of Fuji 
IX GP. This product achieves its initial set in only 3 
minutes and 35 seconds after mixing; final finishing 
can begin in only 3 minutes after placement.

Fuji IX GP Extra: This product contains a next gen-
eration glass filler which elicits higher translucency, 
fluoride release, reactivity and a faster setting time. 
It allows final finishing in only 2.5 minutes from 
initial mix.

-Riva Self Cure 
(Regular)
-Riva Self Cure (Fast)
-Riva Self Cure HV

Riva Coat (light cure resin coating) SDI, Victoria, 
Australia

Riva Self Cure HV has a higher powder/liquid ratio 
(0.50/0.12 g) compared to the other two variants 
(0.42/0.12 g)

-Ketac Universal 
Aplicap
-Ketac Molar Aplicap

Ketac Glaze (mainly for Ketac Mo-
lar Aplicap)

3M ESPE, Seefeld, 
Germany

Ketac Universal Aplicap is a user-friendly, versatile 
glass ionomer for quick, less demanding restorations, 
while Ketac Molar Aplicap is a tougher, packable 
choice for durable posterior restorations prioritizing 
strength over aesthetics or speed.

-Chemfil Rock Surface protection recommended 
(e.g., resin-based coating or varnish)

Dentsply, Milford, 
USA

It uses a novel reactive zinc-modified fluoro-alumi-
no-silicate glass filler

-Equia Fil Equia Coat (A nanofilled, light-
cured resin coating)

GC America, Alsip, 
IL, USA

In some markets, Equia Fil is sold as Fuji IX GP 
Extra and Equia Coat as G-Coat Plus.(14,25) The 
primary difference is that Equia Fil is Fuji IX GP 
EXTRA packaged within the Equia system, designed 
to be used with Equia Coat for enhanced properties, 
whereas Fuji IX GP EXTRA is the standalone GIC 
that doesn’t require the coating.

-Gold label IX Extra 
Capsule
-Gold label IX Extra

G-Coat Plus,
GC Fuji Coat LC,
or GC Fuji Varnish

GC America, Alsip, 
IL, USA

The Fuji IX GP EXTRA and Gold Label IX Extra 
are actually the exact same product — just branded 
differently depending on the market or region

*Although these materials can technically be used without a final coat, coating is strongly recommended to enhance wear resistance, surface 
hardness, and longevity.

and Kanik(33) conducted a six-year assessment of the 
long-term clinical efficacy of Equia Fil and Riva Self Cure 
(SDI, Victoria, Australia) both of which were coated with 
Equia Coat and a classical varnish (Fuji Varnish). Equia 
Fil exhibited acceptable clinical performance in class I 
restorations and moderate to large class II restorations 
over six years. 
 However, the clinical performance of the conven-
tional GIC (Riva Self Cure) in moderate to large class 
II restorations was notably inferior to that of Equia Fil. 
Equia Fil demonstrated superior performance to Riva 
Self Cure in terms of anatomic form, color match,  
marginal adaptation, and retention rate throughout the 

evaluation period. Notably, both coatings applied to all 
the restorations were worn away after six months. Heck 
et al.,(32) conducted a long-term study over six years 
to assess the performance of two HV-GIC systems, the 
Fuji IX GP Fast/Fuji Coat LC and Equia Fil/Equia Coat  
restoration systems, which were applied as definitive  
restorations for class II cavities for permanent dentition. 
Both materials demonstrated acceptable and comparable 
survival rates, indicating their suitability for smaller class 
II cavities. Over the six years, both Equia Fil and Fuji IX 
GP Fast restorations showed significant deterioration in 
surface luster, marginal adaptation, material fracture, and 
retention, with no notable differences observed between 
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the two materials. Hatirli et al.,(24) compared the two-
year clinical outcomes of HV-GICs and nanohybrid resin 
composite restorations (GrandioSO, Voco). HV-GICs 
demonstrated comparable clinical performance to resin 
composite materials. HV-GICs presented lower marginal 
discolouration, greater surface wear and loss of anatomic  
form. The resin composite had a significantly better sur-
face luster. Rożniatowski et al.,(31) conducted a clini-
cal and radiological assessment comparing the Equia 
restorative system and resin composite material (Tetric 
EvoCeram, Ivoclar Vivadent). Their findings suggested 
that the resin composite and Equia systems exhibited 
similar efficacy over a 2-year observation period when 
used to restore approximal lesions in premolars and per-
manent molars. However, it is important to note that when  
HV-GICs were utilized, there was a greater risk of mar-
ginal adaptation deterioration, staining, and erosion. Uzel 
et al.,(27) compared the clinical performance of the Equia 
system on class I and II cavities with that of a bulk-fill  
resin composite (Tetric EvoCeram, Ivoclar, Vivadent) 
over 24 months in young adults. Both materials displayed 
good clinical performance. However, Equia showed more 
common chipping and surface degradation over the two 
years.
 In summary, HV-GICs have proven to be effective 
restorative materials for class I and small-to-medium 
class II cavities, with specific materials such as Equia 
Fil often outperforming conventional GICs in terms of  
anatomic form, color match, and retention. While  
HV-GICs demonstrate comparable performance to resin 
composites in terms of retention and marginal discolor-
ation, they face challenges in larger restorations, including 
marginal deterioration, surface wear, and reduced aesthetic  
performance. In contrast, the resin composites maintain 
better surface luster over time.
 Glass hybrid glass ionomers
 In 2015, Equia Forte (GC America, Alsip, IL, USA) 
was introduced as an innovative restorative system  
utilizing glass-hybrid technology. The system builds on 

the performance of the original Equia restorative line and 
comprises Equia Forte Fil and its corresponding light-
cured surface sealant, Equia Forte Coat. Equia Forte 
Fil is a self-adhesive bulk-fill restorative material based 
on an enhanced GIC structure. It incorporates ultrafine,  
highly reactive fluoroaluminosilicate glass particles 
with a bimodal size distribution–a combination of larger  
conventional glass fillers and smaller, highly reactive 
nanofillers–improving the packing density and reactivity.  
These particles facilitate rapid ion release and robust  
matrix formation. The liquid component consists of a 
higher molecular weight polyacrylic acid combined with 
water and tartaric acid, which enhances handling and 
working time. Compared with traditional HV-GICs, this 
glass hybrid formulation results in improved ion avail-
ability, leading to enhanced cross-linking, a stronger 
glass-ionomer matrix, and superior flexural strength.(34) 
The system also includes Equia Forte Coat, a nanofilled, 
light-cured resin coating that contains a novel multifunc-
tional methacrylate monomer. The manufacturer claims 
that this coating forms a dense, wear-resistant resin matrix 
that seals the surface, enhances aesthetics, and protects 
the restoration from early moisture contamination and 
dehydration.
 In 2019, the Equia Forte HT (High Translucency)  
restorative system was launched, featuring an optimized 
formulation that offers improved translucency and  
aesthetics. Equia Forte HT maintains the same core glass 
hybrid structure but utilizes a refined and narrower particle 
size distribution, further enhancing handling properties 
and mechanical performance. Table 2 lists the GH-GICs 
products currently available on the market.
 Mechanical properties
 As restorative materials, GH-GICs must demon-
strate adequate mechanical performance to replace miss-
ing tooth structures. Studies comparing GH-GICs to  
HV-GICs and resin composites have shown that  
GH-GICs, particularly Equia Forte and Equia Forte HT, 
exhibit comparable or slightly superior mechanical pro- 

Table 2: GH-GICs products currently available on the market.

Product Coat Manufacturer Notes
Equia Forte Fil Equia Forte Coat GC America, Alsip, IL, USA
Equia Forte HT Equia Forte Coat GC America, Alsip, IL, USA
Gold Label Hybrid G-Coat Plus (light cure) 

or GC Fuji Varnish (blow dry)
GC America, Alsip, IL, USA Available only in a hand mixed version
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perties to HV-GICs, particularly when the Equia Forte Coat 
is applied.(34-40) The protective coating plays a critical role 
in maximizing the performance and surface durability. 
Fuhrmann et al.,(37) found that while fracture toughness 
was similar among GICs, the application of Equia Forte 
Coats significantly increased surface hardness, reaching 
levels comparable to those of resin composites such as 
Filtek Z250 and even exceeding those of Filtek Supreme 
Ultra. Similarly, Brkanović et al.,(8) reported that Equia 
Forte HT, both coated and uncoated, outperformed Fuji 
IX GP in terms of wear resistance, with coated samples 
showing notably greater durability.
 However, despite these improvements, certain draw-
backs persist. Voids may form during placement, particu-
larly in hand-mixed versions, compromising the internal 
integrity of the material.(41-43) Cohesive failures have 
also been reported under functional loading, especially 
in larger restorations.(40,44) These failures highlight the 
intrinsic limitations in fracture toughness and fatigue 
resistance of GH-GICs. Notably, recent studies have con-
sistently reported that these failures are often cohesive in 
nature–occurring within the material itself–while the bond 
to tooth structure remains intact.(45) 
 However, GH-GICs still lack resin composites in 
terms of key mechanical properties, such as compressive 
strength, fracture toughness, and surface hardness.(34,35,40) 
This is mainly due to the superior micromechanical bond-
ing of resin composites, as well as their inherently higher 
material strength. Kutuk et al.,(46) compared Equia Forte 
to a microhybrid resin composite (G-ænial Posterior) and 
reported no significant difference in fracture resistance 
but significantly greater compressive strength in the resin 
composite. Valeri et al.,(47) noted that while resin com- 
posites such as Filtek Supreme Ultra showed superior wear 
resistance, Equia Forte HT–particularly when coated– 
demonstrated a substantial reduction in wear, highlighting 
the importance of the resin coating in enhancing clinical 
durability.
 In addition to mechanical improvements, advance-
ments in glass-hybrid technology have led to notable 
enhancements in the optical properties of GH-GICs. The 
introduction of Equia Forte HT marked a significant step 
forward in improving translucency, an essential factor for 
aesthetic integration with natural dentition. This improve-
ment is attributed to the optimized particle size distribution, 
which allows the material to blend more harmoniously  

with the surrounding tooth structure. Studies comparing 
the optical properties of GH-GICs and resin composites 
have revealed mixed findings. Yeo et al.,(38) evaluated 
materials such as Equia Forte, Fuji IX, Filtek Z350, and 
Filtek One Bulk Fill and reported that resin composites 
presented significantly higher translucency levels than did 
GH-GICs. In contrast, Moshaverinia et al.,(39) found that 
Equia Forte HT outperformed Fuji IX and ChemFil Rock 
in translucency. Despite these advancements, resin com-
posites remain the preferred choice for highly aesthetic 
restorations because of their superior ability to achieve 
high translucency and natural blending.
 Resin coating
 The application of a resin coating, such as Equia 
Forte Coat, is essential during the early maturation phase 
of GH-GICs.(48,49) This coating serves as a temporary  
barrier protecting the GIC from moisture imbalances 
during its initial setting phase (6 to 12 months). Resin 
coatings have been shown to improve surface hardness, 
flexural strength, surface roughness, and initial wear  
resistance.(48,49) Kanik et al.,(50) noted that resin coatings 
render GH-GICs wear resistant over extended durations, 
comparable to resin composites. Habib et al.,(51) found 
that coated GICs presented significantly greater flexural 
strength, reduced surface roughness, and improved mar-
ginal integrity. Fuhrmann et al.,(37) and Handoko et al.,(52) 
also reported significant increases in surface hardness with 
the application of resin coatings. Additionally, Jafarpour 
et al.,(53) demonstrated that resin coatings reduce water 
sorption and solubility, stabilizing the physical properties 
of the material.
 Despite these benefits, resin coatings do not uni-
formly enhance all mechanical properties. For example, 
fracture toughness and elastic modulus remain largely  
unaffected, with some studies even suggesting that  
uncoated samples may exhibit higher elastic moduli.(37,38) 
Ong et al.,(54) concluded that the resin coating did not 
enhance the viscoelastic properties and was unnecessary 
for improving the elastic performance. Furthermore, the 
long-term effectiveness of resin coatings in achieving 
adequate wear resistance remains uncertain.(8,47,49,55)

 In summary, GH-GICs, particularly Equia Forte and 
Equia Forte HT, represent significant advancements over 
traditional GICs, offering improved mechanical, opti-
cal, and biological properties. The application of resin 
coatings further enhances surface hardness and initial 
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wear resistance, although their long-term effectiveness 
is limited. While GH-GICs outperform earlier GIC gen-
erations and are well suited for low-stress restorations, 
they still fall short of resin composites in key areas, such 
as compressive strength, fracture toughness, and translu-
cency. However, their ease of use, cost-effectiveness, and 
caries-preventive properties make them valuable options 
for high-caries-risk patients and pediatric and geriatric 
populations. Future research should focus on developing 
more durable protective coatings and innovative formula-
tions to increase the long-term performance of GH-GICs 
and bridge the gap with resin composites, expanding their 
role in modern restorative dentistry.
 Properties of the fluoride release and remineraliza-
tion of GH-GICs
 GH-GICs retain the favorable biological properties 
of conventional GICs, including chemical bonding to 
the tooth structure, biocompatibility, and sustained fluo-
ride release. Fluoride release is a hallmark of GH-GICs,  
offering both immediate and long-term caries prevention. 
The burst effect involves rapid fluoride release shortly 
after placement, providing an initial anticariogenic boost. 
This is followed by a sustained reservoir effect, where 
the material absorbs and rereleases fluoride over time, 
enhancing long-term protection.(56) The release of fluoride 
from GH-GICs contributes to the formation of fluorap-
atite, enhancing remineralization and inhibiting caries 
progression.(56,57) Studies indicate that Equia Forte can 
induce remineralization in carious dentine up to a depth 
of 2 mm.(58) Zebić et al.,(59) compared the fluoride release 
from three different GICs. They reported that Equia Forte 
released more fluoride than Fuji IX and Fuji II, which had 
the lowest fluoride concentration among the tested GICs. 
Moshaverinia et al.,(34) evaluated the fluoride release 
of three HV-GICs (Equia Forte Fil, Fuji IX, and Chem-
fil Rock). They reported that all the examined materials  
exhibited comparable initial fluoride-releasing properties, 
whereas Equia Forte Fil exhibited significantly greater 
amounts of fluoride release from the bulk of the material 
after 4 weeks. Similarly, another study reported that Equia 
Forte HT also exhibited superior fluoride-releasing capac-
ity compared with Fuji IX GP and Chemfil Rock, further 
highlighting its potential role in preventing caries.(39)

 However, applying a resin coating, while enhancing 
the mechanical properties and wear resistance of GH-
GICs, presents a trade-off by reducing fluoride release. 

This reduction is attributed to the resin-based nature of 
the coating and the presence of nanofillers, which seal the 
microgaps in the material, thereby limiting the diffusion 
of fluoride ions.(60-63) As not all mechanical properties 
are consistently improved and the long-term benefits for 
wear resistance remain uncertain, the use of a resin coating 
should be considered selectively.(64) In clinical situations 
where sustained fluoride release and remineralization are 
important, its application may warrant careful reconsid-
eration.(61)

 Bonding to the tooth structure
 Equia Forte, a GH-GIC, has demonstrated improved 
bond strength compared with its predecessor, Equia Fil, 
and other conventional HV-GICs. Studies have shown 
that Equia Forte has a relatively high shear bond strength 
(SBS) to enamel and dentin. Karadas et al.,(65) evaluated  
the SBS and adaptation at the interface between various  
capping materials (Biodentine), TheraCal LC, Ultrablend  
Plus, Calcimol LC, ApaCal ART, Ionoseal, Equia Forte 
and dentin. Compared with the other materials, Equia 
Forte presented significantly greater SBS. Despite 
their high viscosity, self-curing materials such as Bio-
dentine and Equia Forte displayed superior adaptation 
to dentin compared with light-cured materials. Latta  
et al.,(66) reported that Equia Forte and Fuji II LC had 
comparable SBS and shear fatigue strength (SFS) values, 
both of which were significantly lower than those of the 
resin composite (Z100 Restorative) bonded with a univer-
sal adhesive (Prime&Bond Active). The resin composite 
provided superior bond durability, particularly to enamel 
and dentin, whereas Equia Forte and Fuji II LC showed 
similar clinical effectiveness in bonding to enamel and 
dentine.
 The use of a dentin conditioner–commonly poly-
acrylic acid–is an optional but recommended step to  
increase the bond strength of GICs.(67) Research indicates 
that both the type of conditioner and the duration of its  
application can significantly impact bond strength out-
comes.(68,69) Consequently, selecting the appropriate con-
ditioner and application protocol should be tailored to the 
clinical situation and the desired level of adhesion.(70) In 
a study by Suresh et al.,(71) the effects of 10% polyacrylic 
acid and 37% phosphoric acid on permanent teeth were 
evaluated prior to the placement of a high-viscosity glass 
ionomer. The findings demonstrated that 37% phosphoric 
acid improved the penetration depth of the material into 
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dentin, suggesting its potential advantage as a surface 
conditioner.
 Equia Forte has shown favorable marginal integrity 
and minimal microleakage compared with conventional 
GICs and RMGICs. Singh et al.,(72) and Ali et al.,(73) con-
firmed Equia Forte's superiority over Fuji II LC and other 
conventional glass ionomers in reducing microleakage 
at the occlusal and cervical levels. A recent systematic  
review confirmed the suitability of Equia Forte for clinical 
scenarios requiring durable and reliable adhesion, particu-
larly in cases susceptible to marginal leakage.(74)

 GH-GICs reliably bond to tooth structures through 
chemical adhesion and micromechanical interlocking, 
demonstrating favorable marginal integrity and minimal 
microleakage. However, their bond strengths typically 
remain lower than those of resin composites combined 
with universal adhesives. This limitation should be con-
sidered during clinical decision-making, particularly in 
demanding adhesive scenarios.
 Bonding to the resin composite
 The utilization of universal bonding agents shows 
promise in improving the bond strength between resin 
composites and GH-GICs in layered restorations. Far-
shidfar et al.,(22) investigated the impact of two universal 
bonding agents (Clearfil Universal Bond and G-Premio 
Bond) on the microtensile bond strength (μTBS) of Equia 
Forte Fil, Riva SC, Fuji II LC, and Riva Light Cure com-
bined with a resin composite (Kalore, GC) with or without 
35% phosphoric acid. Both adhesive agents significantly 
enhanced the μTBS across all the materials, with RMGICs 
such as Fuji II LC and Riva Light Cure exhibiting higher 
μTBS values than Equia Forte Fil and Riva SC. Further-
more, the application of universal adhesive agents (in the 
etch and rinse mode) notably improved the μTBS of both 
conventional GICs and RMGICs to the resin composite 
compared with that without acid etching. In another study, 
Francois et al.,(75) explored the SBS and interface char-
acteristics between a resin composite (Filtek Z350) and 
various materials, including Equia Forte Fil, Fuji IX, Fuji 
II LC, a bulk-fill flowable resin composite (SDR), and a 
regular flowable resin composite (Tetric Evo Flow), via 
different adhesive systems. The study concluded that 
the most effective bonding between the resin composite  
and HV-GICs was achieved via a universal adhesive in 
self-etch mode. Additionally, they observed intimate con-
tact at all the interfaces examined, noting that the SBS 

to Equia Forte Fil varied significantly depending on the 
adhesive system used, with Scotchbond Universal in self-
etch mode showing the highest SBS compared with the 
other systems.(75) Moreover, beyond enhancing interfacial 
adhesion, adhesives have also been reported to reinforce 
the underlying glass-hybrid substrate. Alqasabi et al.,(76) 
reported that these adhesive agents create a superficial 
laminate that increases surface hardness and reduces mois-
ture-related degradation of GH-GICs.
 However, although universal adhesives significantly  
enhance bonding between GH-GICs and resin com-
posites, especially in self-etch or selective-etch modes, 
the bond strengths typically remain inferior to those of 
composite-to-composite bonding. This reflects the inher-
ent limitations and complexity associated with layered 
restorations involving GH-GICs and resin composites, 
necessitating careful clinical consideration. Additionally, 
evidence regarding long-term aging effects on GH-GIC-
to-composite bonding is limited, indicating the need for 
further investigations into durability and bond stability 
over time. Similarly, the potential influence of the GH-
GIC layer thickness on the bond strength remains unclear 
and warrants future research to guide clinical protocols 
more effectively.
 The clinical performance of GH-GICs
 Several clinical studies have explored the efficacy 
of glass hybrid restorative systems in various clinical 
scenarios, including class I(25,28,30) and class II cavi- 
ties.(29,77-79) A summary of these studies is presented in 
Table 3. GH-GICs have been established as viable choices 
for class I restorations(25,28,30) and small to large two-sur-
face class II restorations.(77-79) El-Bialy et al.,(28) reported 
comparable clinical outcomes between Equia Forte Fil 
and Equia Fil in occlusal cavities among high-caries-
risk patients after one year. Similarly, Uyumaz et al.,(25) 
demonstrated equivalent and successful clinical outcomes 
of Equia Forte HT coated with Equia Forte Coat compared 
with resin composites after one year. A long-term study 
comparing Equia Forte with a microfilled resin composite 
(Gradia Direct Posterior, GC) in class I and class II cavi-
ties over 10 years revealed comparable durability, clinical 
effectiveness, and maintenance of surface textures.(7)

 Gurgan et al.,(77) evaluated Equia Forte against a 
microhybrid resin composite (G-ænial Posterior) in large, 
deep class II restorations. Despite the significant color 
discrepancy with glass hybrid restorations, Equia Forte 
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exhibited a relatively high success rate after 2 years in 
extended class II cavities, similar to the tested resin com-
posite.  The glass hybrid restorative system showed no sig-
nificant disparities in terms of retention, anatomical form, 
or proximal contact points. Wafaie et al.,(78) found that 
HV-GICs, including Equia Forte, performed adequately 
in small-to-medium class II cavities over five years but 
exhibited surface luster deterioration and color mismatch. 
Similarly, Miletic et al.,(79) observed comparable success 
between Equia Forte and a nanohybrid resin composite 
(Tetric EvoCeram) in moderate-to-large two-surface class 
II cavities at five years. However, Balkaya et al.,(29,80) 
reported superior clinical performance of resin composites 
over GH-GICs after one and two years, suggesting that 
caution should be taken in the use of GH-GICs for larger  
restorations. Gurses et al.,(81) Furthermore, HV-GICs  
exhibited lower clinical effectiveness than did bulk-fill 
resin composites in class II restorations.
 Clinical evidence generally supports GH-GICs as 
promising alternatives under specific conditions. Indi-
cation criteria for selecting GH-GICs should consider 
caries risk, as these materials provide fluoride release and 

remineralization, making them suitable for high-caries-
risk patients. The size and location of the cavity are also 
critical, with GH-GICs recommended primarily for class 
I cavities and small-to-medium-sized class II cavities 
where functional and esthetic demands are moderate. 
Additionally, these materials offer clinical convenience 
and are particularly beneficial in scenarios requiring rapid, 
straightforward placement, such as pediatric, geriatric, 
or medically compromised patients. Conversely, their 
reduced translucency and potential color mismatch limit 
their suitability for anterior restorations or highly visible 
posterior restorations. The observed performance dete-
rioration in larger restorations and increased aesthetic 
demands highlight the need for clinicians to carefully bal-
ance these factors when choosing GH-GIC restorations. 
Further standardized long-term clinical trials are essential 
to clarify and refine these indications, guiding clinicians 
toward optimal clinical outcomes. Recognizing discrep-
ancies in study designs, methodologies, and evaluation 
criteria among available studies emphasizes the need for 
standardized approaches to establish universally applica-
ble clinical guidelines for GH-GIC use. A summary of the 

Table 3: Summary of clinical and in vitro studies comparing glass HV-GICs and GH-GICs and other restorative materials.

A. Clinical studies investigating the performance and outcomes of HV-GICs and GH-GICs in class I and II restorations
Study Year Materials Classes Outcomes/Results

Klinke et al.,(30) 2016 Equia system vs. Fuji IX GP Fast 
+ Fuji Coat LC

Small to moderate 
class I and II

Comparable performance in class I; Equia 
system superior in class II restorations with 
fewer failures.

Türkün & Kanik(33) 2016 Equia system vs. Riva SC + Fuji 
Varnish

Moderate to large 
class I and II

Equia Fil showed better performance in 
class I and II restorations over 6 years; 
coatings wore off after 6 months.

Kharma et al.,(26) 2018 Equia system vs. microhybrid 
resin composite (Amelogen Plus)

Small class I No statistical significance difference  
between both in anatomical shape, color,  
postoperative sensitivity, secondary caries, 
material handling, adaptation, and marginal  
staining after 9 months. Equia surface 
texture decreased overtime.

Balkaya et al.,(29) 2019 Equia Forte system, bulk-fill resin 
composite (Equia Forte system),  
microhybrid resin composite 
(Charisma Smart).

Small to moderate 
class I and II

Resin composites showed better clinical 
performance than Equia Forte system after 
1 and 2 years.

Heck et al.,(32) 2020 Fuji IX GP Fast + Fuji Coat LC 
vs. Equia system

Small  class II Both materials showed acceptable survival 
rates; significant deterioration in surface 
luster, marginal adaptation, and retention 
over 6 years.
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Gurgan et al.,(77) 2020 Equia Forte system vs. micro-
hybrid resin composite (G-ænial 
Posterior)

Large class II Equia Forte showed significant mismatch 
in color, both materials exhibited success-
ful performance for the restoration of large 
class II cavities after 24 months.

El-Bialy et al.,(28) 2020 Equia Forte Fil vs. Equia Fil Small class I Comparable performance after 1 year in 
high-caries-risk patients.

Hatirli et al.,(24) 2021 Equia system vs. nanohybrid res-
in composite (GrandioSO)

Small class I Equia system showed comparable perfor-
mance to resin composite; lower marginal 
discolouration but greater surface wear.

Rożniatowski et al.,(31) 2021 Equia system vs. resin composite 
(Tetric EvoCeram)

Class II Similar efficacy over 2 years; Equia had 
higher risk of marginal adaptation deteri-
oration, staining and erosion.

Uzel et al.,(27) 2022 Equia system vs. bulk-fill resin 
composite (Tetric EvoCeram)

Small to moderate 
class I and II

Both materials showed good clinical per-
formance; Equia had more chipping and 
surface degradation over 2 years.

Wafaie et al.,(78) 2022 Ketac Universal Aplicap, Equia 
Forte and Riva Self Cure HV 
vs. microhybrid resin composite 
(Filtek Z250)

Small to moderate 
class I and II

Although drawbacks in surface luster and 
color match appeared over the 5-year peri-
od, the three high-viscosity glass ionomers 
had successful clinical performance com-
pared to Filtek Z250

Uyumaz et al.,(82) 2023 Equia Forte HT system vs. micro- 
hybrid resin composite (Charisma  
Smart)

Small class I Resin composite outperform Equia Forte 
HT system in terms of color match and 
surface texture. Comparable clinical per-
formance after 1 year.

Gurses et al.,(81) 2023 Two Bulk-fill Resin composites 
(Tetric EvoCeram Bulk-Fill  and 
Filtek Bulk-Fill) vs. Equia Forte 
system.

Small to moderate 
class I and II

Both bulk-fill resin composites had com-
parable clinical performance; Equia Forte 
system showed lower clinical effectiveness 
after 2 years.

Miletić et al.,(79) 2024 Equia Forte system vs. nano-
hybrid resin composite (Tetric 
EvoCeram)

Small to moderate 
class I and II

Both materials showed satisfactory survival  
and success rates over 5 years.

B. In vitro studies investigating mechanical and physical properties of GH-GICs
Kutuk et al.,(46) 2019 Equia Forte system vs. micro-

hybrid resin composite (G-ænial 
Posterior)

No significant difference in fracture resistance; resin composite 
had higher compressive strength.

Šalinović et al.,(40) 2019 Equia Forte Fil vs. Ketac Univer-
sal Aplicap vs. Equia Fil

No significant difference in compressive strength; Ketac Univer-
sal Aplicap had higher hardness values than Equia fil and Equia 
Forte fil.

Moshaverinia et al.,(34) 2019 ChemFil Rock vs. Fuji IX GP vs. 
Equia Forte Fil

Equia Forte Fil had higher flexural strength and surface hardness 
than Fuji IX GP, with no significant difference in compressive or 
diametral tensile strength. Equia Forte released significantly more 
fluoride after 4 weeks compared to Fuji IX GP and ChemFil Rock. 
ChemFil Rock showed higher flexural strength (not statistically 
significant) but lower compressive strength and microhardness 
than Equia Forte Fil.

Fuhrmann et al.,(37) 2020 Equia Forte vs. Ketac Universal 
Aplicap vs. ChemFil Rock vs. 
Fuji IX Extra vs. IonoStar Mo-
lar vs.  resin composites (Filtek 
Z250 and Filtek Supreme Ultra)

The resin composite restorative materials had significantly greater 
fracture toughness than the glass-ionomer materials. There was no 
significant difference in fracture toughness between the glass-ion-
omer materials. Equia Forte Coat improved surface hardness but 
did not affect fracture toughness.
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Yeo et al.,(38) 2021 Filtek Z350 vs. Filtek One Bulk 
Fill vs. Fuji IX vs. Equia Forte

Resin composites had higher flexural strength and translucency 
than Equia Forte and Fuji IX. Fuji IX and Equia Forte had similar 
flexural strength. Coating did not enhance elastic modulus and 
may increase wear.

Habib et al.,(51) 2021 Equia Forte Fil vs. RMGIC (Fuji 
II LC) with and without coatings

Coating improved flexural strength, reduced surface roughness, 
and decreased microleakage.

Kunte et al.,(35) 2022 Fuji IX vs. Equia Forte Fil Equia Forte showed slightly higher compressive and diametral 
tensile strength, but differences were not statistically significant.

Valeri et al.,(47) 2022 RMGIC (Ionolux) vs. Activa 
Bioactuce Restorative vs. Equia 
Forte HT system vs. resin com-
posite (Filtek Supreme Ultra)

Ionolux and Activa Bioactive Restorative had comparable or less 
wear compared to Filtek Supreme Ultra, while Equia Forte HT 
wore twice as much compared to the resin composite.

Moshaverinia et al.,(39) 2024 Equia Forte HT vs. Fuji IX GP 
vs. ChemFil Rock

Equia Forte HT had improved translucency, compressive strength, 
flexural strength and fluoride release compared to Fuji IX. No sig-
nificant difference was found in flexural strength values between 
Equia Forte HT and Chemfil Rock.

Abuzinadeh et al.,(83) 2024 Fuji IX, vs. Equia Forte vs. 
Fuji II vs. resin composite 
(Tetric-N-Ceram Bulk Fill)

Equia Forte had comparable compressive strength and microhard-
ness to Fuji II and Fuji IX. The resin composite had the highest 
compressive strength and microhardness among all materials. 
The study results showed statistically insignificant differences in 
surface microhardness across all groups. Equia Forte was 40% 
lower microhardness values than the other materials.

included studies is presented in Table 3.
 This review highlights several limitations within the 
literature on GH-GICs. First, there is significant variability 
in study designs, methodologies, evaluation criteria, and 
follow-up periods among clinical studies, complicating 
direct comparisons and generalized conclusions regarding 
long-term efficacy. Many existing studies have short-term 
follow-up periods (≤ 5 years), limiting the understanding 
of long-term clinical outcomes, especially concerning 
durability and aesthetic stability.
 Additionally, the performance of the resin coatings 
used with GH-GICs has been inconsistently reported, with 
varying results in terms of long-term mechanical pro- 
perties and fluoride release. This inconsistency suggests 
that resin coating formulations and application protocols 
require further refinement and standardized testing to 
clearly determine their long-term effectiveness.
 Future research should focus on conducting long-
term randomized controlled clinical trials with standard-
ized methodologies to provide robust data on the longevity 
and clinical performance of GH-GIC restorations, partic-
ularly moderate-to-large posterior restorations. Studies 
examining long-term biological impacts, such as fluoride 
release and remineralization capacity in clinically relevant 
scenarios, are also needed. Furthermore, investigations 

into optimizing resin coatings, exploring new formula-
tions, and assessing their effects on mechanical and bio-
logical properties will enhance the clinical applicability 
and reliability of GH-GICs. Such research directions will 
significantly inform clinical decision-making and expand 
the potential applications of these promising restorative 
materials.

Conclusions
 GH-GICs represent a notable advancement in restor-
ative dentistry, successfully addressing several limitations 
of conventional glass ionomer cements through improved 
mechanical performance, fluoride release, and ease of 
clinical application. Clinically, GH-GICs demonstrate 
comparable effectiveness to resin composites in class 
I and small to moderate class II posterior restorations.  
Despite these advancements, challenges remain, particu-
larly in larger restorations, including marginal deteriora-
tion, surface wear, and limited aesthetic outcomes. While 
resin coatings enhance initial mechanical durability, their 
short-lived effectiveness and reduced fluoride release may 
limit long-term benefits. GH-GICs, therefore, are partic-
ularly recommended for specific patient groups, such as 
those with high caries risk and pediatric, geriatric, and 
medically compromised populations, where their biolog-
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ical advantages outweigh their aesthetic and mechanical 
limitations. Future research should prioritize long-term 
clinical evaluations and innovative enhancements in resin 
coatings to further expand the clinical applicability and 
durability of GH-GICs.
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Abstract
Objectives: This study aimed to formulate regression equation(s) for predicting human 
permanent canine and premolar mesiodistal (MD) widths of Thai population. 

Methods: 176 Mae Fah Luang University students with Thai nationality were selected for 
this study. Based on their domicile, participants were grouped by four different regions 
of Thailand, including central, northern, southern, and northeastern. An intraoral scanner 
was used to record digital dental models, and the tooth MD widths were measured using 
SolidWorks 2020 EP1 software. Significant differences were tested by two-sample t-test 
or one-way ANOVA. By Pearson’s correlation coefficient, the relationships between the 
maxillary and/or mandibular incisor MD width and the upper and/or lower canine and 
premolar MD widths were determined for prediction equations.

Results: There were statistically significant differences in a sum of the maxillary and 
mandibular incisor and in that of the upper and lower canine and premolar MD widths 
between males and females (p<0.001). Statistically significant differences in the sum of 
the mandibular incisor MD width and in that of the maxillary and mandibular central  
incisor MD width were found among four different regions (p<0.05). By linear regression 
analysis, correlation coefficients of eight prediction equations were between 0.62 and 
0.75 with the percentages of prediction accuracy from 47.16 to 53.41. These percentages 
were significantly greater than those predicted by previous models for the upper canine 
and premolar MD widths (p<0.01). 

Conclusions: Our novel regression equations may predict the MD width of unerupted 
canine and premolars of Thai population precisely enough to be applicable for mixed 
dentition space analysis.
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tooth size prediction 
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Introduction
 Analysis of a mixed dentition space is a crucial step 
in orthodontic treatment planning. Thus, determination of 
mesiodistal (MD) width of unerupted canine and premo-
lars from that of fully erupted maxillary and/or mandibular 
incisors is beneficial for treatment planning of orthodon-
tists in order to select a proper treatment of choice.(1) 
Prediction of the MD width of the unerupted canine and 
premolars can be carried out by three ways: 1) a direct 
measurement of the unerupted teeth from dental radio-
graphs(2), 2) an estimation from proportionality tables or 
prediction equations(3,4), and 3) a combination of the two 
methods, as aforementioned.(5) The Moyers’ probability 
tables(3) and the Tanaka and Johnston prediction equa-
tions(4) gain popularity due to no need for dental radiog-
raphy. However, both tables and equations are derived 
from data of Northern European populations, limiting 
their use in other countries. Thus, their orthodontic appli-
cations in other ethnic groups should be proceeded with 
caution because tooth sizes vary owing to differences from 
several intrinsic and extrinsic factors, such as, ethnicity, 
genetic, sex, and nutrition.(6) The distinction in tooth sizes 
among different ethnic groups of Asian populations was 
demonstrated in five previous studies, including 1) a study 
in Hong Kong Chinese;(7) 2) that in northeastern Thai 
population;(8) 3) that in northeastern Han Chinese;(9) 4) 
that in Nepalese mongoloids;(10) and 5) that in Pakistani 
population.(11) However, the equations obtained from 
these studies do not precisely predict the real MD width of 
canine and premolars; therefore, their clinical implications 
in orthodontic treatment planning are questionable. 
 Among the five studies, a plaster model was used 
to measure the tooth size. Nowadays, use of an intraoral 
scanner (IOS) has, however, increasingly gained popu-
larity because it offers greater reliability and accuracy 
than the traditional impression.(12) Consequently, tooth 
size measurement from a digital dental model can yield 
an accuracy sufficiently to determine the MD width of 
permanent canine and premolars.(13) This study aimed 
to formulate new prediction equations for the MD width 
of permanent canine and premolars in a Thai population, 
based on the MD widths of their maxillary and/or man-
dibular incisors, measured from the digital dental models. 
Furthermore, this study was conducted in four different 
regions of Thailand to represent data of general Thais. 

Material and Methods
 Eligible participants were 14,432 university stu-
dents of Mae Fah Luang University (MFU) in 2023 with 
Thai nationality. Of these students, a total of 238, whose 
domicile was from each of the four regions of Thailand, 
including central (n=62), northern (n=64), northeastern 
(n=48), or southern (n=64), were interested to enroll into 
this study (Figure 1). According to the sample size calcu-
lation, determined by the finite population mean formula 
with standard deviation at 1.36, standard error at 0.20,(8) 
and an alpha value at 0.05, a cohort of 176 students was 
required to have enough power of test. The mean age of 
176 participants was 20.93 years. There were an equal 
number of 44 selected participants (male=22, female=22) 
within each region (Figure 1). The selection of 22 male 
and 22 female participants within each region was based 
on their first arrival for oral examination after enroll-
ment with the selection criteria as follows: i) participants 
with all fully erupted permanent teeth, except their third  
molars, ii) those without tooth malformations, missing, or 
severe tooth crowding, iii) those without proximal caries 
or restorations, and iv) those without previous orthodontic 
treatment. An ethical approval was granted by the Human 
Ethics Committee of MFU, Thailand (EC 23186-22), and 
written informed consent was obtained. The IOS (Prims-
can, Dentsply Sirona, Bensheim, Germany) was used to 
create digital dental models. 
 Before actual measurements, five examiners were 
standardized to yield intra- and inter-examiner reliabili-
ties, as assessed by Cohen’s Kappa and Dahlberg’s error,  
respectively. The inter-examiner standardization of MD 
width measurement was performed by comparisons with 
an experienced examiner. To test the intra-examiner  
reliability, the same digital dental model was randomly 
selected and measured twice within one week by the same 
examiner. The inter and intraclass correlation coefficients 
were 0.95 and 0.92-0.98, respectively.
 Measurement of MD width
 The Standard Tessellation Language files derived 
from the IOS were measured using SolidWorks 2020 EP1 
software (Dassault Systèmes SolidWorks Corp., Ben-
sheim, Germany). The MD width of each tooth was first 
determined from the mesial to the distal point of anatom-
ical contact with the adjacent tooth, viewed at the labial 
or the buccal surface (Figure 2A or B). Then, the first MD 
width was confirmed by the greatest proximal contour of 
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Figure 1: A flow chart of selected 176 university students of Mae Fah Luang University (MFU), recruited to represent each of the four 
regions of Thailand.

Figure 2: Representative images of a digital dental model, used in the measurement of mesiodistal width of permanent left central incisor, 
viewed at the labial surface (A) and the incisal edge (C). Those used in the measurement of mesiodistal width of permanent right first pre-
molar, viewed at the buccal surface (B) and the occlusal plane (D). Numbers in the boxes indicate values on x, y, and z axes, the distance 
of mesiodistal width (Dist=distance), dX, dY, and dZ (Δ distance of x, y, z axes). 
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that tooth, viewed at the incisal edge or the occlusal plane 
(Figure 2C or D). 
 Statistical analysis 
 The datasets were analyzed using STATA software 
version 16.1 (StataCorp, TX, USA) with the confidence 
level at 5%. Categorical variables were described by  
frequencies and percentages. Based on normal distribu-
tion, continuous variables were presented with mean and 
standard deviation. Comparisons of MD width between 
sexes and among regions were analyzed by Student's t-test 
and one-way ANOVA, respectively.
 Two pre-reducing models were created by gener-
alized linear regression for sums of upper/lower canine 
and premolars using four predictors, including a sum of 
mandibular incisors, that of maxillary central incisors, that 
of mandibular central incisors, and that of maxillary and 
mandibular central incisors. The post-reducing models 
were created by a stepwise backward elimination method 
upon removal of variables (sexes, regions, or four predic-
tors) if p>0.05. 
 The acceptable prediction accuracy of two outcomes 
was within ±0.5 mm. The relationships between predic-
tion accuracy of our equations, the Moyers’ probability 
tables, or the Tanaka and Johnston prediction equations, 
and an exact width of the sum of upper/lower canine and 
premolars, measured form digital models, were analyzed 
by Pearson's correlation.

Results

Comparisons of MD widths between males and females 
or among four regions
 Male participants had significantly greater mean 
MD widths than females in all four predictors and two 
outcomes (p<0.001; Table 1). Of the four predictors, sig-
nificant differences were found in the three predictors 
(p<0.05; Table 2). Note that the greatest mean MD widths 
of three predictors were found in participants from the 
southern region (Table 2). However, no significant differ-
ences in the mean MD width of the two outcomes were 
found among four different regions (Table 2). 

Correlations between predictors and outcomes used to 
generate regression equations
 Since different sexes had a significant impact on 
prediction of the MD widths of upper/lower canine and 

premolars (p<0.001; Tables 3 and 4, respectively), where-
as distinct regions had no significant effect (p>0.05), the 
constants and coefficients of eight formulated equations 
were adjusted in the post-reducing model, based on the 
sex parameter. 
 The first four (Table 3) and the second four equations 
(Table 4) were used to predict a sum of the MD width of 
canine (3), first premolar (4), and second premolar (5). 
U=upper; L=lower; XX=female; XY=male.
 1. U345=13.41-0.48(XX=1 or XY=0) + 0.44(sum 
of 42, 41, 31, 32)
 2. U345=14.40-0.52(XX=1 or XY=0) + 0.54(sum 
of 11, 21)
 3. U345=14.58-0.49(XX=1 or XY=0) + 0.81(sum 
of 41, 31)
 4. U345=12.30-0.44(XX=1 or XY=0) + 0.40(sum 
of 41, 31, 11, 21)
 5. L345=10.76-0.47(XX=1 or XY=0) + 0.51(sum 
of 42, 41, 31, 32)
 6. L345=11.81-0.52(XX=1 or XY=0) + 0.63(sum 
of 11, 21)
 7. L345=12.12-0.49(XX=1 or XY=0) + 0.94(sum 
of 41, 31)
 8. L345=9.40-0.43(XX=1 or XY=0) + 0.47(sum of 
41, 31, 11, 21)

Comparisons of the eight prediction equations with 
Moyers’ probability tables and Tanaka and Johnston 
prediction equations
 The correlation coefficients for eight prediction equa-
tions were found to be moderate to strong, or from 0.62 
to 0.75 (Table 5). The percentages of prediction accuracy 
of the eight prediction equations, ranging from 47.16 
to 53.41 (Table 5), were compared with those using the 
Moyers’ tables and the Tanaka and Johnston equations. 
For the first four equations, the percentages of prediction 
accuracy were significantly greater than that using the 
Moyers’ tables (p<0.001) and that using the Tanaka and 
Johnston equations (p<0.01; Table 5). For the second four 
equations, the percentages of prediction accuracy were 
significantly greater than that using the Moyers’ tables 
(p<0.05; Table 5).

Discussion
 To predict the MD widths of upper/lower canine and 
premolars from various combinations of the sum of the 
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Table 1: Comparisons of the mean mesiodistal (MD) widths of four predictors and two outcomes between Thai male and female partici-
pants. U= upper, L= lower.

MD width
Male

Mean±SD (mm)
Female

Mean±SD (mm)
p-value

Predictors sum of 42, 41, 31, 32
sum of 11, 21
sum of 31, 41
sum of 11, 21, 31, 41

23.83±1.46
17.54±1.14
11.39±0.74
28.94±1.70

23.08±1.21
17.01±0.83
11.01±0.63
28.02±1.32

<0.001
<0.001
<0.001
<0.001

Outcomes U345
L345

23.82±1.08
22.86±1.09

23.02±0.91
22.01±0.93

<0.001
<0.001

Table 2: Comparisons of the mean mesiodistal (MD) widths of four predictors and two outcomes among four different regions of Thailand. 
U= upper, L= lower.

MD width
Northern

Mean±SD (mm)
Central

Mean±SD (mm)
Northeastern

Mean±SD (mm)
Southern

Mean±SD (mm)
p-value

Predictors sum of 42, 41, 31, 32
sum of 11, 21
sum of 31, 41
sum of 11, 21, 31, 41

23.29±1.51
17.05±1.17
11.06±0.72
28.12±1.74

23.19±1.34
17.24±1.02
11.02±0.71
28.26±1.55

23.29±1.19
17.24±0.95
11.18±0.59
28.43±1.38

24.00±1.36
17.52±0.93
11.52±0.71
29.04±1.57

0.020*
0.185

0.004**
0.029*

Outcomes U345
L345

23.23±1.07
22.28±1.27

23.36±0.94
22.36±0.98

23.42±0.91
22.41±1.05

23.59±1.31
22.62±1.07

0.441
0.513

*p<0.05; **p<0.01

Table 3: Regression parameters for the correlation of predictor and outcome variables of upper canine and premolars (upper 3 4 5) upon 
pre- and post-reducing models.

Upper 3 4 5
Pre-reducing model Post-reducing model

Coefficient p-value Coefficient p-value Power
Sex

Region
sum of 42, 41, 31, 32

Constant

-0.490
0.030
0.430
13.490

<0.001
0.570

<0.001
<0.001

-0.480
-

0.440
13.410

<0.001
-

<0.001
<0.001

1
-
1
-

Sex
Region

sum of 11, 21
Constant

-0.530
-0.050
0.530
14.510

<0.001
0.355

<0.001
<0.001

-0.520
-

0.540
14.400

<0.001
-

<0.001
<0.001

1
-
1
-

Sex
Region

sum of 31, 41
Constant

-0.500
0.005
0.810
14.600

<0.001
0.935

<0.001
<0.001

-0.490
-

0.810
14.580

<0.001
-

<0.001
<0.001

1
-
1
-

Sex
Region

sum of 11, 21, 31, 41
Constant

-0.440
0.010
0.400
12.330

0.001
0.863

<0.001
<0.001

-0.440
-

0.400
12.300

0.001
-

<0.001
<0.001

1
-
1
-



74 Oral Sci Rep: Volume 46 Number 2 May-August 2025

Table 4: Regression parameters (sex and region) for the correlation of predictor and outcome variables of lower canine and premolars (lower 
3 4 5) upon pre- and post-reducing models. 

Lower 3 4 5
Pre-reducing model Post-reducing model

Coefficient p-value Coefficient p-value Power
Sex

Region
sum of 42, 41, 31, 32

Constant

-0.470
0.005
0.510
10.770

<0.001
0.924

<0.001
<0.001

-0.470
-

0.510
10.760

<0.001
-

<0.001
<0.001

1
-
1
-

Sex
Region

sum of 11, 21
Constant

-0.530
0.030
0.620
11.880

<0.001
0.588

<0.001
<0.001

-0.520
-

0.630
11.810

<0.001
-

<0.001
<0.001

1
-
1
-

Sex
Region

sum of 31, 41
Constant

-0.490
0.030
0.950
12.030

<0.001
0.619

<0.001
<0.001

-0.490
-

0.940
12.120

<0.001
-

<0.001
<0.001

1
-
1
-

Sex
Region

sum of 11, 21, 31, 41
Constant

-0.420
0.020
0.470
9.320

<0.001
0.665

<0.001
<0.001

-0.430
-

0.470
9.400

<0.001
-

<0.001
<0.001

1
-
1
-

Table 5: Comparisons of eight prediction equations with Moyer’s proportionality tables and Tanaka and Johnston prediction equations. 
U= upper, L= lower.

% 
accuracy 

in this 
study

Correlation 
coefficient 

(r)

% 
accuracy 

using 
Moyers

Correlation 
coefficient 

(r)

Chi-
Square

p-value (1)

% 
accuracy 

using 
Tanaka and 

Johnston

Correlation 
coefficient (r)

Chi-
Square

p-value (2)

U345 sum of 42, 41, 
31, 32

sum of 11, 21
sum of 31, 41
sum of 11, 21, 

31, 41

48.30
48.30
47.73
47.16

0.66
0.62
0.64
0.68

10.91 0.55 <0.001
<0.001
<0.001
<0.001

31.25 0.63 0.001
0.001
0.002
0.002

L345 sum of 42, 41, 
31, 32

sum of 11, 21
sum of 31, 41
sum of 11, 21, 

31, 41

53.41
48.30
51.14
51.14

0.73
0.69
0.70
0.75

38.79 0.69 0.007
0.017
0.022
0.022

51.14 0.70 0.670
0.920
1.000
1.000

p-values (1) or (2), comparisons between % accuracy in this study and that by Moyers’ tables or that by Tanaka and Johnston equations, 
respectively.
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MD widths of incisors, this study has proposed eight novel 
prediction equations, whose percentages were found to be 
significantly greater than those using Moyers’ tables. The 
correlation coefficients for the upper canine and premo-
lars from 0.62 to 0.68 were greater than that at 0.55 using 
the Moyers’ tables, while those for the lower canine and  
premolars from 0.69 to 0.75 were comparable to that 
using the Moyers’ tables or the Tanaka and Johnston equa-
tions. Collectively, these percentages and coefficients 
suggest the accuracy and reliability of our eight predic-
tion equations be acceptable for prediction of the upper/
lower permanent canine and premolar MD width of Thai 
population. 
 The Moyers’ tables were developed from Northern 
European populations that are neither accurate nor appli-
cable for other populations of distinct ethnic origins. The 
ideal correlation coefficient at 0.75, as recommended by 
the author,(3) is not observed in seven of the eight equa-
tions in this study (Table 5), nor is it found in another 
study.(14) When the Moyers’ tables were applied for the 
Thai population in this study and in the Chinese popu-
lation(7,9,15), it was found to underestimate the real MD 
width of upper canine and premolars that would affect 
orthodontic treatment planning, because more space than 
the predicted MD width is required for a good alignment 
of the erupting canine and premolars. In comparison with 
the Tanaka and Johnston equations, our equations were 
found to significantly better predict a sum of the MD 
width of upper canine and premolars. Note that the Tanaka 
and Johnston equations overestimate the mixed dentition 
space analysis of female Caucasians, while they underes-
timate the same analysis of male and female Negroids.(16)  
In this study, the Tanaka and Johnston equations also un-
derestimate the mixed dentition space analysis of upper 
canine and premolars of Thai males and females (data 
not shown).
 Of the eight equations, only six that did not include 
maxillary and mandibular lateral incisors are clinically 
applied in patients, whose lateral incisors are frequently 
afflicted by congenital missing and/or abnormal tooth size. 
A recent article(17) has reviewed using different predictors 
other than the incisors, particularly the MD width of per-
manent first molar. These predictors include a sum of the 
MD width of mandibular central incisor, lateral incisor, 
and first molar, and that of two mandibular central incisors 
and first molar. Hence, various combinations of predictors, 

considered to be advantageous in terms of a more diverse 
manner, are created. Note that the correlation coefficients 
of our eight prediction equations are found to be compa-
rable to those using the combinations of the MD width of 
incisors and molars.(17) Nonetheless, tooth defects from 
dental caries or restoration involving the MD surface of 
permanent first molar often take place, affecting its real 
MD width, necessitating use of anterior teeth instead to 
predict the MD width of unerupted canine and premolars.
In this study, sex evidently affects tooth size, by which 
the average size of each tooth type of males was found 
to be significantly larger than that of females. This find-
ing is consistent with the previous findings in the Thai 
population.(8) Correspondingly, a study in the Taiwanese 
population(15) has shown a similar result that indicates 
a significantly larger tooth size in men than in women. 
The sex effect on tooth size could be attributed to genetic 
factors and sex hormones that influence tooth develop-
ment.(6,18,19) Each of the four regions in Thailand differs 
in terms of geography, ethnicity, cultural heritage, and 
cuisine. Our findings indicated that regional differences 
had a significant effect on three of the four predictors with 
the greatest mean MD widths found in participants from 
the southern region of Thailand. These results agree with 
the findings from a previous study,(8) which suggest that 
regional differences influence tooth size. Nevertheless, 
regional variables, which were not found to have any sig-
nificant impact in a pre-reducing model (Tables 3 and 4), 
were not included in the formulation of our equations in 
a post-reducing model, thus, making these equations sim-
pler and more generalizable for use in the Thai population.
Because of its convenience, intraoral scanning has in-
creasingly gained popularity in orthodontic treatment 
nowadays.(11-13) The digitized dental images can be in-
directly obtained from scanning the plaster models(11), 
whereas our digital dental models were derived directly 
from intraoral scanning. A previous study(20) has shown 
no significant difference between these two approaches, 
since an excellent agreement in the measurement of MD 
width obtained from either direct or indirect way was 
demonstrated. Thus, due to its ease, convenience, time 
saving, cost effective, reliability, and accuracy, intraoral 
scanning is recommended to directly create digital dental 
models. However, it is noteworthy that the measurement 
of MD width in this study was performed by only a spe-
cific brand of intraoral scanner; therefore, differences in 
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the scanner accuracy, resolution, and software algorithms 
between the different scanners may have influenced the 
validity and generalizability of our findings. 

Conclusions
 In the Thai population, significantly larger tooth sizes 
in males than in females affect the prediction of upper and 
lower canine and premolar MD widths. 
 The eight MFU regression equations are precise to 
predict the sum of the MD width of upper/lower canine 
and premolars, proposing a possibility to use these equa-
tions to predict the MD width of unerupted permanent 
canine and premolars for orthodontic treatment planning 
during the mixed dentition.
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Abstract
Objectives: To quantify the amount of debris extrusion after root canal instrumentation 
with rotary (Zenflex; ZF) and reciprocating (EdgeOne Fire; EOF) file systems combined 
with either Manual Dynamic Activation (MDA) or Passive Ultrasonic Irrigation (PUI).

Methods: Ninety mandibular molars with complete root formation and 10°-20°  
curvature were selected, disinfected, and stored. Teeth with immature apex, resorption, 
caries, or calcified canals were excluded. High-speed diamond burs accessed the teeth 
and mesial roots were used for investigation. Specimen were randomly divided into 6 
groups (n=15) based on file (ZF and EOF) and irrigation systems(MDA and PUI). The 
apical size of prepared root canal was 25. The Myers and Montgomery method was 
used to collect apical debris. Debris extrusion was measured by weighing tubes pre- 
and post-experiment after incubating for 5 days. The mean weight differences of debris  
extrusion among file and irrigation system groups were compared using Two-way ANOVA 
with Tukey’s test. 

