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Instruction for Authors

The Journal of the Dental Association of Thailand

(J DENT ASSOC THAI) supported by the Dental Assocition
of Thailand, is an online open access and peer-reviewed
journal. The journal welcomes for submission on the field
of Dentistry and related dental science. We publish 4
issues per year in January, April, July and October.

» Categories of the Articles «

1. Review Articles: a comprehensive article with
technical knowledge collected from journals and/or
textbooks which is profoundly criticized or analyzed, or
tutorial with the scientific writing.

2. Case Reports: a clinically report of an update
or rare case or case series related to dental field which
has been carefully analyzed and criticized with scientific
observation.

3. Original Articles: a research report which has
never been published elsewhere and represent new
significant contributions, investigations or observations, with
appropriate experimental design and statistical analysis in
the filed of dentistry.

» Manuscript Submission «

The Journal of the Dental Association of Thailand
welcome submissions from the field of dentistry and related
dental science through only online submission. The manuscript
must be submitted via http://www.jdat .org. Registration by
corresponding author is once required for the article’s sub-
mission. We accept articles written in both English and Thai.
However, for Thai article, English abstract is required whereas
for English article, there is no need for Thai abstract submission.
The main manuscript should be submitted as .doc (word97-
2003). All figures, and tables should be submitted as sepa-
rated files (1 file for each figure or table). For the acceptable
file formats and resolution of image will be mentioned in
8. of manuscript preparation section.

» Scope of Article «

Journal of Dental association of Thailand (JDAT)
is a quarterly peer-reviewed scientific dental journal aims
to the dissemination and publication of new knowledges
and researches including all field of dentistry and related
dental sciences
» Manuscript Preparation «

1. For English article, use font to TH Sarabun New Style
size 14 in a standard Ad paper (21.2 x 29.7 cm) with 2.5 cm
margin on a four sides. The manuscript should be typewritten.

2. For Thai article, use font of TH Sarabun New Style
size 14 in a standard Ad paper (21.2 x 29.7 cm) with 2.5 cm
margin on a four sides. The manuscript should be typewritten

with 1.5 line spacing. Thai article must also provide English
abstract. All reference must be in English. For the article
written in Thai, please visit the Royal Institute of Thailand
(http://www.royin.go.th) for the assigned Thai medical
and technical terms. The original English words must be
put in the parenthesis mentioned at the first time.

3. Numbers of page must be placed on the top
right corner. The length of article should be 10-12 pages
including the maximum of 5 figures, 5 tables and 40
references for original articles. (The numbers of references
are not limited for review article).

4. Measurement units such as length, height,
weight, capacity etc. should be in metric units. Temperature
should be in degree Celsius. Pressure units should be
in mmHg. The hematologic measurement and clinical
chemistry should follow International System Units or SI.

5. Standard abbreviation must be used for
abbreviation and symbols. The abbreviation should not be
used in the title and abstract. Full words of the abbreviation
should be referred at the end of the first abbreviation in
the content except the standard measurement units.

6. Position of the teeth may use full proper name
such as maxillary right canine of symbols according to FDI
two-digit notation and write full name in the parenthesis
after the first mention such as tooth 31 (mandibular left
central incisor)

7. Table: should be typed on separate sheets
and number consecutively with the Arabic numbers. Table
should self-explanatory and include a brief descriptive title.
Footnotes to tables indicated by lower-case superscript
letters are acceptable.

8. Figure : the photographs and figures must be
clearly illustrated with legend and must have a high
resolution and acceptable file types to meet technical
evaluation of JDAT that is adapted from file submissions
specifications of Pubmed (https://www.ncbi.nlm.nih.gov/
pmc/pub/filespec-images/#int-disp). We classify type of
figure as 3 types following: line art, halftones and combo
(line art and halftone combinations) The details of description,
required format, color mode and resolution requirement
are given in table below.

Numbers, letters and symbols must be clear and
even throughout which used in Arabic form and limited
as necessary. During the submission process, all photos
and tables must be submitted in the separate files. Once
the manuscript is accepted, an author may be requested
to resubmit the high quality photos.
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» Contact Address «

Editorial Staff of JDAT

The Dental Association of Thailand

71 Ladprao 95, Wangtonglang, Bangkok 10310, Thailand.
Email: jdateditor@thaidental.or.th Tel: +669-7007-0341
» Preparation of the Research Articles «

1. Title Page

The first page of the article should contain the
following information

- Category of the manuscript

- Article title

- Authors’ names and affiliated institutions

- Author’s details (name, mailing address, E-mail,
telephone and FAX number)

2. Abstract

The abstract must be typed in only paragraph.
Only English abstract is required for English article. Both
English and Thai abstract are required for Thai article
and put in separate pages. The abstract should contain title,
objectives, methods, results and conclusion continuously
without heading on each section. Do not refer any documents,
illustrations or tables in the abstract. The teeth must be
written by its proper name not by symbol. Do not use
English words in Thai abstract but translate or transliterate
it into Thai words and do not put the original words in the
parenthesis. English abstract must not exceed 300 words.
Key words (3-5 words) are written at the end of the abstract
in alphabetical order with comma () in-between.

3. Text

The text of the original articles should be organized
in section as follows

- Introduction: indicates reasons or importances
of the research, objectives, scope of the study. Introduction
should review new documents in order to show the correlation
of the contents in the article and original knowledge. It must
also clearly indicate the hypothesis.

- Materials and Methods: indicate details of
materials and methods used in the study for readers to be
able to repeat such as chemical product names, types of
experimental animals, details of patients including sources,
sex, age etc. It must also indicate name, type, specification,
and other information of materials for each method. For
a research report performed in human subjects, human
material samples, human participants and animal samples,
authors should indicate that the study was performed
according to the Experiment involving human or animal
subjects such as Declaration of Helsinki 2000, available at:
https://Awww.wma.net/what-we-do/medical-ethics/declara-
tion-of-helsinki/doh-oct2000/, or has been approved by

the ethic committees of each institute (*ethic number
is required).