Results: The statistics showed a significant effect of irrigation technique on debris extru-
sion (p=0.002), while file system (p=0.698) and interaction (p=0.406) were not signifi-
cant. PUI as an adjunctive irrigation with ZF and EOF (mean=0.19±0.17 and 0.19±0.14 
µg respectively) significantly reduced debris extrusion compared to reciprocating EOF 
systems without adjunctive irrigation technique (mean=0.37±0.13 µg) (p=0.020 and 
p=0.017, respectively). 

Conclusions: Irrigation technique significantly influenced debris extrusion, while file 
system had no effect. The use of PUI with both file systems reduced debris extrusion 
compared to EOF without adjunctive irrigation.

Keywords: apical debris extrusion, mechanical instrumentation, root canal preparation, 
rotary NiTi file
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Introduction
 Complete root canal debridement, achieved through 
chemical irrigants and mechanical instrumentation, is a 
critical step in non-surgical root canal treatment.(1,2) Che-
momechanical debridement can lead to apical extrusion 
of debris, pulp tissue fragments, necrotic tissue, microor-
ganism and irrigants which is one of the main causes of 
periapical inflammation and postoperative flare-ups.(3) 
Flare-ups, characterized by pain, swelling, or both, may 
occur within hours or days following root canal treatment 
and often result in unexpected interappointment emer-
gency visits. The incidence of flare-ups during root canal 
treatment ranges from 1.4% to 16%.(1-3) 
 Despite efforts to maintain the working length short 
of the apical terminus across various preparation tech-
niques and instruments, debris extrusion continues to 
occur in varying amounts.(2,3) Studies showed mechanical 
instrumentation using hand files produced more apical 
debris extrusion than engine-driven rotary preparation.(1,3) 
Moreover, push-pull filing motions generate more apical 
debris than rotational motions.(2) 
 Recently, advances in Nickel-Titanium (NiTi) rotary 
file technology have facilitated more effective cleaning 
and shaping of the root canal system. These improve-
ments in metallurgy allow for greater preservation of tooth 
structure while maintaining canal anatomy. However, the 
literature remains inconclusive regarding the differences  
in apical debris extrusion between various rotary file 
systems. Earlier studies indicated that reciprocating file 
system produces more debris extrusion than continuous 
rotation file system(2,3), while study of Ujariya et al.,(4) 
reported inconsistent result. Recently, Kerr Corporation 
launched a new NiTi rotary system used in continuous 
motion called ZenFlex™ (Kerr Corporation, Pomona, CA, 
USA) which characterized by 1 mm maximum instrument 
diameter with the purpose to maintain more tooth structure 
after root canal preparation. Moreover, the manufacturer  
claimed of ensuring an increased cyclic fatigue and tor-
sional resistance in comparison to other comparable in-
strument brands due to the proper heat treatment and the 
innovative design of ZenFlex™.(5)

 EdgeOne Fire™ (EdgeEndo, Albuquerque, NM, 
USA), a recently introduced reciprocating file system, 
undergoes proprietary heat treatment (FireWire™) to  
enhance flexibility and a negligible restoring force.(6) 

A comparative study on the shaping ability of three  

reciprocating NiTi single file systems; Reciproc® blue, 
WaveOne® Gold and EdgeOne Fire™, in curved root 
canals reported that there were no statistically significant 
differences in the degree of canal transportation distances 
and preparation times among these 3 groups. The Edge-
One Fire system recorded more statistically significant 
percent change of canal curvature than the WaveOne® 
Gold system. Despite this, there are no data in literature 
regarding apical debris extrusion of those instruments. 
 The most commonly used method of smear layer 
removal has been the alternating irrigation with a com-
bination of ethylenediaminetetraacetic acid (EDTA) and 
sodium hypochlorite (NaOCl). This combination can  
remove smear layer completely in the coronal and middle 
thirds but less effective in the apical third owing to the 
inability of the irrigating solutions to reach the apical third 
of the root canals.(7,8) For optimal effectiveness, the irrig-
ants must contact the entire root canal surface. However, 
complex canal anatomy and the vapor lock effect in the 
apical third hinder conventional syringe irrigation from 
wetting the entire surface.(9) 
 Conventional syringe irrigation typically reaches 
only 1.5-2.0 mm beyond the needle tip, limiting its effec-
tiveness to the coronal and middle thirds.(10) Therefore, 
intracanal agitation or activation of the irrigants is a neces-
sary adjunction to mechanical instrumentation to remove 
debris and bacteria from the root canals.(11,12) Several 
systems for intracanal agitation of the irrigants have been 
proposed, which might be categorized as manual agita-
tion devices, including the use of hand files, gutta-percha 
points and canal brushes, and machine-assisted agitation 
devices, like sonic or ultrasonic devices, rotary brushes 
and pressure alternation devices. Studies have shown 
that manual dynamic activation (MDA) using well-fit-
ting gutta-percha master cone with gentle up and down 
movement in short 2- to 3-mm strokes in an instrumented 
canal can produce an effective hydrodynamic effect and 
significantly improve the displacement and exchange of 
any given reagent. This will result in better contact of 
the irrigating solution with the root canal walls, and thus 
enhance debridement.(13) 
 Studies indicated that irrigation is one of the proce-
dures that can cause extrusion of intracanal debris into peri-
apical(14,15) area and type of irrigation system can affect 
the frequency and amount of apical debris extrusion.(16)   
It has been known that passive ultrasonic irrigation (PUI) 
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is more effective than conventional irrigation (CI), using 
syringe and needle, in eliminating pulp tissue and dentin 
debris.(16) PUI can remove debris and bacteria adhered 
on the root surface by action of acoustic streaming which 
produces shear stresses along the root canal wall. 
 To date, the effect of PUI on the apical extrusion of 
debris when used in conjunction with single-file systems 
has not been studied much. Studies evaluating the effect of 
MDA and PUI on the apical extrusion of debris are lack-
ing, and therefore, this study aims to quantify the amount 
of debris extrusion after root canal instrumentation with 
rotary and reciprocating file systems combined with either 
MDA or PUI. The null hypothesis (H0) is that there is no 
significant difference in the amount of debris extrusion 
among different combinations of ZF and EOF file systems 
with either MDA or PUI.

Materials and Methods
 This study was approved by the Human Experi-
mentation Committee, Faculty of Dentistry, Chiang Mai 
University, Thailand (NO.18/2023). 

2.1 Sample size 
 Sample size was calculated by adopting an alpha 
(α) level of 0.05, beta (β) level of 0.20 i.e., power = 80%, 
effect size (ƒ) = 0.4. The calculation based on results of 
Gummadi et al.,(16) using G*power version 3.1.9.7 (Hein-
rich Heine University, Düsseldorf, Germany) revealed the 
total sample size is 90 samples. 

2.2 Sample selection
 Ninety mandibular molars (except mandibular third 
molar) were collected and stored in normal saline. The 
included teeth had complete root formation with root 
curvature approximately 10º-20º measured by Schnei-
der method.(17) Calculus and debris were removed with  
ultrasonic scaling and disinfected with 5.25% NaOCl for 
10 minutes then stored in normal saline until used. Peri-
apical radiographs in mesiodistal and buccolingual views 
had been taken to verify apical foramen and root canal 
configuration. Only teeth which mesial root had type II 
or IV Vertucci’s configuration were included in this study. 
Teeth with immature apex, root resorption, root caries, and 
calcified canal were excluded.

2.3 Experimental model design
 The mesiobuccal canal of mesial root was used in 

our study. Each specimen was created by the follow-
ing procedure. High-speed diamond burs were used to  
access the teeth and to separate the distal and mesial roots. 
In the mesial roots, the canals were checked for apical 
patency with K-file no.10 (Densply Sirona, Ballaigues, 
Switzerland). The length of each canal was established 
by inserting no.10 K-file into canal space until the tip of 
file was visible at apical foramen, then subtract 1 mm. The 
final working length of  mesiobuccal canal was 16 mm and 
adjusted by flattening the cusp tip, then confirmed with 
a radiograph. A K-file no.15 inserted until the working 
length was reached and teeth which had a passive fit at 
the working length were selected. Teeth were divided 
randomly into 6 groups based on the file system and the 
irrigation system (n=15).

2.4 Specimen preparation and debris collection model
 The model and process for collecting apical debris 
extrusion was adopted from Myers and Montgomery 
method (Figure 1).(18) Double layer of cyanoacrylate 
used to cover the external surface of all roots except for 
1 mm from root apex. Each empty Eppendorf tubes were 
numbered and weighed without the lids by 5-digit analy- 
tical balance (Shimadzu, Kyoto, Japan). Pre-experimental 
weight of tube (W1) was the mean value of weighting each 
empty tube for 3 times. 
 Micromotor used to make a hole on the lid of the tube 
then mesial roots were inserted into the hole and fixed with 
cyanoacrylate. To keep the balance of air pressure inside 
and outside of the tubes, a 27-guage needle was inserted 
in to the lid. The lid was attached back to the tube and 
the whole apparatus was concealed in a glass bottle with 
putty, the glass bottle was then  covered with black tape 
to prevent the operator from seeing through while doing 
the instrumentation process.
 The samples were allocated using a random group 
allocation online software (http://www.randomizer.org) 
into six groups of fifteen teeth according to the file system 
(Zenflex and EdgeOne Fire) and the irrigation systems 
(PUI and MDA) (n=15) used.

2.5 Root canal preparation and irrigation
 The mechanical Instrumentation procedures were 
performed  using  X-smart Plus motor (Densply Maille-
fer, Ballaigues, Switzerland). The instrument flutes were 
cleaned with sterile gauze after 3 passes. The canal was 
irrigated with 2 ml of distilled water using using a 30G 
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needle with a syringe and size 10 K-file was used to main-
tain apical patency. These procedures were repeated until 
the file reached the WL. Total volume of irrigant was 
limited to 8 ml per tooth.
 Group 1: ZF – without adjunctive irrigation
 Zenflex™ rotary file size 20 taper 06 to 25 taper 06 
were used according to the manufacturer’s instruction 
with a rotational speed of 500 rpm and torque of 2 Ncm. 
The conventional irrigation using a 30G needle with a 
syringe with normal saline solution was performed.
 Group 2: EOF – without adjunctive irrigation
 EdgeOne Fire™ file size 25 taper 07 was used  
according to the manufacturer’s instruction with a 350 rpm 
speed in 170° CCW and 50° CW direction and completes 
360° in 3 cycles.(19) The canal was irrigated in the same 
manner as in Group 1.
 Group 3: ZF + MDA
 Zenflex™ rotary file size 20 taper 06 to 25 taper 06 
were used, followed by irrigating with MDA technique. 
With a gentle up and down movement of a gutta percha 
master cone size 25 taper 04 with the WL-1mm in short 
2- to 3-mm strokes with the frequency approximately 100 

times per minute (~1.6 Hz) was done.
 Group 4: EOF + MDA
 EdgeOne Fire™ file size 25 taper 07 was used, fol-
lowed by irrigating with MDA technique in the same 
protocol as in Group 3.
 Group 5:  ZF + PUI
 Zenflex™ rotary file size 20 taper 06 to 25 taper 06 
were used, followed by PUI technique. An irrisafe with 
tip size 20 (Satelec Acteon, Merignac, France) was acti-
vated at 2 mm short of working length for 1 minute after 
preparation of canal via Newtron P5® ultrasonic device 
(Satelec Acteon, Merignac, France) with level 6 of power 
setting folowing the manufacturer’s instruction.
 Group 6: EOF + PUI
 EdgeOne Fire™ file size 25 taper 07 was used, fol-
lowed by PUI technique as described in Group 5. 
 Each rotary file was used for a maximum of four 
canals and cleaned between uses with sterile gauze, ultra-
sonic bath (1 min), and microscopic inspection to ensure 
no debris remained. Instrumentation and irrigation were 
performed by one operator, while an independent exam-
iner (blinded to the groups) assessed debris extrusion.

Figure 1: Schematic illustration of the debris collection model modified from Myers and Montgomery (1991).(18) (A), Cyanoacrylate (nail 
polish) was applied 1 mm above the root apex to seal the apical foramen: (B), The lid of an Eppendorf tube was removed: (B-1), A hole 
was drilled in the lid to fit each sample, and the sample was sealed in place with cyanoacrylate: (B-2), The sample was inserted up to the 
mid-root level, and a needle was inserted through the lid to equalize pressure: (C), The Eppendorf tube was weighed without the lid: (D), 
The prepared lid was securely placed back onto the tube: (E), The tube was fixed to a glass bottle using putty, and the bottle was covered 
with tape to prevent contamination.
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2.6 Debris collection and measurement
 Following instrumentation, the root was removed 
from the lid, and any residual debris was rinsed into the 
Eppendorf tube using 1 mL of distilled water. The tubes 
were then incubated at 70°C for 5 days to evaporate mois-
ture before weighing the extruded debris. The post-ex-
perimental weight (W2) was recorded as the average of 
three measurements. Debris extrusion was calculated as: 
(W2-W1).

2.7 Statistical analysis
 All the graphs, calculations, and statistical analyzes 
were performed using GraphPad Prism software version 
10.4.1 for MacOS (GraphPad Software, San Diego, CA, 
USA). The difference of mean weight of extruded debris 
among all groups were examined using two-way analysis 
of variance (ANOVA) with Tukey’s post hoc test in order 
to investigate the main effect of each factor (file system 
and irrigation technique) and interaction effect of both  
factors on apical debris extrusion. The level of signifi-
cance was set at p<0.05.

Results
 The mean ± standard deviation (SD) of apical debris 
extrusion for each experimental group, along with the  
results of the two-way ANOVA analysis were demonstrated  
in Table 1. The analysis revealed a significant main effect 
of irrigation technique (F(2,84)=6.965, p=0.002), indicat-
ing that the irrigation method significantly influenced the 
amount of debris extrusion. However, the main effect of 
file system was not significant (F(1,84)=0.152, p=0.698), 
suggesting that the type of file system did not indepen- 
dently affect debris extrusion. Additionally, the interac-

tion effect between file system and irrigation technique 
was not statistically significant (F(2,84)=0.911, p=0.406), 
indicating that the influence of irrigation technique on 
debris extrusion remained consistent regardless of the 
file system used.
 As illustrated in Figure 2, post hoc multiple com-
parisons using Tukey’s test showed that debris extrusion 
was significantly lower in groups of both files which PUI 
was added as an adjunctive irrigation method (Group 5 
and 6; mean=0.19±0.17 and 0.19±0.14 µg respectively) 
(p=0.020 and p=0.017, respectively) than using EOF file 
only (Group 2; mean = 0.37±0.13 µg). The combination 
of PUI regardless of file system (Group 5 and 6) tended 
to produce less debris extrusion than those groups using 
MDA technique (Group 3 and 4; 0.28±0.15 and 0.24±0.15 
µg respectively) although the statistical significance could 
not be observed. Furthermore, ZF without supplemental 
irrigation (Group 1; mean=0.30±0.12 µg) did not exhibit 
a statistically significant difference in debris extrusion 
compared to other groups.

Discussion
 Apical debris extrusion produced by root canal treat-
ment during mechanical instrumentation and irrigation 
could caused postoperative flare-ups, inflammation, and 
delayed periapical healing.(20,21) Previous studies have 
demonstrated that increased debris extrusion is associated 
with greater inflammatory mediator release, such as pros-
taglandins and substance P, which contribute to postop-
erative discomfort.(22,23) Additionally, residual extruded 
debris may harbor bacterial biofilms, increasing the risk 
of persistent apical periodontitis.(24)

 In this study, the mesiobuccal canals of mandibular 

Table 1: Mean ± SD of debris extrusion (µg) for different file systems and irrigation techniques. Two-way ANOVA results are reported, 
showing the effects of file system (rotary vs. reciprocating), irrigation technique (w/o irrigation, MDA, PUI), and their interaction. p<0.05 
is considered statistically significant (**). Abbreviations: w/o = without irrigation, MDA = Manual Dynamic Agitation, PUI = Passive 
Ultrasonic Irrigation.

File system Irrigation technique Mean ± SD Two-way ANOVA (p-value)

ZF
w/o adjunctive 

MDA
PUI

0.30±0.12
0.28±0.17
0.19±0.17

File system: 0.698
Irrigation technique: 0.002 ** 
Interaction: 0.406

EOF
w/o adjunctive 

MDA
PUI

0.37±0.13
0.25±0.15
0.19±0.16
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molars were selected due to their relevance in clinical sce-
narios where curved canals are commonly found in mul-
tirooted posterior teeth. Moreover, curved and complex 
canals were one of the factors that affected the treatment 
outcome and the amount of apical debris extrusion.(25) The 
materials and methods of this study was modified from 
the study of Myers and Montgomery(18), which was the 
mainly method used to study the amount of apical debris 
extrusion after mechanical instrumentation and irrigation. 
Distilled water was used as the irrigant instead of NaOCl 
to prevent crystallization and contamination of the debris 
with sodium crystals.(16,21,26)

 The present study evaluated the effects of different 
file systems (rotary vs. reciprocating) and irrigation tech-
niques (without adjuctive  irrigation, MDA, and PUI) on 
debris extrusion. Two-way ANOVA revealed that irriga-
tion technique had a significant effect on debris extrusion 
(p=0.002), whereas file system (p=0.698) and the interac-
tion between the two factors (p=0.406) were not signifi-
cant. These findings suggest that irrigation strategy plays 
a more critical role in debris extrusion than the choice of 
file system. 
 The significant effect of irrigation technique aligns 
with previous studies demonstrating that PUI significantly 
reduces apical debris extrusion compared to conventional 
irrigation methods.(27) The enhanced debris removal with 

Figure 2: Mean debris extrusion (µg) for different file systems and irrigation techniques. ZF = Zenflex; EOF = EdgeOne Fire; MDA =  
Manual Dynamic Agitation; PUI = Passive Ultrasonic Irrigation. Error bars represent standard of error (SE). Asterisks (*) indicate statisti-
cally significant differences (p<0.05, Tukey’s post hoc test).

PUI is attributed to its ability to induce acoustic streaming 
and cavitation, effectively dislodging debris and minimi- 
zing its apical extrusion.(28) Additionally, the oscillating 
motion of the ultrasonic file promotes lateral flow of irri-
gant along the root canal walls, preventing debris accumu-
lation at the apex.(29) Our post hoc analysis demonstrated 
that both rotary (ZF) and reciprocating (EOF) file groups 
using PUI (Group 5 and 6) extruded significantly less 
debris compared to the EOF without adjuctive irrigation 
method (Group 2). These findings support the combining 
PUI as an adjunctive root canal irrigation to optimize 
debris removal(16) and minimize the risk of postoperative 
complications associated with extruded debris.(30,31) 
 In contrast, although no significant differences were 
observed, the MDA technique tended to produce relatively 
more debris than PUI when combined with the same file 
system (Group 3 vs. Group 5 and Group 4 vs. Group 6). 
This may be attributed to the up-and-down movement 
of the gutta-percha cone in MDA, which may generate  
unstable hydraulic forces and push debris beyond the 
apex. Furthermore, variability in the pumping force  
applied manually by the examiner may contribute to  
inconsistent debris extrusion.
 Interestingly, the type of file system did not signifi-
cantly influence debris extrusion. Our results showed 
that ZF without adjunctive irrigation (Group 1) did 
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not exhibit a significant difference in debris extrusion 
compared to any other groups. Although mean debris  
extrusion in Group 1 was lower than that in EOF without 
adjunctive irrigation (Group 2), this difference did not 
reach statistical significance (Figure 2). These findings 
suggest that, while different file kinematics may influence 
debris extrusion, the effect may not be as substantial as 
the irrigation technique, which demonstrated a significant 
impact. The absence of a significant difference between 
Group 1 and the MDA or PUI groups further reinforces the 
dominant role of irrigation dynamics over file motion in 
controlling debris extrusion. This contradicts previous re-
ports suggesting that reciprocating systems generate more 
extruded debris due to their cutting dynamics and lack of 
continuous withdrawal motion.(2,3,16) The discrepancies 
between studies may occur from differences in tooth type, 
working length, apical diameter, and file size.
 The absence of a significant interaction effect  
between file system and irrigation technique suggests that 
the beneficial effect of PUI is independent of the instru-
mentation technique used. This reinforces the idea that 
irrigation technique exerts a stronger influence on debris 
extrusion than file kinematics, supporting the prioritiza-
tion of effective irrigation strategies in clinical practice.
 In clinical situation, although there is no study at the 
present that demonstrate the certain amount of extruded 
debris that can cause the postoperative complications. 
While the observed reduction in apical debris extrusion of 
approximately 0.1 micrograms may seem minor, its clini-
cal significance should not be underestimated. A literature 
review emphasized that any irritation to periapical tissues, 
including minimal debris extrusion, may result in flare-ups 
and impede healing.(22)  Therefore, even a small reduction 
in debris extrusion could potentially decrease the risk of 
postoperative complications, thereby enhancing patient 
comfort and treatment success.
 A limitation of this study is that the experimental 
model does not fully replicate the clinical periapical 
structure, as it lacks the apical resistance typically pro-
vided by bone or periapical tissue.(22) Additionally, there 
were different microhardness of dentin between samples 
which could affect the difficulty of the instruments while  
cutting dentin.(32)  Future studies could improve upon these  
limitations by developing more realistic models, such 
as using gel to mimic an apical barrier or employing  
micro-CT to collect debris.(26) Further research could also 

focus on clinical outcomes, such as the incidence of post-
operative pain following the use of ZenFlex and EdgeOne 
Fire combined with MDA and PUI. 

Conclusions
 With the limitations of the study, our data found 
that irrigation technique significantly influenced apical 
debris extrusion, while file system motions had no effect. 
PUI significantly reduced debris extrusion compared to 
reciprocating EOF systems without adjunctive irrigation 
technique. The absence of an interaction effect suggests 
that irrigation plays a more critical role than instrumenta-
tion motion.
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Abstract
Objectives: Shear bond strength (SBS), tie-wing fracture resistance (Tie-wing FR), and 
frictional resistance of a custom-made ceramic orthodontic bracket version 1 (CC bracket 
v1) were evaluated.

Methods: CC bracket v1 and its mould were designed by incorporating average buccal 
surface-curvature of Thai premolars into its base and fabricated by injection-moulding 
technique. SBS, Tie-wing FR and static frictional resistance of CC bracket v1 were com-
pared to those of a commercial ceramic bracket (N=10). Normally distributed data were 
compared between groups using t tests.

Results: SBS means were significantly different between CC bracket v1 and controls 
(17.25±5.63 MPa and 24.75±5.29 MPa, respectively, p< 0.05). Tie-wing FR was signifi-
cantly lower for CC bracket v1 (41.74±5.34 MPa) than the controls (89.48±15.93). Fric-
tional resistance was significantly greater for CC bracket v1 (141.93±35 gf) vs. controls 
(86.83±25.4 gf).

Conclusions: CC bracket v1 exhibited lower SBS and Tie-wing FR but clinically accept-
able. However, its frictional resistance needs improvement.

Keywords: bracket base, ceramic bracket, fracture resistance, frictional resistance, shear 
bond strength
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Introduction
 Concerning in aesthetics has led to an increase in 
the development of aesthetic orthodontic appliances. The 
curvature of the base of ceramic orthodontic brackets is 
generally designed to conform to tooth anatomy. Com-
mercial ceramic brackets mostly have the base curvature 
conformed to Caucasian tooth surfaces. If they are used in 
different population, it can result in unprecise direction of 
forces exerting on the tooth.(1) Thonggerd et al.,(2) reported  
that the average buccal surface curvature of the upper 
premolars of Thai individuals was less curved than the 
surface curvature of a commercial bracket base, for which 
the mean difference reached 0.07558 mm. (Figure 1). The 
authors described that the occluso-gingival curvature of 
the tooth differed more than the mesio-distal aspect, which 
suggested that this difference could affect the precision of 
torque and rotational movement even though the bracket 
was bonded in the correct position.  In addition, when 
the bracket base did not conform to the tooth surface, it 
could result in un-uniform thickness of adhesive at the 
tooth-bracket base interface which could be a cause of 
bond failure.(3) Using digital surface scanning technology, 
a custom-made ceramic bracket can be designed by incor-
porating the average tooth curvature of specific samples 
into the bracket base. This should improve the precision 
of tooth movement and reduce the adhesive thickness, 
which may result in better interfacial shear bond strength 
between the tooth and the bracket base. 
 To address this issue, an initial version of a custom- 
made aluminium oxide ceramic orthodontic bracket was 
designed and developed by incorporating mean curva-
ture of buccal surface of upper premolars, derived from 
Thai samples, into the bracket base.(4) Continuing to the  
previous study(4), version one of the custom-made ceramic 
bracket (CC bracket v1) was developed by altering its 
design while maintaining the curvature of the bracket base 
as our previous study.(4)

 The CC bracket v1 was improved to prevent bracket- 
wing fracture during fabrication process. It was designed 
to have more round corners without sharp angles in order 
to obtain better stress distribution when disengaging its 
mould during fabrication. To achieve an optimal bond 
strength, the mechanical retention at the bracket base was 
increased by adding irregularly shaped aluminium oxide 
ceramic crystals to the bracket base.
 The bracket was made of polycrystalline aluminium  

oxide ceramic material previously developed by 
Wasanapiarnpong et al.,(5) which offered appropriate  
mechanical properties for ceramic brackets, including 
high fracture toughness, transparency, and biocompati-
bility. 
 The CC bracket v1 was fabricated using injection- 
moulding technique and sintering process.  A mould of the 
CC bracket v1 (Figure 2) was developed by an engineering 
team at the Thai-German Institute of Technology using a 
reverse engineering process. To enhance the success rate 
of fabrication and prevent fracture of the bracket wings 
during disengagement of the mould pieces, a custom-made 
mould was designed. This stainless steel mould also  
accounted for 25% shrinkage of the ceramic material  
during the sintering process.(4) This study extended 
the benefits of surface-scanning technology to develop  
custom-made ceramic orthodontic brackets for use in 
individuals or specific populations in the future.
 Adequate bond strength to tooth surface,  high frac-
ture toughness of the tie-wings of the brackets, and low 
frictional resistance to the wires are considered basic  
mechanical requirements of the orthodontic ceramic 
brackets. The objectives of this study were to compare the 
mechanical properties of CC bracket v1 and a commercial 
ceramic bracket in terms of shear bond strength (SBS), 
tie-wing fracture resistance (Tie-wing FR), and static- 
frictional resistance (S-FR). 

Figure 1: The difference between the average curvature of the buccal 
surface of the upper premolars of samples from Thai individuals 
(blue) and curvature of the commercial bracket base (green and 
purple). Purple represents the rugged curvature of the real base in 
the commercial ceramic bracket, whereas green represents a com-
mercial bracket's curvature in a fit curve pattern closely resembling 
the ultimate curvature of the purple.
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Materials and Methods

Fabrication of the custom-made ceramic bracket  
version 1
 The material composition of the CC bracket v1 
consisted of magnesium aluminium oxide (MgAl2O4), 
polyethylene glycol (PEG), polyvinylbutyral, and stearic 
acid. These components were mixed in two cycles and 
compressed using an injection-moulding technique to 
obtain the desired shape. The process began by inject-
ing lubricating oil into the mould, which was heated to 
200 degrees Celsius. The mixture was then injected into 
the mould at a temperature of 210 degrees Celsius. The 
mould was cooled to room temperature, and the brackets 
were carefully removed from the mould. The brackets 
were soaked in distilled water for 24 hours to dissolve the  
remaining PEG.
 To enhance the retention property of the bracket base, 
a mixture of 100-300 nm MgAl2O4 powder and ethanol 
at a 50:50 ratio by weight was prepared. The mixture was 
applied to the base of the bracket using a fine-tip brush 
under a 10X magnifying scale loupe. After allowing the 
ethanol to completely evaporate, the bracket was heated 
at approximately 500 degrees Celsius for one hour to  
remove the remaining binders. The temperature was raised 
to 1,650 degrees Celsius at a rate of 5 degrees Celsius 
per minute and maintained for 2 hours before allowing 
the bracket to cool naturally in an electric furnace. Then, 
the bracket was removed from the electric furnace, and 
the external surfaces were polished with a superfine  
diamond bur.

Mechanical properties
 Shear bond strength test 
 The SBS test was performed according to Thonggerd 
et al.,(4) and Suliman et al.,(6) This research was approved 
by the University Human Ethics Committee (SWUEC-
384/2564X). Twenty unidentified upper premolars were 
anonymously collected from a hospital and dental clinics  
and were kept in accordance with the standards of ISO 
3696:1987. Inclusion criteria of the samples was a sound 
tooth with a definite cemento-enamel junction. The  
exclusion criteria for sample collection were enamel 
cracks, any signs of caries, abfraction, abrasion, an enamel 
craze line, enamel hypoplasia, demineralization, or fillings 
on the crown or root.(7)

 The tooth samples were prepared by mounting the 
root in 1×1×1 inch3 dental die stone blocks that were 
allowed to set completely in a humidified box.
 The samples were randomly divided into 2 groups 
(10 teeth per group). Group 1 included CC brackets v1, 
and Group 2 served as the control group (a commercial 
ceramic brackets with 022” slot; Clarity Advanced™, 3M 
Unitek, Monrovia, USA). The tooth surfaces were pol-
ished, etched with 37% phosphoric acid (3M Unitek) for 
30 seconds(4), and air-blown until a chalky white appear-
ance was revealed. The primer was applied (Transbond 
XT™, 3M Unitek, Monrovia, USA) on the tooth surface 
and air-thinned for 10 seconds. An adhesive bonding agent 
(Transbond XT™, 3M Unitek, Monrovia, USA) was  
applied to the tooth surfaces and at the bases of the brackets. 
The brackets were positioned on the tooth surfaces in the 
middle of the crown in occluso-gingival and mesio-distal 
dimensions. The brackets were placed with a hand instru-
ment and pressed with 5 N force, which was measured 
using a force gauge. The excess adhesive was removed, 
and the adhesive was cured with LED light (Mini-LED 
Satelec, Acteon, Mount Laurel, USA) for 20 seconds on 
each side.(4) After bonding, the specimens were stored in 
37°C distilled water(4,6) for 24 hours before testing.
 The specimens were fixed on a stand of a universal 
testing machine (EZ test, Shimadzu, Japan), and the level 
of the bracket’s wing was aligned parallel to the direction 
of the applied force and knife-edge blade of the testing 
machine (Figure 3). The SBS was tested at a cross-head 
speed of 1 mm per minute(4) until the bonding between the 
bracket and the tooth surface was broken. The failure load 
was recorded and reported as megapascals by dividing the 

Figure 2: The metal mould of CC bracket v1. There are two sepa-
rating compartments with handles that can be pulled apart to prevent 
ceramic bracket fracture during fabrication.
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failure load value by the surface area of the bracket base.
After the SBS test, all specimens were evaluated using the 
adhesive remnant index (ARI)(8) obtained using optical 
microscopy at a magnification of 20.  The failure load and 
ARI score were statistically analysed. 
 ARI index was categorized into 0-3 scores, as  
follows:
 - 0, no adhesive left on tooth 
 - 1, less half of the adhesive left on the tooth
 - 2, more than half of the adhesive left on the tooth
 - 3, all the adhesive left on tooth with mechanical 
pattern visible(8)

 Tie-wing fracture resistance test
 Tie-wing FR was tested using methods adopted from 
Thonggerd et al.,(4) and Johnson et al.,(9) Ten samples 
from Group 1 (CC bracket v1) and Group 2 (controls) 
were tested and compared.
 Each bracket was fixed on acrylic blocks with resin 
adhesive (Transbond XT™, 3M Unitek) (Figure 4A) and 
attached to a platform of the testing machine. The ceramic 
bracket was held with a 0.012-inch ligature wire at the  
horizontal slot (Figure 4B). The retention of specimens 
was enhanced by embedding the gingival part of the 
bracket into the acrylic resin (Figure 4C). Disto-incisal 
wing of the bracket was tied with a 0.012-inch ligature 
wire, and both ends were attached to the loading part of 
the universal testing machine (Figure 4D). The Tie-wing 
FR was measured in tensile mode at a cross - head speed 
of 10 mm per minute until the bracket wings fractured 
(Figure 4E). The tensile force value was recorded in New-
tons and converted to megapascal by dividing the failure 
load value by the contact area between the ligature wire 
and the tie-wings.
 Frictional resistance test
 The static frictional resistance (S-FR) test was mo- 
dified from Jian-Hong Yu et al.,(10) and Tribumrungsuk  
et al.(11) Ten samples from Group 1 (CC bracket v1) and 
Group 2 (controls) were tested. The S-FR between the 
slot surface of the ceramic bracket and the 7 cm length 
of 0.019”×0.025” stainless steel wire was recorded with 
a universal testing machine.
 Each ceramic bracket was fixed on a metal plate, 
positioned at a mark point and a jig to ensure that the 
wire and the bracket slot were parallel to each other with 
0-degree torque, and then ligated with an elastomeric ring 

(3M Unitek). The upper end of a 0.019”×0.025” stainless 
steel wire was attached to the upper compartment of the 
testing machine (Figure 5).
 After the specimen was prepared, the machine pulled 
the wire through the bracket slot using a 50 N load cell 
and a crosshead speed of 2 mm per minute. The frictional 
force‒displacement curve was plotted, and the peak of 
the static frictional force was recorded and statistically 
evaluated.

Scanning electron microscopy (SEM)
 The bracket surface was attached to the sample base 
and coated with gold. The surface of each bracket was 
analysed using SEM (JSM, 6480LV, JEOL™) to investi-
gate the grain size, shape, homogeneity of the MgAl2O4 
crystals, and the bracket surface roughness.

Data analysis
 Statistical analysis was performed using SPSS  
version 27.0 (SPSS Inc., Chicago, Illinois, USA). Shapiro– 
Wilk test results showed that the data were normally 
distributed, differences between the two groups were  
analysed using the independent t test. The chi-square test 
was used to compare the ARIs of each group. The statis-
tical significance level was set at p<0.05.

Figure 3: The shear bond strength test was performed using a  
universal testing machine (EZ test, Shimadzu, Japan) at a cross - head 
speed of 1 mm per minute.
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Figure 4:  The specimen preparation process (A-C) and the Tie-wing fracture resistance test using a universal testing machine (D and E) 
(EZ test, Shimadzu, Japan).

Figure 5: Frictional resistance was tested using the universal testing 
machine (EZ test, Shimadzu, Japan).

Results

Fabrication of the custom-made ceramic bracket  
version 1
 The CC bracket v1 showed no excess ceramic  
beneath the tie-wing area, and the horizontal slot size 
was appropriate for a 0.019”×0.025” stainless steel wire 
(Figure 6).

Mechanical properties
 Shear bond strength and ARI tests
 The SBS means of Group 1 (CC bracket v1) and 
Group 2 (controls) were 17.25±5.63 MPa and 24.75±5.29 
MPa, respectively. Statistical analysis indicated a signif-
icant difference (p<0.01) in the SBS between the two 
groups (Table 1). Group 2 showed patterns of debonding 
with ARI scores ranging from 1 to 3, whereas the ARIs 
of Group 1 ranged from 2 to 3. A score of 3 was the most 

frequently observed in Group 1. Statistical analysis indi-
cated no significant difference in the ARI scores between 
the two groups (p>0.05) (Table 2).
 Tie-wing fracture resistance
 The means of the Tie-wing FR of Group 1 (CC bracket  
v1) and Group 2 (controls) were 41.74±5.34 MPa and 
89.48 ± 15.93 MPa, respectively. Statistical analysis in-
dicated a significant difference (p<0.001) in Tie-wing FR 
between the two groups (Table 3).
 Static frictional resistance
 The mean S-FR of Group 1 (CC bracket v1) was 
141.94±35 gm, whereas Group 2 (controls) had a mean 
S-FR of 86.83±25.4 gm. Statistical analysis revealed a 
significant difference (p<0.001) in the static frictional 
resistance between the two groups (Table 4).

Scanning electron microscopy (SEM)
      SEM evaluation revealed that the crystals at the base 
of the commercial ceramic bracket were larger in size than 
the MgAl2O4 crystals found on the base of CC bracket v1 
(Figure7). SEM analysis of the surface roughness revealed 
that the commercial ceramic bracket had grain sizes most-
ly less than 10 µm, whereas CC bracket v1 had grain sizes 
exceeding 50 µm (Figure 8).

Discussion

Fabrication of the custom-made ceramic bracket  
version 1
 Digital technology can be applied to the manufac-
turing of orthodontic appliances. This study aimed to 
incorporate scanning surface technology to design a cus-
tom-made ceramic bracket with a base that has anatomical 
curvature conforming to a group sample from a specific 
population. The injection mould used to produce the cus-
tom-made ceramic bracket was constructed using reverse 
engineering and 3D printing of stainless steel. The ceramic 
injection and sintering processes used to fabricate the 

Figure 6: The custom-made ceramic bracket version 1.
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Figure 7: Surface of bracket base of the commercial ceramic bracket 
and the CC bracket v1 in magnification of 25×, 200× and 500×. The 
crystals at the base of the Clarity bracket were larger in size compared 
to the MgAl2O4 crystals found on the CC bracket base.

Figure 8: Surface roughness of the commercial ceramic bracket 
and the CC bracket v1 (Bracket slot; A) at 25×, 200× and 500× 
magnification.

Table 1: Comparison of the SBS means between CC bracket v1 and the controls (Clarity Advance™).

Cross section area of bracket base (mm2)
Mean SBS 

(MPa)
Range 
(MPa)

p-value

Group 1 (CC bracket v1) 12.8 17.25±5.63 7.51-26.86
.008**

Group 2 (Controls: Clarity Advance™) 11.69 24.75±5.29 18.14-31.33

**p<0.01, independent t-test

Table 2: Comparison of the ARI scores between CC bracket v1 and the controls (Clarity Advance™).

ARI score 0 1 2 3 p-value
Group 1 (CC bracket v1) 0% 0% 25% 75%

.074
Group 2 (Controls: Clarity Advance™) 0% 37.5% 37.5% 25%

*p>0.05, Chi square t-test  

Table 3: Comparison of mean tie-wing fracture resistance between the CC bracket v1 and the controls (Clarity Advance™).

 Mean fracture 
resistance (N)

Area of touched 
wire (mm2)

Mean fracture resistance 
(MPa)

Range 
(MPa)

p-value

Group 1 (CC bracket v1) 16.69±2.17 0.4 41.74±5.34 32.1-51.86
.000***

Group 2 (Control: Clarity Advance) 35.79±6.38 0.4 89.48±15.93 68.73-115.05

***p<0.001, Independent t-test

Table 4: Showed comparison of means static frictional resistance between the CC bracket v1 and the controls (Clarity Advance™).

Mean of Frictional Resistance (gm) Range (gm) p-value
Group 1 (CC bracket v1) 141.94±35 92.05–189.36

.000***
Group 2 (Controls: Clarity Advance™) 86.83±25.4 54.15–148.34

***p<0.001, Independence t-test
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custom-made bracket can be performed in an in-house 
laboratory. This study showed the potential benefits of 
digital technology for the fabrication of custom-made 
ceramic brackets for individuals in the future.
 A limitation of this study is the absence of a validated 
method to accurately assess whether the curvature of the 
base conforms to the mould, which should be addressed 
in future research.

Shear bond strength
 Adequate shear bond strength between the brack-
et base and tooth surface is pivotal for the delivery of 
effective forces in orthodontic treatment. A higher SBS 
is not always favourable; on the other hand, an optimal 
bond strength is preferred to prevent premature loss of the 
brackets as well as to prevent enamel loss in the debond-
ing process.(6) According to a study by Reynold(12), the 
minimum SBS required for successful clinical orthodontic 
bonding was 5.88-7.85 MPa. Zepperi et al.,(13)  reported 
that the clinically acceptable SBS ranged from 13 to 21 
MPa. The results of this study showed that the average 
SBS of CC bracket v1 was greater than the minimum 
clinically acceptable SBS reported by Reynold(12) and 
within the clinically acceptable range reported by Zepperi 
et al.(13)

 The debonding pattern revealed by the ARI index 
analysis indicated that the debonding stress of CC bracket 
v1 was concentrated at the interface between the bracket 
base and adhesive material (ARI-2, ARI-3). In contrast, 
given the higher SBS in the Clarity Advance group, the 
debonding stress was equally concentrated at the bracket  
base–adhesive interface (ARI-2=37.5%) and enamel– 
adhesive interface (ARI-1=37.5%), which could increase 
the risk of enamel damage during bracket debonding. 
According to Retief et al.,(14) 13.5 MPa was the minimum 
bond strength at which enamel damage could occur during 
the debonding process. This study showed that the average 
SBS of the Clarity Advance was greater than 13.5 MPa, 
so bond failure at the enamel–adhesive interface was  
frequently observed, indicating good bonding to enamel 
but a greater risk of enamel loss. Although there was 
no statistically significant difference in the ARI values  
between the two groups, ARI-3 was the most frequently 
observed in the CC bracket v1 group (ARI-3= 75%). These 
findings suggested that the CC bracket v1 could contribute 
to a lower risk of enamel damage during debonding but 

still had a clinically acceptable SBS.
 The shear bond strength between ceramic bracket 
and enamel can be affected by many factors, including 
the pattern and size of the bracket base.(15-17) A previous 
study(4) suggested that the irregularity and consistency 
of MgAl2O4 crystals at the bracket base might affect the 
bond strength. SEM analysis revealed that the crystal 
particles at the base of CC bracket v1 were irregular in 
shape. Large crystals at the CC bracket v1 base provided 
extensive undercuts or irregularities on the surface. These 
undercuts offered additional surface area for the adhesive 
resin to mechanically interlock and form a stronger bond 
with the tooth surface, leading to optimum SBS. Studies of 
ceramic bracket base designs(15-16) reported that a bracket 
with 50 µ-round glass particles incorporated onto its alu-
mina base showed the highest SBS of 24.7±1.9 MPa. The 
results suggested that these beads had adequate undercuts 
for mechanical interlocking of the adhesive resin, which 
could increase the bonding ability. Based on the SEM 
study (Figure 7), the crystals at the base of the Clarity 
bracket were larger in size than the MgAl2O4 crystals 
found on the base of the CC bracket v1. Specifically, the 
average size of the crystals in the Clarity bracket base was 
within the range of 20 to 100 µm, whereas the average 
size of the crystals in the CC bracket v1 base was less 
than 25 µm. Therefore, discrepancies in the crystal sizes 
could be a factor involved in the lower SBS observed in 
CC bracket v1. The next version of the CC bracket base 
might be improved by increasing the size of the MgAl2O4 
crystals to create more undercuts for mechanical retention 
and to enhance the optimal SBS of the bracket.
 A study by Newman(17) reported that a larger bracket 
base led to increased bond strength. The size of the bracket 
base of CC bracket v1 was 12.8 mm2, which was larger 
than the size of the Clarity Advance bracket (11.69 mm2). 
However, the results of this study did not correspond to 
those of the study by Newman.(17) Thus, the irregularity 
of the crystalline grains of ceramic materials at the bracket 
base might have a greater effect on SBS than the surface 
area of the bracket base.
 Apart from shear bond strength, dissimilarity of the 
occluso-gingival aspect of the curvature between the com-
mercial ceramic bracket base and the buccal surface of the 
upper premolars of Thai individuals could impact torque 
and rotational movement.(2) Nevertheless, effects of  
differences between various types of bracket base includ-
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ing that of the CC bracket v1 and the anatomical surface 
of a tooth on torque and rotational movements should be 
further investigated in future studies.

Tie-wing fracture resistance
 Ceramic bracket fractures are associated with  
material property of aluminium oxide to withstand  
multiple direct forces. Resistance to breakage additionally  
relies on the specific type, shape, grain size, overall  
volume, and quality of the manufacturing process of the 
ceramic brackets.(18-27)

 Sharp outlines and pointed angles at the corner of 
the ceramic brackets could increase stress at the concen-
trating area of the torque and tip when a controlled force 
is applied.(9,18,19) Fractures usually occur at the tie wings 
and the inner slot(19); thus, the bracket design of the tie 
wings and the inner slot is important for improving the 
fracture toughness of ceramic brackets.(19,20) CC bracket 
v1 was designed to have round corners and few sharp 
angles. However, the average tie-wing fracture resistance 
of CC bracket v1 was significantly less than that of the 
control group (41.74±5.34 and 89.48±15.93, respectively, 
p<0.001). Although this bracket design did not improve 
the Tie-wing FR, it could still withstand the fabrication 
process by preventing bracket wing fractures during dis-
engagement from the mould.
 Another important factor for the fracture resistance of 
a ceramic bracket is the grain size of the ceramic material. 
Larger grain sizes, especially those exceeding 5 µm, tend 
to reduce ceramic strength.(21-23) According to the SEM 
study, the commercial ceramic bracket was composed of 
grain sizes less than 10 µm, whereas the CC bracket v1 
was composed of materials with grain sizes that exceeded  
50 µm. This significant difference in grain size could 
contribute to the lower tie-wing fracture resistance of CC 
bracket v1 compared to that of the controls.
 The fracture toughness of the bracket wing could 
be influenced by the thickness of the ceramic material. 
According to the critical load equation, the critical load 
varied with the square of the ceramic layer thickness(24-25), 
meaning that the strength of the bracket wing was  
affected by its dimensions. The wing of the CC bracket v1 
was 0.2 mm thinner than that of the controls in all three 
dimensions. This difference in thickness could result in a 
reduced fracture resistance of the tie-wing of CC bracket 
v1. However, to our knowledge, no previous study has 

quantified an impact of different thickness on tie-wing 
fracture resistance. Therefore, it is suggested for future 
investigation.
 Defects, such as voids and microcracks, occur during 
the custom manufacturing process(18,26), contributing  
to a reduction in the fracture resistance of CC bracket  
v1.(24,26-27) SEM analysis revealed the presence of pores 
in CC bracket v1, which could result in a lower tie-wing 
fracture resistance than that of commercial ceramic  
brackets.
 When considering the ligating force to a bracket, the 
average Tie-wing FR of the CC bracket v1 (16.69±2.17 
N) was still greater than the average elastomeric ligation 
force (3.6-5.3 N) reported by Nakhaei et al.(28) For the 
development of future versions of the CC bracket, in  
addition to the reduction of porosity, it might be neces-
sary to decrease the grain size and increase the size of 
the wings.

Frictional resistance
 Previous studies reported that the frictional resistance 
of ceramic brackets was greater than that of stainless-steel 
brackets. The frictional resistance of the slot of the bracket 
was caused by the high coefficient of friction of the ceramic  
material and increased by the rough surface condition.(29)  
To our knowledge, no study has reported clinically  
acceptable frictional resistance for fixed orthodontic 
brackets. Compared to previous studies(30-33) in which the 
frictional resistance of polycrystalline ceramic brackets  
(0.022”× 0.028”-slot) was tested with 0.019”×0.025” 
stainless steel wire and ligated with a clear elastomeric 
ring, the average static frictional resistance of CC bracket  
v1 (141.93±35 gf) was greater than that of Clarity  
Advance, 3M Unitek™ (86.83±25.4 gf), Signature, 
RMO™ (114.1±22.8 gf)(31) and Reflection, Ortho Tech-
nology™ (118.6±52.5 gf)(32) but less than that of Tran-
scend series 6000, 3M Unitek™ (152.5±53.6 gf)(33) and  
Illusion plus, Ortho Organizers™ (230.45±0.21 gf).(30) The 
average frictional value of the CC bracket v1 was found to 
be the closest to those of the Transcend series 6000, 3M 
Unitek™. SEM revealed that the surface of CC bracket 
v1 exhibited greater irregularity than that of the controls, 
which is consistent with the findings of a previous study.(19)  
However, higher frictional resistance of the CC bracket 
v1 may affect the efficiency of tooth movement, further 
studies should be investigated in the future.
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 The manufacturer of the Clarity Advance reported  
that its bracket slot was coated with yttria-stabilized  
zirconia to reduce friction. In addition, a study reported 
that coating a slot with a silica layer could also reduce 
the frictional resistance.(34) These techniques can be used 
to improve the frictional resistance of CC bracket v1 in 
the future.  

Conclusions
 1. The CC bracket v1 was designed to incorporate 
the average curvature of the upper premolars of the Thai 
population onto the bracket base. It can be fabricated 
in an in-house laboratory using the injection-moulding 
technique and sintering.
 2. The SBS of the CC bracket v1 was lower than 
that of the controls but clinically acceptable.
 3. Although the Tie-wing FR of the CC bracket v1 
was less than that of the controls, it was greater than the 
elastic ligature tying force to the bracket wings.
 4. The frictional resistance of CC bracket v1 was 
greater than that of the controls but comparable to that of 
other commercial ceramic brackets.
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at Different Time Intervals
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Abstract
Objectives: To investigate the microtensile bond strength (μTBS) of various adhesive 
systems (etch & rinse, self-etch, and self-adhesive) for bonding MultiCore Flow and 
Biodentine at different time intervals.

Methods: Sixty pairs of 7x7x3 mm resin-based 3D-printed blocks with a 1x1 mm central 
tube were used in this study. One side of the blocks was filled with Biodentine, while 
another side was filled with MultiCore Flow. The materials were bonded using one type 
selected from these adhesive systems: ExciTE F DSC (etch & rinse), Multilink N (self-
etch), or RelyX U200 (self-adhesive). Each group was subdivided into immediate and 
delayed groups (n=10). Specimens were subjected to μTBS testing, and failure modes were 
observed under a stereomicroscope. Two-way ANOVA was used to analyze the influence 
of time and adhesive system on μTBS.

Results: The results revealed that Multilink N group showed significantly higher μTBS 
in the immediate group compared to the delayed group (p=0.01). When comparing the 
materials, ExciTE F DSC performed significantly worse than Multilink N (p=0.02) and 
RelyX U200 (p=0.04) in the immediate group. The predominant failure modes observed 
under the stereomicroscope were mixed failure and cohesive failure within Biodentine. 

Conclusions: Immediate placement of adhesives and MultiCore Flow over Biodentine 
showed higher microtensile bond strength than delayed placement. Overall, self-adhesive 
systems demonstrated high bond strength at both time intervals. Immediate bonding with 
self-adhesive systems may enhance the bond strength between Biodentine and MultiCore 
Flow in clinical practice, potentially leading to improved restoration longevity and reduced 
risk of failure.
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Introduction
 Root canal treated teeth often have a significant loss 
of structural integrity. Consequently, after root canal treat-
ment, it becomes necessary to place a post within the root 
canal as part of the restorative process. The primary pur-
pose of a post is to serve as a retention for the core build-up 
material.(1) Additionally, a well-placed post contributes 
to a more intimate seal between the restorative material 
and the root canal. Studies conducted by Ray & Trope in 
1995(2) and Tronstad et al., in 2000(3) have demonstrated 
that the quality of root canal filling and restoration directly 
influences the long-term success rate of the treated tooth.
Root canal filling materials, such as gutta-percha with 
sealer, are typically used in simple root canal treatment 
cases. However, more complex cases, including open 
apices and perforations, may require alternative materials. 
Hydraulic calcium silicate-based cements like Biodentine 
(Septodont, St. Maur-des-Fossés, France) have emerged 
as promising options for these situations. Biodentine  
possesses chemical and physical properties that make it 
an ideal material for root canal repair. It also demonstrates 
a short setting time and strong adhesive properties to  
dentin, making it a suitable restorative material for  
dentin.(4,5) Case reports have documented the successful 
use of Biodentine for apexification in a single visit, replac-
ing the traditionally used MTA (mineral trioxide aggre-
gate; Dentsply Tulsa Dental, Tulsa, OK, USA), which has 
a longer setting time.(6,7) Furthermore, a study by Yadaw 
et al., in 2020(8) evaluated the single-visit obturation of 
necrotic immature permanent teeth with Biodentine and 
reported a 100% success rate at a 9-month follow-up.
 Following endodontic procedures, resin composite  
core materials, MultiCore Flow (Ivoclar Vivadent, Schaan, 
Liechtenstein), are commonly used for post placement and 
core build-up. When placing a post within a root canal, 
an interface is created between two materials: hydraulic 
calcium silicate cement and post cement. Various adhesive 
systems are commonly used to bond these two surfaces.  
Contemporary adhesive systems include etch-and-rinse 
system such as ExciTE F DSC (Ivoclar Vivadent) and 
OptiBond FL (Kerr Corporation, Brea, CA, USA), self-
etch system such as Multilink N (Ivoclar Vivadent) and 
Panavia V5 (Kuraray Noritake Dental Inc., Tokyo, Japan), 
and self-adhesive system such as RelyX U200 (3M ESPE, 
Deutschland GmbH, Neuss, Germany) and G-Cem Link-
Ace (GC Corporation, Tokyo, Japan). These adhesive 

systems have been widely used as post cements in clinical 
practice.
 Posts placed within root canals typically have a  
snug fit, limiting lateral movement. Therefore, the pri-
mary forces experienced by the restoration are vertical. 
These vertical forces, akin to tensile strength, may lead 
to debonding at the interface between Biodentine and 
post cement. Additionally, the setting reaction between 
Biodentine and the adhesive system may influence bond 
strength. Moreover, the material's stiffness can affect 
bond strength. Some studies have examined bond strength  
between Biodentine and adhesive systems, such as the 
study by Hardan et al.,(9) which found that both self-etch 
and total-etch strategies exhibited promising bonding 
performance with Biodentine. However, there is a lack of 
study on the microtensile bond strength of these materials, 
which should be elucidated. Therefore, this study addresses  
this gap by using standardized 3D-printed blocks to com-
pare the microtensile bond strength of three different 
adhesive systems to Biodentine.
 This study aimed to investigate the microtensile bond 
strength (μTBS) between Biodentine and MultiCore Flow 
using various types of adhesive systems at different time 
intervals.

Material and Methods
 Sample size calculations was determined from a 
similar study using this formula (Figure 1).(10,11) With α 
level type I error at 0.05 and β level type II error of 0.20 
for the study, a sample size of 10 were obtained for each 
group.

 

Figure 1: The formula of calculating sample size.