- Results: Results are presentation of the discovery
of experiment or researches. It should be categorized and
related to the objectives of the articles. The results can be
presented in various forms such as words, tables, graphs of
illustrations etc. Avoid repeating the results both untables
and in paragraph =. Emphasize inly important issues.

- Discussion: The topics to be discussed include
the objectives of the study, advantages and disadvantages
of materials and methods. However, the important points
to be especially considered are the experimental results
compared directly with the concerned experimental study.
It should indicate the new discovery and/or important issues
including the conclusion from the study. New suggestion
problems and informed in the discussion and indicate the
ways to make good use of the results.

- Conclusion: indicates the brief results and the
conclusion of the analysis.

- Acknowledge: indicates the institute or persons
helping the authors, especially on capital sources of
researches and numbers of research funds (if any).

- Conflicts of interest : for the transparency
and helping the reviewers assess any potential bias. JDAT
requires all authors to declare any competing commercial
interests in conjunction with the submitted work.

- Reference: include every concerned document
that the authors referred in the articles. Names of the
journals must be abbreviated according to the journal name
lists n “Index Medicus” published annually of from the
website http://www.nlm.hih.gov
» Writing the References «

The references of both Thai and English articles
must be written only in English. Reference system must
be Vancouver reference style using Arabic numbers, making
order according to the texts chronologically. Titles of the
Journal must be in Bold and Italics. The publication year,
issue and pages are listed respectively without volume.
Sample of references from articles in Journals

- Authors

ZhaoY, Zhu J: In vivo color measurement of 410
maxillary anterior teeth. Chin J Dent Res 1998;1(3):49-51.

- Institutional authors

Council in Dental Materials and Devices. New
American Dental Association Specification No.27 for direct
filling resins. J Am Dent Assoc 1977,94(6):1191-4

- No author

Cancer in South Africa [editoriall. S Afr Med J
1994:84:15
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Sample of references from books and other mono-
graphs

- Authors being writers

Neville BW, Damn DD, Allen CM, Bouquot JE.
Oral and maxillofacial pathology. Philadelphia: WB
Saunder; 1995. P. 17-20

- Authors being both writer and editor

Norman IJ, Redfern SJ, editors. Mental health care
for the elderly people. New York: Churchill Livestone; 1996.

- Books with authors for each separate chapter

- Books with authors for each separate chapter
and also have editor

Sanders BJ, Handerson HZ, Avery DR. Pit and
fissure sealants; In: McDonald RE, Avery DR, editors.
Dentistry for the child and adolescent. 7th ed. St Louis:
Mosby; 2000. P. 373-83.

- Institutional authors

International Organization for Standardization.
ISO/TR 11405 Dental materials-Guidance on testing of
adhesion to tooth structure. Geneva: ISO; 1994,
Samples of references from academic conferences

- Conference proceedings

Kimura J, Shibasaki H, editors. R The Journal of
the Dental Association of Thailand (JDAT): (ISSN 2408-1434)
online open access and double-blind peer review journal
and also supported by the Dental Association of Thailand
advances in clinical neurophysiology. Proceeding of the
10th International Congress of EMG and Clinical Neuro
physiology; 1995 Oct 15-19; Kyoto, Japan. Amsterdam;
Elsevier; 1996.

- Conference paper

Hotz PR. Dental plague control and caries. In:
Lang PN, Attstrom R, Loe H, editors. Proceedings of the
European Work shop on Mechanical Plague Control,
1998 May 9-12; Berne, Switzerland. Chicago: Quintessence
Publishing; 1998. p. 25-49.

- Documents from scientific or technical reports

Fluoride and human health. WHO Monograph;
1970. Series no.59.
Samples of reference from thesis

Muandmingsuk A. The adhesion of a composite
resin to etched enamel of young and old teeth [disser-
tation]. Texas: The University of Texas, Dental Branch at
Houston; 1974.
Samples of reference from these articles are only
accepted in electronic format

- Online-only Article (With doi (digital iden-
tification object number))

Rasperini G, Acunzo R, Limiroli E. Decision making
in gingival rec experience. Clin Adv Periodontics 2011;1:
41-52. doi:10.1902 cap.2011.1000002.

- Online only article (without doi)

Abood S. Quality improvement initiative in nursing
homes: the ANA acts in an advisory role. Am J Nurs 2002;
102(6) [cited 2002 Aug 12] Available from: http://nursingworld.
org/AIN/2002/june/WaWatch.htmArticle
Samples of references from patents/petty patents

- Patent

Pagedas AC, inventor; Ancel Surgical R&D Inc,,
assignee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
20020103498. 2002 Aug 1.

- Petty patent

Priprem A, inventor, Khon Kaen University.
Sunscreen gel and its manufacturing process. Thailand
petty patent TH1003001008. 2010 Sep 20.

» Preparation of the Review articles and Case reports «

Review articles and case reports should follow the
same format with separate pages for abstract, introduction,
discussion, conclusion, acknowledgement and references.
» The Editorial and Peer Review Process «

The submitted manuscript will be reviewed by
at least 2 qualified experts in the respective fields. In
general, this process takes around 4-8 weeks before the
author be noticed whether the submitted article is
accepted for publication, rejected, or subject to revision
before acceptance.

The author should realize the importance of
correct format manuscript, which would affect the duration
of the review process and the acceptance of the articles.
The Editorial office will not accept a submission i the
author has not supplied all parts of the manuscript as
outlined in this document.

» Copyright «

Upon acceptance, copyright of the manuscript
must be transferred to the Dental Association of Thailand.

PDF files of the articles are available at http://
www.jdat.org

Publication fee for journals: Free for Black and white printing
this article. The price of color printing is extra charged 10,000 bath/
article/1,500 copy (vat included).