 Sixty sets of 3D-printed clear resin blocks (120 pieces  
of blocks and 60 pieces of covers) were meticulously 
designed using Google SketchUp 2020 software (Google  
LLC., Mountain View, CA) and printed using a 3D Printer 
called Pro 55 (SprintRay, Los Angeles, CA), with sur-
gical guide resin, which utilized DLP processing. The 
transparency of the resin blocks facilitates complete light 
transmission, ensuring full curing and polymerization of 
the material. The manufacturer's guidelines were followed 
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to ensure precision and consistency in the fabrication 
process.
 The block was designed with 7x7x3 mm3 in size. 
These blocks featured a central tube with dimensions of 
1x1 mm2, extending along the length of the block. When 
paired, the central tubes from each block interconnected 
to form a continuous 14 mm long tube. To minimize ma-
terial leaking, small gaps were incorporated between the 
“connecting end” of the blocks. The opposite end, referred 
to as the “application end”, served as the entry point for 
introducing material into the block.
 The cover was designed to prevent movement and 
stabilize a pair of blocks. It is 18x11x3 mm3 in size. The 
cover had a 2-millimeter reinforcement on the edges of its 
width and length for added strength, while the base of the 
cover is 1-mm thick. The internal size with a dimension 
of 14x7x2 mm3 were specifically tailored to accommo-
date the blocks securely. This would cause the blocks 
to protrude approximately 1 mm above the cover.  The 
cover also featured a 3 mm2 opening at each end, corre-
sponding to the dimensions of the opening in the central 
tube of the blocks for material application. Additionally, 
a 3 mm2 opening was located at the center of the base for 
observation during experiments and easy removal of the 
blocks (Figure 2).
 Prior to use, each block was undergone thorough 
cleaning and subjected to an additional round of ultrasonic 
cleaning to ensure optimal sterility and cleanliness, thus 
maintaining the integrity of the experiment, and minimiz-
ing potential contamination. Then, the blocks were paired 
within the cover, with the connecting ends aligned towards 
each other. The connecting ends were ensured to fit snugly 
within the cover, forming a perfectly interconnected tube.

 The 60 sets of blocks were equally divided into three 
groups based on the adhesive system used: ExciTE F 
DSC (Etch & rinse), Multilink N (Self-etch), and RelyX 
U200 (Self-adhesive). Each group was further subdivided 
into two subgroups according to the timing of adhesive  
material placement on Biodentine. In the immediate group, 
blocks were paired with MultiCore Flow immediately  
after Biodentine's initial setting (approximately 12  
minutes). In the delayed group, blocks were paired with 
MultiCore Flow after a full 14-day Biodentine setting 
period.
 Biodentine was carefully inserted into each indivi- 
dual block within a set. An endodontic plugger (RCP5/7; 
Hu-Friedy, Chicago, IL, USA) was used to compress the 
Biodentine within each block to a consistent thickness of 
approximately 2 mm. Finally, the paired resin blocks were 
combined to form the complete set.
 Different adhesive systems were applied to Bio-
dentine's interface according to their respective groups: 
ExciTE F DSC (etch-and-rinse), Multilink N (self-etch), 
and RelyX U200 (self-adhesive). For each adhesive sys-
tem, the surface of the resin block was prepared according 
to the manufacturer's recommended protocol. MultiCore 
Flow was then applied to achieve a uniform 2-mm thick-
ness to the prepared hole of the other resin block. This 
prepared block was then connected to the Biodentine 
block at the varying time intervals described earlier. Sub-
sequently, the MultiCore Flow was light-cured through 
the resin block using Bluephase N® LED light-curing unit 
(Ivoclar Vivadent) at HIGH-mode for 20 seconds to ensure 
complete polymerization at the interface. Subsequently, 
the samples were incubated at 37°C and 99% humidity 
for 7 days before undergoing the μTBS test.
 After a 7-day incubation, the prepared 3D-printed 
resin blocks were securely attached to the brass gripped 
testing fixtures using cyanoacrylate adhesive (Loctite 
416; Henkel Corp. Connecticut, USA) to establish a firm 
connection for testing, The cover was removed prior to the 
test. Subsequently, μTBS was assessed using an Instron® 
5566 universal testing machine (Instron Engineering  
Corporation, Norwood, MA, USA) at a crosshead speed 
of 1 mm per minute (Figure 3). The maximum force 
at failure was recorded in Newtons (N) and the μTBS  
values were calculated in megapascals (MPa; newton/
mm2) by dividing this force by the cross-sectional area of 
the bonded region (1 mm2).

Figure 2: 3D-printed resin block and cover. (Left) Disassembled 
components, with arrows indicating the insertion of Block A and 
Block B into the cover. (Right) Assembled unit, showing the cover 
stabilizing and aligning the blocks for specimen preparation and 
testing.
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significant time-dependent effect only in the Multilink 
N group (p=0.01). Moreover, when comparing material 
groups, ExciTE F DSC revealed significantly worse than 
Multilink N (p=0.02) and U200 (p=0.04) in the immediate 
group. On the contrary, no significant differences were  
observed among the materials in the delayed group 
(p>0.05) (Figure 4).

Failure mode distribution 
 The most common failure modes observed were 
mixed failures and cohesive failures in the Biodentine in 

Figure 3: Specimen preparation and μTBS testing. (A), A 3D-printed 
resin block set (with bonded Biodentine and MultiCore Flow) was 
attached to the brass testing fixture using cyanoacrylate adhesive: 
(B), After attachment, the cover was removed, and the specimen was 
mounted in the universal testing machine for μTBS measurement.

 The fractured surfaces of specimens were examined 
under a 40x stereoscopic microscope (Olympus Corp. 
Tokyo, Japan) to analyze and categorize into four types 
of failure modes according to the following criteria:
 - Adhesive failure: This occurs entirely between 
the layers of Biodentine and MultiCore Flow.
 - Cohesive failure in Biodentine: This occurs  
entirely in Biodentine. 
 - Cohesive failure in MultiCore Flow: This occurs 
entirely in MultiCore Flow
 - Mixed failure: This involves fractures both in 
Biodentine and MultiCore Flow, as well as between the 
layers of Biodentine and MultiCore Flow. 
 The results were presented as mean ± standard devi-
ation (SD) and were subjected to statistical analysis using 
SPSS 25.0 software (SPSS Inc, Chicago, IL, USA). The 
μTBS values were assessed for normal distribution using 
the Shapiro-Wilk test. A two-way analysis of variance 
(ANOVA) was conducted to assess the presence of signifi- 
cant differences in μTBS values between the groups.

Results

The microtensile bond strength testing  
 In the immediate group, Multilink N showed the 
highest μTBS values (18.81±6.61 MPa) compared to 
RelyX U200 (17.95±4.13 MPa) and ExciTE F DSC 
(10.66±4.07 MPa). However, in the delayed group, Mul-
tilink N showed the lowest μTBS values (6.95±3.76 MPa) 
compared to ExciTE F DSC (8.39±1.60 MPa) and RelyX 
U200 (12.26±6.34 MPa).
 Within each material group, the delayed subgroups 
consistently showed lower μTBS values than the imme-
diate subgroups. However, statistical analysis revealed a 

Figure 4: The bar graph of microtensile bond strength by groups 
(n=10/group). Same letter means no statistically significant difference 
and different letters means statistically significant difference among 
the experimental groups.

Table 1: Comparison of microtensile bond strength between different 
adhesives at different sealer application times.

Group (MPa) Immediate Delay
Multilink N 18.81±6.61 6.95±3.76
RelyX U200 17.95±4.13 12.26±6.34

ExciTE F DSC 10.66±4.07 8.39±1.60

Table 2: Effect sizes (Cohen's d) comparing microtensile bond 
strength between immediate and delayed groups for each adhesive.

Adhesive 
system

Multilink N RelyX U200
ExciTE F 

DSC
Effect size 0.74 0.47 0.34

Table 3: effect sizes (Cohen's d) comparing microtensile bond 
strength between adhesives at immediate and delayed time points.

Adhesive Comparison Immediate Delay
Multilink N/RelyX U200 0.16 1.02

Multilink N/ExciTE F DSC 1.48 0.50
RelyX U200/ExciTE F DSC 1.78 0.84
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Table 4: Percentages of failure modes among experimental groups.

Groups
Types of failure 

(%)
Adhesive

Cohesive in 
Biodentine

Cohesive in 
MultiCore Flow

Mixed 
failure

ExciTE F DSC Immediate 20 30 10 40
Delayed 10 40 0 50

Multilink N Immediate 20 40 0 40
Delayed 30 30 0 40

RelyX U200 Immediate 0 50 0 50
Delayed 10 30 0 60

Figure 5: Representative images of the different failure modes observed after microtensile bond strength testing. (A), Adhesive failure at 
the Biodentine-MultiCore Flow interface: (B), Cohesive failure within the Biodentine material: (C), Cohesive failure within the MultiCore 
Flow material: (D), Mixed failure.

all experimental groups (Table 4). The different charac-
teristics of failure modes observed are shown in Figure 5.

Discussion
 Microtensile bond strength test is a widely used 
method to evaluate the bond strength between composite 
materials and dentin. It has also been applied to assess the 
bond strength between acrylic teeth and denture bases.(12) 
In this research, we modified the μTBS technique for a 
novel application in the field of endodontics, specifically 
focusing on bond strength between endodontic materi-
als like Biodentine and MultiCore Flow with different 
adhesive systems. This model allows for a standardized 
and quantitative evaluation of bond strength used in end-
odontics. The results of this study will contribute to the 
development and optimization of bonding protocols for 
endodontic ceramic materials.
 In this study, customized 3D-printed resin blocks 
were developed with a block and cover system aimed 

at reducing bias. However, further validation is required 
to confirm their efficacy and reproducibility. Despite the 
implementation of meticulous protocols, the potential 
for operational errors to impact on the findings cannot 
be eliminated. Moreover, μTBS testing may not fully 
represent clinical performance due to the complexities of 
the oral environment. Future investigations could benefit 
from exploring alternative methods, such as tensile tests, 
which are generally less sensitive and may provide more 
reliable results.
 The observed differences in bond strength between 
adhesive systems can be attributed to their varying inter-
action mechanisms with Biodentine. This study found that 
the etch-and-rinse system, ExciTE F DSC, exhibited lower 
immediate bond strength, suggesting that acid-etching 
may not create optimal surface conditions for micro-reten-
tion on Biodentine's surface, potentially due to differences 
in its microstructure compared to dentin. The self-adhesive 
system (RelyX U200) demonstrated superior immediate 
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bond strength compared to ExciTE F DSC, possibly due to 
the chemical interaction of its functional monomers with 
Biodentine's components. While Multilink N (self-etch) 
showed high initial bond strength, its significant decrease 
over time suggests potential hydrolytic degradation at the 
interface, a known concern with some self-etch adhesives.
According to a study by Odabas et al., in 2013(13) studies 
on various bonding systems for composite resin resto-
rations to Biodentine at different time points have shown 
that etch-and-rinse systems exhibited a decrease in shear 
bond strength, which is consistent with this study. The 
ExciTE F DSC group, one of the etch-and-rinse systems, 
demonstrated the lowest shear bond strength compared 
to other groups in the immediate group. Our findings 
revealed that the self-adhesive system provided superior  
bond strength compared to etch-and-rinse adhesives 
system at all time points, particularly in the imme-
diate bonding group. This is consistent with previous  
studies(14) although the delayed bonding group exhibited 
some variability. These findings suggest that the acid-etch-
ing process, typically known to induce surface porosity 
and thereby enhancing micro-retention and bond strength, 
may not facilitate comparable micro-retention in Bio-
dentine, nor may it substantially improve bond strength 
between the two materials. Alternatively, it is possible that 
surface porosity from acid etching did not occur, or that 
the etching duration was either too brief or too prolonged. 
These results indicate that while the choice of bonding 
system can influence initial bond strength, other factors, 
such as clinical variables and material properties, may 
also contribute to the long-term performance of composite 
restorations bonded to Biodentine.
 When comparing between different time point, The 
bar graph (Figure 4) shows that the immediate groups 
exhibited higher bond strength compared to the delayed 
groups in all experimental conditions. Our results are 
at odds with those reported by Odabas et al.,(13) which 
reported an increase in shear bond strength when bond-
ing was delayed for 24 hours. They attributed this to the 
polymerization shrinkage of composite resins, which can 
induce tensile stresses on the unset Biodentine, leading 
to interfacial failure. However, our study used MultiCore 
Flow, a dual-cure material. Odabas et al.(15) used Clear-
fil Majesty (Kuraray Noritake Dental Inc., Okayama,  
Japan), a nanohybrid composite. While Clearfil Majesty 
is a high-quality material, studies have indicated it can  

generate relatively high polymerization stress. Multi 
Core Flow, in contrast, has been shown to exhibit a lower  
degree of conversion compared to some light-cured  
resins(16) and its polymerization stress has been reported 
as 10.9 MPa, within the range of many resin compo- 
sites.(17) This lower polymerization stress likely reduces 
the tensile forces at the Biodentine-adhesive interface, 
potentially mitigating the negative impact of imme- 
diate bonding observed by Odabas et al.(13) Despite this, 
the long-term decrease in bond strength, especially with 
Multilink N, suggests that factors beyond initial shrinkage  
stress, such as hydrolytic degradation, significantly  
influence bond durability.  Another possible explanation 
for the higher bond strength in the immediate groups 
compared to the delayed groups is the setting reaction 
between Biodentine and MultiCore Flow, which may 
have enhanced the interfacial bond. Further studies are 
warranted to investigate this hypothesis.
 A key limitation of this study was the relatively small 
sample size (n=10) used for microtensile bond strength 
testing. This small sample size has several implications. 
First, it increases the risk of committing Type II errors 
(false negatives). Second, microtensile bond strength 
measurements are inherently susceptible to high vari-
ability, influenced by factors such as specimen geometry, 
adhesive application, and inherent material properties. A 
sample size of ten may be insufficient to adequately rep-
resent the full range of this variability, obscuring the true 
distribution of bond strengths. Furthermore, the limited 
sample size reduces the external validity of our findings. 
Finally, with a small sample, the results are more suscep-
tible to being skewed by outlier values. Anomalous bond 
strengths, arising from premature failures during spec-
imen preparation or inconsistencies during testing, can 
exert a disproportionately large influence on the overall 
statistical analysis. Furthermore, while the specific bond 
strength values obtained in this study may not be directly 
transferable to other commercially available materials, 
the relative performance of the tested groups could offer 
valuable insights for clinicians when selecting materials.
While this in vitro study provides valuable insights into 
μTBS of endodontic materials, further research is essential 
to bridge the gap to clinical outcomes. Studies replicating 
the oral environment, including thermocycling to simulate  
temperature fluctuations, could offer a more accurate  
assessment of long-term bond stability. Additionally,  
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investigating the chemical interactions between endodon-
tic and restorative materials and potential changes within 
these materials during the setting time could offer a deeper 
understanding of the bonding mechanisms. Such know- 
ledge could play a critical role in developing improved 
material formulations and enhancing their clinical per-
formance.

Conclusions
 The immediate placement of adhesives on Bioden-
tine demonstrated superior microtensile bond strength 
than the delayed placement. The self-adhesive system 
consistently had strong bond strengths at both time  
intervals. It is suggested that immediate placement and use 
of self-adhesive system may enhance the bond strength 
between Biodentine and MultiCore Flow in clinical  
applications.
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Abstract
Objectives: With the rising number of Chinese residents in Thailand and Chinese  
becoming a global language, compelling messages and communication in healthcare are 
crucial for accurate information and optimal treatment. This pilot study investigated Thai 
dentists' utilization and satisfaction with the developed electronic “Three Languages of 
Dental Terminology (TLDT)” book. 

Methods: Three hundred and thirteen dentists who graduated from the College of Dental 
Medicine, Rangsit University, were invited to the online survey using Google Forms. 
Demographic data, translation tool usage data, initial TLDT experience, and objectives 
in using TLDT were explored. TLDT utilization and satisfaction were assessed. Fisher's 
exact test and Pearson's Chi-Square were utilized to analyze the data. 

Results: Eighty-eight (28.1%) dentists responded to the questionnaire. Respondents 
met foreign patients monthly, with Chinese patients being the most common group. 
Most dentists lacked Chinese fluency and relied on translation tools (68.2% use Google  
Translate). Dentists primarily used TLDT to translate Thai to English (53.4%) and  
English to Thai (42.0%). Thai, English, and Chinese usage patterns aligned with TLDT's 
goals, indicating successful implementation (p<0.05). Regarding utilization, TLDT was 
significantly associated with all objectives (p<0.05) except for spelling accuracy (p=0.06). 
Most respondents reported high satisfaction scores related considerably to finding words, 
word pairings, and text accuracy (p<0.05). Postgraduate levels respectively correlated 
with increased TLDT content satisfaction (p=0.02). 

Conclusions: The TLDT e-book demonstrates promise as a valuable resource for health-
care personnel, improving dental terminology communication in English and Chinese and 
might optimize dental care and postgraduate dental education in Thailand. 
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Introduction
 China's economic boom has propelled Mandarin into 
the world's second-most-spoken language.(1) An incidence 
of Chinese migrants seeking opportunities occupies Thai-
land's major cities. Their diverse motivations, from busi-
ness ventures and education to lifestyle choices, highlight 
a growing need for effective communication, both verbal 
and non-verbal, in various sectors, including healthcare 
services.(2)

 In the field of Dentistry, when Thai dentists meet  
Chinese-speaking patients, language barriers pose sig-
nificant challenges. Dental clinics frequently visited by 
Chinese patients often lack the multilingual interpreters 
that large hospitals commonly provide.(3) The medical and 
dental history taking, treatment plan explanation, patient 
safety, and satisfaction are essential components that need 
to be clearly addressed. Failure to communicate adequately  
may cause misinterpretation, place patient health at risk, 
restrict treatment options, and may lead to litigation.(4) 
Interpreters, while helpful, can be misinterpreted due to 
the lack of knowledge of dental terminology.(5,6)

 Adding another layer of complexity is the vast and 
specialized vocabulary of dental terminology. Existing 
resources in Thailand, like the "Thai Dental Terminology" 
book and an online version of the Thai-English glossary, 
provide a foundation but lack Chinese translations.(7) 

Developing the book "Three Languages of Dental Ter-
minology (TLDT)" by our authors was a groundbreak-
ing trilingual electronic book offering Thai, English, and 
Chinese translations.(8) The Thai terms originate from the 
book mentioned above. At the same time, the Chinese 
equivalents come from the "English-Chinese Dictionary 
of Stomatology," a bilingual dictionary focusing specifi-
cally on dental and stomatology terminology.(9) With over 
3703 entries covering diverse topics, the electronic TLDT 
surpasses most bilingual resources and allows conve-
nient searching for dental terminology in any of the three 
languages. TLDT, in the form of an e-book, comprised 
the key importance points for digital books in terms of 
accessibility, convenience, searchability, instant delivery, 
and cost-effectiveness. This innovative tool bridges the 
language gap in dentistry, promoting better communi-
cation, both speaking and writing, and ultimately, might 
improve patient outcomes and satisfaction. 
 However, this e-book hasn't been publicly tested yet. 
Therefore, this research aimed to explore its utilization 

and user satisfaction among Thai dentists who graduated 
from a private dental school, screening the way for further 
development and optimization of this valuable resource 
for bridging language barriers in dentistry.

Materials and Methods
 The Rangsit University Ethical Committee, by the 
Declaration of Helsinki, granted this Ethical approval 
of the cross-sectional pilot study with reference number  
RSU-ERB 2023-014. Respondents identified as all 
Thai dentists who graduated from the College of Dental  
Medicine, Rangsit University, between 2010 and 2021, 
were invited and recruited to participate in the study. They 
were contacted through two main channels: direct phone 
calls and invitations via the "RSU GRADUATE" LINE 
group announcement. The Dean of the College of Dental 
Medicine and the LINE Official Account Administrator 
permitted us to obtain all contact information. 
 All participating respondents received the exact  
formal instructions and informed consent to ensure con-
sistency. Questionnaires were employed as the research's 
primary data collection method and were collected  
entirely through online links. These links, sent via QR 
code, included four components: (1) a consent form with 
a study explanation; (2) a QR code for the Bookcaze  
application (Figure 1) and TLDT e-book; and (3 and 
4) questionnaires presented in both Thai and English  
versions (Figure 2) which the respondents could either 
selected according to the language preference. Google 
Forms facilitated these questionnaires, which ensured 
respondent anonymity and data confidentiality. The TLDT 
e-book was hosted on the Bookcaze company website, 
and participating respondents were granted free access to 
download the application and use this free e-book. After 
downloading the application and signing in, the respon-
dents browsed either the TLDT e-book in the “Medical 
Science” menu bar category or a “Free” store, then a PDF 
file of the “Thai-English-Chinese dental terminology” 
e-book could be downloaded and read or search words 
needed.
 Researchers developed the research question-
naire, reviewed by three experts, and underwent content  
validity.(10) An item objective congruence index of 0.8 
demonstrated acceptable content validity.(11) Item re-
sponse formats included checklists, dichotomous scales, 
5-point Likert scales (1 = least, 2 = few, 3 = moderate, 4 
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= much, 5 = most), and open-ended options for additional 
comments. The self-administered questionnaire com-
prised five sections, covering: Part 1: Demographic data (8 
items); Part 2: Translation tool usage data (9 items); Part 3: 
Initial TLDT experience (4 items) and objectives in using 
TLDT (6 items); Part 4: TLDT utilization assessment (4 
aspects); Part 5: TLDT satisfaction assessment (content 
and usage, four items each).
 Six objectives in using TLDT were explored: find-
ing words in other languages, finding synonyms, finding 
words that often appear together, checking text and spell-
ing accuracy, and accessing other word information.
 Questions for TLDT utilization assessment included:
 1. To what extent would you use TLDT if you treat-
ed Chinese-speaking patients?
 2. How necessary is a read-aloud function in TLDT?
 3. How necessary are illustrations in TLDT?
 4. How necessary are sentence examples in TLDT?
 TLDT satisfaction was assessed in two areas: content 
and usage.
 Content satisfaction was evaluated in four aspects:
 1. Finding the searched word(s): Did users success-
fully find the word they were looking for?
 2. Accuracy of meaning: Did the dictionary provide 
the correct definition for the word?
 3. Variety of word choices: Were users offered  
alternative words or synonyms?
 4. Trilingual understanding: Could users simul- 
taneously see the word in Thai, English, and Chinese?
 Usage satisfaction was investigated in four areas:
 1. Search speed: Could users find words quickly and 
easily?
 2. Symbol clarity: Were the app's symbols under-
standable and intuitive?
 3. Font readability: Was the font size and style easy 
to read on the screen?
 4. Word saving: Could users save and retrieve  
frequently used words?
 A sample size calculation (95% confidence interval 
(CI), 5% margin of error) established a requirement of 271 
responses, accounting for an anticipated 40% response 
rate.(12) Data collection spanned July-October 2023. 
All data was entered and analyzed using IBM® SPSS®  
Statistics version 29.0.1.0. Descriptive statistics (frequency,  
percentage, and median) were employed after the normal  
distribution was tested, while Fisher's Exact Test and 

Pearson Chi-Square tests including odd ratio (OR)  
explored relationships between objectives, utilization, 
and satisfaction.

Figure 1: QR Code for the Bookcaze application and TLDT e-book.

Figure 2: QR Code for the questionnaires presented in both Thai 
and English versions.

Results
 Three hundred and thirteen RSU graduates were  
invited to participate in the study, and 88 responded 
(28.1% response rate). All respondents were Thai, with a 
slight female majority (54 females, 61.4% vs. 34 males, 
38.6%). The respondents' ages ranged from 25 to 40 years, 
averaging 29. Most (84.1%) used Thai and English, while 
9.1% used Thai for patient communication. Only five 
respondents (5.7%) were fluent in all three languages 
(Thai, Chinese, and English), while one respondent (1.1%) 
was able to speak Thai, English, and Korean. Two-thirds 
(68.2%) were pursuing dental specializations in various 
fields, 17.0% were already specialists, and 14.8% were 
general dentists.    
 Regarding respondents' work locations, 67.0% 
worked in the capital city, Bangkok, 12.5% in surround-
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ing areas (Pathum Thani, Samut Prakan, Nakhon Pathom,  
Nonthaburi), and 20.5% in other provinces. Most of these 
(71.6%) worked in one setting (either private clinic, hos-
pital, or university), 25.0% in two, and 3.4% in three 
settings. Eighty-five (96.6%) respondents encountered 
foreign patients monthly, with only three (3.4%) seeing 
no foreign patients. Fifty-two respondents (59.1%) met 
1-5 foreign patients, eighteen (20.5%) met 6-10, and fif-
teen (16.9%) met more than 10. Regarding patients' race, 
58.0% met Chinese patients, while 42.0% did not. Of 
those who saw Chinese patients, 82.4% treated 1-5, 15.7% 
treated 6-10, and only 1.9% treated more than 10 Chinese 
patients monthly.
 Nevertheless, most respondents (93.2%) could not 
speak Chinese, while only 6 (6.8%) could. Google Trans-
late was the most popular tool for communication, and 
it was used by two-thirds of respondents (68.2%). The 
remaining apps used were ChatGPT, MediBabble, and an 
online dictionary. Three respondents (two in the hospitals 
and one in a clinic) relied on interpreters. Learning, edu-
cation, academic writing, vocabulary searches, and novel 
reading were performed apart from communication from 
the mentioned apps. English was the primary language 
used, with translation needed only for occasional inter-
actions with Chinese patients. Twenty-eight respondents 
(70.0%) were truly satisfied with the mentioned apps, 10 
(25.0%) were moderately satisfied, and 2 (5.0%) were 
somewhat satisfied. Most respondents (83, or 94.3%) 
preferred smartphones for these translation apps, while 
the remaining 5 (5.7%) used tablets and computers.
 After using the TLDT e-book, most respondents (47, 
or 53.4%) used it for Thai-to-English translation, fol-
lowed by English-to-Thai by 37 (42.0%). Furthermore, the 
median assessment scores of utilization for TLDT were 
high (Likert scale 4) across all four questions. Overall, 
the median satisfaction score with the content and usage 
of TLDT was also high (Likert scale 4). Therefore, we 
stratified the data according to the median score into two 
groups (least to moderate versus much to most) for further 
analysis. 
 Table 1 shows the statistically significant pattern 
of TLDT usage related to six objectives in using TLDT, 
obtained for Thai-to-English (according to the objectives 
shown consecutively in Table 1, OR=8.5; 95% CI 3.1, 22.8 
p<0.001; OR=10.8; 95% CI 4.0, 29.4 p<0.001; OR=8.8; 
95% CI 3.3, 23.6 p<0.001; OR=10.2; 95% CI 3.8, 27.5   

p<0.001; OR=9.1; 95% CI 3.4, 24.2 p<0.001; OR=5.7; 
95% CI 2.2, 14.7 p<0.001, respectively), and English-to-
Thai (OR=4.8; 95% CI 1.8, 13.0 p<0.001; OR=8.2; 95% 
CI 3.1, 21.7 p<0.001; OR=4.0; 95% CI 1.7, 9.9 p<0.001; 
OR=4.1; 95% CI 1.6, 10.4 p<0.001; OR=3.8; 95% CI 1.5, 
9.6 p=0.01; OR=3.2; 95% CI 1.3, 7.8 p=0.01, respectively).  
A similar pattern was also demonstrated with Thai- 
to-English-to-Chinese translation across all objectives  
(p<0.05). 
 Considering the relationship of interested research 
data, Table 2 shows the respondents' demographic data 
with TLDT utilization or satisfaction. Age, gender, work-
place province, and workplace type had no statistically 
significant relationship with TLDT utilization or satisfac-
tion. The only exception was the educational level, post-
graduate, related to content satisfaction with the TLDT 
(OR=6.2; 95% CI 1.4, 27.5; p=0.02). 
 Table 3 shows that TLDT utilization was statistical-
ly significant with all six objectives in using the TLDT  
except spelling accuracy (according to the objectives 
shown consecutively in Table 3, OR=3.7; 95% CI 1.3, 10.6 
p=0.02; OR=4.6; 95% CI 1.4, 15.3 p=0.01; OR=4.1; 95% 
CI 1.2, 13.6 p=0.02; OR=5.3; 95% CI 1.7, 16.3 p<0.001; 
OR=5.5; 95% CI 1.5, 20.6 p<0.001, respectively). Inter-
estingly, the content satisfaction levels were significantly  
related to three objectives: finding words in other languages  
(OR=6.7; 95% CI 1.3, 34.7; p=0.03), finding words that 
often appear together (OR=7.8; 95% CI 1.1, 36.3; p=0.04), 
and checking text accuracy (OR=5.4; 95% CI 1.1, 27.8; 
p=0.04). A similar pattern was also revealed for usage 
satisfaction (OR=3.2; 95% CI 1.1, 9.4; p=0.03; OR=9.5; 
95% CI 2.0, 44.5; p<0.001; and OR=3.4; 95% CI 1.1, 
10.1; p=0.03, respectively).
 Regarding unfound words in TLDT, 13 respondents 
(14.8%) reported encountering some (29 unfound words). 
Eight words were present in TLDT but were not found 
with the respondents' search terms. The remaining 21 
unfound words were absent as well.

Discussion
 This pilot cross-sectional study used an online ques-
tionnaire to investigate 88 Thai dentists' utilization and 
satisfaction with a Thai-English-Chinese dental termino- 
logy e-book. The results showed that the developed TLDT 
e-book is valuable for dentists and postgraduate dental  
students in Thailand. The e-book is easy to use and con-
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tains a comprehensive list of Thai, English, and Chinese 
dental terminologies. Dentists and postgraduate dental 
students are satisfied with the TLDT e-book and believe 
it helps improve communication with foreign patients or 
writing for academic purposes.
 Because of different types of communication, such 
as written, verbal, or non-verbal communication(13),  
using TLDT via verbal communication was not prominent 
in this study. Although most respondents encountered 
foreign patients monthly, with Chinese patients being 
the most common, most dentists cannot speak Chinese. 
English was the primary language used for occasional 
interactions with Chinese patients. Google Translate is 
the most popular translation tool, similar to the previous 
studies.(14,15) Even though the number of dentists using 
Chinese translation was relatively small, from our results, 
the pattern of dentist usage from Thai to English, English 
to Thai, and Thai to English to Chinese revealed a signifi-
cant relationship to the six objectives of TLDT. This study, 
therefore, highlights the need for trilingual translation 
tools for dental terminology.(16,17)

 Notably, an interesting finding emerged. Dentists 
pursuing specialization showed a statistically significant 
link with higher content satisfaction. Those used them for 
communication, learning, and academic writing, similar 
to the published data.(18) Dentists in postgraduate pro-
grams are likelier to write educational documents, leading 
to greater TLDT utilization and satisfaction. This result 
aligns with previous researches suggesting specialists seek 
educational resources like e-books for their specialized 
terminology and complex information needs.(19-21)  
 Usage patterns involving Thai-English, English-Thai, 
and Thai-English-Chinese translations were significantly 
associated with all six TLDT objectives. This result sug-
gests that common usage aligns closely with the e-book's 
intended purpose. This pattern strongly correlated with 
key objectives like finding words in other languages, iden-
tifying synonyms, and checking text accuracy. Therefore, 
the e-book primarily serves as a cross-language dental 
terminology lookup tool between Thai and English.
 This study also explored the relationship between 
TLDT objectives, utilization, and user satisfaction. While 
utilization was significantly linked to five out of six  
objectives (excluding spelling accuracy), user satisfaction 
only correlated with finding words in other languages, 
identifying words that often appear together, and text 

accuracy. This suggests that the equivalent finding of the 
core aim of cross-language terminology lookup and proper 
word usage primarily drive satisfaction.(18) Additionally, 
the closer match between utilization and objectives than 
satisfaction and objectives suggests that respondents used 
the TLDT effectively for its intended purpose.
 Limitations of this preliminary study include a rela-
tively small sample size and a low response rate (28.12%) 
compared to the expected 40%.(12) This could be due to 
recent concerns about phone scams in Thailand(22) and 
difficulty reaching respondents with outdated contact 
information. Future research could include interpreters 
or wider dental professional clinicians and utilize diverse 
contact methods to improve participation and generaliz-
ability of the study. Administrations of the questionnaire 
to calculate test-retest reliability should be performed 
to strengthen the findings. A few respondents reported 
encountering unfound words in the TLDT e-book, sug-
gesting potential areas for improvement. The TLDT itself 
includes incomplete three-language coverage, leading to 
missing search terms. Additionally, respondents suggested  
improvements like adding pronunciation, pictures,  
vocabulary usage examples, translation explanations, and 
categorizing word lists based on dental departments or  
difficulty. Further development and public testing are 
needed to refine and optimize these tools for maximum 
impact.

Conclusions
 This study suggests that multilingual e-books like 
TLDT can significantly improve the accessibility of dental 
terminology in Thai, English, and Chinese. The TLDT 
e-book is a helpful tool for enhancing communication of 
dental terminologies between Thai, English, and Chinese 
in Thailand. The e-book is easy to use and contains a com-
prehensive list of Thai, English, and Chinese dental termi-
nologies. Dentists and dental students who participated in 
the study reported that they are satisfied with the TLDT 
e-book and believe it helps improve communication with 
foreign patients and the writing of academic papers. 
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The Effect of Different Surface Treatments 
of Shear Bond Strength of Repaired
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Network Materials
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Abstract
Objectives: This study aimed to determine the alternative surface treatment method for 
repairing aged polymer-infiltrated ceramic network materials (PICNs) utilizing a shear 
bond strength (SBS) test. 

Methods: A PICNs block (VITA Enamic®) was cut into 5x5x5 mm3 followed by thermo-
cycling for 10,000 cycles. The specimens were then randomly divided into four groups 
(n=12), based on different surface treatments. Group HF+Si: treated with a 9.5% hydro-
fluoric acid and silane application, Group HF+Si+He: treated with a 9.5% hydrofluoric 
acid and silane application followed by an application of a hydrophobic resin monomer, 
Group MEP: treated with a self-etching ceramic primer, Group MEP+He: treated with a 
self-etching ceramic primer followed by an application of a hydrophobic resin monomer. 
All specimens were repaired with a resin composite and underwent a thermocycling aging 
process for 10,000 cycles before measuring shear bond strength. 

Results: One-way ANOVA revealed a significant difference in SBS among all groups. 
Group MEP exhibited a significantly lowest mean SBS value (p<0.05), while, mean SBS 
values from groups HF+Si, HF+Si+He, and MEP+He did not show statistically significant 
differences. 

Conclusions: Treating aged PICNs with only self-etching ceramic primer group provided 
an insufficient shear bond strength. However, when a hydrophobic resin monomer was 
applied after conditioning with self-etching ceramic primer, shear bond strength was 
distinctly improved to a comparable level to those treated with 9.5% hydrofluoric acid 
and silane primer.

Keywords: hydrofluoric acid, hyphobic resin monomer, self-etching ceramic primer, 
silane, PICNs
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Introduction
 Advanced developments in digital technology and 
manufacturing processes have resulted in a dramatic  
paradigm shift in dentistry and the widespread use of com-
puter-aided design/computer-aided manufacturing (CAD/
CAM) in the fabrication of indirect dental restorations.(1,2) 
While various dental ceramics are currently improved and 
available for CAD/CAM fabrication(2,3), they are still brit-
tle and susceptible to cracks and fractures. Such fractures 
are difficult to repair(4-6), impairing restoration longevity. 
As a result, the trend of development aims to reduce risk 
of fracture in indirect posterior restorations.(5) 
 Since 2013, the only one commercially available 
polymer-infiltrated ceramic materials (PICNs) with CAD/
CAM technology, VITA Enamic® (VITA Zahnfabrik, 
Bad Säckingen, Germany), has been introduced to dental 
profession. VITA Enamic® is composed of a network of 
feldspathic ceramics infiltrated by a polymeric phase.(4,7-9) 
The polymer-infiltrated ceramic materials exhibited lower 
brittleness, rigidity, and hardness than glass ceramics. 
They also demonstrated increased flexibility and fracture 
toughness.(7,9) This may result in an improvement in stress 
distribution, particularly during the mastication process.
(10) Nevertheless, several factors, including high masti-
catory forces, parafunctional habits, and internal defects 
within the material, critically impact the success of dental 
restorations in a long period of clinical service. Crack 
propagation induced by these factors may lead to fracture 
of restoration, significantly compromising longevity.(7-9) 
According to a three-year clinical research study conducted  
by Spitznagel et al.,(11) they discovered that fractures 
were the primary cause of failures in 103 PICNs CAD/
CAM restorations which were unacceptable bulk frac-
tures and chipping. The repairable failed restorations were  
repaired with resin composite and showed no failure up to 
three-year follow up.(11) Among those chipping, non-cata-
strophic fractures were repairable, extending esthetics and 
functional preservation of restorations.(12,13)

 Previous studies have been reported that the most  
effective technique for repairing polymer-infiltrated  
ceramic materials was etching with hydrofluoric acid 
followed by silane application(14, 15) and re-restoring with 
resin composite.(13) However, hydrofluoric acid was con-
sidered a hazardous substance, especially when it was 
spilled on tissues. The aggressiveness of this acid can 
cause burns that frequently result in deep tissue necro- 

sis.(13,16) The alternative less aggressive acid has been 
developed in order to reduce such complication during  
repairing procedure. A new self-etching glass-ceramic 
primer (Monobond Etch & Prime; Ivoclar Vivadent, Schaan, 
Liechtenstein) consists of four distinct compositions  
including an ammonium polyfluoride, phosphoric acid  
ester, solvent and silane enclosing in one bottle.(17)  
Murillo et al.,(18) compared the effects of the new self- 
etching primer with the contemporary technique on bond-
ing to glass-ceramic and resin cement. The result indicated 
no statistically significant difference in microtensile bond 
strength between the two groups. However, no study has 
examined the effectiveness of either self-etching primer 
alone or combined with a hydrophobic resin on the repair 
of polymer-infiltrated ceramic network materials.
 The application of bonding agents on old ceramic  
before repairing with resin composite has also been  
discussed.(19,20) According to certain studies, using bond-
ing agents, ones containing hydrophobic resin monomer, 
improved the bond between glass ceramics and resin  
composites.(19,20) On the other hand, the systematic  
review and meta-analysis performed by Nogueira  
et al.,(21) showed insufficient evidence to encourage using 
an adhesive system as an adjunctive surface treatment 
before repairing. With this inconsistency, the study about  
the benefit of a hydrophobic resin application on repairing 
polymer-infiltrated ceramic network materials surface, 
especially when combined with self-etch ceramic primer 
is scarce. 
 Altogether, these raised the question whether the new 
self-etching ceramic primer combined with a hydropho-
bic resin monomer could effectively repair the polymer- 
infiltrated ceramic network materials (PICNs). Therefore, 
the purpose of this study was to determine the different  
surface treatment methods for repairing polymer-infiltrated  
ceramic network material (PICNs) using shear bond 
strength. Additionally, an application of a hydrophobic 
resin monomer before placement of resin composites was 
also investigated in the present study.

Materials and Methods

Specimen preparation
 A total of 6 CAD-CAM PICNs block (VITA Enamic®,  
VITA Zahnfabrik, Bad Säckingen, Germany), size 
12×14×18 mm3, were cut into 5x5x5 mm3 slices using 
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a low-speed diamond cutting (Isomet Low Speed Saw, 
Buehler, USA) under constantly running water followed 
by a thermocycling aging process was simulated using 
dwelling in water between temperatures of 5-55ºC for 
10,000 cycles with a 60 s dwell time per bath (THE1400, 
SD Mechatronik GmbH). All specimens were then  
embedded in a self-curing acrylic resin. Each block was 
polished with five-step silicon carbide abrasive papers 
(200, 400, 600, 800, and 1,000 grit) using a polishing  
machine (NANO 2000, Pace Technologies, USA) to 
achieve standardized smooth surfaces before being 
cleaned with water for 5 minutes in an ultrasonic cleaner 
(Bransonic, Germany). All processes of specimen prepa-
ration are shown in Figure 1.

Surface treatment
 The details of the material used in the study are 
shown in Table 1, and the experimental procedures are 
displayed in Figure 1. The specimens were randomly  
divided into four groups according to the surface treatment 
(n=12).  
 Group1 (HF+Si): etch with 20-µl of  9.5% hydrofluoric  
acid (PORCELAIN ETCHANT, Bisco, Schaumburg, 
USA) for 60 seconds, wash with air-water spray for 60 
seconds, and air-dry for 10 seconds. Afterward, apply a 
10-µl Silane Primer (Kerr, Brea, USA) in one direction 
with a 1.5-mm microbrush (Cotisen®, Huanghua promise 
dental, Hebei, China), wait 60 seconds, and drying with 
warm air from a 10-cm distance for 20 seconds. The warm 
air was calibrated to 60°C using a thermometer (Testo 
Saveris 2-T3, Testo SE & Co., Germany).
 Group 2 (HF+Si+He): same as group 1, additionally,  
apply a 10-µl Heliobond (Ivoclar Vivadent, Schaan, 
Liechtenstein) in one direction with  a 1.5-mm microbrush 
(Cotisen®, Huanghua promise dental, Hebei, China) and 
photopolymerized (Demi™Plus, Kerr, Orange, CA, USA) 
for 20 seconds
 Group 3 (MEP): applying 20-µl Monobond Etch & 
Prime (Ivoclar Vivadent, Schaan, Liechtenstein) using a 
1.5-mm microbrush (Cotisen®, Huanghua promise dental, 
Hebei, China), agitate on the surface for 20 seconds, and 
wait for 40 seconds. Then, thoroughly rinse off with water 
for 20 seconds and drying the specimen with warm air 
with the same calibration as used in group 1.
Group 4 (MEP+He): same as group 3, additionally, apply  
a 10-µl Heliobond (Ivoclar Vivadent, Schaan, Liech-

tenstein) in one direction with a 1.5-mm microbrush  
(Cotisen®, Huanghua promise dental, Hebei, China) and 
photopolymerized (Demi™Plus, Kerr, Orange, CA, USA) 
for 20 seconds

Repair method
 A clear silicone mold with 3x3 mm2 (wide x height) 
was placed at the center of each specimen to standardize 
the bonding area. Resin composite (Filtek™ Z350 XT, 
3M ESPE, St. Paul, USA) with thickness of 1.5 mm. was 
applied in the mold and photopolymerized. The another  
increment with same thickness was then applied to  
provide 3 mm thickness of resin composite restoration. 
A light-polymerizing unit (Demi™Plus, Kerr, Orange, 
CA, USA), with a diameter size of 8 mm, was used to 
photopolymerize each increment for 40 seconds, the tip of 
the unit was touched to the mold at an intensity of 1,100 
mW/cm2, the device was calibrated with a radiometer 
(Optilux Radiometer, Kerr, Orange, CA, USA). After the 
polymerization, the silicone mold was carefully detached 
using a scalpel, and excess resin composite material was 
also gently removed. The specimens were then kept in 

Figure 1: Flow chart of the experimental procedures.
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Table 1: Material compositions.

Material Type Composition Lot No.
VITA Enamic®

(VITA Zahnfabrik,
Bad Säckingen, Germany)

Polymer-infiltrated ceramic network 
materials (PICNs)

Ceramic content (86% wt, 75% vol): SiO2 (58-
63%), Al2O3 (20-23%), Na2O (9-11%), K2O 
(4-6%), B2O3 (0.5-2%), ZrO2<1%, CaO<1% 
Polymer content (14% wt, 25% vol): UDMA, 
TEGDMA

99280

Filtek™ Z350 XT (3M 
ESPE, St. Paul, USA)

Nanofill resin composite Filler: silica filler, non-agglomerated/non-aggre-
gated 4 to 11 nm zirconia filler, and aggregated 
zirconia/silica cluster filler.          
Resin: Bis-GMA, UDMA, TEGDMA, Bis-
EMA, PEGDMA 

9783163

PORCELAIN ETCHANT      
(Bisco, Schaumburg, 
USA) 

Hydrofluoric acid 9.5% Buffered hydrofluoric acid gel 2300001967

Monobond Etch & Prime
(Ivoclar Vivadent, Schaan, 
Liechtenstein) 

Self-etching ceramic primer Butanol, tetrabutylammonium dihydrogen 
trifluoride, methacrylate phosphoric acid ester, 
bis(triethoxysilyl) ethane, silane methacrylate, 
colourant, ethanol, water

Z03CD9

Silane Primer
(Kerr, Brea, USA)

Silane coupling agent Ethanol, (1-methylethylidene)bis[4,1-phenyl-
eneoxy(2- hydroxy-3,1-propanediyl)] bis-
methacrylate, Poly(oxy-1,2-ethanediyl), 
α,α'-[(1- methylethylidene)di-4,1-phenylene]
bis[ω-[(2- methyl-1-oxo-2-propen-1-yl)oxy]-, 
2,2’-ethylenedioxydiethyl dimethacrylate 3-tri-
methoxysilylpropyl methacrylate

9730905

Heliobond
(Ivoclar Vivadent, Schaan, 
Liechtenstein) 

Light-curing, single-component 
hydrophobic resin monomer

Bis-GMA, TEGDMA, photoinitiator Z02TZ2

distilled water at 37°C for 24 hours before thermocycling 
in water between 5 and 55°C for 10,000 cycles with a 60-s 
dwell time per bath (THE1400, SD Mechatronik GmbH).

Shear bond strength test
 After thermocycling, shear bond strength test was 
conducted using a universal testing machine (EZ-S500N, 
SHIMADZU, JAPAN). Each specimen was attached to a 
metal mold. And was loaded with a crosshead speed of 1 
mm per minute and applied at the bonding interface until 
failure. The bond strength was recorded and calculated by 
Trapezium 2 program. The mean and standard deviation 
of shear bond strength in each group were analyzed. 

Mode of failure analysis
 Fractured specimens were examined under a stereo-
microscope (SZ 61, OLYMPUS, JAPAN) to evaluate the 
failure mode at a magnification of 15X. Modes of failure 

were classified into 4 types as following: adhesive, cohe-
sive in either the PICNs or resin composite, and mixed 
failure. The percentage of each mode was calculated based 
on the total specimens of each group. 

Scanning electron microscopic (SEM) analysis
 The two representative specimens were subjected to 
SEM analysis to evaluate topographic change after surface 
treatment by rinsing with deionized water, drying with oil-
free air, sputter coating with a conductive 6-nm gold layer, 
and analyzing the surface structure with an SEM (JSM-
6610LV Scanning Electron Microscope JEOL, USA) at an 
acceleration voltage 20 kV. Moreover, the two specimens 
of each group were selected after the shear bond strength 
test to display the failure surface.

Statistical analysis 
 Statistical analysis was performed using SPSS 
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software (IBM SPSS statistics version 29.0.1.0, IBM; 
Armonk, NY, USA). All data was analyzed with a  
Shapiro-Wilk to test the normality of data distribution. 
The One-way ANOVA was used to compare the effect 
of surface treatment between groups in which the level 
of confident at 95% was considered to be statistically 
significant. 

Result

Shear bond strength (SBS) and failure mode analysis
 SBS values were normally distributed. Mean SBS 
values and standard deviations each group are shown in 
Table 2. One-way ANOVA demonstrated a statistically 
significant difference (p<0.05) of mean SBS values among 
all groups. Group 3 showed the lowest mean SBS values 
comparing to others. However, groups 1, 2, and 4 did no 
statistical difference.
 The percentage of mode of failure is presented in 
Figure 2. Adhesive failure was the predominant mode 
observed exclusively in Group 3. In contrast, Groups 
1, 2, and 4 primarily exhibited a mixed mode, although 
adhesive failure was also presented.

Scanning electron microscopic (SEM) analysis
 Representative images of surface topography after  
each experimental protocol using SEM analysis are  
displayed in Figures 3. Abundant microporosity between 
the intact interpolymer network was observed in Group 
1 (Figure 3B). Whereas slight surface roughness was  
observed in Group 3 (Figure 3D) which was similar to 
thermocyled PICNs surface (Figure 3A). However, a flat 
and smooth surface was found in either Group 2 (Figure 
3C) or Group 4 (Figure 3E). Additionally, surface mor-
phology of representative fracture surfaces was inves-
tigated and are presented in Figures 4. Fracture surface 
at adhesive interface was seen in adhesive failure mode 
(Figure 4A). For mixed mode of failure, partial fracture of 
either PICNs or resin composite could be seen as shown 

in Figure 4B and Figure 4C respectively.

Discussion
 During the repair process, surface conditioning of 
the repaired substrate is the most critical factor deter-
mining success. Moreover, different surface conditioning  
methods can induce distinct topographic changes in various  
ceramic materials, leading to variations in bond strength.(22)  
The present study investigated different surface treat-
ment protocols for repairing aged PICNs using shear bond 
strength test. The result showed that aged PICNs with 
different surface treatments exhibited different bond per-
formances. The primary finding of the study was that the 
repairing PICNs with a self-etching ceramic primer alone 
was insufficient compared to conventional techniques, 
whereas the additional step of application of hydropho-
bic resin provided the effective surface treatment before 
repairing aged PICNs. 
 In line with the present study,  previous research 
demonstrated that hydrofluoric acid treatment followed by 
the application of a silane coupling agent was the most ef-
fective method for surface treatment of the PICNs, includ-
ing aged PICNs.(14,15) Eighty percent of PICNs consists of 
a feldspathic network, which is acid-labile. Hydrofluoric 
acid partially dissolves the glass-ceramic network, creat-
ing a distinct “honeycomb” pattern on material surface, 
as observed in the SEM image (Figure 3B).(12,23,24) When 
pre-hydrolyzed silane is applied, its inorganic compo-
nent reacts with silicon dioxide on the etched glass sur-
face forming siloxane bonds, while the methoxy groups 
bond with methacrylate-based resins. This silane-treated  
porosity allows micromechanical interlocking when resin 
cement is polymerized, resulting in a strong bond (Group 
HF+Si).(25-27) 
 Meanwhile, twenty percent of PICNs consists of  
a patented high-temperature and high-pressure poly- 
merized resin, which resulted in a high degree of conver-
sion of polymer-infiltration.(28) This property may reduce 
the potential for chemical copolymerization between free 

Table 2: Means ± SD of the shear bond strength values (MPa) in each group.

Surface treatment (n=12) Group 1 (HF+Si) Group 2 (HF+Si+He) Group 3 (MEP) Group 4 (MEP+He)
Shear bond strength (MPa) 21.44±3.58A 21.48±1.64A 10.28±1.87B 19.60±2.12A

Means ± SD in MPa. Different capital letters in each row mean significantly different at p<0.05.
HF: Hydrofluoric acid; Si: Silane primer; He: Heliobond; MEP: Monobond Etch & Prime
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micromechanical interlocking can be concluded that it 
has an even greater influence on the adhesive interface’s 
performance compared to chemical reaction.(26)

 The creation of sufficient space following glassy 
dissolution is essential for enhancing surface wettability  
and ensuring secure micromechanical interlocking  
between PICNs and resin-based materials. Unlike the 
HF+Si group, the porosities on PICNs treated with a 
self-etching ceramic primer (Group MEP) presented mini-
mal surface modification, resembling the untreated surface 
as seen in Figure 3A and 3D. The main active ingredient 
in a self-etching ceramic primer responsible for glass- 
ceramic dissolution is Tetrabutylammonium dihydrogen 
trifluoride (TADF), which has lower acidic aggressiveness 
compared to hydrofluoric acid. Due to this milder etching 
effect, the removal of the glassy phase is limited, resulting 
in lower surface roughness, as reported in a previous study.
(29) The small spaces created by this treatment may hinder 
the penetration of conventional resin composites, which 
are highly viscous. This limitation likely explains the 
significantly lower shear bond strength (SBS) observed in 
PICNs treated with MEP alone, which was consistent with 
previous studies showing that ceramic materials treated 
with MEP exhibited a lower bond strength compared to 
those treated with HF and silane.(16,30,31)

 Numerous studies proposed applying hydrophobic 
resin monomer coating on silanated ceramic surfaces 
before repairing them with resin composite to improve 
the bond between resin composite and ceramic inter- 
face.(19,20) The viscosity of hydrophobic resin monomer 
was less than that of resin composite, providing  improved 
flowability on silanated ceramic surface, filling in small 
pores and irregularities on surface, resulting in a close  
adaptation and preventing any defects.(19,20) In recent 
years, universal adhesives containing silane applied on 
etched ceramic surfaces have been introduced, claiming 
their simplified application procedure and fewer clinical 
steps.(32) However, various studies observed a negative 
effect on bond durability when multicomponent ceramic 
primers or bonding agents containing hydrophilic mono-
mers were used to repair ceramic.(4,32-34) A previous study 
demonstrated that the hydrophilic component in dental 
adhesive applied to silanated feldspathic ceramics led 
to a decrease in microtensile bond strength over time,  
despite initially high values.(33) Therefore, the low-vis-
cosity, hydrophobic resin, Heliobond, which lacks hydro-

Figure 2: Mode of failure in each group.

Figure 3: Representative SEM images after surface treatment 
at 5000X magnification. (A), Surface of aged PICNs presented 
roughness and narrow valley: (B), Aged PICNs, treated with 9.5% 
hydrofluoric acid and silane, exhibited numerous microporosities be-
tween the intact polymer phase: (C), Aged PICNs, treated with 9.5% 
hydrofluoric acid and silane followed by resin monomer application, 
revealed a flat and smooth surface: (D), Aged PICNs, treated with a 
self-etching ceramic primer, displayed slight surface roughness: (E), 
Aged PICNs treated with a self-etching ceramic primer followed by 
resin monomer application showed a smooth surface.

Figure 4: Representative SEM images of specimens after the shear 
bond strength test reveal different failure modes. (A), Adhesive 
failure, all the failure occurred only at the materials interface: 
(B), Mixed failure, partial fracture of the interface was shown and  
involved in PICNs: (C), Mixed failure, partial fracture at the interface 
was shown and involved in resin composite.

monomer in the PICNs and the resin-based materials. 
Additionally, this phase is resistant to hydrofluoric acid 
as it remained intact shown in Figure 3B, forming etching 
pattern that effectively facilitate bonding. Therefore, this 
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philic components, was chosen as an adjunctive surface 
treatment before repairing the aged PICNs. 
 The results from HF+Si+He group showed no signi- 
ficant difference from the HF+Si group, indicating that the 
hydrophobic resin monomer was not necessary for surface 
treatment of aged PICNs in the scenario when PICNs was 
treated with HF and silane. This can be explained by the 
distinctly greater surface roughness on PICNs.(28) The 
deep and large valley on the PICNs surface may allow 
the viscous resin composite to adapt closely to the pre-
pared surface, even without a low-viscosity hydrophobic 
resin layer. However, recent study was reported that the 
application of a universal adhesive can achieve similar 
SBS in HF-treated ceramic, despite no additional silane 
application.(35) Therefore, when conventional hydro- 
fluoric acid was used as a surface treatment, the necessity 
of an additional hydrophobic coating in ceramic repair 
remained inconclusive and was required further study. 
 A self-etching ceramic primer contains not only 
TADF but also silanes as a single-component system,  
designed to simultaneously promote siloxane activity on 
the prepared surface in one application.(16,24,36)  However,  
the acidic nature of the MEP solution raised concerns 
about the hydrolytic stability of organosilane, potentially 
reducing its effectiveness.(37) In addition to acidity, rins-
ing the surface with water after allowing the solution to 
react may interfere with silanol activity. Despite these 
concerns, the silane in MEP has been reported to retain 
silanol activity after immersion in hot water or thermo-
cycling, as demonstrated using micro MIR-FTIR.(29)  
This stability was likely attributed to the specific com-
ponent bis(triethoxysilyl) ethane (BTSE), which is more  
hydrophobic due to the presence of an ethane group in 
its structure.(38) BTSE enhanced hydrolytic stability and 
facilitated the effective performance of organosilane.(39) 
The results from MEP+He group in the present study also 
proved the retained activity of silane. The low-viscosity 
hydrophobic resin was able to flow intimately into the 
material structure, effectively wetting the MEP-treated 
surface and creating a well-prepared bonding interface 
for copolymerization with conventional resin composite  
materials. This led to SBS values from this group compa-
rable to the HF+Si group, indicating the potential of ME-
P+He in adhesive performance for repairing aged PICNs.
 The composition of the additional resin layer should 

also be considered. Fillers in adhesive agents enhanced 
mechanical properties(40,41), probably improving bond 
between the adhesive and the ceramic substrate. However, 
an increase in filler size and volume raised viscosity(40,41), 
negatively affecting wettability and limiting resin pen-
etration into micro-porosities, which may compromise 
bond strength. Therefore, further studies are needed to 
investigate the impact of filler composition on the bond 
strength of repaired PICNs.
 When compared to a newly restored material, aged 
material exhibited a significant decrease in bonding per-
formance.(16,18) Thermocycling is the most commonly 
used method for accelerating aging simulation, particu-
larly for assessing the thermal effect on the bond inter-
face, which could induce material fatigue due to thermal 
fluctuations.(15,23,24,26,42-44) Several studies have reported  
differences in bond strength between immediate and 
5000-thermocycled PICNs.(42,45) Additionally, a clinical  
study indicated that the first instance of chipping in PICNs 
restoration was observed approximately 11.4 months 
post-insertion.(11) To simulate intraoral condition for 
one year(11), 10,000 thermal cycles were performed. The  
incompatibility of the thermal expansion coefficients 
of different materials may lead to failure in repaired  
restorations.  Moreover, decrease in bond strength values  
observed after thermocycling could be attributed to  
water exposure, which negatively affects polymer stability,  
resulting in resin composite plasticization and, ultimately, 
hydrolytic degradation.(42) In contrast with the in vitro  
study, oral environmental conditions affected wear 
and degradation of dental restorations.(46,47) Moisture  
degraded the siloxane bond, resulting in silane hydrolysis 
and deteriorating the bond over time.(42,47,48) Therefore, a 
combination of different accelerating aging processes is 
suggested for further study.
 The difference in mechanical properties between 
repaired ceramic restorations and the less-stiff resin com-
posite used at the fracture site can generate high tensile 
stresses at the ceramic-composite interface beneath the 
loaded area.(46) Therefore, further clinical studies are 
needed to evaluate the long-term survival of repaired 
restorations. Additionally, newly developed resin com-
posites, which claim to have higher strength than previous 
formulations, should be investigated for their potential in 
repairing hybrid ceramic materials.
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Conclusions
 Aged PICNs can be effectively repaired using either 
hydrofluoric acid and silane or a self-etching ceramic 
primer followed by the application of a hydrophobic resin. 
However, surface treatment with a self-etching ceramic 
primer alone may be insufficient for achieving optimal 
repair of aged PICNs. 

Acknowledgments
 The authors are grateful to Dr. Soranun Chantarang-
su for her statistical consultation. Moreover, the authors  
acknowledge the Dental Material Science Research Center  
and Oral Biology Research Center, the Faculty of Dentistry,  
Chulalongkorn University.

Conflicts of Interest
 The authors declare no conflict of interest.
 
References
1. Yu H, Ozcan M, Yoshida K, Cheng H, Sawase T. Bonding 

to industrial indirect composite blocks: a systematic review 
and meta-analysis. Dent Mater. 2020;36(1):119-34.

2. Ruse ND, Sadoun MJ. Resin-composite blocks for dental 
CAD/CAM applications. J Dent Res. 2014;93(12):1232-4.

3. Facenda JC, Borba M, Corazza PH. A literature review on the 
new polymer-infiltrated ceramic-network material (PICN). 
J Esthet Restor Dent. 2018;30(4):281-6.

4. Conejo J, Ozer F, Mante F, Atria PJ, Blatz MB. Effect of 
surface treatment and cleaning on the bond strength to 
polymer-infiltrated ceramic network CAD-CAM material. 
J Prosthet Dent. 2020;126(5):698-702.

5. Verissimo AH, Duarte Moura DM, de Oliveira Dal Piva AM, 
Bottino MA, de Fatima Dantas de Almeida L, da Fonte Porto 
Carreiro A, et al. Effect of different repair methods on the 
bond strength of resin composite to CAD/CAM materials 
and microorganisms adhesion: an in situ study. J Dent. 
2020;93:103266.

6. Lu T, Peng L, Xiong F, Lin XY, Zhang P, Lin ZT, et al. A 
3-year clinical evaluation of endodontically treated posterior 
teeth restored with two different materials using the CEREC 
AC chair-side system. J Prosthet Dent. 2018;119(3):363-8.

7. Moura DMD, Verissimo AH, Leite Vila-Nova TE, Calderon 
PS, Ozcan M, Assuncao Souza RO. Which surface treatment 
promotes higher bond strength for the repair of resin nano-
ceramics and polymer-infiltrated ceramics? a systematic 
review and meta-analysis. J Prosthet Dent. 2021;128(2): 
139-49.

8. Bello YD, Di Domenico MB, Magro LD, Lise MW, Corazza 
PH. Bond strength between composite repair and poly-
mer-infiltrated ceramic-network material: effect of different 

surface treatments. J Esthet Restor Dent. 2019;31(3):275-9.
9. Silva P, Martinelli-Lobo CM, Bottino MA, Melo RM, 

Valandro LF. Bond strength between a polymer-infiltrated 
ceramic network and a composite for repair: effect of several 
ceramic surface treatments. Braz Oral Res. 2018;32:e28.

10. Rohr N, Flury A, Fischer J. Efficacy of a universal adhesive 
in the bond strength of composite cements to polymer- 
infiltrated ceramic. J Adhes Dent. 2017;19(5):417-24.

11. Spitznagel FA, Scholz KJ, Strub JR, Vach K, Gierthmuehlen 
PC. Polymer-infiltrated ceramic CAD/CAM inlays and 
partial coverage restorations: 3-year results of a prospec-
tive clinical study over 5 years. Clin Oral Investig. 2018; 
22(5):1973-83.

12. Gungor MB, Nemli SK, Bal BT, Unver S, Dogan A. Effect of 
surface treatments on shear bond strength of resin composite 
bonded to CAD/CAM resin-ceramic hybrid materials. J Adv 
Prosthodont. 2016;8(4):259-66.

13. Kukiattrakoon B, Thammasitboon K. Optimal acidulated 
phosphate fluoride gel etching time for surface treatment 
of feldspathic porcelain: on shear bond strength to resin 
composite. Eur J Dent. 2012;6(1):63-9.

14. Schwenter J, Schmidli F, Weiger R, Fischer J. Adhesive 
bonding to polymer infiltrated ceramic. Dent Mater J. 
2016;35(5):796-802.

15. Ustun O, Buyukhatipoglu IK, Secilmis A. Shear bond 
strength of repair systems to new CAD/CAM restorative 
materials. J Prosthodont. 2018;27(8):748-54.

16. Prado M, Prochnow C, Marchionatti AME, Baldissara P, 
Valandro LF, Wandscher VF. Ceramic surface treatment 
with a single-component primer: resin adhesion to glass 
ceramics. J Adhes Dent. 2018;20(2):99-105.

17. Maier E, Bordihn V, Belli R, Taschner M, Petschelt A, 
Lohbauer U, et al. New approaches in bonding to glass- 
ceramic: self-etch glass-ceramic primer and universal  
adhesives. J Adhes Dent. 2019;21(3):209-17.

18. Murillo-Gomez F, De Goes MF. Bonding effectiveness 
of tooth-colored materials to resin cement provided by 
self-etching silane primer after short- and long-term storage. 
J Prosthet Dent. 2019;121(4):713 e1- e8.

19. Sebben J, Canevese VA, Alessandretti R, Pereira GKR, 
Sarkis-Onofre R, Bacchi A, et al. Effect of surface coating 
on bond strength between etched feldspar ceramic and  
resin-based luting agents. Biomed Res Int. 2018;2018: 
3039251. doi: 10.1155/2018/3039251.

20. Aida M, Wakami M, Watanabe T, Omura Y, Nishiyama 
N. Effects from applying adhesive agents onto silanated 
porcelain surface on the resin bond durability. Dent Mater 
J. 2008;27(3):427-32.

21. Nogueira IO, Oliveira PFG, Magno MB, Ferreira D, Maia 
LC, Rabello TB. Does the application of an adhesive layer 
improve the bond strength of etched and silanized glass- 
ceramics to resin-based materials? a systematic review and 
meta-analysis. J Prosthet Dent. 2021;125(1):56-64.



119Oral Sci Rep: Volume 46 Number 2 May-August 2025

22. Maruo Y, Nishigawa G, Irie M, Yoshihara K, Matsumoto T, 
Minagi S. Does acid etching morphologically and chemical-
ly affect lithium disilicate glass ceramic surfaces?. J Appl 
Biomater Funct Mater. 2017;15(1):e93-e100.

23. Niizuma Y, Kobayashi M, Toyama T, Manabe A. Effect of 
etching with low concentration hydrofluoric acid on the 
bond strength of CAD/CAM resin block. Dent Mater J. 
2020;39(6):1000-8.

24. Donmez MB, Okutan Y, Yucel MT. Effect of prolonged ap-
plication of single-step self-etching primer and hydrofluoric 
acid on the surface roughness and shear bond strength of 
CAD/CAM materials. Eur J Oral Sci. 2020;128(6):542-9.

25. Matinlinna JP, Lung CYK, Tsoi JKH. Silane adhesion 
mechanism in dental applications and surface treatments: 
a review. Dent Mater. 2018;34(1):13-28.

26. Eldafrawy M, Greimers L, Bekaert S, Gailly P, Lenaerts C, 
Nguyen JF, et al. Silane influence on bonding to CAD-CAM 
composites: an interfacial fracture toughness study. Dent 
Mater. 2019;35(9):1279-90.

27. Sgrott N, Lins R, Silva I, Lepesqueur L, Olivieri K, Brandt 
W. Evaluation of self-etching primer on bond strength in 
feldspathic ceramic. Res Soc Dev. 2021;10:e33110514572.

28. Mainjot AK, Dupont NM, Oudkerk JC, Dewael TY, Sadoun 
MJ. From artisanal to CAD-CAM blocks: state of the art of 
indirect composites. J Dent Res. 2016;95(5):487-95.

29. Dimitriadi M, Zinelis S, Zafiropoulou M, Silikas N, Eliades 
G. Self-etch silane primer: reactivity and bonding with a 
lithium disilicate ceramic. Materials. 2020;13:641.

30. Grangeiro MTV, Rossi NR, Barreto LAL, Bottino MA, 
Tribst JPM. Effect of different surface treatments on the 
bond strength of the hybrid ceramic characterization layer. 
J Adhes Dent. 2021;23(5):429-35.

31. Awad M, Alhalabi F, Alotaibi N, Alzamil F, Binalrimal S, 
Alrahlah A, . A systematic review and meta-analysis of 
bond strength studies associated with self-etching primer 
and HF acid etching of dental glass-ceramics. Int J Adhes 
Adhes. 2022;118:103216.

32. Melo LA, Moura IS, Almeida EO, Junior ACF, Dias TGS, 
Leite FPP. Efficacy of prostheses bonding using silane  
incorporated to universal adhesives or applied separately: 
a systematic review. J Indian Prosthodont Soc. 2019;19(1): 
3-8.

33. El Zohairy AA, De Gee AJ, Hassan FM, Feilzer AJ. The 
effect of adhesives with various degrees of hydrophilicity 
on resin ceramic bond durability. Dent Mater. 2004;20(8): 
778-87.

34. Hickel R, Brushaver K, Ilie N. Repair of restorations-- 
criteria for decision making and clinical recommendations. 
Dent Mater. 2013;29(1):28-50.

35. Doğan İ, Karaman E. How the repair bonding strength of 
hybrid ceramic CAD/CAM blocks is influenced by the use 
of surface treatments and universal adhesives. Dent Mater 
J. 2024;43(2):312-9.

36. Wille S, Lehmann F, Kern M. Durability of resin bonding to 
lithium disilicate and zirconia ceramic using a self-etching 
primer. J Adhes Dent. 2017;19(6):491-6.

37. Yao C, Yu J, Wang Y, Tang C, Huang C. Acidic pH weakens 
the bonding effectiveness of silane contained in universal 
adhesives. Dent Mater. 2018;34(5):809-18.

38. Araki S, Nishikawa Y, Nakata M, Li K, Yamamoto H. 
Synthesis of hydrophobic silica membranes derived from 
propyl trimethoxy silane and bis(triethoxysilyl)ethane for 
separation of volatile organic compounds from aqueous 
solutions. J Membr Sci. 2022;643:120046.

39. van Ooij WJ, Zhu D, Stacy M, Seth A, Mugada T, Gandhi  
J, et al. Corrosion protection properties of organofunc-
tional silanes—an overview. Tsinghua Sci Technol. 2005; 
10(6):639-64.

40. Faltermeier A, Rosentritt M, Faltermeier R, Reicheneder C, 
Müssig D. Influence of filler level on the bond strength of 
orthodontic adhesives. Angle Orthod. 2007;77(3):494-8.

41. Mortazavi V, Fathi M, Ataei E, Khodaeian N, Askari N. 
Shear bond strengths and morphological evaluation of filled 
and unfilled adhesive interfaces to enamel and dentine. Int 
J Dent. 2012;2012:858459.

42. Cekic-Nagas I, Ergun G, Egilmez F, Vallittu PK, Lassila 
LV. Micro-shear bond strength of different resin cements 
to ceramic/glass-polymer CAD-CAM block materials.  
J Prosthodont Res. 2016;60(4):265-73.

43. Prabriputaloong S, Krajangta N, Klaisiri A. The effect of 
different chemical surface treatments on the bond strength 
of resin-matrix ceramic repaired with resin composite. Eur 
J Dent. 2025;19(1):165-72.

44. Klaisiri A, Maneenacarith A, Sriamporn T. The effect of 
micromechanical surface preparation and adhesive surface 
modification strategies on resin-matrix ceramic repair bond 
strength using universal adhesive containing silane agent. 
Eur J Gen Dent. 2025;14:61-6.

45. Şişmanoğlu S, Turunç R. Microshear bond strength of 
contemporary self-adhesive resin cements to CAD/CAM 
restorative materials: effect of surface treatment and aging. 
JAST. 2020;34:1-15.

46. Attia A. Influence of surface treatment and cyclic loading on 
the durability of repaired all-ceramic crowns. J Appl Oral 
Sci. 2010;18(2):194-200.

47. Guarda GB, Correr AB, Goncalves LS, Costa AR, Borges 
GA, Sinhoreti MA, et al. Effects of surface treatments, 
thermocycling, and cyclic loading on the bond strength of 
a resin cement bonded to a lithium disilicate glass ceramic. 
Oper Dent. 2013;38(2):208-17.

48. Brentel AS, Ozcan M, Valandro LF, Alarca LG, Amaral R, 
Bottino MA. Microtensile bond strength of a resin cement 
to feldpathic ceramic after different etching and silaniza-
tion regimens in dry and aged conditions. Dent Mater. 
2007;23(11):1323-31.



A Delayed Onset Cyst-like Lesion at the
Lip after Hyaluronic Acid Filler Injection: 
A Case Report

Atapol Yongvikul1,2, Manop Khanijou2, Natthamet Wongsirichat2, Thongnard Kumchai2

1Department of Oral and Maxillofacial Surgery, Masterpiece Plastic Hospital, Thailand 
2Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Bangkokthonbui University, 
Thailand 

Abstract
 Nowadays, lip augmentation has become a key component in addressing cosmetic 
concerns. In particular, hyaluronic acid (HA) fillers are increasingly used for this mini-
mally invasive procedure. Generally, this procedure is well-tolerated, and major adverse 
events are rare. However, some delayed complications can occur following HA filler 
injection. Here, we report a case of a HA-related complication in a 45-year-old female 
patient, affecting the lower lip. Four weeks after the HA filler application, without any 
immediate adverse effects, a painless, well-defined border nodule occurred in the wet lip 
area. This cyst-like lesion was surgically identified and successfully treated with surgical 
excision. Clinicians should be aware that a case manifesting as a well-defined lip nodule 
suggests salivary gland cysts, soft tissue tumors and cysts, as well as filler-related nodules. 
This delayed presentation of HA-related nodule in the lower lip poses unique diagnostic 
and management challenges.
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Introduction
 In recent decades, lip augmentation procedures have 
been developed to address the growing trend of achiev-
ing ideal lips and combating signs of aging. Among the  
various methods available, filler injections have emerged 
as one of the most common and effective approaches.(1) 
The evolution of fillers has been remarkable, beginning 
with bovine collagen injections in the 1980s and progress-
ing to include human collagen, hyaluronic acid (HA), 
calcium hydroxyapatite, poly-L-lactic acid, silicone, and 
other formulations.(2,3) The ideal skin filler is expected to 
offer several essential characteristics. It should be biocom-
patible, allowing for seamless integration with the body's 
tissues. Moreover, it should be removable when necessary, 
cost-effective, hypoallergenic, have a long-lasting effect, 
and easy to distribute and store. In the current landscape 
of cosmetic procedures, HA dermal fillers stand out as 
a preferred choice due to their ability to meet many of 
these criteria. HA, regardless of its source–be it from 
animals, humans, or HA-producing bacteria–possesses 
the same molecular structure, thereby minimizing the 
risk of allergic or immunogenic reactions. This lack of 
tissue or species specificity enhances its safety profile.(2,3)  
However, the rapid breakdown of original HA by hyalu-
ronidase poses a challenge, as it has a short half-life of 
only 12 hours. To address this limitation, manufacturers 
have developed injectable HA skin fillers with enhanced 
longevity and durability by modifying the cross-linking 
chain of HA.(2,4) These advancements have significantly 
extended the duration of HA fillers, allowing patients to 
enjoy their aesthetic benefits for longer periods with fewer 
maintenance treatments
 Mild pain, erythema, swelling, and bruising at the  
injection site are common complaints after HA injection.(2)  
While these symptoms are typical and generally subsided 
within a short period, the procedure itself is associated 
with a very low rate of serious complications.(5) One 
such severe complication, well-documented in medical 
literature, is blindness, which occurs when the filler is 
inadvertently injected into vessels around the orbits, 
such as the supraorbital vessels. The high pressure at the  
needle's end, coupled with a bolus injection technique, can 
cause the product to flow backward into the ophthalmic 
artery, leading to central retinal artery occlusion. Addi-
tionally, other uncommon yet significant complications 
can arise, including vascular infarction, skin necrosis, 

hypersensitivity reactions, cellulitis, abscess formation, 
as well as nodules and granulomas. Nodule formation, in 
particular, presents an intriguing challenge for clinicians. 
These nodules may manifest as early or delayed onset, 
with delayed cases occurring more than 4 weeks post- 
injection.(6) While early nodules are relatively well-docu-
mented and managed, delayed onset nodules remain less 
frequently reported in medical literature.
 Our case report focuses on one such instance–a  
delayed-onset cystic-like complication related to HA filler 
injection in the lower lip. This delayed presentation of a 
cystic-like nodule in the lower lip poses unique diagnostic 
and management challenges. Comprehending the effects 
of lip augmentation with HA fillers may enables clinicians 
to administer safe and effective outcomes.

Case Report
 We present the case of a healthy 45-year-old woman 
who received an application of HA on her lower lip at 
a local esthetic clinic. Even though IRB review is not  
required, this case report was prepared in accordance with 
the requirements of the HIPAA regulations. Four weeks 
after the HA filler application, without any immediate 
adverse effects, a painless nodule occurred at the wet zone 
of the lower lip opposite to teeth 32 and 33. The patient 
did not know the brand of the filler. She denied having 
lip sucking or biting habits. The lesion was a submucosal 
cyst-like nodule with a diameter of a centimeter (Figure 
1). The patient was treated at the local clinic by hyaluroni-
dase injection a month after the appearance of the lesion, 
but the lesion did not subside. Three months later, she 
came to our hospital reporting no change in the size of 
the lesion. The differential diagnosis was made: mucocele 
or delayed onset filler nodule. After a discussion with the 
patient, we decided on treatment by surgical excision of 
the mass under local anesthesia. The incision was made at 
the wet area of the lower lip, approximating to the lesion, 
and the mucosal flap was elevated to explore the lesion. At 
this point, there was a 3-millimeter dense nodule close to 
the swelling mucosa (Figure 2). Approximately half a cc 
of content was found surrounding the dense nodule. The 
gross feature of the semi-liquid content was translucent, 
gel-like substance. It is slightly cloudy in appearance 
and has a viscous texture (Figure 3). The nodule and HA 
filler-like substance were surgically removed, and the 
wound was closed after copious irrigation. Unfortunately, 
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the patient strongly declined a pathological examination 
of the lesion due to economic reasons. 
 At a month of follow-up, the lesion was grossly 
cured. The lip was symmetrical without swelling. The scar 
from surgical excision was placed on the wet lip, which 
was hardly visible during smiling or speaking (Figure 4).

Discussion
 Lips, in particular, have historically been a significant 
feature of the face, contributing to overall attractiveness 
and a youthful appearance. The lower lip lies between the 
mouth and the mentolabial sulcus. The sharp demarcation 
between the colored edge of the lip and surrounding skin is 
called the vermillion border. The vermillion is a transition 
layer between the outer, hair-bearing tissue and the inner 
mucous membrane. The skin of the vermillion is made 
up of three to five cellular layers and is much thinner 
compared to the skin on the rest of the face.(7,8) Therefore, 
lip augmentation procedures aimed at enhancing fullness 
and promoting a youthful look are frequently sought after 
in aesthetic medicine. Lip enhancement techniques are 
classified into surgical and nonsurgical procedures.(1-3) 
One surgical procedure, the triple V-Y augmentation tech-
nique(9), is performed without the use of dermal fillers or 
implants and aims to expand the vermilion by advancing 
the labial mucosa forward. Other surgical options for lip 
augmentation exist as well.(10) Surgical lip implants and 
autologous fat transfer are used only rarely.(11)

 The injection of dermal fillers is the most popular 
nonsurgical procedure performed to increase the volume 
and improve the shape of the lips.(12) Semi-permanent 
dermal fillers–such as calcium hydroxyapatite and poly- 
L-lactic acid–and permanent fillers are not preferred for 
lip augmentation because they have an increased risk of 
irregularity and nodule formation. Hyaluronic acid filler is 
one of the most commonly used products for lip enhance-
ment.11 HA injections are generally safe with a very low 
risk of severe adverse reactions, though complications 
such as skin necrosis, infection, allergic reactions, visual 
impairment, and nodules or granulomas can occur. Based 
on a review of lip complication in 17 reported cases,(13) 
nodules may develop early or delayed after injection, 
with an incidence of 0.1 to 1.0%. When the HA nodule 

Figure 1: A nodule at the lower lip opposite to teeth 32 and 33. 
The lesion was a submucosal cyst-like nodule with a diameter of 
a centimeter.

Figure 2: A 3-millimeter dense nodule was surgically removal.

Figure 3: Approximately a half of a cc of HA filler was found  
underneath the dense nodule.

Figure 4: At a month of follow-up, the lesion was cured. The lip 
was symmetrical without swelling.
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occurred at more than 4 weeks, the nodule is diagnosed 
as delayed type.(6) These nodules can be inflammatory, 
resulting from the body’s foreign-body response, or non-
inflammatory, typically caused by improper filler place-
ment. Inflammatory nodules may appear days to years 
after injection, while noninflammatory ones often appear 
immediately. HA is typically temporary and resorbable, 
minimizing foreign-body effects, accordingly many non-
inflammatory nodules resolve with observation, massage, 
or hyaluronidase.(5,6)

 However, diagnosing lip nodules can be challenging 
since patients may not report their history of filler injec-
tions, which could have been performed weeks, months, 
or even years prior. A broad range of potential diagnoses 
commonly includes abscesses, sialadenitis, mucocele, 
benign salivary gland neoplasms, or malignancy.(14,15) 
Infections can present early or late in the clinical course 
and are more commonly associated with single nodules. 
Involvement of multiple sites suggests a foreign-body 
granulomatous response more likely. Cases presenting as 
well-defined lip nodules suggest salivary gland tumors 
or cysts, such as mucoceles, as well as soft tissue tumors 
and cysts. Timely and accurate diagnosis of these masses 
is crucial, as they may mimic neoplasms, which is partic-
ularly important given the generally older age group of 
these patients. Differential diagnoses were summarized 
in the table 1. 

 In 2020, Phillip-Dormston(6) provided the manage- 
ment of delayed-onset nodules caused by HA filler. For 
the inflammatory group, the management starts with non- 
steroidal anti-inflammatory drugs combined with anti-
histamines and antibiotics, hyaluronidase, intralesional  
steroid injection, intralesional laser, and intralesional 
radiofrequency. If an abscess or fluctuation is present, 
surgical intervention with incision and drainage may be 
required for resolution. For non-inflammatory nodules, 
small or inconspicuous lesions can often be managed 
conservatively with observation. Hyaluronidase can be 
administered when the lesion is visible. This guideline was 
developed for filler-related HA nodules, but in our patient, 
the lesion was differentially diagnosed as mucocele and an 
HA-related nodule. We decided on treatment by excision 
and filler evacuation. A key limitation of this report is the 
absence of pathological confirmation. However, the author 
posits that the lesion likely originates from HA filler, based 
on its distinct gross features and the patient's history of 
HA filler injection in the affected area.

Conclusions
 Practitioners should be aware that a case manifest-
ing as a well-defined lip nodule suggests salivary gland 
cysts, soft tissue tumors and cysts, as well as filler-related 
nodules. This delayed presentation of HA related nodule 
in the lower lip poses unique diagnostic and management 

Table 1: A summary of differential diagnoses for cystic-like lesions and related lesions at the lips.

Condition Key features Clinical presentation Treatment
Abscess Infection, localized swelling, 

redness, warmth, and/or pain
Single nodule, tenderness, histo-
ry of trauma or infection

May require surgical drainage

Sialadenitis A form of inflammation of sali-
vary gland, often due to obstruc-
tion

Lip swelling with pain, some-
times the patient has fever

Antibiotics, Drainage rarely 
needed

Mucocele Cystic lesion with fluid-filled, 
caused by a blockage of duct or 
tear of the gland

Soft, bluish nodule; often associ-
ated with trauma (e.g., lip biting, 
bracket irritation)

Surgical removal

Benign tumor Non cancerous lesion included 
benign of salivary gland, lipoma 
or fibroma

Firm and painless nodule with 
slow growing

Excision

Malignancy Hard, fixed nodule, irregular bor-
ders, lymphadenopathy

Rapidly growing, painful, with 
possible ulceration or bleeding

Urgent biopsy for a diagnosis

Hyaluronic acid filler Nodule Its distinct features and the pa-
tient's history of HA filler in-
jection

Well defined, firm and non tender Observation, massage, hyaluro-
nidase injection; if unresolved, 
surgical removal
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challenges. Despite its rarity, understanding and recogniz-
ing such complications are essential for providing optimal 
patient care and ensuring timely intervention to mitigate 
potential adverse outcomes. 
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Glass Hybrid Glass Ionomer Restorative
Materials: A Literature Review 
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Abstract

	 The	emergence	of	glass	hybrid	glass	ionomers	(GH-GICs)	represents	a	significant	
innovation in restorative dentistry, addressing the limitations of traditional materials 
through	enhanced	mechanical	strength,	fluoride	release,	and	ease	of	application.	Given	
the absence of prior comprehensive literature reviews on this topic, this systematic review 
was	conducted	to	provide	general	practitioners	with	essential	insights.	A	comprehensive	
literature search was performed in the PubMed, Scopus, and Web of Science databases 
from 2010-2023, using terms related to GH-GICs, their properties, and their clinical 
performance.	The	studies	included	were	published	in	English	and	included	in vitro and  
in vivo	research	as	well	as	randomized	controlled	trials.	Compared	with	conventional	
glass	ionomers,	GH-GICs	exhibit	improved	mechanical	properties,	fluoride	release,	and	
remineralization potential, showing clinical performance comparable to that of resin 
composites	in	small	to	moderate	class	I	and	class	II	posterior	restorations.	However,	
limitations such as marginal adaptation, surface wear, and reduced aesthetics persist, 
particularly	in	larger	restorations.	While	resin	coatings	improve	initial	wear	resistance,	
their	limited	longevity	and	reduced	fluoride	release	present	additional	concerns.	GH-GICs	
remain	promising	for	specific	clinical	scenarios,	especially	in	high-caries-risk,	pediatric,	
and	geriatric	patients,	but	further	long-term	studies	are	needed	to	confirm	their	efficacy	
fully	and	extend	their	applications.
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Introduction
 Resin composites are highly desirable for their 
aesthetic and physical qualities but are hindered by the 
time-consuming technique needed, particularly in deep 
cavities.(1)	To	simplify	procedures	and	save	time,	bulk-
fill	materials	such	as	bulk-fill	resin	composites	and	high- 
viscosity glass ionomer cements (HV-GICs) have been  
developed.(2,3)	Bulk-fill	resin	composites	offer	a	promis-
ing,	time-efficient	alternative	to	conventional	resin	com-
posites	for	posterior	restorations.	Nevertheless,	further	
long-term randomized clinical trials are needed to fully 
validate	their	clinical	effectiveness.(1,2,4)

	 Recently,	HV-GICs	have	gained	attention	as	bulk-fill	
materials,	combining	the	benefits	of	conventional	low- 
viscosity glass ionomer cements with improved handling 
properties	and	mechanical	strength.	The	latest	advance-
ment in HV-GICs is the introduction of glass hybrid glass 
ionomer cements (GH-GICs), which are being promoted 
for	broader	clinical	applicability.	This	paper	reviews	the	
literature on GH-GICs, focusing on their properties, appli-
cations, and clinical implications in restoring permanent 
teeth.
 Search strategy and inclusion criteria
	 A	 systematic	 literature	 search	was	 conducted	
to	identify	relevant	studies	on	GH-GICs.	The	search	 
was  performed via electronic databases such as PubMed, 
Scopus, and Web of Science, with search terms including 
“glass hybrid glass ionomer,” “high-viscosity glass ion-
omer,”	“bulk-fill,”	“restorative	dentistry,”	“Equia	Forte,”	
“Equia,”	“mechanical	properties,”	“clinical	performance,”	
and	“fluoride	release.”	Boolean	operators	(AND,	OR)	
were	used	 to	 refine	 the	search.	Studies	published	 in	 
english	from	2010-2024	that	focused	on	the	properties,	
clinical applications, and performance of GH-GICs, as 
well as comparisons with other restorative materials, were 
included.	Both	in vitro and in vivo studies, including ran-
domized controlled trials and laboratory studies, were 
considered.	Duplicates	were	removed,	and	articles	were	
screened on the basis of titles, abstracts, and full-text 
reviews.	The	reference	lists	of	the	selected	articles	were	
also examined to ensure comprehensive coverage of the 
relevant	literature.

Results of the literature search  
 High viscosity glass ionomers
	 During	the	1990s,	industry	coined	the	term	‘high	

viscosity glass ionomer cement’ to describe improved 
glass	ionomer	cement	(GIC).(5) These materials contain 
high-molecular-weight polyacrylic acid and surface-mod-
ified	fillers,	which	increase	their	reactivity	and	produce	
high	cross-linkages	in	the	set	matrix.(6)	Additionally,	they	
are	mixed	in	a	higher	powder‒liquid	ratio	than	conven-
tional	GICs	are,	increasing	their	performance.(7,8)

 HV-GICs exhibit superior physical and mechanical  
properties, particularly in terms of wear resistance, along 
with a faster setting time, enabling restorations to be com-
pleted	in	a	single	visit.	Compared	with	their	conventional	
counterparts, they possess a more translucent appearance  
due	 to	 the	 inclusion	of	fine	glass	particles.(7,9) The  
enhanced attributes of HV-GICs broaden their applica-
tions,(6,10-14)	making	them	versatile	for	various	clinical	
applications where resin composites and amalgams might 
not	perform	optimally.(15-24)

 Microlaminated GICs have been introduced to widen 
the indications for using HV-GICs in the posterior region, 
where	HV-GICs	are	combined	with	a	light-cured	coating.	
In	2007,	the	Equia	restorative	system	(GC	America,	Alsip,	
IL,	USA),	comprising	Equia	Fil–a	self-adhesive	bulk-fill	
HV-GIC–and	Equia	Coat–a	highly	nanofilled	light-cured	
resin	coating–was	introduced.	Equia	Fil,	was	optimized	by	
the	manufacturer	to	enhance	cross-linkage	within	the	GIC	
matrix.	Paired	with	the	Equia	Coat,	it	was	promoted	as	a	
suitable restorative material for posterior stress-bearing 
restorations.	
 The clinical performance of high-viscosity glass 
ionomers
 Studies investigating the clinical performance of 
HV-GICs have demonstrated satisfactory performance 
in class I(24,26-30) and small-to-medium class II resto-
rations,(9,27,30-32) with some studies recommending limit-
ing the size of medium class II cavities to ensure that they 
do not exceed half the intercuspal width in the isthmus 
width.(33)	Klinke	et al.,(30) compared the clinical effective-
ness	of	the	Equia	system	to	that	of	the	conventional	Fuji	
IX	GP	Fast	(GC,	Tokyo,	Japan)	coated	with	Fuji	Coat	LC	
(GC,	Tokyo,	Japan)	on	permanent	posterior	teeth	in	both	
class I and class II (two and three surfaces) cavities over 
a	4-year	observation	period.	The	results	indicated	com-
parable performance between the two materials in class I 
cavities.	However,	in	class	II	fillings,	the	Equia	restorative	
system displayed superior overall performance, with few-
er	failures	observed	during	follow-up	evaluations.	Türkün	
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Table 1:	Lists	the	HV-GIC	products	currently	available	on	the	market.

Product Coat* Manufacturer Notes
-GC	Fuji	IX	GP
-GC	Fuji	IX	GP	Fast
-GC	Fuji	IX	GP	Extra

G-Coat Plus (light cure 20 sec),
GC	Fuji	Coat	LC	(light	cure	10	sec),
or	GC	Fuji	Varnish	(blow	dry)

GC,	Tokyo,	Japan Fuji	 IX	GP	Fast	 is	 the	 fast	 setting	version	of	Fuji	
IX	GP.	This	product	achieves	its	initial	set	in	only	3	
minutes	and	35	seconds	after	mixing;	final	finishing	
can	begin	in	only	3	minutes	after	placement.

Fuji	IX	GP	Extra:	This	product	contains	a	next	gen-
eration	glass	filler	which	elicits	higher	translucency,	
fluoride	release,	reactivity	and	a	faster	setting	time.	
It	 allows	final	finishing	 in	 only	 2.5	minutes	 from	
initial	mix.

-Riva Self Cure 
(Regular)
-Riva	Self	Cure	(Fast)
-Riva Self Cure HV

Riva Coat (light cure resin coating) SDI,	Victoria,	
Australia

Riva Self Cure HV has a higher powder/liquid ratio 
(0.50/0.12	 g)	 compared	 to	 the	 other	 two	 variants	
(0.42/0.12	g)

-Ketac Universal 
Aplicap
-Ketac	Molar	Aplicap

Ketac Glaze (mainly for Ketac Mo-
lar	Aplicap)

3M	ESPE,	Seefeld,	
Germany

Ketac	Universal	Aplicap	is	a	user-friendly,	versatile	
glass	ionomer	for	quick,	less	demanding	restorations,	
while	Ketac	Molar	Aplicap	 is	 a	 tougher,	packable	
choice for durable posterior restorations prioritizing 
strength	over	aesthetics	or	speed.

-Chemfil	Rock Surface protection recommended 
(e.g.,	resin-based	coating	or	varnish)

Dentsply,	Milford,	
USA

It	uses	a	novel	reactive	zinc-modified	fluoro-alumi-
no-silicate	glass	filler

-Equia	Fil Equia	 Coat	 (A	 nanofilled,	 light-
cured resin coating)

GC	America,	Alsip,	
IL,	USA

In	 some	markets,	Equia	Fil	 is	 sold	 as	Fuji	 IX	GP	
Extra	 and	Equia	Coat	 as	G-Coat	 Plus.(14,25) The 
primary	difference	 is	 that	Equia	Fil	 is	Fuji	 IX	GP	
EXTRA	packaged	within	the	Equia	system,	designed	
to	be	used	with	Equia	Coat	for	enhanced	properties,	
whereas	Fuji	IX	GP	EXTRA	is	the	standalone	GIC	
that	doesn’t	require	the	coating.

-Gold	 label	 IX	Extra	
Capsule
-Gold	label	IX	Extra

G-Coat Plus,
GC	Fuji	Coat	LC,
or	GC	Fuji	Varnish

GC	America,	Alsip,	
IL,	USA

The	Fuji	IX	GP	EXTRA	and	Gold	Label	IX	Extra	
are actually the exact same product — just branded 
differently	depending	on	the	market	or	region

*Although	these	materials	can	technically	be	used	without	a	final	coat,	coating	is	strongly	recommended	to	enhance	wear	resistance,	surface	
hardness,	and	longevity.

and	Kanik(33) conducted a six-year assessment of the 
long-term	clinical	efficacy	of	Equia	Fil	and	Riva	Self	Cure	
(SDI,	Victoria,	Australia)	both	of	which	were	coated	with	
Equia	Coat	and	a	classical	varnish	(Fuji	Varnish).	Equia	
Fil	exhibited	acceptable	clinical	performance	in	class	I	
restorations and moderate to large class II restorations 
over	six	years.	
 However, the clinical performance of the conven-
tional GIC (Riva Self Cure) in moderate to large class 
II	restorations	was	notably	inferior	to	that	of	Equia	Fil.	
Equia	Fil	demonstrated	superior	performance	to	Riva	
Self Cure in terms of anatomic form, color match,  
marginal adaptation, and retention rate throughout the 

evaluation	period.	Notably,	both	coatings	applied	to	all	
the	restorations	were	worn	away	after	six	months.	Heck	
et al.,(32) conducted a long-term study over six years 
to assess the performance of two HV-GIC systems, the 
Fuji	IX	GP	Fast/Fuji	Coat	LC	and	Equia	Fil/Equia	Coat	 
restoration	systems,	which	were	applied	as	definitive	 
restorations	for	class	II	cavities	for	permanent	dentition.	
Both materials demonstrated acceptable and comparable 
survival rates, indicating their suitability for smaller class 
II	cavities.	Over	the	six	years,	both	Equia	Fil	and	Fuji	IX	
GP	Fast	restorations	showed	significant	deterioration	in	
surface luster, marginal adaptation, material fracture, and 
retention, with no notable differences observed between 
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the	two	materials.	Hatirli	et al.,(24) compared the two-
year clinical outcomes of HV-GICs and nanohybrid resin 
composite	restorations	(GrandioSO,	Voco).	HV-GICs	
demonstrated comparable clinical performance to resin 
composite	materials.	HV-GICs	presented	lower	marginal	
discolouration, greater surface wear and loss of anatomic  
form.	The	resin	composite	had	a	significantly	better	sur-
face	luster.	Rożniatowski	et al.,(31) conducted a clini-
cal	and	radiological	assessment	comparing	the	Equia	
restorative system and resin composite material (Tetric 
EvoCeram,	Ivoclar	Vivadent).	Their	findings	suggested	
that	the	resin	composite	and	Equia	systems	exhibited	
similar	efficacy	over	a	2-year	observation	period	when	
used to restore approximal lesions in premolars and per-
manent	molars.	However,	it	is	important	to	note	that	when	 
HV-GICs	were	utilized,	there	was	a	greater	risk	of	mar-
ginal	adaptation	deterioration,	staining,	and	erosion.	Uzel	
et al.,(27)	compared	the	clinical	performance	of	the	Equia	
system	on	class	I	and	II	cavities	with	that	of	a	bulk-fill	 
resin	composite	(Tetric	EvoCeram,	Ivoclar,	Vivadent)	
over	24	months	in	young	adults.	Both	materials	displayed	
good	clinical	performance.	However,	Equia	showed	more	
common chipping and surface degradation over the two 
years.
 In summary, HV-GICs have proven to be effective 
restorative materials for class I and small-to-medium 
class	II	cavities,	with	specific	materials	such	as	Equia	
Fil	often	outperforming	conventional	GICs	in	terms	of	 
anatomic	 form,	 color	match,	 and	 retention.	While	 
HV-GICs demonstrate comparable performance to resin 
composites in terms of retention and marginal discolor-
ation, they face challenges in larger restorations, including 
marginal deterioration, surface wear, and reduced aesthetic  
performance.	In	contrast,	the	resin	composites	maintain	
better	surface	luster	over	time.
 Glass hybrid glass ionomers
	 In	2015,	Equia	Forte	(GC	America,	Alsip,	IL,	USA)	
was introduced as an innovative restorative system  
utilizing	glass-hybrid	technology.	The	system	builds	on	

the	performance	of	the	original	Equia	restorative	line	and	
comprises	Equia	Forte	Fil	and	its	corresponding	light-
cured	surface	sealant,	Equia	Forte	Coat.	Equia	Forte	
Fil	is	a	self-adhesive	bulk-fill	restorative	material	based	
on	an	enhanced	GIC	structure.	It	incorporates	ultrafine,	 
highly	 reactive	fluoroaluminosilicate	glass	particles	
with	a	bimodal	size	distribution–a	combination	of	larger	 
conventional	glass	fillers	and	smaller,	highly	reactive	
nanofillers–improving	the	packing	density	and	reactivity.	 
These particles facilitate rapid ion release and robust  
matrix	formation.	The	liquid	component	consists	of	a	
higher molecular weight polyacrylic acid combined with 
water and tartaric acid, which enhances handling and 
working	time.	Compared	with	traditional	HV-GICs,	this	
glass hybrid formulation results in improved ion avail-
ability,	leading	to	enhanced	cross-linking,	a	stronger	
glass-ionomer	matrix,	and	superior	flexural	strength.(34) 
The	system	also	includes	Equia	Forte	Coat,	a	nanofilled,	
light-cured resin coating that contains a novel multifunc-
tional	methacrylate	monomer.	The	manufacturer	claims	
that this coating forms a dense, wear-resistant resin matrix 
that seals the surface, enhances aesthetics, and protects 
the restoration from early moisture contamination and 
dehydration.
	 In	2019,	the	Equia	Forte	HT	(High	Translucency)	 
restorative system was launched, featuring an optimized 
formulation that offers improved translucency and  
aesthetics.	Equia	Forte	HT	maintains	the	same	core	glass	
hybrid	structure	but	utilizes	a	refined	and	narrower	particle	
size distribution, further enhancing handling properties 
and	mechanical	performance.	Table	2	lists	the	GH-GICs	
products	currently	available	on	the	market.
 Mechanical properties
	 As	restorative	materials,	GH-GICs	must	demon-
strate adequate mechanical performance to replace miss-
ing	tooth	structures.	Studies	comparing	GH-GICs	to	 
HV-GICs and resin composites have shown that  
GH-GICs,	particularly	Equia	Forte	and	Equia	Forte	HT,	
exhibit comparable or slightly superior mechanical pro- 

Table 2:	GH-GICs	products	currently	available	on	the	market.

Product Coat Manufacturer Notes
Equia	Forte	Fil Equia	Forte	Coat GC	America,	Alsip,	IL,	USA
Equia	Forte	HT Equia	Forte	Coat GC	America,	Alsip,	IL,	USA
Gold Label Hybrid G-Coat Plus (light cure) 

or	GC	Fuji	Varnish	(blow	dry)
GC	America,	Alsip,	IL,	USA Available	only	in	a	hand	mixed	version
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perties	to	HV-GICs,	particularly	when	the	Equia	Forte	Coat	
is	applied.(34-40) The protective coating plays a critical role 
in	maximizing	the	performance	and	surface	durability.	
Fuhrmann	et al.,(37) found that while fracture toughness 
was	similar	among	GICs,	the	application	of	Equia	Forte	
Coats	significantly	increased	surface	hardness,	reaching	
levels comparable to those of resin composites such as 
Filtek	Z250	and	even	exceeding	those	of	Filtek	Supreme	
Ultra.	Similarly,	Brkanović	et al.,(8)	reported	that	Equia	
Forte	HT,	both	coated	and	uncoated,	outperformed	Fuji	
IX GP in terms of wear resistance, with coated samples 
showing	notably	greater	durability.
 However, despite these improvements, certain draw-
backs	persist.	Voids	may	form	during	placement,	particu-
larly in hand-mixed versions, compromising the internal 
integrity	of	the	material.(41-43) Cohesive failures have 
also been reported under functional loading, especially 
in	larger	restorations.(40,44) These failures highlight the 
intrinsic limitations in fracture toughness and fatigue 
resistance	of	GH-GICs.	Notably,	recent	studies	have	con-
sistently reported that these failures are often cohesive in 
nature–occurring	within	the	material	itself–while	the	bond	
to	tooth	structure	remains	intact.(45) 
	 However,	GH-GICs	still	lack	resin	composites	in	
terms	of	key	mechanical	properties,	such	as	compressive	
strength,	fracture	toughness,	and	surface	hardness.(34,35,40) 
This is mainly due to the superior micromechanical bond-
ing of resin composites, as well as their inherently higher 
material	strength.	Kutuk	et al.,(46)	compared	Equia	Forte	
to a microhybrid resin composite (G-ænial Posterior) and 
reported	no	significant	difference	in	fracture	resistance	
but	significantly	greater	compressive	strength	in	the	resin	
composite.	Valeri	et al.,(47) noted that while resin com- 
posites	such	as	Filtek	Supreme	Ultra	showed	superior	wear	
resistance,	Equia	Forte	HT–particularly	when	coated– 
demonstrated a substantial reduction in wear, highlighting 
the importance of the resin coating in enhancing clinical 
durability.
 In addition to mechanical improvements, advance-
ments in glass-hybrid technology have led to notable 
enhancements	in	the	optical	properties	of	GH-GICs.	The	
introduction	of	Equia	Forte	HT	marked	a	significant	step	
forward in improving translucency, an essential factor for 
aesthetic	integration	with	natural	dentition.	This	improve-
ment is attributed to the optimized particle size distribution, 
which allows the material to blend more harmoniously  

with	the	surrounding	tooth	structure.	Studies	comparing	
the optical properties of GH-GICs and resin composites 
have	revealed	mixed	findings.	Yeo	et al.,(38) evaluated 
materials	such	as	Equia	Forte,	Fuji	IX,	Filtek	Z350,	and	
Filtek	One	Bulk	Fill	and	reported	that	resin	composites	
presented	significantly	higher	translucency	levels	than	did	
GH-GICs.	In	contrast,	Moshaverinia	et al.,(39) found that 
Equia	Forte	HT	outperformed	Fuji	IX	and	ChemFil	Rock	
in	translucency.	Despite	these	advancements,	resin	com-
posites remain the preferred choice for highly aesthetic 
restorations because of their superior ability to achieve 
high	translucency	and	natural	blending.
 Resin coating
	 The	application	of	a	resin	coating,	such	as	Equia	
Forte	Coat,	is	essential	during	the	early	maturation	phase	
of	GH-GICs.(48,49) This coating serves as a temporary  
barrier protecting the GIC from moisture imbalances 
during	its	initial	setting	phase	(6	to	12	months).	Resin	
coatings have been shown to improve surface hardness, 
flexural	strength,	surface	roughness,	and	initial	wear	 
resistance.(48,49)	Kanik	et al.,(50) noted that resin coatings 
render GH-GICs wear resistant over extended durations, 
comparable	to	resin	composites.	Habib	et al.,(51) found 
that	coated	GICs	presented	significantly	greater	flexural	
strength, reduced surface roughness, and improved mar-
ginal	integrity.	Fuhrmann	et al.,(37)	and	Handoko	et al.,(52) 
also	reported	significant	increases	in	surface	hardness	with	
the	application	of	resin	coatings.	Additionally,	Jafarpour	
et al.,(53) demonstrated that resin coatings reduce water 
sorption and solubility, stabilizing the physical properties 
of	the	material.
	 Despite	these	benefits,	resin	coatings	do	not	uni-
formly	enhance	all	mechanical	properties.	For	example,	
fracture toughness and elastic modulus remain largely  
unaffected, with some studies even suggesting that  
uncoated	samples	may	exhibit	higher	elastic	moduli.(37,38) 
Ong et al.,(54) concluded that the resin coating did not 
enhance the viscoelastic properties and was unnecessary 
for	improving	the	elastic	performance.	Furthermore,	the	
long-term effectiveness of resin coatings in achieving 
adequate	wear	resistance	remains	uncertain.(8,47,49,55)

	 In	summary,	GH-GICs,	particularly	Equia	Forte	and	
Equia	Forte	HT,	represent	significant	advancements	over	
traditional GICs, offering improved mechanical, opti-
cal,	and	biological	properties.	The	application	of	resin	
coatings further enhances surface hardness and initial 
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wear resistance, although their long-term effectiveness 
is	limited.	While	GH-GICs	outperform	earlier	GIC	gen-
erations and are well suited for low-stress restorations, 
they	still	fall	short	of	resin	composites	in	key	areas,	such	
as compressive strength, fracture toughness, and translu-
cency.	However,	their	ease	of	use,	cost-effectiveness,	and	
caries-preventive	properties	make	them	valuable	options	
for	high-caries-risk	patients	and	pediatric	and	geriatric	
populations.	Future	research	should	focus	on	developing	
more durable protective coatings and innovative formula-
tions to increase the long-term performance of GH-GICs 
and bridge the gap with resin composites, expanding their 
role	in	modern	restorative	dentistry.
 Properties of the fluoride release and remineraliza-
tion of GH-GICs
 GH-GICs retain the favorable biological properties 
of conventional GICs, including chemical bonding to 
the	tooth	structure,	biocompatibility,	and	sustained	fluo-
ride	release.	Fluoride	release	is	a	hallmark	of	GH-GICs,	 
offering	both	immediate	and	long-term	caries	prevention.	
The	burst	effect	involves	rapid	fluoride	release	shortly	
after	placement,	providing	an	initial	anticariogenic	boost.	
This is followed by a sustained reservoir effect, where 
the	material	absorbs	and	rereleases	fluoride	over	time,	
enhancing	long-term	protection.(56)	The	release	of	fluoride	
from	GH-GICs	contributes	to	the	formation	of	fluorap-
atite, enhancing remineralization and inhibiting caries 
progression.(56,57)	Studies	indicate	that	Equia	Forte	can	
induce remineralization in carious dentine up to a depth 
of	2	mm.(58)	Zebić	et al.,(59)	compared	the	fluoride	release	
from	three	different	GICs.	They	reported	that	Equia	Forte	
released	more	fluoride	than	Fuji	IX	and	Fuji	II,	which	had	
the	lowest	fluoride	concentration	among	the	tested	GICs.	
Moshaverinia et al.,(34)	evaluated	the	fluoride	release	
of	three	HV-GICs	(Equia	Forte	Fil,	Fuji	IX,	and	Chem-
fil	Rock).	They	reported	that	all	the	examined	materials	 
exhibited	comparable	initial	fluoride-releasing	properties,	
whereas	Equia	Forte	Fil	exhibited	significantly	greater	
amounts	of	fluoride	release	from	the	bulk	of	the	material	
after	4	weeks.	Similarly,	another	study	reported	that	Equia	
Forte	HT	also	exhibited	superior	fluoride-releasing	capac-
ity	compared	with	Fuji	IX	GP	and	Chemfil	Rock,	further	
highlighting	its	potential	role	in	preventing	caries.(39)

 However, applying a resin coating, while enhancing 
the mechanical properties and wear resistance of GH-
GICs,	presents	a	trade-off	by	reducing	fluoride	release.	