Note: Color printing of selected article is considered by editorial
board. (no extra charge)

» Updated January, 2024 «



ANYIFEISNUALNNYANENS

JOURNAL OF THE DENTAL ASSOCIATION OF THAILAND

GUEIILY

Ui 76 avudl 1 unsAu - Sunay w.A. 2569

UNINBINIT

Determinants Related to Disparities in Dental
Care Utilization: Evidence from Thailand’s Aging
Society Prior to the National Oral Health Plan
Implementation

Nhan Thu Le Truong

Tewarit Somkotra

Pagaporn Pantuwadee Pisarnturakit

Wisuiiguaanug viruaiuazn1sujialunisqua
gunmdasuiniinvasauaszniteanslidlusunsy
Tinoudnludialdnudeiiles 21 Funazszezdy
ludaningsvan

wwedn Wonsdena

YRAUWA Lwitiie

WOVDNS MDY

BFITIM AUATIA

Development of a Deep Learning Model for
Diagnosing Class Il Malocclusion in Pediatric
Patients Using Lateral Cephalometric Radiographs
Chaypat Simsuchin

Supattanawaree Thipcharoen

Association between a Quantity of Bifidobacterium
longum and Fusobacterium nucleatum, Clinical
Symptoms, and Radiographic Findings in Infected
Root canal of Primary Molars

Mirunti Chanovit

Kemthong Mitrakul

10

20

33

Contents
Volume 76 Number 1 January - March 2026

Original Article

Determinants Related to Disparities in Dental
Care Utilization: Evidence from Thailand’s Aging
Society Prior to the National Oral Health Plan
Implementation

Nhan Thu Le Truong

Tewarit Somkotra

Pagaporn Pantuwadee Pisarnturakit

Comparison of Caregivers’ Knowledge, Attitude
and Practice on Oral Health Care for Children
Between Using A 21-Day Chatbot and Short-Term
Chatbot in Songkhla Province

Samerchit Pithpornchaiyakul

Chutinun Teppipit

Pruettiporn Rittichu

Ussawan Linsirivong

Development of a Deep Learning Model for
Diagnosing Class Il Malocclusion in Pediatric
Patients Using Lateral Cephalometric Radiographs
Chaypat Simsuchin

Supattanawaree Thipcharoen

Association between a Quantity of Bifidobacterium
longum and Fusobacterium nucleatum, Clinical
Symptoms, and Radiographic Findings in Infected

Root canal of Primary Molars
Mirunti Chanovit
Kemthong Mitrakul




ANYIFEISNUALNNYANENS

JOURNAL OF THE DENTAL ASSOCIATION OF THAILAND

GUEITLY

Ui 76 avudl 1 unsAu - Sunay w.A. 2569

UNINYINT
nsUsziiuAnauvaswsnuana e inedmsuguoeg
flgsunasiadavinssinssauiunisdaily

9IIONA BIINA

Sy mAseu

algsuns wAFdns

NOIUITH ALY

yuueaznMsUiufvasyaansiiieadasiuszuy
Vunss1sage Tulsaneuiadasiuguaindiua
fidnelauluasdnsunasasdautiasiudmianin

U# Inasecila

o,

L

a
AANG FINRIUIA

Jaduiiduiusiussiuaruveunuvesaulneyaau
Wameuany Jeraugeanglusunameys
Jmiadannil

Wi 1Weas

992571 TUIN

[ =

IR LBYTUURT

42

53

62

Contents
Volume 76 Number 1 January - March 2026

: The 13" Annual Scientific Meeting of the Royal College of Dental Surgeons of Thailand

Original Article

Assessment of Thai-Language Chatbot Responses
for Patients Regarding Orthognathic Surgery
Atapol Yongvikul

Anya Wihokrat

Nattharin Wongsirichat

Thongnard Kumchai

Perspectives and Adaptation of Personnel Involved
in the Oral Health System in Subdistrict Health
Promoting Hospitals Transferred to Local
Administrative Organizations in Tak Province

Piti Jitrungruangnij

Atisak Chuengpattanawadee

Factors Associated with Sweet Preference among
Pre-elderly Thai Melayu Muslims in Saiburi District,
Pattani Province

Nureeda Pohde

Achara Wattanapa

Angkana Thearmontree

Front cover image:

Thipcharoen, page 21 for detail)

adapted from Figure 1 Image A shows the use of a face mask to stimulate midface growth. Image B displays a radiograph before
treatment, and Image C shows a radiograph after treatment using a face mask to stimulate midface growth. (see Simsuchin and




Original Article

Determinants Related to Disparities in Dental Care Utilization: Evidence from
Thailand's Aging Society Prior to the National Oral Health Plan Implementation

Nhan Thu Le Truong"’, Tewarit Somkotra®, Pagaporn Pantuwadee Pisarnturakit’®
'Graduate program in Dental Public Health, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand
*Faculty of Odonto-Stomatology, Can Tho University of Medicine and Pharmacy, Can Tho city, Vietnam
°Department of Community Dentistry, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