This reduction is attributed to the resin-based nature of 
the	coating	and	the	presence	of	nanofillers,	which	seal	the	
microgaps in the material, thereby limiting the diffusion 
of	fluoride	ions.(60-63)	As	not	all	mechanical	properties	
are	consistently	improved	and	the	long-term	benefits	for	
wear resistance remain uncertain, the use of a resin coating 
should	be	considered	selectively.(64) In clinical situations 
where	sustained	fluoride	release	and	remineralization	are	
important, its application may warrant careful reconsid-
eration.(61)

 Bonding to the tooth structure
	 Equia	Forte,	a	GH-GIC,	has	demonstrated	improved	
bond	strength	compared	with	its	predecessor,	Equia	Fil,	
and	other	conventional	HV-GICs.	Studies	have	shown	
that	Equia	Forte	has	a	relatively	high	shear	bond	strength	
(SBS)	to	enamel	and	dentin.	Karadas	et al.,(65) evaluated  
the SBS and adaptation at the interface between various  
capping materials (Biodentine), TheraCal LC, Ultrablend  
Plus,	Calcimol	LC,	ApaCal	ART,	Ionoseal,	Equia	Forte	
and	dentin.	Compared	with	the	other	materials,	Equia	
Forte	 presented	 significantly	 greater	 SBS.	Despite	
their high viscosity, self-curing materials such as Bio-
dentine	and	Equia	Forte	displayed	superior	adaptation	
to	dentin	compared	with	light-cured	materials.	Latta	 
et al.,(66)	reported	that	Equia	Forte	and	Fuji	II	LC	had	
comparable	SBS	and	shear	fatigue	strength	(SFS)	values,	
both	of	which	were	significantly	lower	than	those	of	the	
resin composite (Z100 Restorative) bonded with a univer-
sal	adhesive	(Prime&Bond	Active).	The	resin	composite	
provided superior bond durability, particularly to enamel 
and	dentin,	whereas	Equia	Forte	and	Fuji	II	LC	showed	
similar clinical effectiveness in bonding to enamel and 
dentine.
	 The	use	of	a	dentin	conditioner–commonly	poly-
acrylic	acid–is	an	optional	but	recommended	step	to	 
increase	the	bond	strength	of	GICs.(67) Research indicates 
that both the type of conditioner and the duration of its  
application	can	significantly	impact	bond	strength	out-
comes.(68,69) Consequently, selecting the appropriate con-
ditioner and application protocol should be tailored to the 
clinical	situation	and	the	desired	level	of	adhesion.(70) In 
a study by Suresh et al.,(71) the effects of 10% polyacrylic 
acid	and	37%	phosphoric	acid	on	permanent	teeth	were	
evaluated prior to the placement of a high-viscosity glass 
ionomer.	The	findings	demonstrated	that	37%	phosphoric	
acid improved the penetration depth of the material into 
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dentin, suggesting its potential advantage as a surface 
conditioner.
	 Equia	Forte	has	shown	favorable	marginal	integrity	
and	minimal	microleakage	compared	with	conventional	
GICs	and	RMGICs.	Singh	et al.,(72)	and	Ali	et al.,(73) con-
firmed	Equia	Forte's	superiority	over	Fuji	II	LC	and	other	
conventional	glass	ionomers	in	reducing	microleakage	
at	the	occlusal	and	cervical	levels.	A	recent	systematic	 
review	confirmed	the	suitability	of	Equia	Forte	for	clinical	
scenarios requiring durable and reliable adhesion, particu-
larly	in	cases	susceptible	to	marginal	leakage.(74)

 GH-GICs reliably bond to tooth structures through 
chemical	adhesion	and	micromechanical	interlocking,	
demonstrating favorable marginal integrity and minimal 
microleakage.	However,	their	bond	strengths	typically	
remain lower than those of resin composites combined 
with	universal	adhesives.	This	limitation	should	be	con-
sidered	during	clinical	decision-making,	particularly	in	
demanding	adhesive	scenarios.
 Bonding to the resin composite
 The utilization of universal bonding agents shows 
promise in improving the bond strength between resin 
composites	and	GH-GICs	in	layered	restorations.	Far-
shidfar et al.,(22) investigated the impact of two universal 
bonding	agents	(Clearfil	Universal	Bond	and	G-Premio	
Bond)	on	the	microtensile	bond	strength	(μTBS)	of	Equia	
Forte	Fil,	Riva	SC,	Fuji	II	LC,	and	Riva	Light	Cure	com-
bined with a resin composite (Kalore, GC) with or without 
35%	phosphoric	acid.	Both	adhesive	agents	significantly	
enhanced	the	μTBS	across	all	the	materials,	with	RMGICs	
such	as	Fuji	II	LC	and	Riva	Light	Cure	exhibiting	higher	
μTBS	values	than	Equia	Forte	Fil	and	Riva	SC.	Further-
more, the application of universal adhesive agents (in the 
etch	and	rinse	mode)	notably	improved	the	μTBS	of	both	
conventional GICs and RMGICs to the resin composite 
compared	with	that	without	acid	etching.	In	another	study,	
Francois	et al.,(75) explored the SBS and interface char-
acteristics	between	a	resin	composite	(Filtek	Z350)	and	
various	materials,	including	Equia	Forte	Fil,	Fuji	IX,	Fuji	
II	LC,	a	bulk-fill	flowable	resin	composite	(SDR),	and	a	
regular	flowable	resin	composite	(Tetric	Evo	Flow),	via	
different	adhesive	systems.	The	study	concluded	that	
the most effective bonding between the resin composite  
and HV-GICs was achieved via a universal adhesive in 
self-etch	mode.	Additionally,	they	observed	intimate	con-
tact at all the interfaces examined, noting that the SBS 

to	Equia	Forte	Fil	varied	significantly	depending	on	the	
adhesive system used, with Scotchbond Universal in self-
etch mode showing the highest SBS compared with the 
other	systems.(75) Moreover, beyond enhancing interfacial 
adhesion, adhesives have also been reported to reinforce 
the	underlying	glass-hybrid	substrate.	Alqasabi	et al.,(76) 
reported	that	these	adhesive	agents	create	a	superficial	
laminate that increases surface hardness and reduces mois-
ture-related	degradation	of	GH-GICs.
	 However,	although	universal	adhesives	significantly	 
enhance bonding between GH-GICs and resin com-
posites, especially in self-etch or selective-etch modes, 
the bond strengths typically remain inferior to those of 
composite-to-composite	bonding.	This	reflects	the	inher-
ent limitations and complexity associated with layered 
restorations involving GH-GICs and resin composites, 
necessitating	careful	clinical	consideration.	Additionally,	
evidence regarding long-term aging effects on GH-GIC-
to-composite bonding is limited, indicating the need for 
further investigations into durability and bond stability 
over	time.	Similarly,	the	potential	influence	of	the	GH-
GIC	layer	thickness	on	the	bond	strength	remains	unclear	
and warrants future research to guide clinical protocols 
more	effectively.
 The clinical performance of GH-GICs
	 Several	clinical	studies	have	explored	the	efficacy	
of glass hybrid restorative systems in various clinical 
scenarios, including class I(25,28,30) and class II cavi- 
ties.(29,77-79)	A	summary	of	these	studies	is	presented	in	
Table	3.	GH-GICs	have	been	established	as	viable	choices	
for class I restorations(25,28,30) and small to large two-sur-
face	class	II	restorations.(77-79)	El-Bialy	et al.,(28) reported 
comparable	clinical	outcomes	between	Equia	Forte	Fil	
and	Equia	Fil	in	occlusal	cavities	among	high-caries-
risk	patients	after	one	year.	Similarly,	Uyumaz	et al.,(25) 
demonstrated equivalent and successful clinical outcomes 
of	Equia	Forte	HT	coated	with	Equia	Forte	Coat	compared	
with	resin	composites	after	one	year.	A	long-term	study	
comparing	Equia	Forte	with	a	microfilled	resin	composite	
(Gradia	Direct	Posterior,	GC)	in	class	I	and	class	II	cavi-
ties over 10 years revealed comparable durability, clinical 
effectiveness,	and	maintenance	of	surface	textures.(7)

 Gurgan et al.,(77)	evaluated	Equia	Forte	against	a	
microhybrid resin composite (G-ænial Posterior) in large, 
deep	class	II	restorations.	Despite	the	significant	color	
discrepancy	with	glass	hybrid	restorations,	Equia	Forte	
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exhibited a relatively high success rate after 2 years in 
extended class II cavities, similar to the tested resin com-
posite.		The	glass	hybrid	restorative	system	showed	no	sig-
nificant	disparities	in	terms	of	retention,	anatomical	form,	
or	proximal	contact	points.	Wafaie	et al.,(78) found that 
HV-GICs,	including	Equia	Forte,	performed	adequately	
in	small-to-medium	class	II	cavities	over	five	years	but	
exhibited	surface	luster	deterioration	and	color	mismatch.	
Similarly, Miletic et al.,(79) observed comparable success 
between	Equia	Forte	and	a	nanohybrid	resin	composite	
(Tetric	EvoCeram)	in	moderate-to-large	two-surface	class	
II	cavities	at	five	years.	However,	Balkaya	et al.,(29,80) 
reported superior clinical performance of resin composites 
over GH-GICs after one and two years, suggesting that 
caution	should	be	taken	in	the	use	of	GH-GICs	for	larger	 
restorations.	Gurses	et al.,(81)	Furthermore,	HV-GICs	 
exhibited	lower	clinical	effectiveness	than	did	bulk-fill	
resin	composites	in	class	II	restorations.
 Clinical evidence generally supports GH-GICs as 
promising	alternatives	under	specific	conditions.	Indi-
cation criteria for selecting GH-GICs should consider 
caries	risk,	as	these	materials	provide	fluoride	release	and	

remineralization,	making	them	suitable	for	high-caries-
risk	patients.	The	size	and	location	of	the	cavity	are	also	
critical, with GH-GICs recommended primarily for class 
I cavities and small-to-medium-sized class II cavities 
where	functional	and	esthetic	demands	are	moderate.	
Additionally,	these	materials	offer	clinical	convenience	
and	are	particularly	beneficial	in	scenarios	requiring	rapid,	
straightforward placement, such as pediatric, geriatric, 
or	medically	compromised	patients.	Conversely,	their	
reduced translucency and potential color mismatch limit 
their suitability for anterior restorations or highly visible 
posterior	restorations.	The	observed	performance	dete-
rioration in larger restorations and increased aesthetic 
demands highlight the need for clinicians to carefully bal-
ance	these	factors	when	choosing	GH-GIC	restorations.	
Further	standardized	long-term	clinical	trials	are	essential	
to	clarify	and	refine	these	indications,	guiding	clinicians	
toward	optimal	clinical	outcomes.	Recognizing	discrep-
ancies in study designs, methodologies, and evaluation 
criteria among available studies emphasizes the need for 
standardized approaches to establish universally applica-
ble	clinical	guidelines	for	GH-GIC	use.	A	summary	of	the	

Table 3: Summary of clinical and in vitro	studies	comparing	glass	HV-GICs	and	GH-GICs	and	other	restorative	materials.

A. Clinical studies investigating the performance and outcomes of HV-GICs and GH-GICs in class I and II restorations
Study Year Materials Classes Outcomes/Results

Klinke	et al.,(30) 2016 Equia	system	vs.	Fuji	IX	GP	Fast	
+	Fuji	Coat	LC

Small to moderate 
class I and II

Comparable	performance	in	class	I;	Equia	
system superior in class II restorations with 
fewer	failures.

Türkün	&	Kanik(33) 2016 Equia	system	vs.	Riva	SC	+	Fuji	
Varnish

Moderate to large 
class I and II

Equia	Fil	 showed	better	 performance	 in	
class	 I	 and	 II	 restorations	 over	 6	 years;	
coatings	wore	off	after	6	months.

Kharma et al.,(26) 2018 Equia	 system	 vs.	microhybrid	
resin	composite	(Amelogen	Plus)

Small class I No	 statistical	 significance	 difference	 
between both in anatomical shape, color,  
postoperative sensitivity, secondary caries, 
material handling, adaptation, and marginal  
staining	 after	 9	months.	 Equia	 surface	
texture	decreased	overtime.

Balkaya	et al.,(29) 2019 Equia	Forte	system,	bulk-fill	resin	
composite	(Equia	Forte	system),	 
microhybrid resin composite 
(Charisma	Smart).

Small to moderate 
class I and II

Resin composites showed better clinical 
performance	than	Equia	Forte	system	after	
1	and	2	years.

Heck	et al.,(32) 2020 Fuji	IX	GP	Fast	+	Fuji	Coat	LC	
vs.	Equia	system

Small  class II Both materials showed acceptable survival 
rates;	 significant	deterioration	 in	surface	
luster, marginal adaptation, and retention 
over	6	years.
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Gurgan et al.,(77) 2020 Equia	 Forte	 system	vs.	micro-
hybrid resin composite (G-ænial 
Posterior)

Large class II Equia	Forte	showed	significant	mismatch	
in color, both materials exhibited success-
ful performance for the restoration of large 
class	II	cavities	after	24	months.

El-Bialy	et al.,(28) 2020 Equia	Forte	Fil	vs.	Equia	Fil Small class I Comparable performance after 1 year in 
high-caries-risk	patients.

Hatirli et al.,(24) 2021 Equia	system	vs.	nanohybrid	res-
in composite (GrandioSO)

Small class I Equia	system	showed	comparable	perfor-
mance	to	resin	composite;	lower	marginal	
discolouration	but	greater	surface	wear.

Rożniatowski	et al.,(31) 2021 Equia	system	vs.	resin	composite	
(Tetric	EvoCeram)

Class II Similar	efficacy	over	2	years;	Equia	had	
higher	risk	of	marginal	adaptation	deteri-
oration,	staining	and	erosion.

Uzel et al.,(27) 2022 Equia	system	vs.	bulk-fill	 resin	
composite	(Tetric	EvoCeram)

Small to moderate 
class I and II

Both materials showed good clinical per-
formance;	Equia	had	more	chipping	and	
surface	degradation	over	2	years.

Wafaie et al.,(78) 2022 Ketac	Universal	Aplicap,	Equia	
Forte	 and	Riva	 Self	Cure	HV	
vs.	microhybrid	resin	composite	
(Filtek	Z250)

Small to moderate 
class I and II

Although	drawbacks	in	surface	luster	and	
color	match	appeared	over	the	5-year	peri-
od, the three high-viscosity glass ionomers 
had successful clinical performance com-
pared	to	Filtek	Z250

Uyumaz et al.,(82) 2023 Equia	Forte	HT	system	vs.	micro- 
hybrid resin composite (Charisma  
Smart)

Small class I Resin	composite	outperform	Equia	Forte	
HT system in terms of color match and 
surface	texture.	Comparable	clinical	per-
formance	after	1	year.

Gurses et al.,(81) 2023 Two	Bulk-fill	Resin	composites	
(Tetric	EvoCeram	Bulk-Fill		and	
Filtek	Bulk-Fill)	vs.	Equia	Forte	
system.

Small to moderate 
class I and II

Both	bulk-fill	resin	composites	had	com-
parable	clinical	performance;	Equia	Forte	
system showed lower clinical effectiveness 
after	2	years.

Miletić	et al.,(79) 2024 Equia	 Forte	 system	 vs.	 nano-
hybrid resin composite (Tetric 
EvoCeram)

Small to moderate 
class I and II

Both materials showed satisfactory survival  
and	success	rates	over	5	years.

B. In vitro studies investigating mechanical and physical properties of GH-GICs
Kutuk	et al.,(46) 2019 Equia	 Forte	 system	vs.	micro-

hybrid resin composite (G-ænial 
Posterior)

No	significant	difference	in	fracture	resistance;	resin	composite	
had	higher	compressive	strength.

Šalinović	et al.,(40) 2019 Equia	Forte	Fil	vs.	Ketac	Univer-
sal	Aplicap	vs.	Equia	Fil

No	significant	difference	in	compressive	strength;	Ketac	Univer-
sal	Aplicap	had	higher	hardness	values	than	Equia	fil	and	Equia	
Forte	fil.

Moshaverinia et al.,(34) 2019 ChemFil	Rock	vs.	Fuji	IX	GP	vs.	
Equia	Forte	Fil

Equia	Forte	Fil	had	higher	flexural	strength	and	surface	hardness	
than	Fuji	IX	GP,	with	no	significant	difference	in	compressive	or	
diametral	tensile	strength.	Equia	Forte	released	significantly	more	
fluoride	after	4	weeks	compared	to	Fuji	IX	GP	and	ChemFil	Rock.	
ChemFil	Rock	showed	higher	flexural	strength	(not	statistically	
significant)	but	 lower	compressive	 strength	and	microhardness	
than	Equia	Forte	Fil.

Fuhrmann	et al.,(37) 2020 Equia	Forte	vs.	Ketac	Universal	
Aplicap	 vs.	ChemFil	Rock	 vs.	
Fuji	IX	Extra	vs.	IonoStar	Mo-
lar	vs.		resin	composites	(Filtek	
Z250	and	Filtek	Supreme	Ultra)

The	resin	composite	restorative	materials	had	significantly	greater	
fracture	toughness	than	the	glass-ionomer	materials.	There	was	no	
significant	difference	in	fracture	toughness	between	the	glass-ion-
omer	materials.	Equia	Forte	Coat	improved	surface	hardness	but	
did	not	affect	fracture	toughness.



Oral Sci Rep: Volume 46 Number 2 May-August 202564

Yeo	et al.,(38) 2021 Filtek	Z350	vs.	Filtek	One	Bulk	
Fill	vs.	Fuji	IX	vs.	Equia	Forte

Resin	composites	had	higher	flexural	strength	and	translucency	
than	Equia	Forte	and	Fuji	IX.	Fuji	IX	and	Equia	Forte	had	similar	
flexural	strength.	Coating	did	not	enhance	elastic	modulus	and	
may	increase	wear.

Habib et al.,(51) 2021 Equia	Forte	Fil	vs.	RMGIC	(Fuji	
II LC) with and without coatings

Coating	improved	flexural	strength,	reduced	surface	roughness,	
and	decreased	microleakage.

Kunte et al.,(35) 2022 Fuji	IX	vs.	Equia	Forte	Fil Equia	Forte	showed	slightly	higher	compressive	and	diametral	
tensile	strength,	but	differences	were	not	statistically	significant.

Valeri et al.,(47) 2022 RMGIC	(Ionolux)	vs.	Activa	
Bioactuce	Restorative	vs.	Equia	
Forte	HT	system	vs.	resin	com-
posite	(Filtek	Supreme	Ultra)

Ionolux	and	Activa	Bioactive	Restorative	had	comparable	or	less	
wear	compared	to	Filtek	Supreme	Ultra,	while	Equia	Forte	HT	
wore	twice	as	much	compared	to	the	resin	composite.

Moshaverinia et al.,(39) 2024 Equia	Forte	HT	vs.	Fuji	IX	GP	
vs.	ChemFil	Rock

Equia	Forte	HT	had	improved	translucency,	compressive	strength,	
flexural	strength	and	fluoride	release	compared	to	Fuji	IX.	No	sig-
nificant	difference	was	found	in	flexural	strength	values	between	
Equia	Forte	HT	and	Chemfil	Rock.

Abuzinadeh	et al.,(83) 2024 Fuji	IX,	vs.	Equia	Forte	vs.	
Fuji	II	vs.	resin	composite	
(Tetric-N-Ceram	Bulk	Fill)

Equia	Forte	had	comparable	compressive	strength	and	microhard-
ness	to	Fuji	II	and	Fuji	IX.	The	resin	composite	had	the	highest	
compressive	 strength	 and	microhardness	 among	 all	materials.	
The	study	results	showed	statistically	insignificant	differences	in	
surface	microhardness	across	all	groups.	Equia	Forte	was	40%	
lower	microhardness	values	than	the	other	materials.

included	studies	is	presented	in	Table	3.
 This review highlights several limitations within the 
literature	on	GH-GICs.	First,	there	is	significant	variability	
in study designs, methodologies, evaluation criteria, and 
follow-up periods among clinical studies, complicating 
direct comparisons and generalized conclusions regarding 
long-term	efficacy.	Many	existing	studies	have	short-term	
follow-up	periods	(≤	5	years),	limiting	the	understanding	
of long-term clinical outcomes, especially concerning 
durability	and	aesthetic	stability.
	 Additionally,	the	performance	of	the	resin	coatings	
used with GH-GICs has been inconsistently reported, with 
varying results in terms of long-term mechanical pro- 
perties	and	fluoride	release.	This	inconsistency	suggests	
that resin coating formulations and application protocols 
require	further	refinement	and	standardized	testing	to	
clearly	determine	their	long-term	effectiveness.
	 Future	research	should	focus	on	conducting	long-
term randomized controlled clinical trials with standard-
ized methodologies to provide robust data on the longevity 
and clinical performance of GH-GIC restorations, partic-
ularly	moderate-to-large	posterior	restorations.	Studies	
examining	long-term	biological	impacts,	such	as	fluoride	
release and remineralization capacity in clinically relevant 
scenarios,	are	also	needed.	Furthermore,	investigations	

into optimizing resin coatings, exploring new formula-
tions, and assessing their effects on mechanical and bio-
logical properties will enhance the clinical applicability 
and	reliability	of	GH-GICs.	Such	research	directions	will	
significantly	inform	clinical	decision-making	and	expand	
the potential applications of these promising restorative 
materials.

Conclusions
 GH-GICs represent a notable advancement in restor-
ative dentistry, successfully addressing several limitations 
of conventional glass ionomer cements through improved 
mechanical	performance,	fluoride	release,	and	ease	of	
clinical	application.	Clinically,	GH-GICs	demonstrate	
comparable effectiveness to resin composites in class 
I	and	small	to	moderate	class	II	posterior	restorations.	 
Despite	these	advancements,	challenges	remain,	particu-
larly in larger restorations, including marginal deteriora-
tion,	surface	wear,	and	limited	aesthetic	outcomes.	While	
resin coatings enhance initial mechanical durability, their 
short-lived	effectiveness	and	reduced	fluoride	release	may	
limit	long-term	benefits.	GH-GICs,	therefore,	are	partic-
ularly	recommended	for	specific	patient	groups,	such	as	
those	with	high	caries	risk	and	pediatric,	geriatric,	and	
medically compromised populations, where their biolog-
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ical advantages outweigh their aesthetic and mechanical 
limitations.	Future	research	should	prioritize	long-term	
clinical evaluations and innovative enhancements in resin 
coatings to further expand the clinical applicability and 
durability	of	GH-GICs.
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Abstract
Objectives: This study aimed to formulate regression equation(s) for predicting human 
permanent	canine	and	premolar	mesiodistal	(MD)	widths	of	Thai	population.	

Methods:	176	Mae	Fah	Luang	University	students	with	Thai	nationality	were	selected	for	
this	study.	Based	on	their	domicile,	participants	were	grouped	by	four	different	regions	
of	Thailand,	including	central,	northern,	southern,	and	northeastern.	An	intraoral	scanner	
was	used	to	record	digital	dental	models,	and	the	tooth	MD	widths	were	measured	using	
SolidWorks	2020	EP1	software.	Significant	differences	were	tested	by	two-sample	t-test 
or	one-way	ANOVA.	By	Pearson’s	correlation	coefficient,	the	relationships	between	the	
maxillary	and/or	mandibular	incisor	MD	width	and	the	upper	and/or	lower	canine	and	
premolar	MD	widths	were	determined	for	prediction	equations.

Results:	There	were	statistically	significant	differences	in	a	sum	of	the	maxillary	and	
mandibular	incisor	and	in	that	of	the	upper	and	lower	canine	and	premolar	MD	widths	
between males and females (p<0.001).	Statistically	significant	differences	in	the	sum	of	
the	mandibular	incisor	MD	width	and	in	that	of	the	maxillary	and	mandibular	central	 
incisor	MD	width	were	found	among	four	different	regions	(p<0.05).	By	linear	regression	
analysis,	correlation	coefficients	of	eight	prediction	equations	were	between	0.62	and	
0.75	with	the	percentages	of	prediction	accuracy	from	47.16	to	53.41.	These	percentages	
were	significantly	greater	than	those	predicted	by	previous	models	for	the	upper	canine	
and	premolar	MD	widths	(p<0.01).	

Conclusions:	Our	novel	regression	equations	may	predict	the	MD	width	of	unerupted	
canine and premolars of Thai population precisely enough to be applicable for mixed 
dentition	space	analysis.

Keywords: canine, intraoral scanner, mixed dentition, premolar, regression equation, 
tooth size prediction 
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Introduction
	 Analysis	of	a	mixed	dentition	space	is	a	crucial	step	
in	orthodontic	treatment	planning.	Thus,	determination	of	
mesiodistal	(MD)	width	of	unerupted	canine	and	premo-
lars from that of fully erupted maxillary and/or mandibular 
incisors	is	beneficial	for	treatment	planning	of	orthodon-
tists	in	order	to	select	a	proper	treatment	of	choice.(1) 
Prediction	of	the	MD	width	of	the	unerupted	canine	and	
premolars	can	be	carried	out	by	three	ways:	1)	a	direct	
measurement of the unerupted teeth from dental radio-
graphs(2), 2) an estimation from proportionality tables or 
prediction equations(3,4), and 3) a combination of the two 
methods,	as	aforementioned.(5) The Moyers’ probability 
tables(3)	and	the	Tanaka	and	Johnston	prediction	equa-
tions(4) gain popularity due to no need for dental radiog-
raphy.	However,	both	tables	and	equations	are	derived	
from	data	of	Northern	European	populations,	limiting	
their	use	in	other	countries.	Thus,	their	orthodontic	appli-
cations in other ethnic groups should be proceeded with 
caution because tooth sizes vary owing to differences from 
several intrinsic and extrinsic factors, such as, ethnicity, 
genetic,	sex,	and	nutrition.(6) The distinction in tooth sizes 
among	different	ethnic	groups	of	Asian	populations	was	
demonstrated	in	five	previous	studies,	including	1)	a	study	
in	Hong	Kong	Chinese;(7) 2) that in northeastern Thai 
population;(8)	3)	that	in	northeastern	Han	Chinese;(9)	4)	
that	in	Nepalese	mongoloids;(10)	and	5)	that	in	Pakistani	
population.(11) However, the equations obtained from 
these	studies	do	not	precisely	predict	the	real	MD	width	of	
canine	and	premolars;	therefore,	their	clinical	implications	
in	orthodontic	treatment	planning	are	questionable.	
	 Among	the	five	studies,	a	plaster	model	was	used	
to	measure	the	tooth	size.	Nowadays,	use	of	an	intraoral	
scanner (IOS) has, however, increasingly gained popu-
larity because it offers greater reliability and accuracy 
than	the	traditional	impression.(12) Consequently, tooth 
size measurement from a digital dental model can yield 
an	accuracy	sufficiently	to	determine	the	MD	width	of	
permanent	canine	and	premolars.(13) This study aimed 
to	formulate	new	prediction	equations	for	the	MD	width	
of permanent canine and premolars in a Thai population, 
based	on	the	MD	widths	of	their	maxillary	and/or	man-
dibular	incisors,	measured	from	the	digital	dental	models.	
Furthermore,	this	study	was	conducted	in	four	different	
regions	of	Thailand	to	represent	data	of	general	Thais.	

Material and Methods
	 Eligible	participants	were	14,432	university	stu-
dents	of	Mae	Fah	Luang	University	(MFU)	in	2023	with	
Thai	nationality.	Of	these	students,	a	total	of	238,	whose	
domicile was from each of the four regions of Thailand, 
including	central	(n=62),	northern	(n=64),	northeastern	
(n=48),	or	southern	(n=64),	were	interested	to	enroll	into	
this	study	(Figure	1).	According	to	the	sample	size	calcu-
lation,	determined	by	the	finite	population	mean	formula	
with	standard	deviation	at	1.36,	standard	error	at	0.20,(8) 
and	an	alpha	value	at	0.05,	a	cohort	of	176	students	was	
required	to	have	enough	power	of	test.	The	mean	age	of	
176	participants	was	20.93	years.	There	were	an	equal	
number	of	44	selected	participants	(male=22,	female=22)	
within	each	region	(Figure	1).	The	selection	of	22	male	
and 22 female participants within each region was based 
on	their	first	arrival	for	oral	examination	after	enroll-
ment	with	the	selection	criteria	as	follows:	i)	participants	
with all fully erupted permanent teeth, except their third  
molars, ii) those without tooth malformations, missing, or 
severe tooth crowding, iii) those without proximal caries 
or restorations, and iv) those without previous orthodontic 
treatment.	An	ethical	approval	was	granted	by	the	Human	
Ethics	Committee	of	MFU,	Thailand	(EC	23186-22),	and	
written	informed	consent	was	obtained.	The	IOS	(Prims-
can,	Dentsply	Sirona,	Bensheim,	Germany)	was	used	to	
create	digital	dental	models.	
	 Before	actual	measurements,	five	examiners	were	
standardized to yield intra- and inter-examiner reliabili-
ties,	as	assessed	by	Cohen’s	Kappa	and	Dahlberg’s	error,	 
respectively.	The	inter-examiner	standardization	of	MD	
width measurement was performed by comparisons with 
an	experienced	examiner.	To	test	 the	 intra-examiner	 
reliability, the same digital dental model was randomly 
selected	and	measured	twice	within	one	week	by	the	same	
examiner.	The	inter	and	intraclass	correlation	coefficients	
were	0.95	and	0.92-0.98,	respectively.
 Measurement of MD width
	 The	Standard	Tessellation	Language	files	derived	
from	the	IOS	were	measured	using	SolidWorks	2020	EP1	
software	(Dassault	Systèmes	SolidWorks	Corp.,	Ben-
sheim,	Germany).	The	MD	width	of	each	tooth	was	first	
determined from the mesial to the distal point of anatom-
ical contact with the adjacent tooth, viewed at the labial 
or	the	buccal	surface	(Figure	2A	or	B).	Then,	the	first	MD	
width	was	confirmed	by	the	greatest	proximal	contour	of	
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Figure 1:	A	flow	chart	of	selected	176	university	students	of	Mae	Fah	Luang	University	(MFU),	recruited	to	represent	each	of	the	four	
regions	of	Thailand.

Figure 2: Representative images of a digital dental model, used in the measurement of mesiodistal width of permanent left central incisor, 
viewed	at	the	labial	surface	(A)	and	the	incisal	edge	(C).	Those	used	in	the	measurement	of	mesiodistal	width	of	permanent	right	first	pre-
molar,	viewed	at	the	buccal	surface	(B)	and	the	occlusal	plane	(D).	Numbers	in	the	boxes	indicate	values	on	x,	y,	and	z	axes,	the	distance	
of	mesiodistal	width	(Dist=distance),	dX,	dY,	and	dZ	(Δ	distance	of	x,	y,	z	axes).	
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that tooth, viewed at the incisal edge or the occlusal plane 
(Figure	2C	or	D).	
 Statistical analysis 
	 The	datasets	were	analyzed	using	STATA	software	
version	16.1	(StataCorp,	TX,	USA)	with	the	confidence	
level	at	5%.	Categorical	variables	were	described	by	 
frequencies	and	percentages.	Based	on	normal	distribu-
tion, continuous variables were presented with mean and 
standard	deviation.	Comparisons	of	MD	width	between	
sexes	and	among	regions	were	analyzed	by	Student's	t-test 
and	one-way	ANOVA,	respectively.
 Two pre-reducing models were created by gener-
alized linear regression for sums of upper/lower canine 
and premolars using four predictors, including a sum of 
mandibular incisors, that of maxillary central incisors, that 
of mandibular central incisors, and that of maxillary and 
mandibular	central	incisors.	The	post-reducing	models	
were	created	by	a	stepwise	backward	elimination	method	
upon removal of variables (sexes, regions, or four predic-
tors) if p>0.05.	
 The acceptable prediction accuracy of two outcomes 
was	within	±0.5	mm.	The	relationships	between	predic-
tion accuracy of our equations, the Moyers’ probability 
tables,	or	the	Tanaka	and	Johnston	prediction	equations,	
and an exact width of the sum of upper/lower canine and 
premolars, measured form digital models, were analyzed 
by	Pearson's	correlation.

Results

Comparisons of MD widths between males and females 
or among four regions
	 Male	participants	had	significantly	greater	mean	
MD	widths	than	females	in	all	four	predictors	and	two	
outcomes (p<0.001;	Table	1).	Of	the	four	predictors,	sig-
nificant	differences	were	found	in	the	three	predictors	
(p<0.05;	Table	2).	Note	that	the	greatest	mean	MD	widths	
of three predictors were found in participants from the 
southern	region	(Table	2).	However,	no	significant	differ-
ences	in	the	mean	MD	width	of	the	two	outcomes	were	
found	among	four	different	regions	(Table	2).	

Correlations between predictors and outcomes used to 
generate regression equations
	 Since	different	sexes	had	a	significant	impact	on	
prediction	of	the	MD	widths	of	upper/lower	canine	and	

premolars (p<0.001;	Tables	3	and	4,	respectively),	where-
as	distinct	regions	had	no	significant	effect	(p>0.05),	the	
constants	and	coefficients	of	eight	formulated	equations	
were adjusted in the post-reducing model, based on the 
sex	parameter.	
	 The	first	four	(Table	3)	and	the	second	four	equations	
(Table	4)	were	used	to	predict	a	sum	of	the	MD	width	of	
canine	(3),	first	premolar	(4),	and	second	premolar	(5).	
U=upper;	L=lower;	XX=female;	XY=male.
	 1.	 U345=13.41-0.48(XX=1	or	XY=0)	+	0.44(sum	
of	42,	41,	31,	32)
	 2.	 U345=14.40-0.52(XX=1	or	XY=0)	+	0.54(sum	
of 11, 21)
	 3.	 U345=14.58-0.49(XX=1	or	XY=0)	+	0.81(sum	
of	41,	31)
	 4.	 U345=12.30-0.44(XX=1	or	XY=0)	+	0.40(sum	
of	41,	31,	11,	21)
	 5.	 L345=10.76-0.47(XX=1	or	XY=0)	+	0.51(sum	
of	42,	41,	31,	32)
	 6.	 L345=11.81-0.52(XX=1	or	XY=0)	+	0.63(sum	
of 11, 21)
	 7.	 L345=12.12-0.49(XX=1	or	XY=0)	+	0.94(sum	
of	41,	31)
	 8.	 L345=9.40-0.43(XX=1	or	XY=0)	+	0.47(sum	of	
41,	31,	11,	21)

Comparisons of the eight prediction equations with 
Moyers’ probability tables and Tanaka and Johnston 
prediction equations
	 The	correlation	coefficients	for	eight	prediction	equa-
tions	were	found	to	be	moderate	to	strong,	or	from	0.62	
to	0.75	(Table	5).	The	percentages	of	prediction	accuracy	
of	the	eight	prediction	equations,	ranging	from	47.16	
to	53.41	(Table	5),	were	compared	with	those	using	the	
Moyers’	tables	and	the	Tanaka	and	Johnston	equations.	
For	the	first	four	equations,	the	percentages	of	prediction	
accuracy	were	significantly	greater	than	that	using	the	
Moyers’ tables (p<0.001)	and	that	using	the	Tanaka	and	
Johnston equations (p<0.01;	Table	5).	For	the	second	four	
equations, the percentages of prediction accuracy were 
significantly	greater	than	that	using	the	Moyers’	tables	
(p<0.05;	Table	5).

Discussion
	 To	predict	the	MD	widths	of	upper/lower	canine	and	
premolars from various combinations of the sum of the 
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Table 1:	Comparisons	of	the	mean	mesiodistal	(MD)	widths	of	four	predictors	and	two	outcomes	between	Thai	male	and	female	partici-
pants.	U=	upper,	L=	lower.

MD width
Male

Mean±SD (mm)
Female

Mean±SD (mm)
p-value

Predictors sum	of	42,	41,	31,	32
sum of 11, 21
sum	of	31,	41
sum	of	11,	21,	31,	41

23.83±1.46
17.54±1.14
11.39±0.74
28.94±1.70

23.08±1.21
17.01±0.83
11.01±0.63
28.02±1.32

<0.001
<0.001
<0.001
<0.001

Outcomes U345
L345

23.82±1.08
22.86±1.09

23.02±0.91
22.01±0.93

<0.001
<0.001

Table 2:	Comparisons	of	the	mean	mesiodistal	(MD)	widths	of	four	predictors	and	two	outcomes	among	four	different	regions	of	Thailand.	
U=	upper,	L=	lower.

MD width
Northern

Mean±SD (mm)
Central

Mean±SD (mm)
Northeastern

Mean±SD (mm)
Southern

Mean±SD (mm)
p-value

Predictors sum	of	42,	41,	31,	32
sum of 11, 21
sum	of	31,	41
sum	of	11,	21,	31,	41

23.29±1.51
17.05±1.17
11.06±0.72
28.12±1.74

23.19±1.34
17.24±1.02
11.02±0.71
28.26±1.55

23.29±1.19
17.24±0.95
11.18±0.59
28.43±1.38

24.00±1.36
17.52±0.93
11.52±0.71
29.04±1.57

0.020*
0.185
0.004**
0.029*

Outcomes U345
L345

23.23±1.07
22.28±1.27

23.36±0.94
22.36±0.98

23.42±0.91
22.41±1.05

23.59±1.31
22.62±1.07

0.441
0.513

*p<0.05;	**p<0.01

Table 3:	Regression	parameters	for	the	correlation	of	predictor	and	outcome	variables	of	upper	canine	and	premolars	(upper	3	4	5)	upon	
pre-	and	post-reducing	models.

Upper 3 4 5
Pre-reducing model Post-reducing model

Coefficient p-value Coefficient p-value Power
Sex

Region
sum	of	42,	41,	31,	32

Constant

-0.490
0.030
0.430
13.490

<0.001
0.570
<0.001
<0.001

-0.480
-

0.440
13.410

<0.001
-

<0.001
<0.001

1
-
1
-

Sex
Region

sum of 11, 21
Constant

-0.530
-0.050
0.530
14.510

<0.001
0.355
<0.001
<0.001

-0.520
-

0.540
14.400

<0.001
-

<0.001
<0.001

1
-
1
-

Sex
Region

sum	of	31,	41
Constant

-0.500
0.005
0.810
14.600

<0.001
0.935
<0.001
<0.001

-0.490
-

0.810
14.580

<0.001
-

<0.001
<0.001

1
-
1
-

Sex
Region

sum	of	11,	21,	31,	41
Constant

-0.440
0.010
0.400
12.330

0.001
0.863
<0.001
<0.001

-0.440
-

0.400
12.300

0.001
-

<0.001
<0.001

1
-
1
-
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Table 4: Regression parameters (sex and region) for the correlation of predictor and outcome variables of lower canine and premolars (lower 
3	4	5)	upon	pre-	and	post-reducing	models.	

Lower 3 4 5
Pre-reducing model Post-reducing model

Coefficient p-value Coefficient p-value Power
Sex

Region
sum	of	42,	41,	31,	32

Constant

-0.470
0.005
0.510
10.770

<0.001
0.924
<0.001
<0.001

-0.470
-

0.510
10.760

<0.001
-

<0.001
<0.001

1
-
1
-

Sex
Region

sum of 11, 21
Constant

-0.530
0.030
0.620
11.880

<0.001
0.588
<0.001
<0.001

-0.520
-

0.630
11.810

<0.001
-

<0.001
<0.001

1
-
1
-

Sex
Region

sum	of	31,	41
Constant

-0.490
0.030
0.950
12.030

<0.001
0.619
<0.001
<0.001

-0.490
-

0.940
12.120

<0.001
-

<0.001
<0.001

1
-
1
-

Sex
Region

sum	of	11,	21,	31,	41
Constant

-0.420
0.020
0.470
9.320

<0.001
0.665
<0.001
<0.001

-0.430
-

0.470
9.400

<0.001
-

<0.001
<0.001

1
-
1
-

Table 5:	Comparisons	of	eight	prediction	equations	with	Moyer’s	proportionality	tables	and	Tanaka	and	Johnston	prediction	equations.	
U=	upper,	L=	lower.

% 
accuracy 

in this 
study

Correlation 
coefficient 

(r)

% 
accuracy 

using 
Moyers

Correlation 
coefficient 

(r)

Chi-
Square

p-value (1)

% 
accuracy 

using 
Tanaka and 

Johnston

Correlation 
coefficient (r)

Chi-
Square

p-value (2)

U345 sum	of	42,	41,	
31, 32

sum of 11, 21
sum	of	31,	41
sum of 11, 21, 

31,	41

48.30
48.30
47.73
47.16

0.66
0.62
0.64
0.68

10.91 0.55 <0.001
<0.001
<0.001
<0.001

31.25 0.63 0.001
0.001
0.002
0.002

L345 sum	of	42,	41,	
31, 32

sum of 11, 21
sum	of	31,	41
sum of 11, 21, 

31,	41

53.41
48.30
51.14
51.14

0.73
0.69
0.70
0.75

38.79 0.69 0.007
0.017
0.022
0.022

51.14 0.70 0.670
0.920
1.000
1.000

p-values	(1)	or	(2),	comparisons	between	%	accuracy	in	this	study	and	that	by	Moyers’	tables	or	that	by	Tanaka	and	Johnston	equations,	
respectively.
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MD	widths	of	incisors,	this	study	has	proposed	eight	novel	
prediction equations, whose percentages were found to be 
significantly	greater	than	those	using	Moyers’	tables.	The	
correlation	coefficients	for	the	upper	canine	and	premo-
lars	from	0.62	to	0.68	were	greater	than	that	at	0.55	using	
the Moyers’ tables, while those for the lower canine and  
premolars	from	0.69	to	0.75	were	comparable	to	that	
using	the	Moyers’	tables	or	the	Tanaka	and	Johnston	equa-
tions.	Collectively,	these	percentages	and	coefficients	
suggest the accuracy and reliability of our eight predic-
tion equations be acceptable for prediction of the upper/
lower	permanent	canine	and	premolar	MD	width	of	Thai	
population.	
 The Moyers’ tables were developed from Northern 
European	populations	that	are	neither	accurate	nor	appli-
cable	for	other	populations	of	distinct	ethnic	origins.	The	
ideal	correlation	coefficient	at	0.75,	as	recommended	by	
the author,(3) is not observed in seven of the eight equa-
tions	in	this	study	(Table	5),	nor	is	it	found	in	another	
study.(14) When the Moyers’ tables were applied for the 
Thai population in this study and in the Chinese popu-
lation(7,9,15),	it	was	found	to	underestimate	the	real	MD	
width of upper canine and premolars that would affect 
orthodontic treatment planning, because more space than 
the	predicted	MD	width	is	required	for	a	good	alignment	
of	the	erupting	canine	and	premolars.	In	comparison	with	
the	Tanaka	and	Johnston	equations,	our	equations	were	
found	to	significantly	better	predict	a	sum	of	the	MD	
width	of	upper	canine	and	premolars.	Note	that	the	Tanaka	
and Johnston equations overestimate the mixed dentition 
space analysis of female Caucasians, while they underes-
timate	the	same	analysis	of	male	and	female	Negroids.(16)  
In	this	study,	the	Tanaka	and	Johnston	equations	also	un-
derestimate the mixed dentition space analysis of upper 
canine and premolars of Thai males and females (data 
not	shown).
 Of the eight equations, only six that did not include 
maxillary and mandibular lateral incisors are clinically 
applied in patients, whose lateral incisors are frequently 
afflicted	by	congenital	missing	and/or	abnormal	tooth	size.	
A	recent	article(17) has reviewed using different predictors 
other	than	the	incisors,	particularly	the	MD	width	of	per-
manent	first	molar.	These	predictors	include	a	sum	of	the	
MD	width	of	mandibular	central	incisor,	lateral	incisor,	
and	first	molar,	and	that	of	two	mandibular	central	incisors	
and	first	molar.	Hence,	various	combinations	of	predictors,	

considered to be advantageous in terms of a more diverse 
manner,	are	created.	Note	that	the	correlation	coefficients	
of our eight prediction equations are found to be compa-
rable	to	those	using	the	combinations	of	the	MD	width	of	
incisors	and	molars.(17) Nonetheless, tooth defects from 
dental	caries	or	restoration	involving	the	MD	surface	of	
permanent	first	molar	often	take	place,	affecting	its	real	
MD	width,	necessitating	use	of	anterior	teeth	instead	to	
predict	the	MD	width	of	unerupted	canine	and	premolars.
In this study, sex evidently affects tooth size, by which 
the average size of each tooth type of males was found 
to	be	significantly	larger	than	that	of	females.	This	find-
ing	is	consistent	with	the	previous	findings	in	the	Thai	
population.(8) Correspondingly, a study in the Taiwanese 
population(15) has shown a similar result that indicates 
a	significantly	larger	tooth	size	in	men	than	in	women.	
The sex effect on tooth size could be attributed to genetic 
factors	and	sex	hormones	that	influence	tooth	develop-
ment.(6,18,19)	Each	of	the	four	regions	in	Thailand	differs	
in terms of geography, ethnicity, cultural heritage, and 
cuisine.	Our	findings	indicated	that	regional	differences	
had	a	significant	effect	on	three	of	the	four	predictors	with	
the	greatest	mean	MD	widths	found	in	participants	from	
the	southern	region	of	Thailand.	These	results	agree	with	
the	findings	from	a	previous	study,(8) which suggest that 
regional	differences	influence	tooth	size.	Nevertheless,	
regional variables, which were not found to have any sig-
nificant	impact	in	a	pre-reducing	model	(Tables	3	and	4),	
were not included in the formulation of our equations in 
a	post-reducing	model,	thus,	making	these	equations	sim-
pler	and	more	generalizable	for	use	in	the	Thai	population.
Because of its convenience, intraoral scanning has in-
creasingly gained popularity in orthodontic treatment 
nowadays.(11-13) The digitized dental images can be in-
directly obtained from scanning the plaster models(11), 
whereas our digital dental models were derived directly 
from	intraoral	scanning.	A	previous	study(20) has shown 
no	significant	difference	between	these	two	approaches,	
since	an	excellent	agreement	in	the	measurement	of	MD	
width obtained from either direct or indirect way was 
demonstrated.	Thus,	due	to	its	ease,	convenience,	time	
saving, cost effective, reliability, and accuracy, intraoral 
scanning is recommended to directly create digital dental 
models.	However,	it	is	noteworthy	that	the	measurement	
of	MD	width	in	this	study	was	performed	by	only	a	spe-
cific	brand	of	intraoral	scanner;	therefore,	differences	in	
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the scanner accuracy, resolution, and software algorithms 
between	the	different	scanners	may	have	influenced	the	
validity	and	generalizability	of	our	findings.	

Conclusions
	 In	the	Thai	population,	significantly	larger	tooth	sizes	
in males than in females affect the prediction of upper and 
lower	canine	and	premolar	MD	widths.	
	 The	eight	MFU	regression	equations	are	precise	to	
predict	the	sum	of	the	MD	width	of	upper/lower	canine	
and premolars, proposing a possibility to use these equa-
tions	to	predict	the	MD	width	of	unerupted	permanent	
canine and premolars for orthodontic treatment planning 
during	the	mixed	dentition.
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Abstract
Objectives: To quantify the amount of debris extrusion after root canal instrumentation 
with	rotary	(Zenflex;	ZF)	and	reciprocating	(EdgeOne	Fire;	EOF)	file	systems	combined	
with	either	Manual	Dynamic	Activation	(MDA)	or	Passive	Ultrasonic	Irrigation	(PUI).

Methods: Ninety mandibular molars with complete root formation and 10°-20°  
curvature	were	selected,	disinfected,	and	stored.	Teeth	with	immature	apex,	resorption,	
caries,	or	calcified	canals	were	excluded.	High-speed	diamond	burs	accessed	the	teeth	
and	mesial	roots	were	used	for	investigation.	Specimen	were	randomly	divided	into	6	
groups	(n=15)	based	on	file	(ZF	and	EOF)	and	irrigation	systems(MDA	and	PUI).	The	
apical	size	of	prepared	root	canal	was	25.	The	Myers	and	Montgomery	method	was	
used	to	collect	apical	debris.	Debris	extrusion	was	measured	by	weighing	tubes	pre-	
and	post-experiment	after	incubating	for	5	days.	The	mean	weight	differences	of	debris	 
extrusion	among	file	and	irrigation	system	groups	were	compared	using	Two-way	ANOVA	
with	Tukey’s	test.	

Results:	The	statistics	showed	a	significant	effect	of	irrigation	technique	on	debris	extru-
sion (p=0.002),	while	file	system	(p=0.698)	and	interaction	(p=0.406)	were	not	signifi-
cant.	PUI	as	an	adjunctive	irrigation	with	ZF	and	EOF	(mean=0.19±0.17	and	0.19±0.14	
µg	respectively)	significantly	reduced	debris	extrusion	compared	to	reciprocating	EOF	
systems	without	adjunctive	irrigation	technique	(mean=0.37±0.13	µg)	(p=0.020	and	
p=0.017,	respectively).	

Conclusions:	Irrigation	technique	significantly	influenced	debris	extrusion,	while	file	
system	had	no	effect.	The	use	of	PUI	with	both	file	systems	reduced	debris	extrusion	
compared	to	EOF	without	adjunctive	irrigation.

Keywords: apical debris extrusion, mechanical instrumentation, root canal preparation, 
rotary	NiTi	file
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Introduction
 Complete root canal debridement, achieved through 
chemical irrigants and mechanical instrumentation, is a 
critical	step	in	non-surgical	root	canal	treatment.(1,2) Che-
momechanical debridement can lead to apical extrusion 
of debris, pulp tissue fragments, necrotic tissue, microor-
ganism and irrigants which is one of the main causes of 
periapical	inflammation	and	postoperative	flare-ups.(3) 
Flare-ups,	characterized	by	pain,	swelling,	or	both,	may	
occur within hours or days following root canal treatment 
and often result in unexpected interappointment emer-
gency	visits.	The	incidence	of	flare-ups	during	root	canal	
treatment	ranges	from	1.4%	to	16%.(1-3) 
	 Despite	efforts	to	maintain	the	working	length	short	
of the apical terminus across various preparation tech-
niques and instruments, debris extrusion continues to 
occur	in	varying	amounts.(2,3) Studies showed mechanical 
instrumentation	using	hand	files	produced	more	apical	
debris	extrusion	than	engine-driven	rotary	preparation.(1,3) 
Moreover,	push-pull	filing	motions	generate	more	apical	
debris	than	rotational	motions.(2) 
	 Recently,	advances	in	Nickel-Titanium	(NiTi)	rotary	
file	technology	have	facilitated	more	effective	cleaning	
and	shaping	of	the	root	canal	system.	These	improve-
ments in metallurgy allow for greater preservation of tooth 
structure	while	maintaining	canal	anatomy.	However,	the	
literature remains inconclusive regarding the differences  
in	apical	debris	extrusion	between	various	rotary	file	
systems.	Earlier	studies	indicated	that	reciprocating	file	
system produces more debris extrusion than continuous 
rotation	file	system(2,3), while study of Ujariya et al.,(4) 
reported	inconsistent	result.	Recently,	Kerr	Corporation	
launched a new NiTi rotary system used in continuous 
motion	called	ZenFlex™	(Kerr	Corporation,	Pomona,	CA,	
USA)	which	characterized	by	1	mm	maximum	instrument	
diameter with the purpose to maintain more tooth structure 
after	root	canal	preparation.	Moreover,	the	manufacturer	 
claimed of ensuring an increased cyclic fatigue and tor-
sional resistance in comparison to other comparable in-
strument brands due to the proper heat treatment and the 
innovative	design	of	ZenFlex™.(5)

	 EdgeOne	Fire™	(EdgeEndo,	Albuquerque,	NM,	
USA),	a	recently	introduced	reciprocating	file	system,	
undergoes	proprietary	heat	treatment	(FireWire™)	to	 
enhance	flexibility	and	a	negligible	restoring	force.(6)	

A	comparative	study	on	 the	shaping	ability	of	 three	 

reciprocating	NiTi	single	file	systems;	Reciproc® blue, 
WaveOne®	Gold	and	EdgeOne	Fire™,	in	curved	root	
canals	reported	that	there	were	no	statistically	significant	
differences in the degree of canal transportation distances 
and	preparation	times	among	these	3	groups.	The	Edge-
One	Fire	system	recorded	more	statistically	significant	
percent change of canal curvature than the WaveOne® 
Gold	system.	Despite	this,	there	are	no	data	in	literature	
regarding	apical	debris	extrusion	of	those	instruments.	
 The most commonly used method of smear layer 
removal has been the alternating irrigation with a com-
bination	of	ethylenediaminetetraacetic	acid	(EDTA)	and	
sodium	hypochlorite	(NaOCl).	This	combination	can	 
remove smear layer completely in the coronal and middle 
thirds but less effective in the apical third owing to the 
inability of the irrigating solutions to reach the apical third 
of	the	root	canals.(7,8)	For	optimal	effectiveness,	the	irrig-
ants	must	contact	the	entire	root	canal	surface.	However,	
complex	canal	anatomy	and	the	vapor	lock	effect	in	the	
apical third hinder conventional syringe irrigation from 
wetting	the	entire	surface.(9) 
 Conventional syringe irrigation typically reaches 
only	1.5-2.0	mm	beyond	the	needle	tip,	limiting	its	effec-
tiveness	to	the	coronal	and	middle	thirds.(10) Therefore, 
intracanal agitation or activation of the irrigants is a neces-
sary adjunction to mechanical instrumentation to remove 
debris	and	bacteria	from	the	root	canals.(11,12) Several 
systems for intracanal agitation of the irrigants have been 
proposed, which might be categorized as manual agita-
tion	devices,	including	the	use	of	hand	files,	gutta-percha	
points and canal brushes, and machine-assisted agitation 
devices,	like	sonic	or	ultrasonic	devices,	rotary	brushes	
and	pressure	alternation	devices.	Studies	have	shown	
that	manual	dynamic	activation	(MDA)	using	well-fit-
ting gutta-percha master cone with gentle up and down 
movement	in	short	2-	to	3-mm	strokes	in	an	instrumented	
canal can produce an effective hydrodynamic effect and 
significantly	improve	the	displacement	and	exchange	of	
any	given	reagent.	This	will	result	in	better	contact	of	
the irrigating solution with the root canal walls, and thus 
enhance	debridement.(13) 
 Studies indicated that irrigation is one of the proce-
dures that can cause extrusion of intracanal debris into peri-
apical(14,15) area and type of irrigation system can affect 
the	frequency	and	amount	of	apical	debris	extrusion.(16)   
It	has	been	known	that	passive	ultrasonic	irrigation	(PUI)	
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is more effective than conventional irrigation (CI), using 
syringe and needle, in eliminating pulp tissue and dentin 
debris.(16) PUI can remove debris and bacteria adhered 
on the root surface by action of acoustic streaming which 
produces	shear	stresses	along	the	root	canal	wall.	
 To date, the effect of PUI on the apical extrusion of 
debris	when	used	in	conjunction	with	single-file	systems	
has	not	been	studied	much.	Studies	evaluating	the	effect	of	
MDA	and	PUI	on	the	apical	extrusion	of	debris	are	lack-
ing, and therefore, this study aims to quantify the amount 
of debris extrusion after root canal instrumentation with 
rotary	and	reciprocating	file	systems	combined	with	either	
MDA	or	PUI.	The	null	hypothesis	(H0) is that there is no 
significant	difference	in	the	amount	of	debris	extrusion	
among	different	combinations	of	ZF	and	EOF	file	systems	
with	either	MDA	or	PUI.

Materials and Methods
	 This	study	was	approved	by	the	Human	Experi-
mentation	Committee,	Faculty	of	Dentistry,	Chiang	Mai	
University,	Thailand	(NO.18/2023).	

2.1 Sample size 
 Sample size was calculated by adopting an alpha 
(α)	level	of	0.05,	beta	(β)	level	of	0.20	i.e.,	power	=	80%,	
effect size (ƒ)	=	0.4.	The	calculation	based	on	results	of	
Gummadi et al.,(16)	using	G*power	version	3.1.9.7	(Hein-
rich	Heine	University,	Düsseldorf,	Germany)	revealed	the	
total	sample	size	is	90	samples.	

2.2 Sample selection
 Ninety mandibular molars (except mandibular third 
molar)	were	collected	and	stored	in	normal	saline.	The	
included teeth had complete root formation with root 
curvature approximately 10º-20º measured by Schnei-
der	method.(17) Calculus and debris were removed with  
ultrasonic	scaling	and	disinfected	with	5.25%	NaOCl	for	
10	minutes	then	stored	in	normal	saline	until	used.	Peri-
apical radiographs in mesiodistal and buccolingual views 
had	been	taken	to	verify	apical	foramen	and	root	canal	
configuration.	Only	teeth	which	mesial	root	had	type	II	
or	IV	Vertucci’s	configuration	were	included	in	this	study.	
Teeth with immature apex, root resorption, root caries, and 
calcified	canal	were	excluded.