Abstract

The study aims to examine dental care utilization and the determinants contributing to the observed inequalities
among Thai older adults during the demographic shift of Thailand to a complete-aged society, in which over 20%
of the population are over the age of 60 years old, prior to the implementation of the national oral health plan for
the older adults in 2015. This study analyzed data from the nationally representative Health and Welfare Surveys
conducted in 2009 and 2015. Participants included individuals aged 60 years and older (N = 11,402 in 2009; N = 25,566
in 2015). Dental care utilization was measured by self-reported utilization within the past 12 months. Descriptive and
logistic regression analyses were performed regarding the objective. Socioeconomic and geographic inequalities in
dental care utilization persisted throughout the study period. Older adults with higher socioeconomic status were
more likely to utilize dental care than their lower socioeconomic status peers. Utilization was highest in Bangkok and
lowest in the rural areas of each region. The beneficiaries of the Civil Servant Medical Scheme were twice as likely
to use dental services compared to those under the Universal Coverage Scheme. The findings from the multivariate
analysis identify several key factors that significantly influence the utilization of dental care. These factors provide
valuable insights into how demographic, socioeconomic, geographic, and health-related factors can influence access
to dental services. Demographic Factors: Women tend to use dental care services more than men. In 2009, their
Adjusted Odds Ratio (ORadj) was 1.19 (1.02, 1.38), which increased to 1.31 (1.18, 1.47) by 2015. Younger older adults
(ages 65-74) also exhibit higher dental visit rates, with an ORadj of 2.28 (1.76, 2.96) in 2009 and 1.93 (1.57, 2.35) in 2015.
Middle-aged older adults (ages 75-84) experienced a significant increase in dental care utilization, with ORadj values of
1.86(1.42,2.43)in 2009 and 1.61 (1.30, 1.98) in 2015. Socioeconomic Factors: Individuals in the highest income group
(5th quintile) had an ORadj of 1.96 (1.60, 2.41) in 2009, which increased to 2.25 (1.94, 2.60) in 2015. Higher education
levels, particularly completing secondary school, are associated with more frequent dental visits, reflected by an ORadj
of 1.78 (1.30, 2.43) in 2009 and 2.68 (2.03, 3.54) in 2015. Geographic Factors: Residents of the Central region utilize
dental services less frequently. Their ORadj was 0.44 (0.33, 0.59) in 2009 and decreased to 0.34 (0.27, 0.41) in 2015.
Those living in rural areas also reported lower utilization rates, with an ORadj of 0.49 (0.32, 0.54) in 2009 and 0.34 (0.28,
0.41)in 2015. Health-Related Factors: Being enrolled in the Civil Servant Medical Benefit Scheme (CSMBS) is associated
with more dental visits, with an ORadj of 1.85(1.59, 2.14) in 2009, increasing to 2.10 (1.88, 2.35) in 2015. Additionally,
having a chronic illness is linked to increased dental care utilization, with an ORadj of 1.25(1.10, 1.43) in 2009 and 1.29
(1.16, 1.43) in 2015. During the transition of aged society, inequalities in dental care utilization among Thai older adults
persist, particularly among those with low socioeconomic status and residents in rural areas. Targeted policy reforms,
such as expanding preventive programs and integrating dental services into primary care, are essential to promote

equitable oral health access among Thailand’s aging population.

Le Truong et al,, 2026 1
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Introduction

Utilization of dental care is a fundamental
component in achieving optimal oral health outcomes.
Nevertheless, considerable disparities in access and use
of dental services persist worldwide'”, particularly among
socioeconomically disadvantaged groups and vulnerable
populations such as older adults. These disparities have
been identified as a pressing global public health issue."
In response, the World Health Organization (WHO) has
emphasized the importance of universal health coverage
(UHC) to ensure equitable access to healthcare services,
including dental care, regardless of an individual’s
financial status.

In Thailand, the Universal Coverage (UC) policy
was introduced in 2001 as a means to promote more
equitable utilization of healthcare services. For older adults
aged 60 and above, health insurance coverage is provided
through two main schemes: The Civil Servant Medical
Benefit Scheme (CSMBS) and the Universal Coverage
Scheme (UCS). The CSMBS offers extensive benefits to
retired civil servants and their eligible dependents, including
access to all public health facilities and a wider array of
dental treatments such as fixed prosthetics and endodontic
procedures. Conversely, the UCS primarily serves the general
population through public primary care units, such as
community and sub-district hospitals, with access to
higher-level care that requires a formal referral. Notably,
neither scheme currently includes private dental providers,
who are primarily concentrated in urban areas.

Despite the implementation of these health
insurance schemes, disparities in dental care utilization
remain, especially between urban and rural populations

. . q . .
and across socioeconomic strata.” Utilization rates are

consistently higher among wealthier individuals and those
residing in urban areas, while the economically disadvantaged
and rural dwellers exhibit substantially lower access to
care. Since the designation of Thailand as an aging society
in 2008, the country has faced the dual burden of meeting
the healthcare demands of an expanding older adult
population and ensuring equitable access across diverse
population groups. Although the UC policy has improved
overall healthcare accessibility, significant inequalities
in dental care utilization persist among older adults.’
Furthermore, the government implemented the National
Oral Health Plan for Thai older persons (2015-2022) to
advance the strategy for developing the system, models,
and quality of dental care services for the older adult
population.

This study is grounded in existing literature
that identifies three key points: 1) significant disparities
in healthcare persist, 2) socioeconomic factors have a
strong impact on healthcare utilization, and 3) insurance
schemes are vital for improving healthcare access. This
research aims to examine the underlying determinants
of disparities in dental care utilization among Thai older
adults during this critical demographic transition. By
identifying the key factors that influence dental care
utilization within the context of the aging population
of Thailand, this study will contribute valuable insights
into how these factors can address healthcare disparities.
Moreover, the findings will serve as a useful reference
before the implementation of the National Oral Health
Plan for older adults in Thailand. Additionally, the study
will assess the progress made in achieving equitable access

to dental care and share Thai policy experience as a
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potential model for other developing countries that are

working to enhance health equity for their aging populations.

Material and Methods

This study utilized data from the nationally
representative Health and Welfare Survey (HWS), conducted
in 2009 and 2015 by the National Statistical Office of
Thailand. The HWS employed a two-stage stratified
sampling design, with survey weights applied to ensure
national representativeness. The sampling frame included
non-institutional households of municipal (urban) and
non-municipal (rural) areas in each province across the
country. Fifteen households were systematically selected
per municipal block and ten per rural village. Older adults,
defined as individuals aged 60 and above from these
households, were identified for inclusion in the study,
totaling 11,402 respondents in 2009 and 25,566 in 2015.
Data were collected via structured face-to-face interviews
using standardized household and individual questionnaires.
Althousgh traditional sample size calculations were not
applicable due to the use of comprehensive national
HWS data, the large sample size provides robust statistical
power and representativeness for population-level analysis.
Additionally, the use of secondary data has several advantages:
the dataset is nationally representative, was designed and
conducted by reputable national health research institutions,
and follows standardized data collection protocols with
rigorous sampling methodologies.