2.3 Experimental model design
 The mesiobuccal canal of mesial root was used in 

our study.	Each	specimen	was	created	by	the	follow-
ing	procedure.	High-speed	diamond	burs	were	used	to	 
access	the	teeth	and	to	separate	the	distal	and	mesial	roots.	
In	the	mesial	roots,	the	canals	were	checked	for	apical	
patency	with	K-file	no.10	(Densply	Sirona,	Ballaigues,	
Switzerland).	The	length	of	each	canal	was	established	
by	inserting	no.10	K-file	into	canal	space	until	the	tip	of	
file	was	visible	at	apical	foramen,	then	subtract	1	mm.	The	
final	working	length	of		mesiobuccal	canal	was	16	mm	and	
adjusted	by	flattening	the	cusp	tip,	then	confirmed	with	
a	radiograph.	A	K-file	no.15	inserted	until	the	working	
length	was	reached	and	teeth	which	had	a	passive	fit	at	
the	working	length	were	selected.	Teeth	were	divided	
randomly	into	6	groups	based	on	the	file	system	and	the	
irrigation	system	(n=15).

2.4 Specimen preparation and debris collection model
 The model and process for collecting apical debris 
extrusion was adopted from Myers and Montgomery 
method	(Figure	1).(18)	Double	layer	of	cyanoacrylate	
used to cover the external surface of all roots except for 
1	mm	from	root	apex.	Each	empty	Eppendorf	tubes	were	
numbered	and	weighed	without	the	lids	by	5-digit	analy- 
tical	balance	(Shimadzu,	Kyoto,	Japan).	Pre-experimental	
weight of tube (W1) was the mean value of weighting each 
empty	tube	for	3	times.	
	 Micromotor	used	to	make	a	hole	on	the	lid	of	the	tube	
then	mesial	roots	were	inserted	into	the	hole	and	fixed	with	
cyanoacrylate.	To	keep	the	balance	of	air	pressure	inside	
and	outside	of	the	tubes,	a	27-guage	needle	was	inserted	
in	to	the	lid.	The	lid	was	attached	back	to	the	tube	and	
the whole apparatus was concealed in a glass bottle with 
putty,	the	glass	bottle	was	then		covered	with	black	tape	
to prevent the operator from seeing through while doing 
the	instrumentation	process.
 The samples were allocated using a random group 
allocation	online	software	(http://www.randomizer.org)	
into	six	groups	of	fifteen	teeth	according	to	the	file	system	
(Zenflex	and	EdgeOne	Fire)	and	the	irrigation	systems	
(PUI	and	MDA)	(n=15)	used.

2.5 Root canal preparation and irrigation
 The mechanical Instrumentation procedures were 
performed		using		X-smart	Plus	motor	(Densply	Maille-
fer,	Ballaigues,	Switzerland).	The	instrument	flutes	were	
cleaned	with	sterile	gauze	after	3	passes.	The	canal	was	
irrigated with 2 ml of distilled water using using a 30G 
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needle	with	a	syringe	and	size	10	K-file	was	used	to	main-
tain	apical	patency.	These	procedures	were	repeated	until	
the	file	reached	the	WL.	Total	volume	of	irrigant	was	
limited	to	8	ml	per	tooth.
 Group 1: ZF – without adjunctive irrigation
	 Zenflex™	rotary	file	size	20	taper	06	to	25	taper	06	
were used according to the manufacturer’s instruction 
with	a	rotational	speed	of	500	rpm	and	torque	of	2	Ncm.	
The conventional irrigation using a 30G needle with a 
syringe	with	normal	saline	solution	was	performed.
 Group 2: EOF – without adjunctive irrigation
	 EdgeOne	Fire™	file	 size	25	 taper	07	was	used	 
according	to	the	manufacturer’s	instruction	with	a	350	rpm	
speed	in	170°	CCW	and	50°	CW	direction	and	completes	
360°	in	3	cycles.(19) The canal was irrigated in the same 
manner	as	in	Group	1.
 Group 3: ZF + MDA
	 Zenflex™	rotary	file	size	20	taper	06	to	25	taper	06	
were	used,	followed	by	irrigating	with	MDA	technique.	
With a gentle up and down movement of a gutta percha 
master	cone	size	25	taper	04	with	the	WL-1mm	in	short	
2-	to	3-mm	strokes	with	the	frequency	approximately	100	

times	per	minute	(~1.6	Hz)	was	done.
 Group 4: EOF + MDA
	 EdgeOne	Fire™	file	size	25	taper	07	was	used,	fol-
lowed	by	irrigating	with	MDA	technique	in	the	same	
protocol	as	in	Group	3.
 Group 5:  ZF + PUI
	 Zenflex™	rotary	file	size	20	taper	06	to	25	taper	06	
were	used,	followed	by	PUI	technique.	An	irrisafe	with	
tip	size	20	(Satelec	Acteon,	Merignac,	France)	was	acti-
vated	at	2	mm	short	of	working	length	for	1	minute	after	
preparation	of	canal	via	Newtron	P5® ultrasonic device 
(Satelec	Acteon,	Merignac,	France)	with	level	6	of	power	
setting	folowing	the	manufacturer’s	instruction.
 Group 6: EOF + PUI
	 EdgeOne	Fire™	file	size	25	taper	07	was	used,	fol-
lowed	by	PUI	technique	as	described	in	Group	5.	
	 Each	rotary	file	was	used	for	a	maximum	of	four	
canals and cleaned between uses with sterile gauze, ultra-
sonic bath (1 min), and microscopic inspection to ensure 
no	debris	remained.	Instrumentation	and	irrigation	were	
performed by one operator, while an independent exam-
iner	(blinded	to	the	groups)	assessed	debris	extrusion.

Figure 1:	Schematic	illustration	of	the	debris	collection	model	modified	from	Myers	and	Montgomery	(1991).(18)	(A),	Cyanoacrylate	(nail	
polish)	was	applied	1	mm	above	the	root	apex	to	seal	the	apical	foramen:	(B),	The	lid	of	an	Eppendorf	tube	was	removed:	(B-1),	A	hole	
was	drilled	in	the	lid	to	fit	each	sample,	and	the	sample	was	sealed	in	place	with	cyanoacrylate:	(B-2),	The	sample	was	inserted	up	to	the	
mid-root	level,	and	a	needle	was	inserted	through	the	lid	to	equalize	pressure:	(C),	The	Eppendorf	tube	was	weighed	without	the	lid:	(D),	
The	prepared	lid	was	securely	placed	back	onto	the	tube:	(E),	The	tube	was	fixed	to	a	glass	bottle	using	putty,	and	the	bottle	was	covered	
with	tape	to	prevent	contamination.
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2.6 Debris collection and measurement
	 Following	instrumentation,	the	root	was	removed	
from the lid, and any residual debris was rinsed into the 
Eppendorf	tube	using	1	mL	of	distilled	water.	The	tubes	
were	then	incubated	at	70°C	for	5	days	to	evaporate	mois-
ture	before	weighing	the	extruded	debris.	The	post-ex-
perimental weight (W2) was recorded as the average of 
three	measurements.	Debris	extrusion	was	calculated	as:	
(W2-W1).

2.7 Statistical analysis
	 All	the	graphs,	calculations,	and	statistical	analyzes	
were performed using GraphPad Prism software version 
10.4.1	for	MacOS	(GraphPad	Software,	San	Diego,	CA,	
USA).	The	difference	of	mean	weight	of	extruded	debris	
among all groups were examined using two-way analysis 
of	variance	(ANOVA)	with	Tukey’s	post	hoc	test	in	order	
to	investigate	the	main	effect	of	each	factor	(file	system	
and irrigation technique) and interaction effect of both  
factors	on	apical	debris	extrusion.	The	level	of	signifi-
cance was set at p<0.05.

Results
	 The	mean	±	standard	deviation	(SD)	of	apical	debris	
extrusion for each experimental group, along with the  
results	of	the	two-way	ANOVA	analysis	were	demonstrated	 
in	Table	1.	The	analysis	revealed	a	significant	main	effect	
of	irrigation	technique	(F(2,84)=6.965,	p=0.002),	indicat-
ing	that	the	irrigation	method	significantly	influenced	the	
amount	of	debris	extrusion.	However,	the	main	effect	of	
file	system	was	not	significant	(F(1,84)=0.152,	p=0.698),	
suggesting	that	the	type	of	file	system	did	not	indepen- 
dently	affect	debris	extrusion.	Additionally,	the	interac-

tion	effect	between	file	system	and	irrigation	technique	
was	not	statistically	significant	(F(2,84)=0.911,	p=0.406),	
indicating	that	the	influence	of	irrigation	technique	on	
debris extrusion remained consistent regardless of the 
file	system	used.
	 As	illustrated	in	Figure	2,	post	hoc	multiple	com-
parisons	using	Tukey’s	test	showed	that	debris	extrusion	
was	significantly	lower	in	groups	of	both	files	which	PUI	
was	added	as	an	adjunctive	irrigation	method	(Group	5	
and	6;	mean=0.19±0.17	and	0.19±0.14	µg	respectively)	
(p=0.020	and	p=0.017,	respectively)	than	using	EOF	file	
only	(Group	2;	mean	=	0.37±0.13	µg).	The	combination	
of	PUI	regardless	of	file	system	(Group	5	and	6)	tended	
to produce less debris extrusion than those groups using 
MDA	technique	(Group	3	and	4;	0.28±0.15	and	0.24±0.15	
µg	respectively)	although	the	statistical	significance	could	
not	be	observed.	Furthermore,	ZF	without	supplemental	
irrigation	(Group	1;	mean=0.30±0.12	µg)	did	not	exhibit	
a	statistically	significant	difference	in	debris	extrusion	
compared	to	other	groups.

Discussion
	 Apical	debris	extrusion	produced	by	root	canal	treat-
ment during mechanical instrumentation and irrigation 
could	caused	postoperative	flare-ups,	inflammation,	and	
delayed	periapical	healing.(20,21) Previous studies have 
demonstrated that increased debris extrusion is associated 
with	greater	inflammatory	mediator	release,	such	as	pros-
taglandins and substance P, which contribute to postop-
erative	discomfort.(22,23)	Additionally,	residual	extruded	
debris	may	harbor	bacterial	biofilms,	increasing	the	risk	
of	persistent	apical	periodontitis.(24)

 In this study, the mesiobuccal canals of mandibular 

Table 1:	Mean	±	SD	of	debris	extrusion	(µg)	for	different	file	systems	and	irrigation	techniques.	Two-way	ANOVA	results	are	reported,	
showing	the	effects	of	file	system	(rotary	vs.	reciprocating),	irrigation	technique	(w/o	irrigation,	MDA,	PUI),	and	their	interaction.	p<0.05	
is	considered	statistically	significant	(**).	Abbreviations:	w/o	=	without	irrigation,	MDA	=	Manual	Dynamic	Agitation,	PUI	=	Passive	
Ultrasonic	Irrigation.

File system Irrigation technique Mean ± SD Two-way ANOVA (p-value)

ZF
w/o adjunctive 

MDA
PUI

0.30±0.12
0.28±0.17
0.19±0.17

File	system:	0.698
Irrigation	technique:	0.002	**	
Interaction:	0.406

EOF
w/o adjunctive 

MDA
PUI

0.37±0.13
0.25±0.15
0.19±0.16
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molars were selected due to their relevance in clinical sce-
narios where curved canals are commonly found in mul-
tirooted	posterior	teeth.	Moreover,	curved	and	complex	
canals were one of the factors that affected the treatment 
outcome	and	the	amount	of	apical	debris	extrusion.(25) The 
materials	and	methods	of	this	study	was	modified	from	
the study of Myers and Montgomery(18), which was the 
mainly method used to study the amount of apical debris 
extrusion	after	mechanical	instrumentation	and	irrigation.	
Distilled	water	was	used	as	the	irrigant	instead	of	NaOCl	
to prevent crystallization and contamination of the debris 
with	sodium	crystals.(16,21,26)

 The present study evaluated the effects of different 
file	systems	(rotary	vs.	reciprocating)	and	irrigation	tech-
niques	(without	adjuctive		irrigation,	MDA,	and	PUI)	on	
debris	extrusion.	Two-way	ANOVA	revealed	that	irriga-
tion	technique	had	a	significant	effect	on	debris	extrusion	
(p=0.002),	whereas	file	system	(p=0.698)	and	the	interac-
tion between the two factors (p=0.406)	were	not	signifi-
cant.	These	findings	suggest	that	irrigation	strategy	plays	
a more critical role in debris extrusion than the choice of 
file	system.	
	 The	significant	effect	of	irrigation	technique	aligns	
with	previous	studies	demonstrating	that	PUI	significantly	
reduces apical debris extrusion compared to conventional 
irrigation	methods.(27) The enhanced debris removal with 

Figure 2:	Mean	debris	extrusion	(µg)	for	different	file	systems	and	irrigation	techniques.	ZF	=	Zenflex;	EOF	=	EdgeOne	Fire;	MDA	=	 
Manual	Dynamic	Agitation;	PUI	=	Passive	Ultrasonic	Irrigation.	Error	bars	represent	standard	of	error	(SE).	Asterisks	(*)	indicate	statisti-
cally	significant	differences	(p<0.05,	Tukey’s	post	hoc	test).

PUI is attributed to its ability to induce acoustic streaming 
and cavitation, effectively dislodging debris and minimi- 
zing	its	apical	extrusion.(28)	Additionally,	the	oscillating	
motion	of	the	ultrasonic	file	promotes	lateral	flow	of	irri-
gant along the root canal walls, preventing debris accumu-
lation	at	the	apex.(29) Our post hoc analysis demonstrated 
that	both	rotary	(ZF)	and	reciprocating	(EOF)	file	groups	
using	PUI	(Group	5	and	6)	extruded	significantly	less	
debris	compared	to	the	EOF	without	adjuctive	irrigation	
method	(Group	2).	These	findings	support	the	combining	
PUI as an adjunctive root canal irrigation to optimize 
debris removal(16)	and	minimize	the	risk	of	postoperative	
complications	associated	with	extruded	debris.(30,31) 
	 In	contrast,	although	no	significant	differences	were	
observed,	the	MDA	technique	tended	to	produce	relatively	
more	debris	than	PUI	when	combined	with	the	same	file	
system	(Group	3	vs.	Group	5	and	Group	4	vs.	Group	6).	
This may be attributed to the up-and-down movement 
of	the	gutta-percha	cone	in	MDA,	which	may	generate	 
unstable hydraulic forces and push debris beyond the 
apex.	Furthermore,	variability	 in	 the	pumping	force	 
applied manually by the examiner may contribute to  
inconsistent	debris	extrusion.
	 Interestingly,	the	type	of	file	system	did	not	signifi-
cantly	influence	debris	extrusion.	Our	results	showed	
that	ZF	without	adjunctive	 irrigation	 (Group	1)	did	
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not	exhibit	a	significant	difference	in	debris	extrusion	
compared	to	any	other	groups.	Although	mean	debris	 
extrusion	in	Group	1	was	lower	than	that	in	EOF	without	
adjunctive irrigation (Group 2), this difference did not 
reach	statistical	significance	(Figure	2).	These	findings	
suggest	that,	while	different	file	kinematics	may	influence	
debris extrusion, the effect may not be as substantial as 
the	irrigation	technique,	which	demonstrated	a	significant	
impact.	The	absence	of	a	significant	difference	between	
Group	1	and	the	MDA	or	PUI	groups	further	reinforces	the	
dominant	role	of	irrigation	dynamics	over	file	motion	in	
controlling	debris	extrusion.	This	contradicts	previous	re-
ports suggesting that reciprocating systems generate more 
extruded	debris	due	to	their	cutting	dynamics	and	lack	of	
continuous	withdrawal	motion.(2,3,16) The discrepancies 
between studies may occur from differences in tooth type, 
working	length,	apical	diameter,	and	file	size.
	 The	 absence	 of	 a	 significant	 interaction	 effect	 
between	file	system	and	irrigation	technique	suggests	that	
the	beneficial	effect	of	PUI	is	independent	of	the	instru-
mentation	technique	used.	This	reinforces	the	idea	that	
irrigation	technique	exerts	a	stronger	influence	on	debris	
extrusion	than	file	kinematics,	supporting	the	prioritiza-
tion	of	effective	irrigation	strategies	in	clinical	practice.
 In clinical situation, although there is no study at the 
present that demonstrate the certain amount of extruded 
debris	that	can	cause	the	postoperative	complications.	
While the observed reduction in apical debris extrusion of 
approximately	0.1	micrograms	may	seem	minor,	its	clini-
cal	significance	should	not	be	underestimated.	A	literature	
review emphasized that any irritation to periapical tissues, 
including	minimal	debris	extrusion,	may	result	in	flare-ups	
and	impede	healing.(22)  Therefore, even a small reduction 
in	debris	extrusion	could	potentially	decrease	the	risk	of	
postoperative complications, thereby enhancing patient 
comfort	and	treatment	success.
	 A	limitation	of	this	study	is	that	the	experimental	
model does not fully replicate the clinical periapical 
structure,	as	it	lacks	the	apical	resistance	typically	pro-
vided	by	bone	or	periapical	tissue.(22)	Additionally,	there	
were different microhardness of dentin between samples 
which	could	affect	the	difficulty	of	the	instruments	while	 
cutting	dentin.(32)		Future	studies	could	improve	upon	these	 
limitations by developing more realistic models, such 
as using gel to mimic an apical barrier or employing  
micro-CT	to	collect	debris.(26)	Further	research	could	also	

focus on clinical outcomes, such as the incidence of post-
operative	pain	following	the	use	of	ZenFlex	and	EdgeOne	
Fire	combined	with	MDA	and	PUI.	

Conclusions
 With the limitations of the study, our data found 
that	irrigation	technique	significantly	influenced	apical	
debris	extrusion,	while	file	system	motions	had	no	effect.	
PUI	significantly	reduced	debris	extrusion	compared	to	
reciprocating	EOF	systems	without	adjunctive	irrigation	
technique.	The	absence	of	an	interaction	effect	suggests	
that irrigation plays a more critical role than instrumenta-
tion	motion.
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Abstract
Objectives:	Shear	bond	strength	(SBS),	tie-wing	fracture	resistance	(Tie-wing	FR),	and	
frictional	resistance	of	a	custom-made	ceramic	orthodontic	bracket	version	1	(CC	bracket	
v1)	were	evaluated.

Methods:	CC	bracket	v1	and	its	mould	were	designed	by	incorporating	average	buccal	
surface-curvature of Thai premolars into its base and fabricated by injection-moulding 
technique.	SBS,	Tie-wing	FR	and	static	frictional	resistance	of	CC	bracket	v1	were	com-
pared	to	those	of	a	commercial	ceramic	bracket	(N=10).	Normally	distributed	data	were	
compared	between	groups	using	t	tests.

Results:	SBS	means	were	significantly	different	between	CC	bracket	v1	and	controls	
(17.25±5.63	MPa	and	24.75±5.29	MPa,	respectively,	p<	0.05).	Tie-wing	FR	was	signifi-
cantly	lower	for	CC	bracket	v1	(41.74±5.34	MPa)	than	the	controls	(89.48±15.93).	Fric-
tional	resistance	was	significantly	greater	for	CC	bracket	v1	(141.93±35	gf)	vs.	controls	
(86.83±25.4	gf).

Conclusions:	CC	bracket	v1	exhibited	lower	SBS	and	Tie-wing	FR	but	clinically	accept-
able.	However,	its	frictional	resistance	needs	improvement.

Keywords:	bracket	base,	ceramic	bracket,	fracture	resistance,	frictional	resistance,	shear	
bond strength
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Introduction
 Concerning in aesthetics has led to an increase in 
the	development	of	aesthetic	orthodontic	appliances.	The	
curvature	of	the	base	of	ceramic	orthodontic	brackets	is	
generally	designed	to	conform	to	tooth	anatomy.	Com-
mercial	ceramic	brackets	mostly	have	the	base	curvature	
conformed	to	Caucasian	tooth	surfaces.	If	they	are	used	in	
different population, it can result in unprecise direction of 
forces	exerting	on	the	tooth.(1) Thonggerd et al.,(2) reported  
that the average buccal surface curvature of the upper 
premolars of Thai individuals was less curved than the 
surface	curvature	of	a	commercial	bracket	base,	for	which	
the	mean	difference	reached	0.07558	mm.	(Figure	1).	The	
authors described that the occluso-gingival curvature of 
the tooth differed more than the mesio-distal aspect, which 
suggested that this difference could affect the precision of 
torque	and	rotational	movement	even	though	the	bracket	
was	bonded	in	the	correct	position.		In	addition,	when	
the	bracket	base	did	not	conform	to	the	tooth	surface,	it	
could	result	in	un-uniform	thickness	of	adhesive	at	the	
tooth-bracket	base	interface	which	could	be	a	cause	of	
bond	failure.(3) Using digital surface scanning technology, 
a	custom-made	ceramic	bracket	can	be	designed	by	incor-
porating	the	average	tooth	curvature	of	specific	samples	
into	the	bracket	base.	This	should	improve	the	precision	
of	tooth	movement	and	reduce	the	adhesive	thickness,	
which may result in better interfacial shear bond strength 
between	the	tooth	and	the	bracket	base.	
 To address this issue, an initial version of a custom- 
made	aluminium	oxide	ceramic	orthodontic	bracket	was	
designed and developed by incorporating mean curva-
ture of buccal surface of upper premolars, derived from 
Thai	samples,	into	the	bracket	base.(4) Continuing to the  
previous study(4), version one of the custom-made ceramic 
bracket	(CC	bracket	v1)	was	developed	by	altering	its	
design	while	maintaining	the	curvature	of	the	bracket	base	
as	our	previous	study.(4)

	 The	CC	bracket	v1	was	improved	to	prevent	bracket- 
wing	fracture	during	fabrication	process.	It	was	designed	
to have more round corners without sharp angles in order 
to obtain better stress distribution when disengaging its 
mould	during	fabrication.	To	achieve	an	optimal	bond	
strength,	the	mechanical	retention	at	the	bracket	base	was	
increased by adding irregularly shaped aluminium oxide 
ceramic	crystals	to	the	bracket	base.
	 The	bracket	was	made	of	polycrystalline	aluminium	 

oxide ceramic material previously developed by 
Wasanapiarnpong et al.,(5) which offered appropriate  
mechanical	properties	for	ceramic	brackets,	including	
high fracture toughness, transparency, and biocompati-
bility.	
	 The	CC	bracket	v1	was	fabricated	using	injection- 
moulding	technique	and	sintering	process.		A	mould	of	the	
CC	bracket	v1	(Figure	2)	was	developed	by	an	engineering	
team at the Thai-German Institute of Technology using a 
reverse	engineering	process.	To	enhance	the	success	rate	
of	fabrication	and	prevent	fracture	of	the	bracket	wings	
during disengagement of the mould pieces, a custom-made 
mould	was	designed.	This	stainless	steel	mould	also	 
accounted	for	25%	shrinkage	of	the	ceramic	material	 
during	 the	sintering	process.(4) This study extended 
the	benefits	of	surface-scanning	technology	to	develop	 
custom-made	ceramic	orthodontic	brackets	for	use	in	
individuals	or	specific	populations	in	the	future.
	 Adequate	bond	strength	to	tooth	surface,		high	frac-
ture	toughness	of	the	tie-wings	of	the	brackets,	and	low	
frictional resistance to the wires are considered basic  
mechanical requirements of the orthodontic ceramic 
brackets.	The	objectives	of	this	study	were	to	compare	the	
mechanical	properties	of	CC	bracket	v1	and	a	commercial	
ceramic	bracket	in	terms	of	shear	bond	strength	(SBS),	
tie-wing	fracture	resistance	(Tie-wing	FR),	and	static- 
frictional	resistance	(S-FR).	

Figure 1: The difference between the average curvature of the buccal 
surface of the upper premolars of samples from Thai individuals 
(blue)	 and	 curvature	 of	 the	 commercial	 bracket	 base	 (green	 and	
purple).	Purple	represents	the	rugged	curvature	of	the	real	base	in	
the	commercial	ceramic	bracket,	whereas	green	represents	a	com-
mercial	bracket's	curvature	in	a	fit	curve	pattern	closely	resembling	
the	ultimate	curvature	of	the	purple.
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Materials and Methods

Fabrication of the custom-made ceramic bracket  
version 1
	 The	material	composition	of	 the	CC	bracket	v1	
consisted	of	magnesium	aluminium	oxide	(MgAl2O4), 
polyethylene	glycol	(PEG),	polyvinylbutyral,	and	stearic	
acid.	These	components	were	mixed	in	two	cycles	and	
compressed using an injection-moulding technique to 
obtain	the	desired	shape.	The	process	began	by	inject-
ing lubricating oil into the mould, which was heated to 
200	degrees	Celsius.	The	mixture	was	then	injected	into	
the	mould	at	a	temperature	of	210	degrees	Celsius.	The	
mould	was	cooled	to	room	temperature,	and	the	brackets	
were	carefully	removed	from	the	mould.	The	brackets	
were	soaked	in	distilled	water	for	24	hours	to	dissolve	the	 
remaining	PEG.
	 To	enhance	the	retention	property	of	the	bracket	base,	
a	mixture	of	100-300	nm	MgAl2O4 powder and ethanol 
at	a	50:50	ratio	by	weight	was	prepared.	The	mixture	was	
applied	to	the	base	of	the	bracket	using	a	fine-tip	brush	
under	a	10X	magnifying	scale	loupe.	After	allowing	the	
ethanol	to	completely	evaporate,	the	bracket	was	heated	
at	approximately	500	degrees	Celsius	for	one	hour	to	 
remove	the	remaining	binders.	The	temperature	was	raised	
to	1,650	degrees	Celsius	at	a	rate	of	5	degrees	Celsius	
per minute and maintained for 2 hours before allowing 
the	bracket	to	cool	naturally	in	an	electric	furnace.	Then,	
the	bracket	was	removed	from	the	electric	furnace,	and	
the	external	surfaces	were	polished	with	a	superfine	 
diamond	bur.

Mechanical properties
 Shear bond strength test 
 The SBS test was performed according to Thonggerd 
et al.,(4) and Suliman et al.,(6) This research was approved 
by	the	University	Human	Ethics	Committee	(SWUEC-
384/2564X).	Twenty	unidentified	upper	premolars	were	
anonymously collected from a hospital and dental clinics  
and	were	kept	in	accordance	with	the	standards	of	ISO	
3696:1987.	Inclusion	criteria	of	the	samples	was	a	sound	
tooth	with	a	definite	cemento-enamel	 junction.	The	 
exclusion criteria for sample collection were enamel 
cracks,	any	signs	of	caries,	abfraction,	abrasion,	an	enamel	
craze	line,	enamel	hypoplasia,	demineralization,	or	fillings	
on	the	crown	or	root.(7)

 The tooth samples were prepared by mounting the 
root in 1×1×1 inch3	dental	die	stone	blocks	that	were	
allowed	to	set	completely	in	a	humidified	box.
 The samples were randomly divided into 2 groups 
(10	teeth	per	group).	Group	1	included	CC	brackets	v1,	
and Group 2 served as the control group (a commercial 
ceramic	brackets	with	022”	slot;	Clarity	Advanced™,	3M	
Unitek,	Monrovia,	USA).	The	tooth	surfaces	were	pol-
ished,	etched	with	37%	phosphoric	acid	(3M	Unitek)	for	
30 seconds(4),	and	air-blown	until	a	chalky	white	appear-
ance	was	revealed.	The	primer	was	applied	(Transbond	
XT™,	3M	Unitek,	Monrovia,	USA)	on	the	tooth	surface	
and	air-thinned	for	10	seconds.	An	adhesive	bonding	agent	
(Transbond	XT™,	3M	Unitek,	Monrovia,	USA)	was	 
applied	to	the	tooth	surfaces	and	at	the	bases	of	the	brackets. 
The	brackets	were	positioned	on	the	tooth	surfaces	in	the	
middle of the crown in occluso-gingival and mesio-distal 
dimensions.	The	brackets	were	placed	with	a	hand	instru-
ment	and	pressed	with	5	N	force,	which	was	measured	
using	a	force	gauge.	The	excess	adhesive	was	removed,	
and	the	adhesive	was	cured	with	LED	light	(Mini-LED	
Satelec,	Acteon,	Mount	Laurel,	USA)	for	20	seconds	on	
each	side.(4)	After	bonding,	the	specimens	were	stored	in	
37°C	distilled	water(4,6)	for	24	hours	before	testing.
	 The	specimens	were	fixed	on	a	stand	of	a	universal	
testing	machine	(EZ	test,	Shimadzu,	Japan),	and	the	level	
of	the	bracket’s	wing	was	aligned	parallel	to	the	direction	
of	the	applied	force	and	knife-edge	blade	of	the	testing	
machine	(Figure	3).	The	SBS	was	tested	at	a	cross-head	
speed of 1 mm per minute(4) until the bonding between the 
bracket	and	the	tooth	surface	was	broken.	The	failure	load	
was recorded and reported as megapascals by dividing the 

Figure 2:	The	metal	mould	of	CC	bracket	v1.	There	are	two	sepa-
rating compartments with handles that can be pulled apart to prevent 
ceramic	bracket	fracture	during	fabrication.



88 Oral Sci Rep: Volume 46 Number 2 May-August 2025

failure	load	value	by	the	surface	area	of	the	bracket	base.
After	the	SBS	test,	all	specimens	were	evaluated	using	the	
adhesive	remnant	index	(ARI)(8) obtained using optical 
microscopy	at	a	magnification	of	20.		The	failure	load	and	
ARI	score	were	statistically	analysed.	
	 ARI	 index	was	 categorized	 into	0-3	 scores,	 as	 
follows:
 - 0, no adhesive left on tooth 
 - 1, less half of the adhesive left on the tooth
 - 2, more than half of the adhesive left on the tooth
 - 3, all the adhesive left on tooth with mechanical 
pattern visible(8)

 Tie-wing fracture resistance test
	 Tie-wing	FR	was	tested	using	methods	adopted	from	
Thonggerd et al.,(4) and Johnson et al.,(9) Ten samples 
from	Group	1	(CC	bracket	v1)	and	Group	2	(controls)	
were	tested	and	compared.
	 Each	bracket	was	fixed	on	acrylic	blocks	with	resin	
adhesive	(Transbond	XT™,	3M	Unitek)	(Figure	4A)	and	
attached	to	a	platform	of	the	testing	machine.	The	ceramic	
bracket	was	held	with	a	0.012-inch	ligature	wire	at	the	 
horizontal	slot	(Figure	4B).	The	retention	of	specimens	
was enhanced by embedding the gingival part of the 
bracket	into	the	acrylic	resin	(Figure	4C).	Disto-incisal	
wing	of	the	bracket	was	tied	with	a	0.012-inch	ligature	
wire, and both ends were attached to the loading part of 
the	universal	testing	machine	(Figure	4D).	The	Tie-wing	
FR	was	measured	in	tensile	mode	at	a	cross	-	head	speed	
of	10	mm	per	minute	until	the	bracket	wings	fractured	
(Figure	4E).	The	tensile	force	value	was	recorded	in	New-
tons and converted to megapascal by dividing the failure 
load value by the contact area between the ligature wire 
and	the	tie-wings.
 Frictional resistance test
	 The	static	frictional	resistance	(S-FR)	test	was	mo- 
dified	from	Jian-Hong	Yu	et al.,(10)	and	Tribumrungsuk	 
et al.(11)	Ten	samples	from	Group	1	(CC	bracket	v1)	and	
Group	2	(controls)	were	tested.	The	S-FR	between	the	
slot	surface	of	the	ceramic	bracket	and	the	7	cm	length	
of	0.019”×0.025”	stainless	steel	wire	was	recorded	with	
a	universal	testing	machine.
	 Each	ceramic	bracket	was	fixed	on	a	metal	plate,	
positioned	at	a	mark	point	and	a	jig	to	ensure	that	the	
wire	and	the	bracket	slot	were	parallel	to	each	other	with	
0-degree torque, and then ligated with an elastomeric ring 

(3M	Unitek).	The	upper	end	of	a	0.019”×0.025”	stainless	
steel wire was attached to the upper compartment of the 
testing	machine	(Figure	5).
	 After	the	specimen	was	prepared,	the	machine	pulled	
the	wire	through	the	bracket	slot	using	a	50	N	load	cell	
and	a	crosshead	speed	of	2	mm	per	minute.	The	frictional	
force‒displacement	curve	was	plotted,	and	the	peak	of	
the static frictional force was recorded and statistically 
evaluated.

Scanning electron microscopy (SEM)
	 The	bracket	surface	was	attached	to	the	sample	base	
and	coated	with	gold.	The	surface	of	each	bracket	was	
analysed	using	SEM	(JSM,	6480LV,	JEOL™)	to	investi-
gate	the	grain	size,	shape,	homogeneity	of	the	MgAl2O4 
crystals,	and	the	bracket	surface	roughness.

Data analysis
 Statistical analysis was performed using SPSS  
version	27.0	(SPSS	Inc.,	Chicago,	Illinois,	USA).	Shapiro– 
Wilk	test	results	showed	that	the	data	were	normally	
distributed, differences between the two groups were  
analysed	using	the	independent	t	test.	The	chi-square	test	
was	used	to	compare	the	ARIs	of	each	group.	The	statis-
tical	significance	level	was	set	at	p<0.05.

Figure 3: The shear bond strength test was performed using a  
universal	testing	machine	(EZ	test,	Shimadzu,	Japan)	at	a	cross	-	head	
speed	of	1	mm	per	minute.
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Figure 4:		The	specimen	preparation	process	(A-C)	and	the	Tie-wing	fracture	resistance	test	using	a	universal	testing	machine	(D	and	E)	
(EZ	test,	Shimadzu,	Japan).

Figure 5:	Frictional	resistance	was	tested	using	the	universal	testing	
machine	(EZ	test,	Shimadzu,	Japan).

Results

Fabrication of the custom-made ceramic bracket  
version 1
	 The	CC	bracket	 v1	 showed	no	 excess	 ceramic	 
beneath the tie-wing area, and the horizontal slot size 
was	appropriate	for	a	0.019”×0.025”	stainless	steel	wire	
(Figure	6).

Mechanical properties
 Shear bond strength and ARI tests
	 The	SBS	means	of	Group	1	(CC	bracket	v1)	and	
Group	2	(controls)	were	17.25±5.63	MPa	and	24.75±5.29	
MPa,	respectively.	Statistical	analysis	indicated	a	signif-
icant difference (p<0.01)	in	the	SBS	between	the	two	
groups	(Table	1).	Group	2	showed	patterns	of	debonding	
with	ARI	scores	ranging	from	1	to	3,	whereas	the	ARIs	
of	Group	1	ranged	from	2	to	3.	A	score	of	3	was	the	most	

frequently	observed	in	Group	1.	Statistical	analysis	indi-
cated	no	significant	difference	in	the	ARI	scores	between	
the two groups (p>0.05)	(Table	2).
 Tie-wing fracture resistance
	 The	means	of	the	Tie-wing	FR	of	Group	1	(CC	bracket	 
v1)	and	Group	2	(controls)	were	41.74±5.34	MPa	and	
89.48	±	15.93	MPa,	respectively.	Statistical	analysis	in-
dicated	a	significant	difference	(p<0.001)	in	Tie-wing	FR	
between	the	two	groups	(Table	3).
 Static frictional resistance
	 The	mean	S-FR	of	Group	1	(CC	bracket	v1)	was	
141.94±35	gm,	whereas	Group	2	(controls)	had	a	mean	
S-FR	of	86.83±25.4	gm.	Statistical	analysis	revealed	a	
significant	difference	(p<0.001)	in	the	static	frictional	
resistance	between	the	two	groups	(Table	4).

Scanning electron microscopy (SEM)
						 SEM	evaluation	revealed	that	the	crystals	at	the	base	
of	the	commercial	ceramic	bracket	were	larger	in	size	than	
the	MgAl2O4	crystals	found	on	the	base	of	CC	bracket	v1	
(Figure7).	SEM	analysis	of	the	surface	roughness	revealed	
that	the	commercial	ceramic	bracket	had	grain	sizes	most-
ly	less	than	10	µm,	whereas	CC	bracket	v1	had	grain	sizes	
exceeding	50	µm	(Figure	8).

Discussion

Fabrication of the custom-made ceramic bracket  
version 1
	 Digital	technology	can	be	applied	to	the	manufac-
turing	of	orthodontic	appliances.	This	study	aimed	to	
incorporate scanning surface technology to design a cus-
tom-made	ceramic	bracket	with	a	base	that	has	anatomical	
curvature	conforming	to	a	group	sample	from	a	specific	
population.	The	injection	mould	used	to	produce	the	cus-
tom-made	ceramic	bracket	was	constructed	using	reverse	
engineering	and	3D	printing	of	stainless	steel.	The	ceramic	
injection and sintering processes used to fabricate the 

Figure 6: The	custom-made	ceramic	bracket	version	1.



90 Oral Sci Rep: Volume 46 Number 2 May-August 2025

Figure 7: Surface	of	bracket	base	of	the	commercial	ceramic	bracket	
and	the	CC	bracket	v1	in	magnification	of	25×,	200×	and	500×.	The	
crystals	at	the	base	of	the	Clarity	bracket	were	larger	in	size	compared	
to	the	MgAl2O4	crystals	found	on	the	CC	bracket	base.

Figure 8:	 Surface	 roughness	of	 the	 commercial	 ceramic	bracket	
and	 the	CC	bracket	v1	 (Bracket	 slot;	A)	 at	 25×,	200×	and	500×	
magnification.

Table 1:	Comparison	of	the	SBS	means	between	CC	bracket	v1	and	the	controls	(Clarity	Advance™).

Cross section area of bracket base (mm2)
Mean SBS 

(MPa)
Range 
(MPa)

p-value

Group	1	(CC	bracket	v1) 12.8 17.25±5.63 7.51-26.86
.008**

Group	2	(Controls:	Clarity	Advance™) 11.69 24.75±5.29 18.14-31.33

**p<0.01,	independent	t-test

Table 2:	Comparison	of	the	ARI	scores	between	CC	bracket	v1	and	the	controls	(Clarity	Advance™).

ARI score 0 1 2 3 p-value
Group	1	(CC	bracket	v1) 0% 0% 25% 75%

.074
Group	2	(Controls:	Clarity	Advance™) 0% 37.5% 37.5% 25%

*p>0.05,	Chi	square	t-test  

Table 3:	Comparison	of	mean	tie-wing	fracture	resistance	between	the	CC	bracket	v1	and	the	controls	(Clarity	Advance™).

 Mean fracture 
resistance (N)

Area of touched 
wire (mm2)

Mean fracture resistance 
(MPa)

Range 
(MPa)

p-value

Group	1	(CC	bracket	v1) 16.69±2.17 0.4 41.74±5.34 32.1-51.86
.000***

Group	2	(Control:	Clarity	Advance) 35.79±6.38 0.4 89.48±15.93 68.73-115.05

***p<0.001,	Independent	t-test

Table 4:	Showed	comparison	of	means	static	frictional	resistance	between	the	CC	bracket	v1	and	the	controls	(Clarity	Advance™).

Mean of Frictional Resistance (gm) Range (gm) p-value
Group	1	(CC	bracket	v1) 141.94±35 92.05–189.36

.000***
Group	2	(Controls:	Clarity	Advance™) 86.83±25.4 54.15–148.34

***p<0.001,	Independence	t-test
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custom-made	bracket	can	be	performed	in	an	in-house	
laboratory.	This	study	showed	the	potential	benefits	of	
digital technology for the fabrication of custom-made 
ceramic	brackets	for	individuals	in	the	future.
	 A	limitation	of	this	study	is	the	absence	of	a	validated	
method to accurately assess whether the curvature of the 
base conforms to the mould, which should be addressed 
in	future	research.

Shear bond strength
	 Adequate	shear	bond	strength	between	the	brack-
et base and tooth surface is pivotal for the delivery of 
effective	forces	in	orthodontic	treatment.	A	higher	SBS	
is	not	always	favourable;	on	the	other	hand,	an	optimal	
bond strength is preferred to prevent premature loss of the 
brackets	as	well	as	to	prevent	enamel	loss	in	the	debond-
ing	process.(6)	According	to	a	study	by	Reynold(12), the 
minimum SBS required for successful clinical orthodontic 
bonding	was	5.88-7.85	MPa.	Zepperi	et al.,(13)  reported 
that the clinically acceptable SBS ranged from 13 to 21 
MPa.	The	results	of	this	study	showed	that	the	average	
SBS	of	CC	bracket	v1	was	greater	than	the	minimum	
clinically acceptable SBS reported by Reynold(12) and 
within the clinically acceptable range reported by Zepperi 
et al.(13)

	 The	debonding	pattern	revealed	by	the	ARI	index	
analysis	indicated	that	the	debonding	stress	of	CC	bracket	
v1	was	concentrated	at	the	interface	between	the	bracket	
base	and	adhesive	material	(ARI-2,	ARI-3).	In	contrast,	
given	the	higher	SBS	in	the	Clarity	Advance	group,	the	
debonding	stress	was	equally	concentrated	at	the	bracket	 
base–adhesive	interface	(ARI-2=37.5%)	and	enamel– 
adhesive	interface	(ARI-1=37.5%),	which	could	increase	
the	risk	of	enamel	damage	during	bracket	debonding.	
According	to	Retief	et al.,(14)	13.5	MPa	was	the	minimum	
bond strength at which enamel damage could occur during 
the	debonding	process.	This	study	showed	that	the	average	
SBS	of	the	Clarity	Advance	was	greater	than	13.5	MPa,	
so	bond	failure	at	the	enamel–adhesive	interface	was	 
frequently observed, indicating good bonding to enamel 
but	a	greater	risk	of	enamel	loss.	Although	there	was	
no	statistically	significant	difference	in	the	ARI	values	 
between	the	two	groups,	ARI-3	was	the	most	frequently	
observed	in	the	CC	bracket	v1	group	(ARI-3=	75%).	These	
findings	suggested	that	the	CC	bracket	v1	could	contribute	
to	a	lower	risk	of	enamel	damage	during	debonding	but	

still	had	a	clinically	acceptable	SBS.
	 The	shear	bond	strength	between	ceramic	bracket	
and enamel can be affected by many factors, including 
the	pattern	and	size	of	the	bracket	base.(15-17)	A	previous	
study(4) suggested that the irregularity and consistency 
of	MgAl2O4	crystals	at	the	bracket	base	might	affect	the	
bond	strength.	SEM	analysis	revealed	that	the	crystal	
particles	at	the	base	of	CC	bracket	v1	were	irregular	in	
shape.	Large	crystals	at	the	CC	bracket	v1	base	provided	
extensive	undercuts	or	irregularities	on	the	surface.	These	
undercuts offered additional surface area for the adhesive 
resin	to	mechanically	interlock	and	form	a	stronger	bond	
with	the	tooth	surface,	leading	to	optimum	SBS.	Studies	of	
ceramic	bracket	base	designs(15-16)	reported	that	a	bracket	
with	50	µ-round	glass	particles	incorporated	onto	its	alu-
mina	base	showed	the	highest	SBS	of	24.7±1.9	MPa.	The	
results suggested that these beads had adequate undercuts 
for	mechanical	interlocking	of	the	adhesive	resin,	which	
could	increase	the	bonding	ability.	Based	on	the	SEM	
study	(Figure	7),	the	crystals	at	the	base	of	the	Clarity	
bracket	were	larger	in	size	than	the	MgAl2O4 crystals 
found	on	the	base	of	the	CC	bracket	v1.	Specifically,	the	
average	size	of	the	crystals	in	the	Clarity	bracket	base	was	
within the range of 20 to 100 µm, whereas the average 
size	of	the	crystals	in	the	CC	bracket	v1	base	was	less	
than	25	µm.	Therefore,	discrepancies	in	the	crystal	sizes	
could be a factor involved in the lower SBS observed in 
CC	bracket	v1.	The	next	version	of	the	CC	bracket	base	
might	be	improved	by	increasing	the	size	of	the	MgAl2O4 
crystals to create more undercuts for mechanical retention 
and	to	enhance	the	optimal	SBS	of	the	bracket.
	 A	study	by	Newman(17)	reported	that	a	larger	bracket	
base	led	to	increased	bond	strength.	The	size	of	the	bracket	
base	of	CC	bracket	v1	was	12.8	mm2, which was larger 
than	the	size	of	the	Clarity	Advance	bracket	(11.69	mm2).	
However, the results of this study did not correspond to 
those	of	the	study	by	Newman.(17) Thus, the irregularity 
of	the	crystalline	grains	of	ceramic	materials	at	the	bracket	
base might have a greater effect on SBS than the surface 
area	of	the	bracket	base.
	 Apart	from	shear	bond	strength,	dissimilarity	of	the	
occluso-gingival aspect of the curvature between the com-
mercial	ceramic	bracket	base	and	the	buccal	surface	of	the	
upper premolars of Thai individuals could impact torque 
and	rotational	movement.(2) Nevertheless, effects of  
differences	between	various	types	of	bracket	base	includ-
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ing	that	of	the	CC	bracket	v1	and	the	anatomical	surface	
of a tooth on torque and rotational movements should be 
further	investigated	in	future	studies.

Tie-wing fracture resistance
	 Ceramic	 bracket	 fractures	 are	 associated	with	 
material property of aluminium oxide to withstand  
multiple	direct	forces.	Resistance	to	breakage	additionally	 
relies	on	the	specific	type,	shape,	grain	size,	overall	 
volume, and quality of the manufacturing process of the 
ceramic	brackets.(18-27)

 Sharp outlines and pointed angles at the corner of 
the	ceramic	brackets	could	increase	stress	at	the	concen-
trating area of the torque and tip when a controlled force 
is	applied.(9,18,19)	Fractures	usually	occur	at	the	tie	wings	
and the inner slot(19);	thus,	the	bracket	design	of	the	tie	
wings and the inner slot is important for improving the 
fracture	toughness	of	ceramic	brackets.(19,20)	CC	bracket	
v1 was designed to have round corners and few sharp 
angles.	However,	the	average	tie-wing	fracture	resistance	
of	CC	bracket	v1	was	significantly	less	than	that	of	the	
control	group	(41.74±5.34	and	89.48±15.93,	respectively,	
p<0.001).	Although	this	bracket	design	did	not	improve	
the	Tie-wing	FR,	it	could	still	withstand	the	fabrication	
process	by	preventing	bracket	wing	fractures	during	dis-
engagement	from	the	mould.
	 Another	important	factor	for	the	fracture	resistance	of	
a	ceramic	bracket	is	the	grain	size	of	the	ceramic	material.	
Larger	grain	sizes,	especially	those	exceeding	5	µm,	tend	
to	reduce	ceramic	strength.(21-23)	According	to	the	SEM	
study,	the	commercial	ceramic	bracket	was	composed	of	
grain	sizes	less	than	10	µm,	whereas	the	CC	bracket	v1	
was composed of materials with grain sizes that exceeded  
50	µm.	This	significant	difference	in	grain	size	could	
contribute to the lower tie-wing fracture resistance of CC 
bracket	v1	compared	to	that	of	the	controls.
	 The	fracture	toughness	of	the	bracket	wing	could	
be	influenced	by	the	thickness	of	the	ceramic	material.	
According	to	the	critical	load	equation,	the	critical	load	
varied	with	the	square	of	the	ceramic	layer	thickness(24-25), 
meaning	 that	 the	 strength	of	 the	 bracket	wing	was	 
affected	by	its	dimensions.	The	wing	of	the	CC	bracket	v1	
was	0.2	mm	thinner	than	that	of	the	controls	in	all	three	
dimensions.	This	difference	in	thickness	could	result	in	a	
reduced	fracture	resistance	of	the	tie-wing	of	CC	bracket	
v1.	However,	to	our	knowledge,	no	previous	study	has	

quantified	an	impact	of	different	thickness	on	tie-wing	
fracture	resistance.	Therefore,	it	is	suggested	for	future	
investigation.
	 Defects,	such	as	voids	and	microcracks,	occur	during	
the custom manufacturing process(18,26), contributing  
to	a	reduction	in	the	fracture	resistance	of	CC	bracket	 
v1.(24,26-27)	SEM	analysis	revealed	the	presence	of	pores	
in	CC	bracket	v1,	which	could	result	in	a	lower	tie-wing	
fracture resistance than that of commercial ceramic  
brackets.
	 When	considering	the	ligating	force	to	a	bracket,	the	
average	Tie-wing	FR	of	the	CC	bracket	v1	(16.69±2.17	
N) was still greater than the average elastomeric ligation 
force	(3.6-5.3	N)	reported	by	Nakhaei	et al.(28)	For	the	
development	of	future	versions	of	the	CC	bracket,	in	 
addition to the reduction of porosity, it might be neces-
sary to decrease the grain size and increase the size of 
the	wings.

Frictional resistance
 Previous studies reported that the frictional resistance 
of	ceramic	brackets	was	greater	than	that	of	stainless-steel	
brackets.	The	frictional	resistance	of	the	slot	of	the	bracket	
was	caused	by	the	high	coefficient	of	friction	of	the	ceramic	 
material	and	increased	by	the	rough	surface	condition.(29)  
To	our	knowledge,	no	 study	has	 reported	clinically	 
acceptable	frictional	resistance	for	fixed	orthodontic	
brackets.	Compared	to	previous	studies(30-33) in which the 
frictional	resistance	of	polycrystalline	ceramic	brackets	 
(0.022”×	0.028”-slot)	was	tested	with	0.019”×0.025”	
stainless steel wire and ligated with a clear elastomeric 
ring,	the	average	static	frictional	resistance	of	CC	bracket	 
v1	 (141.93±35	gf)	was	greater	 than	 that	 of	Clarity	 
Advance,	3M	Unitek™	(86.83±25.4	gf),	Signature,	
RMO™	(114.1±22.8	gf)(31)	and	Reflection,	Ortho	Tech-
nology™	(118.6±52.5	gf)(32) but less than that of Tran-
scend	series	6000,	3M	Unitek™	(152.5±53.6	gf)(33) and  
Illusion	plus,	Ortho	Organizers™	(230.45±0.21	gf).(30) The 
average	frictional	value	of	the	CC	bracket	v1	was	found	to	
be	the	closest	to	those	of	the	Transcend	series	6000,	3M	
Unitek™.	SEM	revealed	that	the	surface	of	CC	bracket	
v1 exhibited greater irregularity than that of the controls, 
which	is	consistent	with	the	findings	of	a	previous	study.(19)  
However,	higher	frictional	resistance	of	the	CC	bracket	
v1	may	affect	the	efficiency	of	tooth	movement,	further	
studies	should	be	investigated	in	the	future.
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 The manufacturer of the Clarity Advance reported  
that its bracket slot was coated with yttria-stabilized  
zirconia to reduce friction. In addition, a study reported 
that coating a slot with a silica layer could also reduce 
the frictional resistance.(34) These techniques can be used 
to improve the frictional resistance of CC bracket v1 in 
the future.  

Conclusions
 1. The CC bracket v1 was designed to incorporate 
the average curvature of the upper premolars of the Thai 
population onto the bracket base. It can be fabricated 
in an in-house laboratory using the injection-moulding 
technique and sintering.
 2. The SBS of the CC bracket v1 was lower than 
that of the controls but clinically acceptable.
 3. Although the Tie-wing FR of the CC bracket v1 
was less than that of the controls, it was greater than the 
elastic ligature tying force to the bracket wings.
 4. The frictional resistance of CC bracket v1 was 
greater than that of the controls but comparable to that of 
other commercial ceramic brackets.
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Abstract
Objectives:	To	investigate	the	microtensile	bond	strength	(μTBS)	of	various	adhesive	
systems	(etch	&	rinse,	self-etch,	and	self-adhesive)	for	bonding	MultiCore	Flow	and	
Biodentine	at	different	time	intervals.

Methods:	Sixty	pairs	of	7x7x3	mm	resin-based	3D-printed	blocks	with	a	1x1	mm	central	
tube	were	used	in	this	study.	One	side	of	the	blocks	was	filled	with	Biodentine,	while	
another	side	was	filled	with	MultiCore	Flow.	The	materials	were	bonded	using	one	type	
selected	from	these	adhesive	systems:	ExciTE	F	DSC	(etch	&	rinse),	Multilink	N	(self-
etch),	or	RelyX	U200	(self-adhesive).	Each	group	was	subdivided	into	immediate	and	
delayed	groups	(n=10).	Specimens	were	subjected	to	μTBS	testing,	and	failure	modes	were	
observed	under	a	stereomicroscope.	Two-way	ANOVA	was	used	to	analyze	the	influence	
of	time	and	adhesive	system	on	μTBS.

Results:	The	results	revealed	that	Multilink	N	group	showed	significantly	higher	μTBS	
in the immediate group compared to the delayed group (p=0.01).	When	comparing	the	
materials,	ExciTE	F	DSC	performed	significantly	worse	than	Multilink	N	(p=0.02)	and	
RelyX U200 (p=0.04)	in	the	immediate	group.	The	predominant	failure	modes	observed	
under	the	stereomicroscope	were	mixed	failure	and	cohesive	failure	within	Biodentine.	