The dependent variable was dental care utilization,
defined by a self-reported response to the question:
“Have you utilized dental care at any facility during the
past 12 months preceding the survey?” In addition,
independent variables were categorized into two main
factors: the predisposing and enabling factors. Predisposing
factors comprised of six domains: a) household living
standards assessed via an asset index which is derived
through Principal Component Analysis (PCA) using STATA.
It is based on the ownership of household assets such as
electronic items (television, mobile phone, computer),
vehicles (car/truck/minibus, motorcycle), and household
appliances (refrigerator), and etc. The asset index is then

categorized into quintiles. The other domains include: b)

age groups (60-69 years, 70-79 years, 80 years and above);
c) sex (male, and female), and d) marital status (married,
single, widowed/ divorced/separated), e) educational
attainment (no formal education, primary, secondary,
vocational, tertiary), and f) health conditions (presence of
chronic illness (yes/no) and dependency in daily self-care
activities (dependent/independent)). Enabling factors
comprised four domains: a) geographic characteristics: five
regions (North, Northeast, Central, South, and Bangkok)
and area of residence (urban/rural), and b) working status
was measured through whether the older adults were
economically active. Furthermore, c) health insurance
entitlements were categorized into the UCS, CSMBS, and
those who were not entitled to the publicly subsidized
schemes. Lastly, d) health-related behaviors were categorized
into health-compromising behaviors (smoking and alcohol
consumption) and health-enhancing behaviors (whether
the older adult had obtained health promotion and
prevention services in the past year (yes/no)).
Descriptive statistics were used to calculate
the percentage and 95.0% confidence intervals (Cls) of
dental care utilization across all determinants variables.
Bivariate analyses were conducted to explore crude
associations. Associations between determinants and
dental care utilization were assessed using multivariate
logistic regression, yielding adjusted odds ratios (ORs)
with 95% Cls. In the process of determinant selection
in this analysis, binary logistic regression was used, and
stepwise methods were employed according to the
theoretical framework. Along with these, potential
confounders (age, sex, region, and insurance scheme)
identified a priori were also included in the model. All
analyses accounted for survey design using weights and
were performed in STATA 14 (StataCorp, College Station,
TX, USA), with statistical significance set at Ol = 0.05.
This study utilized publicly available secondary
data. Ethical approval for the use of this dataset was
obtained from the Research Ethics Committee of the
Faculty of Dentistry, Chulalongkorn University (HREC-DCU
2017059). Informed consent was obtained from all participants
in the original HWS surveys, and all data were anonymized

prior to analysis.
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This study analyzed data from the 2009 and
2015 Health and Welfare Surveys (HWS) to assess patterns
of dental care utilization among Thai older adults and the
determinants associated with such utilization. The descriptive
statistics (Table 1) indicate that across both survey years,
the majority of respondents were in the early older adult
group (60-69 years), comprising 52.4% in 2009 and 56.3%

in 2015. Women consistently represented the majority
(approximately 57%), and most participants were married.
The educational attainment level among Thai older adults
was consistent, with more than 70% having primary
education. A substantial share of the older adults fell
into the lower asset quintiles, although a gradual shift

toward higher quintiles was observed in 2015.

Table 1 Characteristics of samples of Thai older adults in HWS 2009 and HWS 2015

Proportionate distribution of samples, and dental care utilization

Determinants

(=1 if yes, =0 if otherwise)

HWS 2009 (N=11,402)

HWS 2015 (N=25,566)

Sample (%)

Dental care (%) Sample (%) Dental care (%)

Predisposing factors

Household living standards:

1* Quintile 25.13 6.31 22.25 491
2" Quintile 24.92 6.83 25.66 4.61
3 Quintile 9.19 7.82 16.16 5.47
4" Quintile 19.28 9.14 16.24 6.98
5" Quintile 21.47 14.71 19.67 10.39
E ion v inment:
Not attended formal education 14.35 5.14 9.64 3.16
Up to Primary 73.63 8.36 77.43 5.46
Secondary 7.07 13.41 6.08 10.52
Vocational 4.49 11.76 1.83 16.78
Tertiary or higher 0.45 17.13 4.88 17.18
Age groups (years):
Early older adult (60-69) 52.38 10.69 56.26 7.46
Middle older adult (70-79) 33.56 8.91 29.82 5.68
Late older adult (80 and over) 14.04 4.31 13.91 3.19
Sex:
Male 42.61 8.62 43.72 6.03
Female 57.38 9.15 56.27 6.57
Marital status:
Single 3.89 9.46 3.93 7.18
Married 60.37 9.75 62.15 6.98
Widowed/ divorced/ separated 35.74 7.48 33.92 5.04
Health conditions:
Presence of chronic illness 54.91 9.81 56.03 6.94
Dependency for routine self-care or daily activities 58.97 10.83 54.22 7.54
Enabling factors
Region:
Bangkok 4.13 16.14 3.61 14.70
Central 31.39 8.86 28.47 5.92
North 24.83 7.59 25.37 6.86
Northeast 24.81 8.69 28.32 5.34
South 14.84 9.69 14.22 6.08
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Table 1 Characteristics of samples of Thai older adults in HWS 2009 and HWS 2015 (cont.)