Conclusions:	Immediate	placement	of	adhesives	and	MultiCore	Flow	over	Biodentine	
showed	higher	microtensile	bond	strength	than	delayed	placement.	Overall,	self-adhesive	
systems	demonstrated	high	bond	strength	at	both	time	intervals.	Immediate	bonding	with	
self-adhesive systems may enhance the bond strength between Biodentine and MultiCore 
Flow	in	clinical	practice,	potentially	leading	to	improved	restoration	longevity	and	reduced	
risk	of	failure.
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Introduction
	 Root	canal	treated	teeth	often	have	a	significant	loss	
of	structural	integrity.	Consequently,	after	root	canal	treat-
ment, it becomes necessary to place a post within the root 
canal	as	part	of	the	restorative	process.	The	primary	pur-
pose of a post is to serve as a retention for the core build-up 
material.(1)	Additionally,	a	well-placed	post	contributes	
to a more intimate seal between the restorative material 
and	the	root	canal.	Studies	conducted	by	Ray	&	Trope	in	
1995(2) and Tronstad et al., in 2000(3) have demonstrated 
that	the	quality	of	root	canal	filling	and	restoration	directly	
influences	the	long-term	success	rate	of	the	treated	tooth.
Root	canal	filling	materials,	such	as	gutta-percha	with	
sealer, are typically used in simple root canal treatment 
cases.	However,	more	complex	cases,	including	open	
apices	and	perforations,	may	require	alternative	materials.	
Hydraulic	calcium	silicate-based	cements	like	Biodentine	
(Septodont,	St.	Maur-des-Fossés,	France)	have	emerged	
as	promising	options	for	these	situations.	Biodentine	 
possesses	chemical	and	physical	properties	that	make	it	
an	ideal	material	for	root	canal	repair.	It	also	demonstrates	
a short setting time and strong adhesive properties to  
dentin,	making	 it	 a	 suitable	 restorative	material	 for	 
dentin.(4,5) Case reports have documented the successful 
use	of	Biodentine	for	apexification	in	a	single	visit,	replac-
ing	the	traditionally	used	MTA	(mineral	trioxide	aggre-
gate;	Dentsply	Tulsa	Dental,	Tulsa,	OK,	USA),	which	has	
a	longer	setting	time.(6,7)	Furthermore,	a	study	by	Yadaw	
et al., in 2020(8) evaluated the single-visit obturation of 
necrotic immature permanent teeth with Biodentine and 
reported	a	100%	success	rate	at	a	9-month	follow-up.
	 Following	endodontic	procedures,	resin	composite	 
core	materials,	MultiCore	Flow	(Ivoclar	Vivadent,	Schaan,	
Liechtenstein), are commonly used for post placement and 
core	build-up.	When	placing	a	post	within	a	root	canal,	
an	interface	is	created	between	two	materials:	hydraulic	
calcium	silicate	cement	and	post	cement.	Various	adhesive	
systems	are	commonly	used	to	bond	these	two	surfaces.	 
Contemporary adhesive systems include etch-and-rinse 
system	such	as	ExciTE	F	DSC	(Ivoclar	Vivadent)	and	
OptiBond	FL	(Kerr	Corporation,	Brea,	CA,	USA),	self-
etch	system	such	as	Multilink	N	(Ivoclar	Vivadent)	and	
Panavia	V5	(Kuraray	Noritake	Dental	Inc.,	Tokyo,	Japan),	
and	self-adhesive	system	such	as	RelyX	U200	(3M	ESPE,	
Deutschland	GmbH,	Neuss,	Germany)	and	G-Cem	Link-
Ace	(GC	Corporation,	Tokyo,	Japan).	These	adhesive	

systems have been widely used as post cements in clinical 
practice.
 Posts placed within root canals typically have a  
snug	fit,	limiting	lateral	movement.	Therefore,	the	pri-
mary	forces	experienced	by	the	restoration	are	vertical.	
These	vertical	forces,	akin	to	tensile	strength,	may	lead	
to debonding at the interface between Biodentine and 
post	cement.	Additionally,	the	setting	reaction	between	
Biodentine	and	the	adhesive	system	may	influence	bond	
strength.	Moreover,	the	material's	stiffness	can	affect	
bond	strength.	Some	studies	have	examined	bond	strength	 
between Biodentine and adhesive systems, such as the 
study by Hardan et al.,(9) which found that both self-etch 
and total-etch strategies exhibited promising bonding 
performance	with	Biodentine.	However,	there	is	a	lack	of	
study on the microtensile bond strength of these materials, 
which	should	be	elucidated.	Therefore,	this	study	addresses	 
this	gap	by	using	standardized	3D-printed	blocks	to	com-
pare the microtensile bond strength of three different 
adhesive	systems	to	Biodentine.
 This study aimed to investigate the microtensile bond 
strength	(μTBS)	between	Biodentine	and	MultiCore	Flow	
using various types of adhesive systems at different time 
intervals.

Material and Methods
 Sample size calculations was determined from a 
similar	study	using	this	formula	(Figure	1).(10,11)	With	α	
level	type	I	error	at	0.05	and	β	level	type	II	error	of	0.20	
for the study, a sample size of 10 were obtained for each 
group.

 

Figure 1:	The	formula	of	calculating	sample	size.

	 Sixty	sets	of	3D-printed	clear	resin	blocks	(120	pieces	 
of	blocks	and	60	pieces	of	covers)	were	meticulously	
designed	using	Google	SketchUp	2020	software	(Google	 
LLC.,	Mountain	View,	CA)	and	printed	using	a	3D	Printer	
called	Pro	55	(SprintRay,	Los	Angeles,	CA),	with	sur-
gical	guide	resin,	which	utilized	DLP	processing.	The	
transparency	of	the	resin	blocks	facilitates	complete	light	
transmission, ensuring full curing and polymerization of 
the	material.	The	manufacturer's	guidelines	were	followed	
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to ensure precision and consistency in the fabrication 
process.
	 The	block	was	designed	with	7x7x3	mm3	in	size.	
These	blocks	featured	a	central	tube	with	dimensions	of	
1x1 mm2,	extending	along	the	length	of	the	block.	When	
paired,	the	central	tubes	from	each	block	interconnected	
to	form	a	continuous	14	mm	long	tube.	To	minimize	ma-
terial	leaking,	small	gaps	were	incorporated	between	the	
“connecting	end”	of	the	blocks.	The	opposite	end,	referred	
to as the “application end”, served as the entry point for 
introducing	material	into	the	block.
 The cover was designed to prevent movement and 
stabilize	a	pair	of	blocks.	It	is	18x11x3	mm3	in	size.	The	
cover had a 2-millimeter reinforcement on the edges of its 
width and length for added strength, while the base of the 
cover	is	1-mm	thick.	The	internal	size	with	a	dimension	
of	14x7x2	mm3	were	specifically	tailored	to	accommo-
date	the	blocks	securely.	This	would	cause	the	blocks	
to	protrude	approximately	1	mm	above	the	cover.		The	
cover also featured a 3 mm2 opening at each end, corre-
sponding to the dimensions of the opening in the central 
tube	of	the	blocks	for	material	application.	Additionally,	
a 3 mm2 opening was located at the center of the base for 
observation during experiments and easy removal of the 
blocks	(Figure	2).
	 Prior	to	use,	each	block	was	undergone	thorough	
cleaning and subjected to an additional round of ultrasonic 
cleaning to ensure optimal sterility and cleanliness, thus 
maintaining the integrity of the experiment, and minimiz-
ing	potential	contamination.	Then,	the	blocks	were	paired	
within the cover, with the connecting ends aligned towards 
each	other.	The	connecting	ends	were	ensured	to	fit	snugly	
within	the	cover,	forming	a	perfectly	interconnected	tube.

	 The	60	sets	of	blocks	were	equally	divided	into	three	
groups	based	on	the	adhesive	system	used:	ExciTE	F	
DSC	(Etch	&	rinse),	Multilink	N	(Self-etch),	and	RelyX	
U200	(Self-adhesive).	Each	group	was	further	subdivided	
into two subgroups according to the timing of adhesive  
material	placement	on	Biodentine.	In	the	immediate	group,	
blocks	were	paired	with	MultiCore	Flow	immediately	 
after	Biodentine's	 initial	 setting	 (approximately	12	 
minutes).	In	the	delayed	group,	blocks	were	paired	with	
MultiCore	Flow	after	a	full	14-day	Biodentine	setting	
period.
 Biodentine was carefully inserted into each indivi- 
dual	block	within	a	set.	An	endodontic	plugger	(RCP5/7;	
Hu-Friedy,	Chicago,	IL,	USA)	was	used	to	compress	the	
Biodentine	within	each	block	to	a	consistent	thickness	of	
approximately	2	mm.	Finally,	the	paired	resin	blocks	were	
combined	to	form	the	complete	set.
	 Different	adhesive	systems	were	applied	to	Bio-
dentine's	interface	according	to	their	respective	groups:	
ExciTE	F	DSC	(etch-and-rinse),	Multilink	N	(self-etch),	
and	RelyX	U200	(self-adhesive).	For	each	adhesive	sys-
tem,	the	surface	of	the	resin	block	was	prepared	according	
to	the	manufacturer's	recommended	protocol.	MultiCore	
Flow	was	then	applied	to	achieve	a	uniform	2-mm	thick-
ness	to	the	prepared	hole	of	the	other	resin	block.	This	
prepared	block	was	then	connected	to	the	Biodentine	
block	at	the	varying	time	intervals	described	earlier.	Sub-
sequently,	the	MultiCore	Flow	was	light-cured	through	
the	resin	block	using	Bluephase	N®	LED	light-curing	unit	
(Ivoclar Vivadent) at HIGH-mode for 20 seconds to ensure 
complete	polymerization	at	the	interface.	Subsequently,	
the	samples	were	incubated	at	37°C	and	99%	humidity	
for	7	days	before	undergoing	the	μTBS	test.
	 After	a	7-day	incubation,	the	prepared	3D-printed	
resin	blocks	were	securely	attached	to	the	brass	gripped	
testing	fixtures	using	cyanoacrylate	adhesive	(Loctite	
416;	Henkel	Corp.	Connecticut,	USA)	to	establish	a	firm	
connection for testing, The cover was removed prior to the 
test.	Subsequently,	μTBS	was	assessed	using	an	Instron® 
5566	universal	testing	machine	(Instron	Engineering	 
Corporation,	Norwood,	MA,	USA)	at	a	crosshead	speed	
of	1	mm	per	minute	(Figure	3).	The	maximum	force	
at	failure	was	recorded	in	Newtons	(N)	and	the	μTBS	 
values	were	calculated	in	megapascals	(MPa;	newton/
mm2) by dividing this force by the cross-sectional area of 
the bonded region (1 mm2).

Figure 2: 3D-printed	resin	block	and	cover.	(Left)	Disassembled	
components,	with	arrows	indicating	the	 insertion	of	Block	A	and	
Block	B	into	the	cover.	(Right)	Assembled	unit,	showing	the	cover	
stabilizing	 and	 aligning	 the	 blocks	 for	 specimen	preparation	 and	
testing.
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significant	time-dependent	effect	only	in	the	Multilink	
N group (p=0.01).	Moreover,	when	comparing	material	
groups,	ExciTE	F	DSC	revealed	significantly	worse	than	
Multilink	N	(p=0.02)	and	U200	(p=0.04)	in	the	immediate	
group.	On	the	contrary,	no	significant	differences	were	 
observed among the materials in the delayed group 
(p>0.05)	(Figure	4).

Failure mode distribution 
 The most common failure modes observed were 
mixed failures and cohesive failures in the Biodentine in 

Figure 3:	Specimen	preparation	and	μTBS	testing.	(A),	A	3D-printed	
resin	block	set	(with	bonded	Biodentine	and	MultiCore	Flow)	was	
attached	to	the	brass	testing	fixture	using	cyanoacrylate	adhesive:	
(B),	After	attachment,	the	cover	was	removed,	and	the	specimen	was	
mounted	in	the	universal	testing	machine	for	μTBS	measurement.

 The fractured surfaces of specimens were examined 
under	a	40x	stereoscopic	microscope	(Olympus	Corp.	
Tokyo,	Japan)	to	analyze	and	categorize	into	four	types	
of	failure	modes	according	to	the	following	criteria:
	 -	 Adhesive	failure:	This	occurs	entirely	between	
the	layers	of	Biodentine	and	MultiCore	Flow.
	 -	 Cohesive	 failure	 in	Biodentine:	This	occurs	 
entirely	in	Biodentine.	
	 -	 Cohesive	failure	in	MultiCore	Flow:	This	occurs	
entirely	in	MultiCore	Flow
	 -	 Mixed	failure:	This	involves	fractures	both	in	
Biodentine	and	MultiCore	Flow,	as	well	as	between	the	
layers	of	Biodentine	and	MultiCore	Flow.	
 The results were presented as mean ± standard devi-
ation	(SD)	and	were	subjected	to	statistical	analysis	using	
SPSS	25.0	software	(SPSS	Inc,	Chicago,	IL,	USA).	The	
μTBS	values	were	assessed	for	normal	distribution	using	
the	Shapiro-Wilk	test.	A	two-way	analysis	of	variance	
(ANOVA)	was	conducted	to	assess	the	presence	of	signifi- 
cant	differences	in	μTBS	values	between	the	groups.

Results

The microtensile bond strength testing  
	 In	the	immediate	group,	Multilink	N	showed	the	
highest	μTBS	values	(18.81±6.61	MPa)	compared	to	
RelyX	U200	(17.95±4.13	MPa)	and	ExciTE	F	DSC	
(10.66±4.07	MPa).	However,	in	the	delayed	group,	Mul-
tilink	N	showed	the	lowest	μTBS	values	(6.95±3.76	MPa)	
compared	to	ExciTE	F	DSC	(8.39±1.60	MPa)	and	RelyX	
U200	(12.26±6.34	MPa).
 Within each material group, the delayed subgroups 
consistently	showed	lower	μTBS	values	than	the	imme-
diate	subgroups.	However,	statistical	analysis	revealed	a	

Figure 4: The bar graph of microtensile bond strength by groups 
(n=10/group).	Same	letter	means	no	statistically	significant	difference	
and	different	letters	means	statistically	significant	difference	among	
the	experimental	groups.

Table 1: Comparison of microtensile bond strength between different 
adhesives	at	different	sealer	application	times.

Group (MPa) Immediate Delay
Multilink	N 18.81±6.61 6.95±3.76
RelyX U200 17.95±4.13 12.26±6.34
ExciTE	F	DSC 10.66±4.07 8.39±1.60

Table 2:	 Effect	 sizes	 (Cohen's	 d)	 comparing	microtensile	 bond	
strength	between	immediate	and	delayed	groups	for	each	adhesive.

Adhesive 
system

Multilink N RelyX U200
ExciTE F 

DSC
Effect	size 0.74 0.47 0.34

Table 3:	 effect	 sizes	 (Cohen's	 d)	 comparing	microtensile	 bond	
strength	between	adhesives	at	immediate	and	delayed	time	points.

Adhesive Comparison Immediate Delay
Multilink	N/RelyX	U200 0.16 1.02
Multilink	N/ExciTE	F	DSC 1.48 0.50
RelyX	U200/ExciTE	F	DSC 1.78 0.84
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Table 4:	Percentages	of	failure	modes	among	experimental	groups.

Groups
Types of failure 

(%)
Adhesive

Cohesive in 
Biodentine

Cohesive in 
MultiCore Flow

Mixed 
failure

ExciTE	F	DSC Immediate 20 30 10 40
Delayed 10 40 0 50

Multilink	N Immediate 20 40 0 40
Delayed 30 30 0 40

RelyX U200 Immediate 0 50 0 50
Delayed 10 30 0 60

Figure 5:	Representative	images	of	the	different	failure	modes	observed	after	microtensile	bond	strength	testing.	(A),	Adhesive	failure	at	
the	Biodentine-MultiCore	Flow	interface:	(B),	Cohesive	failure	within	the	Biodentine	material:	(C),	Cohesive	failure	within	the	MultiCore	
Flow	material:	(D),	Mixed	failure.

all	experimental	groups	(Table	4).	The	different	charac-
teristics	of	failure	modes	observed	are	shown	in	Figure	5.

Discussion
 Microtensile bond strength test is a widely used 
method to evaluate the bond strength between composite 
materials	and	dentin.	It	has	also	been	applied	to	assess	the	
bond	strength	between	acrylic	teeth	and	denture	bases.(12) 
In	this	research,	we	modified	the	μTBS	technique	for	a	
novel	application	in	the	field	of	endodontics,	specifically	
focusing on bond strength between endodontic materi-
als	like	Biodentine and	MultiCore	Flow with different 
adhesive	systems.	This	model	allows	for	a	standardized	
and quantitative evaluation of bond strength used in end-
odontics.	The	results	of	this	study	will	contribute	to	the	
development and optimization of bonding protocols for 
endodontic	ceramic	materials.
	 In	this	study,	customized	3D-printed	resin	blocks	
were	developed	with	a	block	and	cover	system	aimed	

at	reducing	bias.	However,	further	validation	is	required	
to	confirm	their	efficacy	and	reproducibility.	Despite	the	
implementation of meticulous protocols, the potential 
for	operational	errors	to	impact	on	the	findings	cannot	
be	eliminated.	Moreover,	μTBS	testing	may	not	fully	
represent clinical performance due to the complexities of 
the	oral	environment.	Future	investigations	could	benefit	
from exploring alternative methods, such as tensile tests, 
which are generally less sensitive and may provide more 
reliable	results.
 The observed differences in bond strength between 
adhesive systems can be attributed to their varying inter-
action	mechanisms	with	Biodentine.	This	study	found	that	
the	etch-and-rinse	system,	ExciTE	F	DSC,	exhibited	lower	
immediate bond strength, suggesting that acid-etching 
may not create optimal surface conditions for micro-reten-
tion	on	Biodentine's	surface,	potentially	due	to	differences	
in	its	microstructure	compared	to	dentin.	The	self-adhesive	
system (RelyX U200) demonstrated superior immediate 
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bond	strength	compared	to	ExciTE	F	DSC,	possibly	due	to	
the chemical interaction of its functional monomers with 
Biodentine's	components.	While	Multilink	N	(self-etch)	
showed	high	initial	bond	strength,	its	significant	decrease	
over time suggests potential hydrolytic degradation at the 
interface,	a	known	concern	with	some	self-etch	adhesives.
According	to	a	study	by	Odabas	et al., in 2013(13) studies 
on various bonding systems for composite resin resto-
rations to Biodentine at different time points have shown 
that etch-and-rinse systems exhibited a decrease in shear 
bond	strength,	which	is	consistent	with	this	study.	The	
ExciTE	F	DSC	group,	one	of	the	etch-and-rinse	systems,	
demonstrated the lowest shear bond strength compared 
to	other	groups	in	the	immediate	group.	Our	findings	
revealed that the self-adhesive system provided superior  
bond strength compared to etch-and-rinse adhesives 
system at all time points, particularly in the imme-
diate	bonding	group.	This	is	consistent	with	previous	 
studies(14) although the delayed bonding group exhibited 
some	variability.	These	findings	suggest	that	the	acid-etch-
ing	process,	typically	known	to	induce	surface	porosity	
and thereby enhancing micro-retention and bond strength, 
may not facilitate comparable micro-retention in Bio-
dentine, nor may it substantially improve bond strength 
between	the	two	materials.	Alternatively,	it	is	possible	that	
surface porosity from acid etching did not occur, or that 
the	etching	duration	was	either	too	brief	or	too	prolonged.	
These results indicate that while the choice of bonding 
system	can	influence	initial	bond	strength,	other	factors,	
such as clinical variables and material properties, may 
also contribute to the long-term performance of composite 
restorations	bonded	to	Biodentine.
 When comparing between different time point, The 
bar	graph	(Figure	4)	shows	that	the	immediate	groups	
exhibited higher bond strength compared to the delayed 
groups	in	all	experimental	conditions.	Our	results	are	
at odds with those reported by Odabas et al.,(13) which 
reported an increase in shear bond strength when bond-
ing	was	delayed	for	24	hours.	They	attributed	this	to	the	
polymerization	shrinkage	of	composite	resins,	which	can	
induce tensile stresses on the unset Biodentine, leading 
to	interfacial	failure.	However,	our	study	used	MultiCore	
Flow,	a	dual-cure	material.	Odabas	et al.(15) used Clear-
fil	Majesty	(Kuraray	Noritake	Dental	Inc.,	Okayama,	 
Japan),	a	nanohybrid	composite.	While	Clearfil	Majesty	
is a high-quality material, studies have indicated it can  

generate	relatively	high	polymerization	stress.	Multi 
Core	Flow,	in	contrast,	has	been	shown	to	exhibit	a	lower	 
degree of conversion compared to some light-cured  
resins(16) and its polymerization stress has been reported 
as	10.9	MPa,	within	the	range	of	many	resin	compo- 
sites.(17)	This	lower	polymerization	stress	likely	reduces	
the tensile forces at the Biodentine-adhesive interface, 
potentially mitigating the negative impact of imme- 
diate bonding observed by Odabas et al.(13)	Despite	this,	
the long-term decrease in bond strength, especially with 
Multilink	N,	suggests	that	factors	beyond	initial	shrinkage	 
stress,	 such	as	hydrolytic	degradation,	 significantly	 
influence	bond	durability.		Another	possible	explanation	
for the higher bond strength in the immediate groups 
compared to the delayed groups is the setting reaction 
between	Biodentine	and	MultiCore	Flow,	which	may	
have	enhanced	the	interfacial	bond.	Further	studies	are	
warranted	to	investigate	this	hypothesis.
	 A	key	limitation	of	this	study	was	the	relatively	small	
sample size (n=10) used for microtensile bond strength 
testing.	This	small	sample	size	has	several	implications.	
First,	it	increases	the	risk	of	committing	Type	II	errors	
(false	negatives).	Second,	microtensile	bond	strength	
measurements are inherently susceptible to high vari-
ability,	influenced	by	factors	such	as	specimen	geometry,	
adhesive	application,	and	inherent	material	properties.	A	
sample	size	of	ten	may	be	insufficient	to	adequately	rep-
resent the full range of this variability, obscuring the true 
distribution	of	bond	strengths.	Furthermore,	the	limited	
sample	size	reduces	the	external	validity	of	our	findings.	
Finally,	with	a	small	sample,	the	results	are	more	suscep-
tible	to	being	skewed	by	outlier	values.	Anomalous	bond	
strengths, arising from premature failures during spec-
imen preparation or inconsistencies during testing, can 
exert	a	disproportionately	large	influence	on	the	overall	
statistical	analysis.	Furthermore,	while	the	specific	bond	
strength values obtained in this study may not be directly 
transferable to other commercially available materials, 
the relative performance of the tested groups could offer 
valuable	insights	for	clinicians	when	selecting	materials.
While this in vitro study provides valuable insights into 
μTBS	of	endodontic	materials,	further	research	is	essential	
to	bridge	the	gap	to	clinical	outcomes.	Studies	replicating	
the oral environment, including thermocycling to simulate  
temperature	fluctuations,	could	offer	a	more	accurate	 
assessment	of	long-term	bond	stability.	Additionally,	 
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investigating the chemical interactions between endodon-
tic and restorative materials and potential changes within 
these materials during the setting time could offer a deeper 
understanding	of	the	bonding	mechanisms.	Such	know- 
ledge could play a critical role in developing improved 
material formulations and enhancing their clinical per-
formance.

Conclusions
 The immediate placement of adhesives on Bioden-
tine demonstrated superior microtensile bond strength 
than	the	delayed	placement.	The	self-adhesive	system	
consistently had strong bond strengths at both time  
intervals.	It	is	suggested	that	immediate	placement	and	use	
of self-adhesive system may enhance the bond strength 
between	Biodentine	and	MultiCore	Flow	in	clinical	 
applications.
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Abstract
Objectives: With the rising number of Chinese residents in Thailand and Chinese  
becoming a global language, compelling messages and communication in healthcare are 
crucial	for	accurate	information	and	optimal	treatment.	This	pilot	study	investigated	Thai	
dentists'	utilization	and	satisfaction	with	the	developed	electronic	“Three	Languages	of	
Dental	Terminology	(TLDT)”	book.	

Methods:	Three	hundred	and	thirteen	dentists	who	graduated	from	the	College	of	Dental	
Medicine,	Rangsit	University,	were	invited	to	the	online	survey	using	Google	Forms.	
Demographic	data,	translation	tool	usage	data,	initial	TLDT	experience,	and	objectives	
in	using	TLDT	were	explored.	TLDT	utilization	and	satisfaction	were	assessed.	Fisher's	
exact	test	and	Pearson's	Chi-Square	were	utilized	to	analyze	the	data.	

Results:	Eighty-eight	(28.1%)	dentists	responded	to	the	questionnaire.	Respondents	
met	foreign	patients	monthly,	with	Chinese	patients	being	the	most	common	group.	
Most	dentists	lacked	Chinese	fluency	and	relied	on	translation	tools	(68.2%	use	Google	 
Translate).	Dentists	primarily	used	TLDT	to	translate	Thai	to	English	(53.4%)	and	 
English	to	Thai	(42.0%).	Thai,	English,	and	Chinese	usage	patterns	aligned	with	TLDT's	
goals, indicating successful implementation (p<0.05).	Regarding	utilization,	TLDT	was	
significantly	associated	with	all	objectives	(p<0.05)	except	for	spelling	accuracy	(p=0.06).	
Most	respondents	reported	high	satisfaction	scores	related	considerably	to	finding	words,	
word pairings, and text accuracy (p<0.05).	Postgraduate	levels	respectively	correlated	
with	increased	TLDT	content	satisfaction	(p=0.02).	

Conclusions:	The	TLDT	e-book	demonstrates	promise	as	a	valuable	resource	for	health-
care	personnel,	improving	dental	terminology	communication	in	English	and	Chinese	and	
might	optimize	dental	care	and	postgraduate	dental	education	in	Thailand.	
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Introduction
	 China's	economic	boom	has	propelled	Mandarin	into	
the	world's	second-most-spoken	language.(1)	An	incidence	
of	Chinese	migrants	seeking	opportunities	occupies	Thai-
land's	major	cities.	Their	diverse	motivations,	from	busi-
ness ventures and education to lifestyle choices, highlight 
a growing need for effective communication, both verbal 
and non-verbal, in various sectors, including healthcare 
services.(2)

	 In	the	field	of	Dentistry,	when	Thai	dentists	meet	 
Chinese-speaking	patients,	language	barriers	pose	sig-
nificant	challenges.	Dental	clinics	frequently	visited	by	
Chinese	patients	often	lack	the	multilingual	interpreters	
that	large	hospitals	commonly	provide.(3) The medical and 
dental	history	taking,	treatment	plan	explanation,	patient	
safety, and satisfaction are essential components that need 
to	be	clearly	addressed.	Failure	to	communicate	adequately	 
may	cause	misinterpretation,	place	patient	health	at	risk,	
restrict	treatment	options,	and	may	lead	to	litigation.(4) 
Interpreters, while helpful, can be misinterpreted due to 
the	lack	of	knowledge	of	dental	terminology.(5,6)

	 Adding	another	layer	of	complexity	is	the	vast	and	
specialized	vocabulary	of	dental	terminology.	Existing	
resources	in	Thailand,	like	the	"Thai	Dental	Terminology"	
book	and	an	online	version	of	the	Thai-English	glossary,	
provide	a	foundation	but	lack	Chinese	translations.(7)	

Developing	the	book	"Three	Languages	of	Dental	Ter-
minology	(TLDT)"	by	our	authors	was	a	groundbreak-
ing	trilingual	electronic	book	offering	Thai,	English,	and	
Chinese	translations.(8) The Thai terms originate from the 
book	mentioned	above.	At	the	same	time,	the	Chinese	
equivalents	come	from	the	"English-Chinese	Dictionary	
of	Stomatology,"	a	bilingual	dictionary	focusing	specifi-
cally	on	dental	and	stomatology	terminology.(9) With over 
3703	entries	covering	diverse	topics,	the	electronic	TLDT	
surpasses most bilingual resources and allows conve-
nient searching for dental terminology in any of the three 
languages.	TLDT,	in	the	form	of	an	e-book,	comprised	
the	key	importance	points	for	digital	books	in	terms	of	
accessibility, convenience, searchability, instant delivery, 
and	cost-effectiveness.	This	innovative	tool	bridges	the	
language gap in dentistry, promoting better communi-
cation,	both	speaking	and	writing,	and	ultimately,	might	
improve	patient	outcomes	and	satisfaction.	
	 However,	this	e-book	hasn't	been	publicly	tested	yet.	
Therefore, this research aimed to explore its utilization 

and user satisfaction among Thai dentists who graduated 
from a private dental school, screening the way for further 
development and optimization of this valuable resource 
for	bridging	language	barriers	in	dentistry.

Materials and Methods
	 The	Rangsit	University	Ethical	Committee,	by	the	
Declaration	of	Helsinki,	granted	this	Ethical	approval	
of the cross-sectional pilot study with reference number  
RSU-ERB	2023-014.	Respondents	 identified	 as	 all	
Thai	dentists	who	graduated	from	the	College	of	Dental	 
Medicine, Rangsit University, between 2010 and 2021, 
were	invited	and	recruited	to	participate	in	the	study.	They	
were	contacted	through	two	main	channels:	direct	phone	
calls	and	invitations	via	the	"RSU	GRADUATE"	LINE	
group	announcement.	The	Dean	of	the	College	of	Dental	
Medicine	and	the	LINE	Official	Account	Administrator	
permitted	us	to	obtain	all	contact	information.	
	 All	participating	respondents	received	the	exact	 
formal instructions and informed consent to ensure con-
sistency.	Questionnaires	were	employed	as	the	research's	
primary data collection method and were collected  
entirely	through	online	links.	These	links,	sent	via	QR	
code,	included	four	components:	(1)	a	consent	form	with	
a	study	explanation;	(2)	a	QR	code	for	the	Bookcaze	 
application	(Figure	1)	and	TLDT	e-book;	and	(3	and	
4)	questionnaires	presented	in	both	Thai	and	English	 
versions	(Figure	2)	which	the	respondents	could	either	
selected	according	to	the	language	preference.	Google	
Forms	facilitated	these	questionnaires,	which	ensured	
respondent	anonymity	and	data	confidentiality.	The	TLDT	
e-book	was	hosted	on	the	Bookcaze	company	website,	
and participating respondents were granted free access to 
download	the	application	and	use	this	free	e-book.	After	
downloading the application and signing in, the respon-
dents	browsed	either	the	TLDT	e-book	in	the	“Medical	
Science”	menu	bar	category	or	a	“Free”	store,	then	a	PDF	
file	of	the	“Thai-English-Chinese	dental	terminology”	
e-book	could	be	downloaded	and	read	or	search	words	
needed.
 Researchers developed the research question-
naire, reviewed by three experts, and underwent content  
validity.(10)	An	item	objective	congruence	index	of	0.8	
demonstrated	acceptable	content	validity.(11) Item re-
sponse	formats	included	checklists,	dichotomous	scales,	
5-point	Likert	scales	(1	=	least,	2	=	few,	3	=	moderate,	4	
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=	much,	5	=	most),	and	open-ended	options	for	additional	
comments.	The	self-administered	questionnaire	com-
prised	five	sections,	covering:	Part	1:	Demographic	data	(8	
items);	Part	2:	Translation	tool	usage	data	(9	items);	Part	3:	
Initial	TLDT	experience	(4	items)	and	objectives	in	using	
TLDT	(6	items);	Part	4:	TLDT	utilization	assessment	(4	
aspects);	Part	5:	TLDT	satisfaction	assessment	(content	
and	usage,	four	items	each).
	 Six	objectives	in	using	TLDT	were	explored:	find-
ing	words	in	other	languages,	finding	synonyms,	finding	
words	that	often	appear	together,	checking	text	and	spell-
ing	accuracy,	and	accessing	other	word	information.
	 Questions	for	TLDT	utilization	assessment	included:
	 1.	 To	what	extent	would	you	use	TLDT	if	you	treat-
ed	Chinese-speaking	patients?
	 2.	 How	necessary	is	a	read-aloud	function	in	TLDT?
	 3.	 How	necessary	are	illustrations	in	TLDT?
	 4.	 How	necessary	are	sentence	examples	in	TLDT?
	 TLDT	satisfaction	was	assessed	in	two	areas:	content	
and	usage.
	 Content	satisfaction	was	evaluated	in	four	aspects:
	 1.	 Finding	the	searched	word(s):	Did	users	success-
fully	find	the	word	they	were	looking	for?
	 2.	 Accuracy	of	meaning:	Did	the	dictionary	provide	
the	correct	definition	for	the	word?
	 3.	 Variety	of	word	choices:	Were	users	offered	 
alternative	words	or	synonyms?
	 4.	 Trilingual	understanding:	Could	users	simul- 
taneously	see	the	word	in	Thai,	English,	and	Chinese?
	 Usage	satisfaction	was	investigated	in	four	areas:
	 1.	 Search	speed:	Could	users	find	words	quickly	and	
easily?
	 2.	 Symbol	clarity:	Were	the	app's	symbols	under-
standable	and	intuitive?
	 3.	 Font	readability:	Was	the	font	size	and	style	easy	
to	read	on	the	screen?
	 4.	 Word	saving:	Could	users	 save	and	 retrieve	 
frequently	used	words?
	 A	sample	size	calculation	(95%	confidence	interval	
(CI),	5%	margin	of	error)	established	a	requirement	of	271	
responses,	accounting	for	an	anticipated	40%	response	
rate.(12)	Data	collection	spanned	July-October	2023.	
All	data	was	entered	and	analyzed	using	IBM® SPSS®  
Statistics	version	29.0.1.0.	Descriptive	statistics	(frequency,	 
percentage, and median) were employed after the normal  
distribution	was	tested,	while	Fisher's	Exact	Test	and	

Pearson Chi-Square tests including odd ratio (OR)  
explored relationships between objectives, utilization, 
and	satisfaction.

Figure 1:	QR	Code	for	the	Bookcaze	application	and	TLDT	e-book.

Figure 2:	QR	Code	for	the	questionnaires	presented	in	both	Thai	
and	English	versions.

Results
 Three hundred and thirteen RSU graduates were  
invited	to	participate	 in	the	study,	and	88	responded	
(28.1%	response	rate).	All	respondents	were	Thai,	with	a	
slight	female	majority	(54	females,	61.4%	vs.	34	males,	
38.6%).	The	respondents'	ages	ranged	from	25	to	40	years,	
averaging	29.	Most	(84.1%)	used	Thai	and	English,	while	
9.1%	used	Thai	for	patient	communication.	Only	five	
respondents	(5.7%)	were	fluent	in	all	three	languages	
(Thai,	Chinese,	and	English),	while	one	respondent	(1.1%)	
was	able	to	speak	Thai,	English,	and	Korean.	Two-thirds	
(68.2%)	were	pursuing	dental	specializations	in	various	
fields,	17.0%	were	already	specialists,	and	14.8%	were	
general	dentists.				
	 Regarding	 respondents'	work	 locations,	 67.0%	
worked	in	the	capital	city,	Bangkok,	12.5%	in	surround-
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ing	areas	(Pathum	Thani,	Samut	Prakan,	Nakhon	Pathom,	 
Nonthaburi),	and	20.5%	in	other	provinces.	Most	of	these	
(71.6%)	worked	in	one	setting	(either	private	clinic,	hos-
pital,	or	university),	25.0%	in	two,	and	3.4%	in	three	
settings.	Eighty-five	(96.6%)	respondents	encountered	
foreign	patients	monthly,	with	only	three	(3.4%)	seeing	
no	foreign	patients.	Fifty-two	respondents	(59.1%)	met	
1-5	foreign	patients,	eighteen	(20.5%)	met	6-10,	and	fif-
teen	(16.9%)	met	more	than	10.	Regarding	patients'	race,	
58.0%	met	Chinese	patients,	while	42.0%	did	not.	Of	
those	who	saw	Chinese	patients,	82.4%	treated	1-5,	15.7%	
treated	6-10,	and	only	1.9%	treated	more	than	10	Chinese	
patients	monthly.
	 Nevertheless,	most	respondents	(93.2%)	could	not	
speak	Chinese,	while	only	6	(6.8%)	could.	Google	Trans-
late was the most popular tool for communication, and 
it	was	used	by	two-thirds	of	respondents	(68.2%).	The	
remaining apps used were ChatGPT, MediBabble, and an 
online	dictionary.	Three	respondents	(two	in	the	hospitals	
and	one	in	a	clinic)	relied	on	interpreters.	Learning,	edu-
cation, academic writing, vocabulary searches, and novel 
reading were performed apart from communication from 
the	mentioned	apps.	English	was	the	primary	language	
used, with translation needed only for occasional inter-
actions	with	Chinese	patients.	Twenty-eight	respondents	
(70.0%)	were	truly	satisfied	with	the	mentioned	apps,	10	
(25.0%)	were	moderately	satisfied,	and	2	(5.0%)	were	
somewhat	satisfied.	Most	respondents	(83,	or	94.3%)	
preferred smartphones for these translation apps, while 
the	remaining	5	(5.7%)	used	tablets	and	computers.
	 After	using	the	TLDT	e-book,	most	respondents	(47,	
or	53.4%)	used	it	for	Thai-to-English	translation,	fol-
lowed	by	English-to-Thai	by	37	(42.0%).	Furthermore,	the	
median	assessment	scores	of	utilization	for	TLDT	were	
high	(Likert	scale	4)	across	all	four	questions.	Overall,	
the median satisfaction score with the content and usage 
of	TLDT	was	also	high	(Likert	scale	4).	Therefore,	we	
stratified	the	data	according	to	the	median	score	into	two	
groups (least to moderate versus much to most) for further 
analysis.	
	 Table	1	shows	the	statistically	significant	pattern	
of	TLDT	usage	related	to	six	objectives	in	using	TLDT,	
obtained	for	Thai-to-English	(according	to	the	objectives	
shown	consecutively	in	Table	1,	OR=8.5;	95%	CI	3.1,	22.8	
p<0.001;	OR=10.8;	95%	CI	4.0,	29.4	p<0.001;	OR=8.8;	
95%	CI	3.3,	23.6	p<0.001;	OR=10.2;	95%	CI	3.8,	27.5		 

p<0.001;	OR=9.1;	95%	CI	3.4,	24.2	p<0.001;	OR=5.7;	
95%	CI	2.2,	14.7	p<0.001,	respectively),	and	English-to-
Thai	(OR=4.8;	95%	CI	1.8,	13.0	p<0.001;	OR=8.2;	95%	
CI	3.1,	21.7	p<0.001;	OR=4.0;	95%	CI	1.7,	9.9	p<0.001;	
OR=4.1;	95%	CI	1.6,	10.4	p<0.001;	OR=3.8;	95%	CI	1.5,	
9.6	p=0.01;	OR=3.2;	95%	CI	1.3,	7.8	p=0.01,	respectively).	 
A	similar	pattern	was	also	demonstrated	with	Thai- 
to-English-to-Chinese	translation	across	all	objectives	 
(p<0.05).	
 Considering the relationship of interested research 
data,	Table	2	shows	the	respondents'	demographic	data	
with	TLDT	utilization	or	satisfaction.	Age,	gender,	work-
place	province,	and	workplace	type	had	no	statistically	
significant	relationship	with	TLDT	utilization	or	satisfac-
tion.	The	only	exception	was	the	educational	level,	post-
graduate,	related	to	content	satisfaction	with	the	TLDT	
(OR=6.2;	95%	CI	1.4,	27.5;	p=0.02).	
	 Table	3	shows	that	TLDT	utilization	was	statistical-
ly	significant	with	all	six	objectives	in	using	the	TLDT	 
except spelling accuracy (according to the objectives 
shown	consecutively	in	Table	3,	OR=3.7;	95%	CI	1.3,	10.6	
p=0.02;	OR=4.6;	95%	CI	1.4,	15.3	p=0.01;	OR=4.1;	95%	
CI	1.2,	13.6	p=0.02;	OR=5.3;	95%	CI	1.7,	16.3	p<0.001;	
OR=5.5;	95%	CI	1.5,	20.6	p<0.001,	respectively).	Inter-
estingly,	the	content	satisfaction	levels	were	significantly	 
related	to	three	objectives:	finding	words	in	other	languages	 
(OR=6.7;	95%	CI	1.3,	34.7;	p=0.03),	finding	words	that	
often	appear	together	(OR=7.8;	95%	CI	1.1,	36.3;	p=0.04),	
and	checking	text	accuracy	(OR=5.4;	95%	CI	1.1,	27.8;	
p=0.04).	A	similar	pattern	was	also	revealed	for	usage	
satisfaction	(OR=3.2;	95%	CI	1.1,	9.4;	p=0.03;	OR=9.5;	
95%	CI	2.0,	44.5;	p<0.001;	and	OR=3.4;	95%	CI	1.1,	
10.1;	p=0.03,	respectively).
	 Regarding	unfound	words	in	TLDT,	13	respondents	
(14.8%)	reported	encountering	some	(29	unfound	words).	
Eight	words	were	present	in	TLDT	but	were	not	found	
with	the	respondents'	search	terms.	The	remaining	21	
unfound	words	were	absent	as	well.

Discussion
 This pilot cross-sectional study used an online ques-
tionnaire	to	investigate	88	Thai	dentists'	utilization	and	
satisfaction	with	a	Thai-English-Chinese	dental	termino- 
logy	e-book.	The	results	showed	that	the	developed	TLDT	
e-book	is	valuable	for	dentists	and	postgraduate	dental	 
students	in	Thailand.	The	e-book	is	easy	to	use	and	con-



106 Oral Sci Rep: Volume 46 Number 2 May-August 2025
Ta

bl
e 

1:
	R
el
at
io
ns
hi
p	
be
tw
ee
n	
th
e	
pa
tte
rn
	o
f	T

LD
T	
us
ag
e	
an
d	
ob
je
ct
iv
es
	in
	u
si
ng
	th
e	
TL

D
T.

Fi
nd

 w
or

ds
 in

 o
th

er
 

la
ng

ua
ge

s
p*

Sy
no

ny
m

/S
im

ila
r 

w
or

ds
p*

W
or

ds
 th

at
 o

ft
en

 
ap

pe
ar

 to
ge

th
er

p*

A
cc

ur
ac

y 
of

 te
xt

p*

A
cc

ur
ac

y 
of

 sp
el

lin
g

p*

O
th

er
 in

fo
rm

at
io

n 
ab

ou
t t

he
 w

or
d

p*
L

ea
st

 to
 

m
od

er
at

e 
(n

=3
4)

M
uc

h 
to

 m
os

t 
(n

=5
4)

L
ea

st
 to

 
m

od
er

at
e 

(n
=4

6)

M
uc

h 
to

 m
os

t 
(n

=4
2)

L
ea

st
 to

 
m

od
er

at
e 

(n
=4

8)

M
uc

h 
to

 m
os

t 
(n

=4
0)

L
ea

st
 to

 
m

od
er

at
e 

(n
=3

8)

M
uc

h 
to

 m
os

t 
(n

=5
0)

L
ea

st
 to

 
m

od
er

at
e 

(n
=3

7)

M
uc

h 
to

 m
os

t 
(n

=5
1)

L
ea

st
 to

 
m

od
er

at
e 

(n
=5

0)

M
uc

h 
to

 m
os

t 
(n

=3
8)

Tr
an

sl
at

e 
Th

ai
 

to
	E
ng
lis
h

Le
as

t t
o 

m
od

er
at

e 
M

uc
h 

to
 

m
os

t

26
(7
6.
5%

)
8

(2
3.
5%

)

15
	

(2
7.
8%

)
39
	

(7
2.
2%

)

0.
00

33
 

(7
1.
7%

)
13

 
(2
8.
3%

)

8	
(1
9.
0%

)
34
	

(8
1.
0%

)

0.
00

33
 

(6
8.
8%

)
15
	

(3
1.
2%

)

8	
(2
0.
0%

)
32

 
(8
0.
0%

)

0.
00

29
	

(7
6.
3%

)
9	

(2
3.
7%

)

12
 

(2
4.
0%

)
38
	

(7
6.
0%

)

0.
00

28
	

(7
5.
7%

)
9	

(2
4.
3%

)

13
 

(2
5.
5%

)
38
	

(7
4.
5%

)

0.
00

32
 

(6
4.
0%

)
18
	

(3
6.
0%

)

9	
(2
3.
7%

)
29
	

(7
6.
3%

)

0.
00

Tr
an

sl
at

e 
Th

ai
 

to
 C

hi
ne

se
Le

as
t t

o 
m

od
er

at
e 

M
uc

h 
to

 
m

os
t

28
	

(8
2.
4%

)
6

(1
7.
6%

)

33
 

(6
1.
1%

)
21

 
(3
8.
9%

)

0.
06

34
	

(7
3.
9%

)
12

 
(2
6.
1%

)

27
	

(6
4.
3%

)
15
	

(3
5.
7%

)

0.
36

36
	

(7
5.
0%

)
12

 
(2
5.
0%

)

25
	

(6
2.
5%

)
15
	

(3
7.
5%

)

0.
25

29
	

(7
6.
3%

)
9	

(2
3.
7%

)

32
 

(6
4.
0%

)
18
	

(3
6.
0%

)

0.
25

27
	

(7
3.
0%

)
10

 
(2
7.
0%

)

34
	

(6
6.
7%

)
17
	

(3
3.
3%

)

0.
64

40
	

(8
0.
0%

)
10

 
(2
0.
0%

)

21
 

(5
5.
3%

)
17
	

(4
4.
7%

)

0.
02

Tr
an

sl
at

e 
C

hi
ne

se
to
	E
ng
lis
h

Le
as

t t
o 

m
od

er
at

e 
M

uc
h 

to
 

m
os

t

31
 

(9
1.
2%

)
3 

(8
.8
%
)

44
	

(8
1.
5%

)
10

 
(1
8.
5%

)

0.
36

42
	

(9
1.
3%

)
4	

(8
.7
%
)

33
 

(7
8.
6%

)
9	

(2
1.
4%

)

0.
13

43
	

(8
9.
6%

)
5	

(1
0.
4%

)

32
 

(8
0.
0%

)
8	

(2
0.
0%

)

0.
24

35
	

(9
2.
1%

)
3 

(7
.9
%
)

40
	

(8
0.
0%

)
10

 
(2
0.
0%

)

0.
14

34
	

(9
1.
9%

)
3 

(8
.1
%
)

41
	

(8
0.
4%

)
10

 
(1
9.
6%

)

0.
22

46
	

(9
2.
0%

)
4	

(8
.0
%
)

29
	

(7
6.
3%

)
9	

(2
3.
7%

)

0.
07

Tr
an

sl
at

e 
C

hi
ne

se
to

 T
ha

i

Le
as

t t
o 

m
od

er
at

e 
M

uc
h 

to
 

m
os

t

29
	

(8
5.
3%

)
5	

(1
4.
7%

)

38
	

(7
0.
4%

)
16
	

(2
9.
6%

)

0.
13

37
	

(8
0.
4%

)
9	

(1
9.
6%

)

30
 

(7
1.
4%

)
12

 
(2
8.
6%

)

0.
45

39
	

(8
1.
2%

)
9	

(1
8.
8%

)

28
	

(7
0.
0%

)
12

 
(3
0.
0%

)

0.
32

31
 

(8
1.
6%

)
7	

(1
8.
4%

)

36
	

(7
2.
0%

)
14
	

(2
8.
0%

)

0.
33

29
	

(7
8.
4%

)
8	

(2
1.
6)

38
	

(7
4.
5%

)
13

 
(2
5.
5%

)

0.
80

44
	

(8
8.
0%

)
6	

(1
2.
0%

)

23
 

(6
0.
5%

)
15
	

(3
9.
5%

)

0.
01

Tr
an

sl
at

e 
En
gl
is
h	

to
 T

ha
i

Le
as

t t
o 

m
od

er
at

e 
M

uc
h 

to
 

m
os

t

27
	

(7
9.
4%

)
7	

(2
0.
6%

)

24
	

(4
4.
4%

)
30

 
(5
5.
6%

)

0.
00

37
	

(8
0.
4%

)
9	

(1
9.
6%

)

14
	

(3
3.
3%

)
28
	

(6
6.
7%

)

0.
00

35
	

(7
2.
9%

)
13

 
(2
7.
1%

)

16
	

(4
0.
0%

)
24
	

(6
0.
0%

)

0.
00

29
	

(7
6.
3%

)
9	

(2
3.
7%

)

22
 

(4
4.
0%

)
28
	

(5
6.
0%

)

0.
00

28
	

(7
5.
7%

)
9	

(2
4.
3%

)

23
 

(4
5.
1%

)
28
	

(5
4.
9%

)

0.
01

35
	

(7
0.
0%

)
15
	

(3
0.
0%

)

16
	

(4
2.
1%

)
22

 
(5
7.
9%

)

0.
01

Tr
an

sl
at

e 
En
gl
is
h

to
 C

hi
ne

se

Le
as

t t
o 

m
od

er
at

e 
M

uc
h 

to
 

m
os

t

27
	

(7
9.
4%

)
7	

(2
0.
6%

)

41
	

(7
5.
9%

)
13

 
(2
4.
1%

)

0.
80

35
	

(7
6.
1%

)
11

 
(2
3.
9%

)

33
 

(7
8.
6%

)
9	

(2
1.
4%

)

0.
81

36
	

(7
5.
0%

)
12

 
(2
5.
0%

)

32
 

(8
0.
0%

)
8	

(2
0.
0%

)

0.
62

31
 

(8
1.
6%

)
7	

(1
8.
4%

)

37
	

(7
4.
0%

)
13

 
(2
6.
0%

)

0.
45

30
 

(8
1.
1%

)
7	

(1
8.
9%

)

38
	

(7
4.
5%

)
13

 
(2
5.
5%

)

0.
61

39
	

(7
8.
0%

)
11

 
(2
2.
0%

)

29
	

(7
6.
3%

)
9	

(2
3.
7%

)

1.
00

Tr
an

sl
at

e 
Th

ai
 

to
	E
ng
lis
h	
to
	

C
hi

ne
se

Le
as

t t
o 

m
od

er
at

e 
M

uc
h 

to
 

m
os

t

34
	

(1
00
.0
%
)

0 
(0
.0
%
)

41
	

(7
5.
9%

)
13

 
(2
4.
1%

)

0.
00

45
	

(9
7.
8%

)
1 

(2
.2
%
)

30
 

(7
1.
4%

)
12

 
(2
8.
6%

)

0.
00

45
	

(9
3.
8%

)
3 

(6
.2
%
)

30
 

(7
5.
0%

)
10

 
(2
5.
0%

)

0.
02

37
	

(9
7.
4%

)
1 

(2
.6
%
)

38
	

(7
6.
0%

)
12

 
(2
4.
0%

)

0.
01

36
	

(9
7.
3%

)
1 

(2
.7
%
)

39
	

(7
6.
5%

)
12

 
(2
3.
5%

)

0.
01

48
	

(9
6.
0%

)
2 

(4
.0
%
)

27
	

(7
1.
1%

)
11

 
(2
8.
9%

)

0.
00
	

*F
is
he
r’s
	E
xa
ct
	T
es
t/P
ea
rs
on
	C
hi
-S
qu
ar
e	
te
st
s



107Oral Sci Rep: Volume 46 Number 2 May-August 2025

Ta
bl

e 
2:
	R
el
at
io
ns
hi
p	
be
tw
ee
n	
de
m
og
ra
ph
ic
	d
at
a	
of
	th
e	
re
sp
on
de
nt
s	a
nd
	u
til
iz
at
io
n	
an
d	
sa
tis
fa
ct
io
n	
of
	T
LD

T

Va
ri

ab
le

s
U

til
iz

at
io

n 
(N

=8
8)

p*
Sa

tis
fa

ct
io

n 
of

 c
on

te
nt

 (N
=8

8)
p*

Sa
tis

fa
ct

io
n 

of
 u

sa
ge

 (N
=8

8)
p*

L
ea

st
(n

=3
)

M
od

er
at

e 
(n

=1
6)

M
os

t 
(n

=6
9)

L
ea

st
 

(n
=0

)
M

od
er

at
e 

(n
=9

)
M

os
t 

(n
=7

9)
L

ea
st

 
(n

=3
)

M
od

er
at

e 
(n

=1
6)

M
os

t 
(n

=7
0)

A
ge
	(y
ea
rs
)

		<
	2
9

  ≥
	2
9

1	
(3
3.
3%

)
2(
66
.7
%
)

7	
(4
3.
8%

)
9	
(5
6.
2%

)
31
	(4
4.
9%

)
38
	(	
55
.1
%
)

0.
92

0 
(0

%
)

0 
(0

%
)

3	
(3
3.
3%

)
6	
(6
6.
7%

)
36
	(4
5.
6%

)
43
	(5
4.
4%

)
0.
48

1	
(5
0.
0%

)
1	
(5
0.
0%

)
6	
(3
7.
5%

)
10
	(6
2.
5%

)
32
	(4
5.
7%

)
38
	(5
4.
3%

)
0.
83

Se
x

  M
al

e
		F
em

al
e

3	
(1
00
.0
%
)

0	
(0
.0
%
)

5	
(3
1.
2%

)
11
	(6
8.
8%

)
26
	(3
7.
7%

)
43
	(6
2.
3%

)
0.
08

0	
(0
.0
%
)

0	
(0
.0
%
)

3	
(3
3.
3%

)
6	
(6
6.
7%

)
31
	(3
9.
2%

)
48
	(6
0.
8%

)
1.
00

1	
(5
0.
0%

)
1	
(5
0.
0%

)
3	
(1
8.
7%

)
13
	(8
1.
3%

)
30
	(4
2.
9%

)
40
	(5
7.
1%

)
0.
19

Ed
uc
at
io
n

  G
en

er
al

 d
en

tis
t

		F
ur
th
er
	st
ud
y

  S
pe

ci
al

is
t

2	
(6
6.
7%

)
1	
(3
3.
3%

)
0	
(0
.0
%
)

1	
(6
.2
%
)

11
	(6
8.
8%

)
4	
(2
5.
0%

)

10
	(1
4.
5%

)
48
	(6
9.
6%

)
11
	(1
5.
9%

)
0.
09

0	
(0
.0
%
)

0	
(0
.0
%
)

0	
(0
.0
%
)

4	
(4
4.
4%

)
5	
(5
5.
6%

)
0	
(0
.0
%
)

9	
(1
1.
4%

)
55
	(6
9.
6%

)
15
	(1
9.
0%

)

0.
02

0	
(0
.0
%
)

2	
(1
00
.0
%
)

0	
(0
.0
%
)

3	
(1
8.
7%

)
13
	(8
1.
3%

)
0	
(0
.0
%
)

10
	(1
4.
3%

)
45
	(6
4.
3%

)
15
	(2
1.
4%

)

0.
27

Pr
ov
in
ce
	o
f	w

or
kp
la
ce
s

		B
an
gk
ok

  P
er

im
et

er
  O

th
er

 p
ro

vi
nc

es

2	
(6
6.
7%

)
0	
(0
.0
%
)

1	
(3
3.
3%

)

9	
(5
6.
2%

)
2	
(1
2.
5%

)
5	
(3
1.
3%

)

48
	(6
9.
6%

)
9	
(1
3.
0%

)
12
	(1
7.
4%

)
0.
70

0	
(0
.0
%
)

0	
(0
.0
%
)

0	
(0
.0
%
)

5	
(5
5.
6%

)
2	
(2
2.
2%

)
2	
(2
2.
2%

)

54
	(6
8.
4%

)
9	
(1
1.
4%

)
16
	(2
0.
2%

)
0.
62

1	
(5
0.
0%

)
0	
(0
.0
%
)

1	
(5
0.
0%

)

8	
(5
0.
0%

)
2	
(1
2.
5%

)
6	
(3
7.
5%

)

50
	(7
1.
4%

)
9	
(1
2.
9%

)
11
	(1
5.
7%

)
0.
27

W
or
kp
la
ce
s

  P
riv

at
e 

C
ln

ic
  H

os
pi

ta
l

  P
riv

at
e 

C
lin

ic
 a

nd
 U

ni
ve

rs
ity

1	
(3
3.
3%

)
1	
(3
3.
3%

)
1	
(3
3.
3%

)

9	
(5
6.
2%

)
4	
(2
5.
0%

)
3	
(1
8.
8%

)

48
	(6
9.
6%

)
15
	(2
1.
7%

)
6	
(8
.7
%
)

0.
47

0	
(0
.0
%
)

0	
(0
.0
%
)

0	
(0
.0
%
)

4	
(4
4.
4%

)
2	
(2
2.
2%

)
3	
(3
3.
3%

)

54
	(6
8.
3%

)
18
	(2
2.
8%

)
7	
(8
.9
%
)

0.
08

1	
(5
0.
0%

)
1	
(5
0.
0%

)
0	
(0
.0
%
)

9	
(5
6.
3%

)
5	
(3
1.
2%

)
2	
(1
2.
5%

)

48
	(6
8.
6%

)
14
	(2
0.
0%

)
8	
(1
1.
4%

)

0.
73

*F
is
he
r’s
	E
xa
ct
	T
es
t/P
ea
rs
on
	C
hi
-S
qu
ar
e	
te
st
s



108 Oral Sci Rep: Volume 46 Number 2 May-August 2025
Ta

bl
e 

3:
	R
el
at
io
ns
hi
p	
be
tw
ee
n	
ob
je
ct
iv
es
	in
	u
si
ng
	T
LD

T	
an
d	
ut
ili
za
tio
n	
an
d	
sa
tis
fa
ct
io
n	
w
ith
	T
LD

T

T
he

 o
bj

ec
tiv

e 
fo

r 
us

in
g 

T
L

D
T

U
til

iz
at

io
n 

(N
=8

8)
p*

Sa
tis

fa
ct

io
n 

of
 c

on
te

nt
 (N

=8
8)

p*
Sa

tis
fa

ct
io

n 
of

 u
sa

ge
 (N

=8
8)

p*
L

ea
st

 to
 m

od
er

at
e 

(n
=1

9)
M

uc
h 

to
 m

os
t 

(n
=6

9)
L

ea
st

 to
 m

od
er

at
e 

(n
=9

)
M

uc
h 

to
 m

os
t 

(n
=7

9)
L

ea
st

 to
 m

od
er

at
e 

(n
=1

8)
M

uc
h 

to
 m

os
t 

(n
=7

0)

Fi
nd
	w
or
ds
	in
	

ot
he

r l
an

gu
ag

es
Le

as
t t

o 
m

od
er

at
e 

M
uc

h 
to

 m
os

t
12
	(6
3.
2%

)
7	
(3
6.
8%

)
22
	(3
1.
9%

)
47
	(6
8.
1%

)
0.
02

7	
(7
7.
8%

)
2	
(2
2.
2%

)
27
	(3
4.
2%

)
52
	(6
5.
8%

)
0.
03

11
	(6
1.
1%

)
7	
(3
8.
9%

)
23
	(3
2.
9%

)
47
	(6
7.
1%

)
0.
03

Sy
no

ny
m

/S
im

ila
r 

w
or

ds
Le

as
t t

o 
m

od
er

at
e 

M
uc

h 
to

 m
os

t
15
	(7
8.
9%

)
4	
(2
1.
1%

)
31
	(4
4.
9%

)
38
	(5
5.
1%

)
0.
01

7	
(7
7.
8%

)
2	
(2
2.
2%

)
39
	(4
9.
4%

)
40
	(5
0.
6%

)
0.
16

13
	(7
2.
2%

)
5	
(2
7.
8%

)
33
	(4
7.
1%

)
37
	(5
2.
9%

)
0.
68

W
or

ds
 th

at
 o

fte
n 

ap
pe

ar
 to

ge
th

er
Le

as
t t

o 
m

od
er

at
e 

M
uc

h 
to

 m
os

t
15
	(7
8.
9%

)
4	
(2
1.
1%

)
33
	(4
7.
8%

)
36
	(5
2.
2%

)
0.
02

8	
(8
8.
9%

)
1	
(1
1.
1%

)
40
	(5
0.
6%

)
39
	(4
9.
4%

)
0.
04

16
	(8
8.
9%

)
2	
(1
1.
1%

)
32
	(4
5.
7%

)
38
	(5
4.
3%

)
0.
00

A
cc
ur
ac
y	
of
	te
xt

Le
as

t t
o 

m
od

er
at

e 
M

uc
h 

to
 m

os
t

14
	(7
3.
7%

)
5	
(2
6.
3%

)
24
	(3
4.
8%

)
45
	(6
5.
2%

)
0.
00

7	
(7
7.
8%

)
2	
(2
2.
2%

)
31
	(3
9.
2%

)
48
	(6
0.
8%

)
0.
04

12
	(6
6.
7%

)
6	
(3
3.
3%

)
26
	(3
7.
1%

)
44
	(6
2.
9%

)
0.
03

A
cc
ur
ac
y	
of
	

sp
el

lin
g

Le
as

t t
o 

m
od

er
at

e 
M

uc
h 

to
 m

os
t

12
	(6
3.
2%

)
7	
(3
6.
8%

)
25
	(3
6.
2%

)
44
	(6
3.
8%

)
0.
06

6	
(6
6.
7%

)
3	
(3
3.
3%

)
31
	(3
9.
2%

)
48
	(6
0.
8%

)
0.
16

10
	(5
5.
6%

)
8	
(4
4.
4%

)
27
	(3
8.
6%

)
43
	(6
1.
4%

)
0.
28

O
th

er
 in

fo
rm

at
io

n 
ab

ou
t t

he
 w

or
d

Le
as

t t
o 

m
od

er
at

e 
M

uc
h 

to
 m

os
t

16
	(8
4.
2%

)
3	
(1
5.
8%

)
34
	(4
9.
3%

)
35
	(5
0.
7%

)
0.
00

8	
(8
8.
9%

)
1	
(1
1.
1%

)
42
	(5
3.
2%

)
37
	(4
6.
8%

)
0.
07

14
	(7
7.
8%

)
4	
(2
2.
2%

)
36
	(5
1.
4%

)
34
	(4
8.
6%

)
0.
06

*F
is
he
r’s
	E
xa
ct
	T
es
t/P
ea
rs
on
	C
hi
-S
qu
ar
e	
te
st
s



109Oral Sci Rep: Volume 46 Number 2 May-August 2025

tains	a	comprehensive	list	of	Thai,	English,	and	Chinese	
dental	terminologies.	Dentists	and	postgraduate	dental	
students	are	satisfied	with	the	TLDT	e-book	and	believe	
it helps improve communication with foreign patients or 
writing	for	academic	purposes.
 Because of different types of communication, such 
as written, verbal, or non-verbal communication(13),  
using	TLDT	via	verbal	communication	was	not	prominent	
in	this	study.	Although	most	respondents	encountered	
foreign patients monthly, with Chinese patients being 
the	most	common,	most	dentists	cannot	speak	Chinese.	
English	was	the	primary	language	used	for	occasional	
interactions	with	Chinese	patients.	Google	Translate	is	
the most popular translation tool, similar to the previous 
studies.(14,15)	Even	though	the	number	of	dentists	using	
Chinese translation was relatively small, from our results, 
the	pattern	of	dentist	usage	from	Thai	to	English,	English	
to	Thai,	and	Thai	to	English	to	Chinese	revealed	a	signifi-
cant	relationship	to	the	six	objectives	of	TLDT.	This	study,	
therefore, highlights the need for trilingual translation 
tools	for	dental	terminology.(16,17)

	 Notably,	an	interesting	finding	emerged.	Dentists	
pursuing	specialization	showed	a	statistically	significant	
link	with	higher	content	satisfaction.	Those	used	them	for	
communication, learning, and academic writing, similar 
to	the	published	data.(18)	Dentists	in	postgraduate	pro-
grams	are	likelier	to	write	educational	documents,	leading	
to	greater	TLDT	utilization	and	satisfaction.	This	result	
aligns	with	previous	researches	suggesting	specialists	seek	
educational	resources	like	e-books	for	their	specialized	
terminology	and	complex	information	needs.(19-21)  
	 Usage	patterns	involving	Thai-English,	English-Thai,	
and	Thai-English-Chinese	translations	were	significantly	
associated	with	all	six	TLDT	objectives.	This	result	sug-
gests	that	common	usage	aligns	closely	with	the	e-book's	
intended	purpose.	This	pattern	strongly	correlated	with	
key	objectives	like	finding	words	in	other	languages,	iden-
tifying	synonyms,	and	checking	text	accuracy.	Therefore,	
the	e-book	primarily	serves	as	a	cross-language	dental	
terminology	lookup	tool	between	Thai	and	English.
 This study also explored the relationship between 
TLDT	objectives,	utilization,	and	user	satisfaction.	While	
utilization	was	significantly	 linked	to	five	out	of	six	 
objectives (excluding spelling accuracy), user satisfaction 
only	correlated	with	finding	words	in	other	languages,	
identifying words that often appear together, and text 

accuracy.	This	suggests	that	the	equivalent	finding	of	the	
core	aim	of	cross-language	terminology	lookup	and	proper	
word	usage	primarily	drive	satisfaction.(18)	Additionally,	
the closer match between utilization and objectives than 
satisfaction and objectives suggests that respondents used 
the	TLDT	effectively	for	its	intended	purpose.
 Limitations of this preliminary study include a rela-
tively	small	sample	size	and	a	low	response	rate	(28.12%)	
compared	to	the	expected	40%.(12) This could be due to 
recent concerns about phone scams in Thailand(22) and 
difficulty	reaching	respondents	with	outdated	contact	
information.	Future	research	could	include	interpreters	
or wider dental professional clinicians and utilize diverse 
contact methods to improve participation and generaliz-
ability	of	the	study.	Administrations	of	the	questionnaire	
to calculate test-retest reliability should be performed 
to	strengthen	the	findings.	A	few	respondents	reported	
encountering	unfound	words	in	the	TLDT	e-book,	sug-
gesting	potential	areas	for	improvement.	The	TLDT	itself	
includes incomplete three-language coverage, leading to 
missing	search	terms.	Additionally,	respondents	suggested	 
improvements	 like	 adding	 pronunciation,	 pictures,	 
vocabulary usage examples, translation explanations, and 
categorizing word lists based on dental departments or  
difficulty.	Further	development	and	public	testing	are	
needed	to	refine	and	optimize	these	tools	for	maximum	
impact.

Conclusions
	 This	study	suggests	that	multilingual	e-books	like	
TLDT	can	significantly	improve	the	accessibility	of	dental	
terminology	in	Thai,	English,	and	Chinese.	The	TLDT	
e-book	is	a	helpful	tool	for	enhancing	communication	of	
dental	terminologies	between	Thai,	English,	and	Chinese	
in	Thailand.	The	e-book	is	easy	to	use	and	contains	a	com-
prehensive	list	of	Thai,	English,	and	Chinese	dental	termi-
nologies.	Dentists	and	dental	students	who	participated	in	
the	study	reported	that	they	are	satisfied	with	the	TLDT	
e-book	and	believe	it	helps	improve	communication	with	
foreign	patients	and	the	writing	of	academic	papers.	
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Abstract
Objectives: This study aimed to determine the alternative surface treatment method for 
repairing	aged	polymer-infiltrated	ceramic	network	materials	(PICNs)	utilizing	a	shear	
bond	strength	(SBS)	test.	

Methods:	A	PICNs	block	(VITA	Enamic®)	was	cut	into	5x5x5	mm3 followed by thermo-
cycling	for	10,000	cycles.	The	specimens	were	then	randomly	divided	into	four	groups	
(n=12),	based	on	different	surface	treatments.	Group	HF+Si:	treated	with	a	9.5%	hydro-
fluoric	acid	and	silane	application,	Group	HF+Si+He:	treated	with	a	9.5%	hydrofluoric	
acid and silane application followed by an application of a hydrophobic resin monomer, 
Group	MEP:	treated	with	a	self-etching	ceramic	primer,	Group	MEP+He:	treated	with	a	
self-etching	ceramic	primer	followed	by	an	application	of	a	hydrophobic	resin	monomer.	
All	specimens	were	repaired	with	a	resin	composite	and	underwent	a	thermocycling	aging	
process	for	10,000	cycles	before	measuring	shear	bond	strength.	

Results:	One-way	ANOVA	revealed	a	significant	difference	in	SBS	among	all	groups.	
Group	MEP	exhibited	a	significantly	lowest	mean	SBS	value	(p<0.05),	while,	mean	SBS	
values	from	groups	HF+Si,	HF+Si+He,	and	MEP+He	did	not	show	statistically	significant	
differences.	

Conclusions: Treating aged PICNs with only self-etching ceramic primer group provided 
an	insufficient	shear	bond	strength.	However,	when	a	hydrophobic	resin	monomer	was	
applied after conditioning with self-etching ceramic primer, shear bond strength was 
distinctly	improved	to	a	comparable	level	to	those	treated	with	9.5%	hydrofluoric	acid	
and	silane	primer.

Keywords:	hydrofluoric	acid,	hyphobic	resin	monomer,	self-etching	ceramic	primer,	
silane, PICNs
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Introduction
	 Advanced	developments	in	digital	technology	and	
manufacturing processes have resulted in a dramatic  
paradigm shift in dentistry and the widespread use of com-
puter-aided	design/computer-aided	manufacturing	(CAD/
CAM)	in	the	fabrication	of	indirect	dental	restorations.(1,2) 
While various dental ceramics are currently improved and 
available	for	CAD/CAM	fabrication(2,3), they are still brit-
tle	and	susceptible	to	cracks	and	fractures.	Such	fractures	
are	difficult	to	repair(4-6),	impairing	restoration	longevity.	
As	a	result,	the	trend	of	development	aims	to	reduce	risk	
of	fracture	in	indirect	posterior	restorations.(5) 
 Since 2013, the only one commercially available 
polymer-infiltrated	ceramic	materials	(PICNs)	with	CAD/
CAM	technology,	VITA	Enamic®	(VITA	Zahnfabrik,	
Bad	Säckingen,	Germany),	has	been	introduced	to	dental	
profession.	VITA	Enamic®	is	composed	of	a	network	of	
feldspathic	ceramics	infiltrated	by	a	polymeric	phase.(4,7-9) 
The	polymer-infiltrated	ceramic	materials	exhibited	lower	
brittleness,	rigidity,	and	hardness	than	glass	ceramics.	
They	also	demonstrated	increased	flexibility	and	fracture	
toughness.(7,9) This may result in an improvement in stress 
distribution,	particularly	during	the	mastication	process.
(10) Nevertheless, several factors, including high masti-
catory forces, parafunctional habits, and internal defects 
within the material, critically impact the success of dental 
restorations	in	a	long	period	of	clinical	service.	Crack	
propagation induced by these factors may lead to fracture 
of	restoration,	significantly	compromising	longevity.(7-9) 
According	to	a	three-year	clinical	research	study	conducted	 
by Spitznagel et al.,(11) they discovered that fractures 
were	the	primary	cause	of	failures	in	103	PICNs	CAD/
CAM	restorations	which	were	unacceptable	bulk	frac-
tures	and	chipping.	The	repairable	failed	restorations	were	 
repaired with resin composite and showed no failure up to 
three-year	follow	up.(11)	Among	those	chipping,	non-cata-
strophic fractures were repairable, extending esthetics and 
functional	preservation	of	restorations.(12,13)

 Previous studies have been reported that the most  
effective	 technique	for	 repairing	polymer-infiltrated	 
ceramic	materials	was	etching	with	hydrofluoric	acid	
followed by silane application(14,	15) and re-restoring with 
resin	composite.(13)	However,	hydrofluoric	acid	was	con-
sidered a hazardous substance, especially when it was 
spilled	on	tissues.	The	aggressiveness	of	this	acid	can	
cause burns that frequently result in deep tissue necro- 

sis.(13,16) The alternative less aggressive acid has been 
developed in order to reduce such complication during  
repairing	procedure.	A	new	self-etching	glass-ceramic	
primer	(Monobond	Etch	&	Prime;	Ivoclar	Vivadent,	Schaan,	
Liechtenstein) consists of four distinct compositions  
including	an	ammonium	polyfluoride,	phosphoric	acid	 
ester,	 solvent	and	silane	enclosing	 in	one	bottle.(17)  
Murillo et al.,(18) compared the effects of the new self- 
etching primer with the contemporary technique on bond-
ing	to	glass-ceramic	and	resin	cement.	The	result	indicated	
no	statistically	significant	difference	in	microtensile	bond	
strength	between	the	two	groups. However, no study has 
examined the effectiveness of either self-etching primer 
alone or combined with a hydrophobic resin on the repair 
of	polymer-infiltrated	ceramic	network	materials.
 The application of bonding agents on old ceramic  
before repairing with resin composite has also been  
discussed.(19,20)	According	to	certain	studies,	using	bond-
ing agents, ones containing hydrophobic resin monomer, 
improved the bond between glass ceramics and resin  
composites.(19,20) On the other hand, the systematic  
review and meta-analysis performed by Nogueira  
et al.,(21)	showed	insufficient	evidence	to	encourage	using 
an adhesive system as an adjunctive surface treatment 
before	repairing. With this inconsistency, the study about  
the	benefit	of	a	hydrophobic	resin	application	on	repairing	
polymer-infiltrated	ceramic	network	materials	surface,	
especially when combined with self-etch ceramic primer 
is	scarce.	
	 Altogether,	these	raised	the	question	whether	the	new	
self-etching ceramic primer combined with a hydropho-
bic resin monomer could effectively repair the polymer- 
infiltrated	ceramic	network	materials	(PICNs).	Therefore,	
the purpose of this study was to determine the different  
surface	treatment	methods	for	repairing	polymer-infiltrated	 
ceramic	network	material	(PICNs)	using	shear	bond	
strength.	Additionally,	an	application	of	a	hydrophobic	
resin monomer before placement of resin composites was 
also	investigated	in	the	present	study.

Materials and Methods

Specimen preparation
	 A	total	of	6	CAD-CAM	PICNs	block	(VITA	Enamic®,  
VITA	Zahnfabrik,	Bad	 Säckingen,	Germany),	 size	
12×14×18	mm3,	were	cut	into	5x5x5	mm3 slices using 
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a low-speed diamond cutting (Isomet Low Speed Saw, 
Buehler, USA) under constantly running water followed 
by a thermocycling aging process was simulated using 
dwelling in water between temperatures of 5-55ºC for 
10,000 cycles with a 60 s dwell time per bath (THE1400, 
SD Mechatronik GmbH). All specimens were then  
embedded in a self-curing acrylic resin. Each block was 
polished with five-step silicon carbide abrasive papers 
(200, 400, 600, 800, and 1,000 grit) using a polishing  
machine (NANO 2000, Pace Technologies, USA) to 
achieve standardized smooth surfaces before being 
cleaned with water for 5 minutes in an ultrasonic cleaner 
(Bransonic, Germany). All processes of specimen prepa-
ration are shown in Figure 1.

Surface treatment
 The details of the material used in the study are 
shown in Table 1, and the experimental procedures are 
displayed in Figure 1. The specimens were randomly  
divided into four groups according to the surface treatment 
(n=12).  
 Group1 (HF+Si): etch with 20-µl of  9.5% hydrofluoric  
acid (PORCELAIN ETCHANT, Bisco, Schaumburg, 
USA) for 60 seconds, wash with air-water spray for 60 
seconds, and air-dry for 10 seconds. Afterward, apply a 
10-µl Silane Primer (Kerr, Brea, USA) in one direction 
with a 1.5-mm microbrush (Cotisen®, Huanghua promise 
dental, Hebei, China), wait 60 seconds, and drying with 
warm air from a 10-cm distance for 20 seconds. The warm 
air was calibrated to 60°C using a thermometer (Testo 
Saveris 2-T3, Testo SE & Co., Germany).
 Group 2 (HF+Si+He): same as group 1, additionally,  
apply a 10-µl Heliobond (Ivoclar Vivadent, Schaan, 
Liechtenstein) in one direction with  a 1.5-mm microbrush 
(Cotisen®, Huanghua promise dental, Hebei, China) and 
photopolymerized (Demi™Plus, Kerr, Orange, CA, USA) 
for 20 seconds
 Group 3 (MEP): applying 20-µl Monobond Etch & 
Prime (Ivoclar Vivadent, Schaan, Liechtenstein) using a 
1.5-mm microbrush (Cotisen®, Huanghua promise dental, 
Hebei, China), agitate on the surface for 20 seconds, and 
wait for 40 seconds. Then, thoroughly rinse off with water 
for 20 seconds and drying the specimen with warm air 
with the same calibration as used in group 1.
 Group 4 (MEP+He): same as group 3, additionally, apply  
a 10-µl Heliobond (Ivoclar Vivadent, Schaan, Liech-

tenstein) in one direction with a 1.5-mm microbrush  
(Cotisen®, Huanghua promise dental, Hebei, China) and 
photopolymerized (Demi™Plus, Kerr, Orange, CA, USA) 
for 20 seconds

Repair method
 A clear silicone mold with 3x3 mm2 (wide x height) 
was placed at the center of each specimen to standardize 
the bonding area. Resin composite (Filtek™ Z350 XT, 
3M ESPE, St. Paul, USA) with thickness of 1.5 mm. was 
applied in the mold and photopolymerized. The another  
increment with same thickness was then applied to  
provide 3 mm thickness of resin composite restoration. 
A light-polymerizing unit (Demi™Plus, Kerr, Orange, 
CA, USA), with a diameter size of 8 mm, was used to 
photopolymerize each increment for 40 seconds, the tip of 
the unit was touched to the mold at an intensity of 1,100 
mW/cm2, the device was calibrated with a radiometer 
(Optilux Radiometer, Kerr, Orange, CA, USA). After the 
polymerization, the silicone mold was carefully detached 
using a scalpel, and excess resin composite material was 
also gently removed. The specimens were then kept in 

Figure 1: Flow chart of the experimental procedures.
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Table 1:	Material	compositions.

Material Type Composition Lot No.
VITA	Enamic®

(VITA	Zahnfabrik,
Bad	Säckingen,	Germany)

Polymer-infiltrated	ceramic	network	
materials (PICNs)

Ceramic	content	(86%	wt,	75%	vol):	SiO2	(58-
63%),	Al2O3 (20-23%), Na2O	(9-11%),	K2O 
(4-6%),	B2O3	(0.5-2%),	ZrO2<1%, CaO<1% 
Polymer	content	(14%	wt,	25%	vol):	UDMA,	
TEGDMA

99280

Filtek™	Z350	XT	(3M	
ESPE,	St.	Paul,	USA)

Nanofill	resin	composite Filler:	silica	filler,	non-agglomerated/non-aggre-
gated	4	to	11	nm	zirconia	filler,	and	aggregated	
zirconia/silica	cluster	filler.										
Resin:	Bis-GMA,	UDMA,	TEGDMA,	Bis-
EMA,	PEGDMA	

9783163

PORCELAIN	ETCHANT						
(Bisco, Schaumburg, 
USA)	

Hydrofluoric	acid 9.5%	Buffered	hydrofluoric	acid	gel 2300001967

Monobond	Etch	&	Prime
(Ivoclar Vivadent, Schaan, 
Liechtenstein) 

Self-etching ceramic primer Butanol, tetrabutylammonium dihydrogen 
trifluoride,	methacrylate	phosphoric	acid	ester,	
bis(triethoxysilyl) ethane, silane methacrylate, 
colourant, ethanol, water

Z03CD9

Silane Primer
(Kerr,	Brea,	USA)

Silane coupling agent Ethanol,	(1-methylethylidene)bis[4,1-phenyl-
eneoxy(2-	hydroxy-3,1-propanediyl)]	bis-
methacrylate, Poly(oxy-1,2-ethanediyl), 
α,α'-[(1-	methylethylidene)di-4,1-phenylene]
bis[ω-[(2-	methyl-1-oxo-2-propen-1-yl)oxy]-,	
2,2’-ethylenedioxydiethyl dimethacrylate 3-tri-
methoxysilylpropyl methacrylate

9730905

Heliobond
(Ivoclar Vivadent, Schaan, 
Liechtenstein) 

Light-curing, single-component 
hydrophobic resin monomer

Bis-GMA,	TEGDMA,	photoinitiator Z02TZ2

distilled	water	at	37°C	for	24	hours	before	thermocycling	
in	water	between	5	and	55°C	for	10,000	cycles	with	a	60-s	
dwell	time	per	bath	(THE1400,	SD	Mechatronik	GmbH).

Shear bond strength test
	 After	thermocycling,	shear	bond	strength	test	was	
conducted	using	a	universal	testing	machine	(EZ-S500N,	
SHIMADZU,	JAPAN).	Each	specimen	was	attached	to	a	
metal	mold.	And	was	loaded	with	a	crosshead	speed	of	1	
mm per minute and applied at the bonding interface until 
failure.	The	bond	strength	was	recorded	and	calculated	by	
Trapezium	2	program.	The	mean	and	standard	deviation	
of	shear	bond	strength	in	each	group	were	analyzed.	

Mode of failure analysis
	 Fractured	specimens	were	examined	under	a	stereo-
microscope	(SZ	61,	OLYMPUS,	JAPAN)	to	evaluate	the	
failure	mode	at	a	magnification	of	15X.	Modes	of	failure	

were	classified	into	4	types	as	following:	adhesive,	cohe-
sive in either the PICNs or resin composite, and mixed 
failure.	The	percentage	of	each	mode	was	calculated	based	
on	the	total	specimens	of	each	group.	

Scanning electron microscopic (SEM) analysis
 The two representative specimens were subjected to 
SEM	analysis	to	evaluate	topographic	change	after	surface	
treatment by rinsing with deionized water, drying with oil-
free	air,	sputter	coating	with	a	conductive	6-nm	gold	layer,	
and	analyzing	the	surface	structure	with	an	SEM	(JSM-
6610LV	Scanning	Electron	Microscope	JEOL,	USA)	at	an	
acceleration	voltage	20	kV.	Moreover,	the	two	specimens	
of each group were selected after the shear bond strength 
test	to	display	the	failure	surface.

Statistical analysis 
 Statistical analysis was performed using SPSS 
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software	(IBM	SPSS	statistics	version	29.0.1.0,	IBM;	
Armonk,	NY,	USA).	All	 data	was	 analyzed	with	 a	 
Shapiro-Wilk	to	test	the	normality	of	data	distribution.	
The	One-way	ANOVA	was	used	to	compare	the	effect	
of surface treatment between groups in which the level 
of	confident	at	95%	was	considered	to	be	statistically	
significant.	

Result

Shear bond strength (SBS) and failure mode analysis
	 SBS	values	were	normally	distributed.	Mean	SBS	
values and standard deviations each group are shown in 
Table	2.	One-way	ANOVA	demonstrated	a	statistically	
significant	difference	(p<0.05)	of	mean	SBS	values	among	
all	groups.	Group	3	showed	the	lowest	mean	SBS	values	
comparing	to	others.	However,	groups	1,	2,	and	4	did	no	
statistical	difference.
 The percentage of mode of failure is presented in 
Figure	2.	Adhesive	failure	was	the	predominant	mode	
observed	exclusively	in	Group	3.	In	contrast,	Groups	
1,	2,	and	4	primarily	exhibited	a	mixed	mode,	although	
adhesive	failure	was	also	presented.

Scanning electron microscopic (SEM) analysis
 Representative images of surface topography after  
each	experimental	protocol	using	SEM	analysis	are	 
displayed	in	Figures	3.	Abundant	microporosity	between	
the	intact	interpolymer	network	was	observed	in	Group	
1	(Figure	3B).	Whereas	slight	surface	roughness	was	 
observed	in	Group	3	(Figure	3D)	which	was	similar	to	
thermocyled	PICNs	surface	(Figure	3A).	However,	a	flat	
and	smooth	surface	was	found	in	either	Group	2	(Figure	
3C)	or	Group	4	(Figure	3E).	Additionally,	surface	mor-
phology of representative fracture surfaces was inves-
tigated	and	are	presented	in	Figures	4.	Fracture	surface	
at adhesive interface was seen in adhesive failure mode 
(Figure	4A).	For	mixed	mode	of	failure,	partial	fracture	of	
either PICNs or resin composite could be seen as shown 

in	Figure	4B	and	Figure	4C	respectively.

Discussion
	 During	the	repair	process,	surface	conditioning	of	
the repaired substrate is the most critical factor deter-
mining	success.	Moreover,	different	surface	conditioning	 
methods can induce distinct topographic changes in various  
ceramic	materials,	leading	to	variations	in	bond	strength.(22)  
The present study investigated different surface treat-
ment protocols for repairing aged PICNs using shear bond 
strength	test.	The	result	showed	that	aged	PICNs	with	
different surface treatments exhibited different bond per-
formances.	The	primary	finding	of	the	study	was	that	the	
repairing PICNs with a self-etching ceramic primer alone 
was	insufficient	compared	to	conventional	techniques,	
whereas the additional step of application of hydropho-
bic resin provided the effective surface treatment before 
repairing	aged	PICNs.	
 In line with the present study,  previous research 
demonstrated	that	hydrofluoric	acid	treatment	followed	by	
the application of a silane coupling agent was the most ef-
fective method for surface treatment of the PICNs, includ-
ing	aged	PICNs.(14,15)	Eighty	percent	of	PICNs	consists	of	
a	feldspathic	network,	which	is	acid-labile.	Hydrofluoric	
acid	partially	dissolves	the	glass-ceramic	network,	creat-
ing a distinct “honeycomb” pattern on material surface, 
as	observed	in	the	SEM	image	(Figure	3B).(12,23,24) When 
pre-hydrolyzed silane is applied, its inorganic compo-
nent reacts with silicon dioxide on the etched glass sur-
face forming siloxane bonds, while the methoxy groups 
bond	with	methacrylate-based	resins.	This	silane-treated	 
porosity	allows	micromechanical	interlocking	when	resin	
cement is polymerized, resulting in a strong bond (Group 
HF+Si).(25-27) 
 Meanwhile, twenty percent of PICNs consists of  
a patented high-temperature and high-pressure poly- 
merized resin, which resulted in a high degree of conver-
sion	of	polymer-infiltration.(28) This property may reduce 
the potential for chemical copolymerization between free 

Table 2:	Means	±	SD	of	the	shear	bond	strength	values	(MPa)	in	each	group.

Surface treatment (n=12) Group 1 (HF+Si) Group 2 (HF+Si+He) Group 3 (MEP) Group 4 (MEP+He)
Shear bond strength (MPa) 21.44±3.58A 21.48±1.64A 10.28±1.87B 19.60±2.12A

Means	±	SD	in	MPa.	Different	capital	letters	in	each	row	mean	significantly	different	at	p<0.05.
HF:	Hydrofluoric	acid;	Si:	Silane	primer;	He:	Heliobond;	MEP:	Monobond	Etch	&	Prime
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micromechanical	interlocking	can	be	concluded	that	it	
has	an	even	greater	influence	on	the	adhesive	interface’s	
performance	compared	to	chemical	reaction.(26)

	 The	creation	of	sufficient	space	following	glassy	
dissolution is essential for enhancing surface wettability  
and	 ensuring	 secure	micromechanical	 interlocking	 
between	PICNs	and	resin-based	materials.	Unlike	the	
HF+Si	group,	the	porosities	on	PICNs	treated	with	a	
self-etching	ceramic	primer	(Group	MEP)	presented	mini-
mal	surface	modification,	resembling	the	untreated	surface	
as	seen	in	Figure	3A	and	3D.	The	main	active	ingredient	
in a self-etching ceramic primer responsible for glass- 
ceramic dissolution is Tetrabutylammonium dihydrogen 
trifluoride	(TADF),	which	has	lower	acidic	aggressiveness	
compared	to	hydrofluoric	acid.	Due	to	this	milder	etching	
effect, the removal of the glassy phase is limited, resulting 
in	lower	surface	roughness,	as	reported	in	a	previous	study.
(29) The small spaces created by this treatment may hinder 
the penetration of conventional resin composites, which 
are	highly	viscous.	This	limitation	likely	explains	the	
significantly	lower	shear	bond	strength	(SBS)	observed	in	
PICNs	treated	with	MEP	alone,	which	was	consistent	with	
previous studies showing that ceramic materials treated 
with	MEP	exhibited	a	lower	bond	strength	compared	to	
those	treated	with	HF	and	silane.(16,30,31)

 Numerous studies proposed applying hydrophobic 
resin monomer coating on silanated ceramic surfaces 
before repairing them with resin composite to improve 
the bond between resin composite and ceramic inter- 
face.(19,20) The viscosity of hydrophobic resin monomer 
was less than that of resin composite, providing  improved 
flowability	on	silanated	ceramic	surface,	filling	in	small	
pores and irregularities on surface, resulting in a close  
adaptation	and	preventing	any	defects.(19,20) In recent 
years, universal adhesives containing silane applied on 
etched ceramic surfaces have been introduced, claiming 
their	simplified	application	procedure	and	fewer	clinical	
steps.(32) However, various studies observed a negative 
effect on bond durability when multicomponent ceramic 
primers or bonding agents containing hydrophilic mono-
mers	were	used	to	repair	ceramic.(4,32-34)	A	previous	study	
demonstrated that the hydrophilic component in dental 
adhesive applied to silanated feldspathic ceramics led 
to a decrease in microtensile bond strength over time,  
despite	initially	high	values.(33) Therefore, the low-vis-
cosity,	hydrophobic	resin,	Heliobond,	which	lacks	hydro-

Figure 2:	Mode	of	failure	in	each	group.

Figure 3:	 Representative	 SEM	 images	 after	 surface	 treatment	
at	 5000X	magnification.	 (A),	 Surface	 of	 aged	PICNs	presented	
roughness	and	narrow	valley:	(B),	Aged	PICNs,	treated	with	9.5%	
hydrofluoric	acid	and	silane,	exhibited	numerous	microporosities	be-
tween	the	intact	polymer	phase:	(C),	Aged	PICNs,	treated	with	9.5%	
hydrofluoric	acid	and	silane	followed	by	resin	monomer	application,	
revealed	a	flat	and	smooth	surface:	(D),	Aged	PICNs,	treated	with	a	
self-etching	ceramic	primer,	displayed	slight	surface	roughness:	(E),	
Aged	PICNs	treated	with	a	self-etching	ceramic	primer	followed	by	
resin	monomer	application	showed	a	smooth	surface.

Figure 4:	Representative	SEM	images	of	specimens	after	the	shear	
bond	 strength	 test	 reveal	 different	 failure	modes.	 (A),	Adhesive	
failure,	 all	 the	 failure	 occurred	 only	 at	 the	materials	 interface:	
(B), Mixed failure, partial fracture of the interface was shown and  
involved	in	PICNs:	(C),	Mixed	failure,	partial	fracture	at	the	interface	
was	shown	and	involved	in	resin	composite.

monomer	in	the	PICNs	and	the	resin-based	materials.	
Additionally,	this	phase	is	resistant	to	hydrofluoric	acid	
as	it	remained	intact	shown	in	Figure	3B,	forming	etching	
pattern	that	effectively	facilitate	bonding.	Therefore,	this	
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philic components, was chosen as an adjunctive surface 
treatment	before	repairing	the	aged	PICNs.	
	 The	results	from	HF+Si+He	group	showed	no	signi- 
ficant	difference	from	the	HF+Si	group,	indicating	that	the	
hydrophobic resin monomer was not necessary for surface 
treatment of aged PICNs in the scenario when PICNs was 
treated	with	HF	and	silane.	This	can	be	explained	by	the	
distinctly	greater	surface	roughness	on	PICNs.(28) The 
deep and large valley on the PICNs surface may allow 
the viscous resin composite to adapt closely to the pre-
pared surface, even without a low-viscosity hydrophobic 
resin	layer.	However,	recent	study	was	reported	that	the	
application of a universal adhesive can achieve similar 
SBS	in	HF-treated	ceramic,	despite	no	additional	silane	
application.(35) Therefore, when conventional hydro- 
fluoric	acid	was	used	as	a	surface	treatment,	the	necessity	
of an additional hydrophobic coating in ceramic repair 
remained	inconclusive	and	was	required	further	study.	
	 A	self-etching	ceramic	primer	contains	not	only	
TADF	but	also	silanes	as	a	single-component	system,	 
designed to simultaneously promote siloxane activity on 
the	prepared	surface	in	one	application.(16,24,36)  However,  
the	acidic	nature	of	the	MEP	solution	raised	concerns	
about the hydrolytic stability of organosilane, potentially 
reducing	its	effectiveness.(37) In addition to acidity, rins-
ing the surface with water after allowing the solution to 
react	may	interfere	with	silanol	activity.	Despite	these	
concerns,	the	silane	in	MEP	has	been	reported	to	retain	
silanol activity after immersion in hot water or thermo-
cycling,	as	demonstrated	using	micro	MIR-FTIR.(29)  
This	stability	was	likely	attributed	to	the	specific	com-
ponent	bis(triethoxysilyl)	ethane	(BTSE),	which	is	more	 
hydrophobic due to the presence of an ethane group in 
its	structure.(38)	BTSE	enhanced	hydrolytic	stability	and	
facilitated	the	effective	performance	of	organosilane.(39) 
The	results	from	MEP+He	group	in	the	present	study	also	
proved	the	retained	activity	of	silane.	The	low-viscosity	
hydrophobic	resin	was	able	to	flow	intimately	into	the	
material	structure,	effectively	wetting	the	MEP-treated	
surface and creating a well-prepared bonding interface 
for copolymerization with conventional resin composite  
materials.	This	led	to	SBS	values	from	this	group	compa-
rable	to	the	HF+Si	group,	indicating	the	potential	of	ME-
P+He	in	adhesive	performance	for	repairing	aged	PICNs.
 The composition of the additional resin layer should 

also	be	considered.	Fillers	in	adhesive	agents	enhanced	
mechanical properties(40,41), probably improving bond 
between	the	adhesive	and	the	ceramic	substrate.	However,	
an	increase	in	filler	size	and	volume	raised	viscosity(40,41), 
negatively affecting wettability and limiting resin pen-
etration into micro-porosities, which may compromise 
bond	strength.	Therefore,	further	studies	are	needed	to	
investigate	the	impact	of	filler	composition	on	the	bond	
strength	of	repaired	PICNs.
 When compared to a newly restored material, aged 
material	exhibited	a	significant	decrease	in	bonding	per-
formance.(16,18) Thermocycling is the most commonly 
used method for accelerating aging simulation, particu-
larly for assessing the thermal effect on the bond inter-
face, which could induce material fatigue due to thermal 
fluctuations.(15,23,24,26,42-44) Several studies have reported  
differences in bond strength between immediate and 
5000-thermocycled	PICNs.(42,45)	Additionally,	a	clinical	 
study	indicated	that	the	first	instance	of	chipping	in	PICNs	
restoration	was	observed	approximately	11.4	months	
post-insertion.(11) To simulate intraoral condition for 
one year(11),	10,000	thermal	cycles	were	performed.	The	 
incompatibility	of	the	thermal	expansion	coefficients	
of different materials may lead to failure in repaired  
restorations.		Moreover,	decrease	in	bond	strength	values	 
observed after thermocycling could be attributed to  
water exposure, which negatively affects polymer stability,  
resulting in resin composite plasticization and, ultimately, 
hydrolytic	degradation.(42) In contrast with the in vitro  
study, oral environmental conditions affected wear 
and	degradation	of	dental	restorations.(46,47) Moisture  
degraded the siloxane bond, resulting in silane hydrolysis 
and	deteriorating	the	bond	over	time.(42,47,48) Therefore, a 
combination of different accelerating aging processes is 
suggested	for	further	study.
 The difference in mechanical properties between 
repaired ceramic restorations and the less-stiff resin com-
posite used at the fracture site can generate high tensile 
stresses at the ceramic-composite interface beneath the 
loaded	area.(46) Therefore, further clinical studies are 
needed to evaluate the long-term survival of repaired 
restorations.	Additionally,	newly	developed	resin	com-
posites, which claim to have higher strength than previous 
formulations, should be investigated for their potential in 
repairing	hybrid	ceramic	materials.
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Conclusions
	 Aged	PICNs	can	be	effectively	repaired	using	either	
hydrofluoric	acid	and	silane	or	a	self-etching	ceramic	
primer	followed	by	the	application	of	a	hydrophobic	resin.	
However, surface treatment with a self-etching ceramic 
primer	alone	may	be	insufficient	for	achieving	optimal	
repair	of	aged	PICNs.	
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Abstract
	 Nowadays,	lip	augmentation	has	become	a	key	component	in	addressing	cosmetic	
concerns.	In	particular,	hyaluronic	acid	(HA)	fillers	are	increasingly	used	for	this	mini-
mally	invasive	procedure.	Generally,	this	procedure	is	well-tolerated,	and	major	adverse	
events	are	rare.	However,	some	delayed	complications	can	occur	following	HA	filler	
injection.	Here,	we	report	a	case	of	a	HA-related	complication	in	a	45-year-old	female	
patient,	affecting	the	lower	lip.	Four	weeks	after	the	HA	filler	application,	without	any	
immediate	adverse	effects,	a	painless,	well-defined	border	nodule	occurred	in	the	wet	lip	
area.	This	cyst-like	lesion	was	surgically	identified	and	successfully	treated	with	surgical	
excision.	Clinicians	should	be	aware	that	a	case	manifesting	as	a	well-defined	lip	nodule	
suggests	salivary	gland	cysts,	soft	tissue	tumors	and	cysts,	as	well	as	filler-related	nodules.	
This	delayed	presentation	of	HA-related	nodule	in	the	lower	lip	poses	unique	diagnostic	
and	management	challenges.
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Introduction
 In recent decades, lip augmentation procedures have 
been developed to address the growing trend of achiev-
ing	ideal	lips	and	combating	signs	of	aging.	Among	the	 
various	methods	available,	filler	injections	have	emerged	
as	one	of	the	most	common	and	effective	approaches.(1) 
The	evolution	of	fillers	has	been	remarkable,	beginning	
with	bovine	collagen	injections	in	the	1980s	and	progress-
ing	to	include	human	collagen,	hyaluronic	acid	(HA),	
calcium hydroxyapatite, poly-L-lactic acid, silicone, and 
other	formulations.(2,3)	The	ideal	skin	filler	is	expected	to	
offer	several	essential	characteristics.	It	should	be	biocom-
patible,	allowing	for	seamless	integration	with	the	body's	
tissues.	Moreover,	it	should	be	removable	when	necessary,	
cost-effective, hypoallergenic, have a long-lasting effect, 
and	easy	to	distribute	and	store.	In	the	current	landscape	
of	cosmetic	procedures,	HA	dermal	fillers	stand	out	as	
a preferred choice due to their ability to meet many of 
these	criteria.	HA,	regardless	of	its	source–be	it	from	
animals,	humans,	or	HA-producing	bacteria–possesses	
the same molecular structure, thereby minimizing the 
risk	of	allergic	or	immunogenic	reactions.	This	lack	of	
tissue	or	species	specificity	enhances	its	safety	profile.(2,3)  
However,	the	rapid	breakdown	of	original	HA	by	hyalu-
ronidase poses a challenge, as it has a short half-life of 
only	12	hours.	To	address	this	limitation,	manufacturers	
have	developed	injectable	HA	skin	fillers	with	enhanced	
longevity	and	durability	by	modifying	the	cross-linking	
chain	of	HA.(2,4)	These	advancements	have	significantly	
extended	the	duration	of	HA	fillers,	allowing	patients	to	
enjoy	their	aesthetic	benefits	for	longer	periods	with	fewer	
maintenance treatments
 Mild pain, erythema, swelling, and bruising at the  
injection	site	are	common	complaints	after	HA	injection.(2)  
While these symptoms are typical and generally subsided 
within a short period, the procedure itself is associated 
with	a	very	low	rate	of	serious	complications.(5) One 
such severe complication, well-documented in medical 
literature,	is	blindness,	which	occurs	when	the	filler	is	
inadvertently injected into vessels around the orbits, 
such	as	the	supraorbital	vessels.	The	high	pressure	at	the	 
needle's	end,	coupled	with	a	bolus	injection	technique,	can	
cause	the	product	to	flow	backward	into	the	ophthalmic	
artery,	leading	to	central	retinal	artery	occlusion.	Addi-
tionally,	other	uncommon	yet	significant	complications	
can	arise,	including	vascular	infarction,	skin	necrosis,	

hypersensitivity reactions, cellulitis, abscess formation, 
as	well	as	nodules	and	granulomas.	Nodule	formation,	in	
particular,	presents	an	intriguing	challenge	for	clinicians.	
These nodules may manifest as early or delayed onset, 
with	delayed	cases	occurring	more	than	4	weeks	post- 
injection.(6) While early nodules are relatively well-docu-
mented and managed, delayed onset nodules remain less 
frequently	reported	in	medical	literature.
	 Our	case	report	focuses	on	one	such	instance–a	 
delayed-onset	cystic-like	complication	related	to	HA	filler	
injection	in	the	lower	lip.	This	delayed	presentation	of	a	
cystic-like	nodule	in	the	lower	lip	poses	unique	diagnostic	
and	management	challenges.	Comprehending	the	effects	
of	lip	augmentation	with	HA	fillers	may	enables	clinicians	
to	administer	safe	and	effective	outcomes.

Case Report
	 We	present	the	case	of	a	healthy	45-year-old	woman	
who	received	an	application	of	HA	on	her	lower	lip	at	
a	local	esthetic	clinic.	Even	though	IRB	review	is	not	 
required, this case report was prepared in accordance with 
the	requirements	of	the	HIPAA	regulations.	Four	weeks	
after	the	HA	filler	application,	without	any	immediate	
adverse effects, a painless nodule occurred at the wet zone 
of	the	lower	lip	opposite	to	teeth	32	and	33.	The	patient	
did	not	know	the	brand	of	the	filler.	She	denied	having	
lip	sucking	or	biting	habits.	The	lesion	was	a	submucosal	
cyst-like	nodule	with	a	diameter	of	a	centimeter	(Figure	
1).	The	patient	was	treated	at	the	local	clinic	by	hyaluroni-
dase injection a month after the appearance of the lesion, 
but	the	lesion	did	not	subside.	Three	months	later,	she	
came to our hospital reporting no change in the size of 
the	lesion.	The	differential	diagnosis	was	made:	mucocele	
or	delayed	onset	filler	nodule.	After	a	discussion	with	the	
patient, we decided on treatment by surgical excision of 
the	mass	under	local	anesthesia.	The	incision	was	made	at	
the wet area of the lower lip, approximating to the lesion, 
and	the	mucosal	flap	was	elevated	to	explore	the	lesion.	At	
this point, there was a 3-millimeter dense nodule close to 
the	swelling	mucosa	(Figure	2).	Approximately	half	a	cc	
of	content	was	found	surrounding	the	dense	nodule.	The	
gross feature of the semi-liquid content was translucent, 
gel-like	substance.	It	is	slightly	cloudy	in	appearance	
and	has	a	viscous	texture	(Figure	3).	The	nodule	and	HA	
filler-like	substance	were	surgically	removed,	and	the	
wound	was	closed	after	copious	irrigation.	Unfortunately,	
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the patient strongly declined a pathological examination 
of	the	lesion	due	to	economic	reasons.	
	 At	a	month	of	follow-up,	the	lesion	was	grossly	
cured.	The	lip	was	symmetrical	without	swelling.	The	scar	
from surgical excision was placed on the wet lip, which 
was	hardly	visible	during	smiling	or	speaking	(Figure	4).

Discussion
	 Lips,	in	particular,	have	historically	been	a	significant	
feature of the face, contributing to overall attractiveness 
and	a	youthful	appearance.	The	lower	lip	lies	between	the	
mouth	and	the	mentolabial	sulcus.	The	sharp	demarcation	
between	the	colored	edge	of	the	lip	and	surrounding	skin	is	
called	the	vermillion	border.	The	vermillion	is	a	transition	
layer between the outer, hair-bearing tissue and the inner 
mucous	membrane.	The	skin	of	the	vermillion	is	made	
up	of	three	to	five	cellular	layers	and	is	much	thinner	
compared	to	the	skin	on	the	rest	of	the	face.(7,8) Therefore, 
lip augmentation procedures aimed at enhancing fullness 
and	promoting	a	youthful	look	are	frequently	sought	after	
in	aesthetic	medicine.	Lip	enhancement	techniques	are	
classified	into	surgical	and	nonsurgical	procedures.(1-3) 
One	surgical	procedure,	the	triple	V-Y	augmentation	tech-
nique(9),	is	performed	without	the	use	of	dermal	fillers	or	
implants and aims to expand the vermilion by advancing 
the	labial	mucosa	forward.	Other	surgical	options	for	lip	
augmentation	exist	as	well.(10) Surgical lip implants and 
autologous	fat	transfer	are	used	only	rarely.(11)

	 The	injection	of	dermal	fillers	is	the	most	popular	
nonsurgical procedure performed to increase the volume 
and	improve	the	shape	of	the	lips.(12) Semi-permanent 
dermal	fillers–such	as	calcium	hydroxyapatite	and	poly- 
L-lactic	acid–and	permanent	fillers	are	not	preferred	for	
lip	augmentation	because	they	have	an	increased	risk	of	
irregularity	and	nodule	formation.	Hyaluronic	acid	filler	is	
one of the most commonly used products for lip enhance-
ment.11	HA	injections	are	generally	safe	with	a	very	low	
risk	of	severe	adverse	reactions,	though	complications	
such	as	skin	necrosis,	infection,	allergic	reactions,	visual	
impairment,	and	nodules	or	granulomas	can	occur.	Based	
on	a	review	of	lip	complication	in	17	reported	cases,(13) 
nodules may develop early or delayed after injection, 
with	an	incidence	of	0.1	to	1.0%.	When	the	HA	nodule	

Figure 1:	A	nodule	at	 the	 lower	 lip	opposite	 to	 teeth	32	and	33.	
The	lesion	was	a	submucosal	cyst-like	nodule	with	a	diameter	of	
a	centimeter.

Figure 2:	A	3-millimeter	dense	nodule	was	surgically	removal.

Figure 3:	Approximately	 a	 half	 of	 a	 cc	 of	HA	filler	was	 found	 
underneath	the	dense	nodule.

Figure 4:	At	a	month	of	follow-up,	the	lesion	was	cured.	The	lip	
was	symmetrical	without	swelling.
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occurred	at	more	than	4	weeks,	the	nodule	is	diagnosed	
as	delayed	type.(6)	These	nodules	can	be	inflammatory,	
resulting from the body’s foreign-body response, or non-
inflammatory,	typically	caused	by	improper	filler	place-
ment.	Inflammatory	nodules	may	appear	days	to	years	
after	injection,	while	noninflammatory	ones	often	appear	
immediately.	HA	is	typically	temporary	and	resorbable,	
minimizing foreign-body effects, accordingly many non-
inflammatory	nodules	resolve	with	observation,	massage,	
or	hyaluronidase.(5,6)

 However, diagnosing lip nodules can be challenging 
since	patients	may	not	report	their	history	of	filler	injec-
tions,	which	could	have	been	performed	weeks,	months,	
or	even	years	prior.	A	broad	range	of	potential	diagnoses	
commonly includes abscesses, sialadenitis, mucocele, 
benign	salivary	gland	neoplasms,	or	malignancy.(14,15) 
Infections can present early or late in the clinical course 
and	are	more	commonly	associated	with	single	nodules.	
Involvement of multiple sites suggests a foreign-body 
granulomatous	response	more	likely.	Cases	presenting	as	
well-defined	lip	nodules	suggest	salivary	gland	tumors	
or cysts, such as mucoceles, as well as soft tissue tumors 
and	cysts.	Timely	and	accurate	diagnosis	of	these	masses	
is crucial, as they may mimic neoplasms, which is partic-
ularly important given the generally older age group of 
these	patients.	Differential	diagnoses	were	summarized	
in	the	table	1.	

	 In	2020,	Phillip-Dormston(6) provided the manage- 
ment	of	delayed-onset	nodules	caused	by	HA	filler.	For	
the	inflammatory	group,	the	management	starts	with	non- 
steroidal	anti-inflammatory	drugs	combined	with	anti-
histamines and antibiotics, hyaluronidase, intralesional  
steroid injection, intralesional laser, and intralesional 
radiofrequency.	If	an	abscess	or	fluctuation	is	present,	
surgical intervention with incision and drainage may be 
required	for	resolution.	For	non-inflammatory	nodules,	
small or inconspicuous lesions can often be managed 
conservatively	with	observation.	Hyaluronidase	can	be	
administered	when	the	lesion	is	visible.	This	guideline	was	
developed	for	filler-related	HA	nodules,	but	in	our	patient,	
the lesion was differentially diagnosed as mucocele and an 
HA-related	nodule.	We	decided	on	treatment	by	excision	
and	filler	evacuation.	A	key	limitation	of	this	report	is	the	
absence	of	pathological	confirmation.	However,	the	author	
posits	that	the	lesion	likely	originates	from	HA	filler,	based	
on	its	distinct	gross	features	and	the	patient's	history	of	
HA	filler	injection	in	the	affected	area.

Conclusions
 Practitioners should be aware that a case manifest-
ing	as	a	well-defined	lip	nodule	suggests	salivary	gland	
cysts,	soft	tissue	tumors	and	cysts,	as	well	as	filler-related	
nodules.	This	delayed	presentation	of	HA	related	nodule	
in the lower lip poses unique diagnostic and management 

Table 1:	A	summary	of	differential	diagnoses	for	cystic-like	lesions	and	related	lesions	at	the	lips.

Condition Key features Clinical presentation Treatment
Abscess Infection, localized swelling, 

redness, warmth, and/or pain
Single nodule, tenderness, histo-
ry of trauma or infection

May require surgical drainage

Sialadenitis A	form	of	inflammation	of	sali-
vary gland, often due to obstruc-
tion

Lip swelling with pain, some-
times the patient has fever

Antibiotics,	 Drainage	 rarely	
needed

Mucocele Cystic	 lesion	with	 fluid-filled,	
caused	by	a	blockage	of	duct	or	
tear of the gland

Soft,	bluish	nodule;	often	associ-
ated	with	trauma	(e.g.,	lip	biting,	
bracket	irritation)

Surgical removal

Benign tumor Non cancerous lesion included 
benign of salivary gland, lipoma 
or	fibroma

Firm	 and	 painless	 nodule	with	
slow growing

Excision

Malignancy Hard,	fixed	nodule,	irregular	bor-
ders, lymphadenopathy

Rapidly growing, painful, with 
possible ulceration or bleeding

Urgent biopsy for a diagnosis

Hyaluronic	acid	filler	Nodule Its distinct features and the pa-
tient's	 history	 of	HA	filler	 in-
jection

Well	defined,	firm	and	non	tender Observation, massage, hyaluro-
nidase	 injection;	 if	 unresolved,	
surgical removal
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challenges.	Despite	its	rarity,	understanding	and	recogniz-
ing such complications are essential for providing optimal 
patient care and ensuring timely intervention to mitigate 
potential	adverse	outcomes.	
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