Proportionate distribution of samples, and dental care utilization

Determinants

(=1 if yes, =0 if otherwise)

HWS 2009 (N=11,402)

HWS 2015 (N=25,566)

Sample (%) Dental care (%) Sample (%) Dental care (%)

Area of residence:
Urban (excluding Bangkok)
Rural
Working status:
Economically active
Health insurance entitlement:
ucs
CSMBS
Not entitled to public subsidized insurance
Health-related behaviors:
Smoking habit
Alcohol consumption

Obtained health promotion and prevention in the past year

53.78 9.61 50.69 6.46
42.08 7.31 45.70 5.54
36.37 10.01 38.40 6.79
74.54 7.40 79.27 5.19
21.62 13.91 18.26 10.66
2.83 9.90 1.22 11.96
14.36 8.01 13.34 5.44
7.22 7.52 15.56 7.28
4.99 18.28 17.67 12.57

Dental care utilization remained low overall,
exhibiting apparent socioeconomic and geographic
disparities. In 2009, utilization among those in the highest
asset quintile was 14.7%, nearly three times higher than
that of those in the lowest quintile (6.3%). This pattern
persisted in 2015, with utilization at 10.4% for the highest
quintile and only 4.9% for the lowest. Similarly, individuals
with higher educational levels consistently reported
greater use of dental services. For instance, those with
tertiary education had utilization rates of 17.1% in 2009
and 17.2% in 2015, while those with no formal education
had rates of only 5.1% and 3.2%, respectively. Age and
functional status play a crucial role in influencing utilization
patterns for dental services. Research indicates that early
older adults demonstrate the highest levels of service use,
while utilization tends to decrease with age. For instance,
in 2015, only 3.2% of individuals aged 80 and older accessed
dental care, compared to 7.5% among those aged 60 to 69.

Additionally, individuals who maintain independence
in their daily activities are more inclined to seek care than
those who experience dependency. Geographical disparities
were notable. Bangkok had the highest rates of utilization
(16.1% in 2009 and 14.7% in 2015), while across all regions
outside of Bangkok, utilization remained at lower rates and
rural areas consistently showed the lowest rates (7.3% in
2009; 5.5% in 2015). Regarding health insurance, individuals

covered by the Civil Servant Medical Benefit Scheme (CSMBS)
had significantly higher utilization rates (13.9% in 2009 and
10.7% in 2015) than those under the Universal Coverage
Scheme (7.4% and 5.2%, respectively). Utilization was higher
among those who had participated in health promotion
and prevention programs in the past year, at 18.3% in 2009
and 12.6% in 2015, compared to those who had not.
The multivariable logistic regression results
(Table 2) further confirmed a significant association between
socioeconomic status and dental care utilization. In both
survey years, individuals in the highest asset quintile had
significantly higher odds of dental service use compared to
the lowest quintile (OR = 1.96; 95% Cl: 1.60-2.41 in 2009;
OR =2.25;95% Cl: 1.94-2.60 in 2015). Education level also
exhibited a strong, graded effect; in 2015, those with
tertiary or higher education were over four times more
likely to utilize services compared to those with no formal
education (OR = 4.03; 95% Cl: 3.05 - 5.32). Region of residence
was another strong predictor. Compared with Bangkok, all
other regions showed significantly lower odds of utilization.
For example, in 2015, residents of the Northeast had an
OR of 0.30 (95% Cl: 0.24-0.37), while those in the Central
region had an OR of 0.34 (95% Cl: 0.27-0.41).
Insurance status significantly influenced service
utilization. In 2015, beneficiaries of CSMBS were twice as

likely to utilize dental care compared to those enrolled
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in the UCS (OR = 2.10; 95% Cl: 1.88-2.35). Interestingly,
individuals without any public insurance had even higher
odds of utilizing dental services (OR = 2.42; 95% Cl: 1.72-3.41).
This likely reflects their greater economic resources and
access to private services. Several demographic factors were
also positively associated with service utilization, including
being female, being married, being economically active,

and not having physical dependencies. Health-related

behaviors showed mixed associations. In 2015, alcohol
consumption was associated with slightly higher odds of
utilization (OR = 1.23; 95% Cl: 1.06-1.42), while smoking
was negatively associated (OR = 0.83; 95% Cl: 0.70-0.98).
Participation in health promotion activities emerged as
the strongest predictor of service use, with odds of use

exceeding 2.5 in both years.

Table 2 Associations of determinants and dental care utilization during the past 12 months of Thai older adult, in HWS 2009 and

HWS 2015

Determinants

Adjusted odds ratio with 95%confidence interval

(=1 if yes, =0 if otherwise) HWS 2009 HWS 2015
Predisposing factors
H hold livin ndar
I*" Quintile reference reference
2" Quintile 1.02(0.82, 1.25) 0.94 (0.79, 1.10)
3 Quintile 1.15(0.88, 1.51) 1.12(0.94, 1.34)
4" Quintile 1.32 (1.07, 1.63) 1.45(1.23, 1.72)
5" Quintile 1.96 (1.60, 2.41) 2.25(1.94, 2.60)
E ional level inment:

Not attended formal education

Up to Primary

Secondary

Vocational

Tertiary or higher
A r rs);

Early older adult (60-69)

Middle older adult (70-79)

Late older adult (80 and over)
Sex:

Male

Female
Marital status:

Single

Married

Widowed/ divorced/ separated
Health conditions:

Presence of chronic illness

Dependency for routine self-care or daily activities

reference
1.72(1.12, 1.79)
1.78 (1.30, 2.43)
2.99 (1.16, 4.54)
1.38 (0.56, 3.76)

2.28 (1.76, 2.96)
1.86 (1.42, 2.43)

reference

reference
1.19 (1.02, 1.38)

1.31 (0.94, 1.85)
1.36 (1.17, 1.58)

reference

1.25(1.10, 1.43)
1.83(1.58, 2.10)

reference
1.48 (1.18, 1.85)
2.68 (2.03, 3.54)
1.02 (2.88, 5.63)
4.03 (3.05, 5.32)

1.93 (1.57, 2.35)
1.61 (1.30, 1.98)

reference

reference
1.31(1.18, 1.47)

1.03 (0.79, 1.33)
1.19 (1.06, 1.35)

reference

1.29 (1.16, 1.43)
1.59(1.43, 1.77)

Enabling factors

Bangkok
Central
North
Northeast
South

reference
0.44 (0.33, 0.59)
0.36 (0.27, 0.49)
0.42 (0.31, 0.57)
0.48 (0.35, 0.66)

reference
0.34 (0.27, 0.41)
0.39 (0.32, 0.48)
0.30 (0.24, 0.37)
0.34 (0.27, 0.43)
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Table 2 Associations of determinants and dental care utilization during the past 12 months of Thai older adult, in HWS 2009 and

HWS 2015 (cont.)

Determinants

(=1 if yes, =0 if otherwise)

Adjusted odds ratio with 95%confidence interval

HWS 2009

HWS 2015

Area of residence:
Urban (excluding Bangkok)
Rural
Working status:
Economically active
Health insuran ntitlement:
ucs
CSMBS
Not entitled to public subsidized insurance

Health-related behaviors:

Smoking habit
Alcohol consumption

Obtained health promotion and prevention in the past year

0.55(0.43, 0.72)
0.49 (0.32, 0.54)

1.23(1.08, 1.49)

reference
1.85(1.59, 2.14)
1.11(0.75, 1.63)

1.08 (0.87, 1.34)
0.88 (0.66, 1.17)
2.40 (1.92, 3.01)

0.40 (0.33, 0.48)
0.34(0.28, 0.41)

1.23(1.11, 1.38)

Reference
2.10 (1.88, 2.35)
2.42 (1.72, 3.41)

0.83(0.70, 0.98)
1.23 (1.06, 1.42)
2.59 (2.33, 2.89)

Discussion

This study analyzes data from the Health and
Welfare Surveys of Thailand (2009, 2015) to examine
inequalities in dental care utilization among older adults
during the transition of the country to a complete-aged
society, in which over 20% of the population are over
the age of 60 years old. Despite the Universal Health
Coverage (UHC) policy, significant inequalities in dental
care utilization persist, particularly among individuals
with lower socioeconomic status.

The years 2009 and 2015 were chosen strategically
due to significant demographic and healthcare policy
milestones in Thailand. In terms of demographics, Thailand
was officially recognized as an "aging society" by the United
Nations in 2008. The year 2009 marked the beginning of
an important period of demographic transition, making
it a suitable baseline year to capture the early stages of
population aging. From a policy perspective, the National
Oral Health Plan for Thai Older Adults (2015-2022) was
launched in 2015. This plan provides a comprehensive
framework to examine healthcare access both before
and during the implementation of targeted oral health
policies. These years are significant for research as they
represent a crucial time for demographic and healthcare

policy changes. Selecting 2009 and 2015 allows for an

analysis of healthcare utilization patterns during this
critical transition phase, and facilitates an assessment of
how policies have affected dental care access for older
adults. Overall, these selected years offer an insightful
opportunity to capture early demographic shifts, evaluate
pre-implementation healthcare access, and examine the
initial impacts of national oral health strategies.

The research utilizes secondary data, which might
present potential selection and sampling challenges.
Selection bias may occur if the survey's sampling frame
is inappropriate, leading to biases in the original data
collection process and affecting the representativeness
of the sample. While there are some strengths to using
secondary data from the National Health and Welfare
Survey, several limitations must be considered in this
analysis. The predefined questionnaire restricts the scope
of this study. There may be a mismatch between the
original research objectives and the current research
questions. There is a risk of recall bias in the self-reported
data. Predefined variables limit our analytical flexibility.
There is limited ability to validate the data collection methods.
The depth of health-related information may be insufficient.
Critical variables necessary for this current research might

be missing. There is a lack of comprehensive contextual
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data. The data collection protocol cannot be modified.
Additional information was unable to be collected.
Assessment of health is limited in depth. These limitations
should be considered when interpreting or applying
the findings of this study. Additionally, several potential
confounding variables were identified, and statistical
adjustments were used to control for demographic factors
and health-related characteristics through multivariable
regression models. Specifically, binary logistic regression
was employed with stepwise selection methods to
include variables.

Research indicates that early older adults exhibit
the highest levels of service use, while utilization typically
declines with age. Furthermore, individuals who remain
independent in their daily activities are more likely to
seek care compared to those who are dependent on
others. Understanding these trends can help develop
healthcare strategies that better support older adults
and enhance access to dental services. However, it is
essential to acknowledge that these observations are
based on a descriptive cross-sectional study, which
imposes certain limitations on interpretation.

Consistent with earlier findings, the study reveals a
significant monotonic dose-response relationship between
household socioeconomic status and dental care utilization:
older adult individuals in higher household asset quartiles
were more likely to utilize dental services. Educational
attainment, a proxy for socioeconomic status, was also
positively associated with utilization. Notably, Thai older
adults with higher education levels consistently appeared
in higher SES groups. These results align with comparative
studies from high-income countries that employ diverse
healthcare financing systems, including Bismarckian,
social insurance, and tax-based models, which found
persistent socioeconomic status-related inequalities in
dental care.”®However, such inequalities appear largely
independent of specific financing models, suggesting that
factors beyond insurance structures play a critical role.
In Thailand, the utilization of dental care among older
adults remains lower than in developed countries, likely
due to systemic challenges beyond financial protection. The

uneven distribution of dental professionals, concentrated

in urban centers due to the growth of the private sector,
contributes to geographic inequalities.”" Addressing this
imbalance requires policy measures, such as incentives for
rural dental practices and expanded public-private
partnerships to improve access for vulnerable populations.?

Non-financial barriers also play a significant role.
Older adults often face physical and cognitive limitations,
reduced awareness of oral health needs, and low motivation
to seek care. Chronic health conditions, mobility impairments,
vision loss, and dependency on caregivers further restrict
their ability to maintain oral hygiene and attend dental
appointments. Transportation costs and other indirect
expenses also deter access. To mitigate these barriers,
mobile dental units and portable equipment can facilitate
outreach, particularly for individuals who are homebound
or institutionalized, thereby improving access to dental
care. Residential care settings provide opportunities for
on-site service delivery. Expanding the role of dental
nurses and training primary healthcare workers in geriatric
dentistry may enhance the integration of oral health
into primary care. Such approaches can help reduce
socioeconomic disparities and improve health literacy
and self-care among older adults.” "***

Importantly, while these barriers do not entirely
prevent dental service use, they significantly constrain
access, particularly for those facing multiple disadvantages.
In some cases, dental care becomes practically unattainable.
Therefore, improving access requires incorporating oral
health into broader health promotion efforts. Oral health
remains disconnected from general health systems, despite
being a key determinant of overall well-being. Integrating
geriatric oral health into comprehensive healthcare strategies
would enhance access to and improve the quality of care
for aging populations. Cross-disciplinary collaboration is
vital; for example, medical professionals and oral health
providers must work together to raise awareness and
coordinate services. A life-course approach emphasizing
prevention and early intervention should underpin oral

9-11

health policy.” " Furthermore, the implementation of
tele-dentistry strategies is essential for reducing disparities
in dental care utilization among older adults, particularly

those residing in rural areas.
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Despite the strength of the findings, some
limitations exist. The reliance on self-reported survey data
introduces the potential for recall and reporting bias,
which may slightly affect the accuracy of prevalence
estimates. Nonetheless, the study provides a valid
overview of oral health disparities among older Thais.
Future research should further investigate the personal,
structural, and systemic factors underlying low dental
care utilization to inform targeted interventions and
policy reforms aimed at improving oral health equity
for the aging population.

In conclusion, this study found that despite
the presence of the Universal Coverage Scheme (UCS)
in Thailand, dental service utilization among the older
adults remains low and inequitable. Key determinants
include economic, social, geographic, and health-related
factors that are related with the inequality in dental care
utilization among Thai older adults. Addressing these
persistent disparities requires a robust, equity-oriented
primary healthcare system that emphasizes prevention,
health promotion, and fair access to care. Integrating
oral health into routine primary care, enhancing service
delivery models, and adopting innovative outreach
strategies will be essential. Furthermore, integrating oral
health care services for older adults into the national
development plan is critical during the transition in

Thailand from a complete-aged to a super-aged society.
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Abstract

This study aimed to compare knowledge, attitudes, practices in children oral healthcare, and caregiver
satisfaction between two chatbots: 21-day and short-term. The study was a quasi-experimental design involving
parents of children aged 2-5 years in urban areas of Songkla Province, divided into two groups: 21-day and short-term
chatbot group. Google form surveys were used to gather research data before and after intervention. T-test and chi-square
statistics were used to compare the knowledge, attitude, practice, and satisfaction scores. The two groups' differences

before and after the intervention were compared in cases where the pre-intervention data showed a statistically
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significant difference. According to the study's findings, there were 75 participants in the 21-day chatbot group and 81
in the short-term group. There was a statistically significant difference between the knowledge and dietary behavior
scores. The knowledge scores of the short-term and 21-day chatbot groups were 5.2 + 1.8 and 6.8 + 1.6, respectively
(P-value < 0.001). The respective scores for dietary behavior were 2.5 + 1.5 and 2.9 + 1.2 (P-value = 0.004). The oral
hygiene care and attitude scores were significantly different from the beginning of the study. However, when comparing
the differences, the increased scores were not significantly different. The satisfaction scores showed significant difference,
with values of 4.4 + 0.9 and 4.1 + 1.1, respectively (P-value = 0.033). In summary, 21-day chatbot showed different

increases in knowledge, dietary behavior, and user satisfaction compared to the short-term chatbot. Meanwhile,

the increases in oral hygiene care and attitude scores were not significantly different.
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Consort flow of the project

[ Enrollment ]

Assessed for eligibility (n=236)

Randomized (n=118+118)

21-day chatbot

Use daily for 21 straight days, 3-5 minutes each time.

Short-term chatbot

Continuous play for 20-40 minutes total.

[

Allocation ]

A

Allocated to intervention

Group I n=118

® Received allocated intervention (n=118)

Follow-up 21 days

Lost to follow up : Not contactable (n=43)

Allocated to intervention

Group Il n=118

® Received allocated intervention (n=118)

A

Follow-up 7 days

Lost to follow up : Not contactable (n=37)

[ Analysis }
® Analysed questionare (75) ® Analysed questionare (81)
JUT 1 wunmnssuatoyaveenIsiny
Figure 1 Flow diagram of the trial
152911 1 Foyanaly
Table 1 General Information
General Information 21 Days short-term P-value*
n (%) n (%)
Relationship to the child
Mother 68 (90.7) 68 (84.0)
Father 4.(5.3) 10 (12.3) 0.271
Grandmother, Grandfather, Uncle, Aunt, Other 3(4.0) 3(3.6)
Caregiver's age 37.0+58 337 +6.1
Mean + SD (Min — Max) (25 - 53) (16 - 49) 0.001
Highest level of education
Primary school, Secondary school or lower 8 (10.7) 32(39.5)
Diploma/Higher vocational certificate 2(2.7) 9(11.1) <0.001
Bachelor's degree 56 (74.7) 34 (42.0)
Higher than bachelor's degree 9 (12.0) 3(3.7)
Family's income compared to expenses
Insufficient 1(1.3) 8(9.9)
Sufficient but no savings 14 (18.7) 34 (42.0) <0.001
Sufficient with savings 49 (65.3) 26 (32.1)

Pithpornchaiyakul et al., 2026
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Table 1 General Information (cont.)

21 Days Short-term
General Information P-value*
n (%) n (%)
Occupation
Housewife/Househusband or Unemployed 10 (13.3) 1(14.3)
Company employee, Government officer 42 (56.0) 34 (44.2) 0.053
General contractor 5(6.7) 17 (22.1)
Merchant/Business owner 18 (24.0) 15(19.5)
Total number of children currently under care Mean + SD 1.8 +0.6 1.8 +0.7 0.603
Receiving guidance about teaching tooth brushing or oral
health care for young children
Yes 51 (68.0) 46 (56.8) 0.149
No 24 (32.0) 35(43.2)

* Use Chi-square for comparing the proportion and use T-test for comparing mean

A9 2 WTEUTEUIogar VeI ineumInIuA U NAR AL IiAUAAITIUINTE NIl chatbot 2 ngunaumas At

Table 2 Compare the percentage of correct answers and positive attitudes between 2 groups of chatbot users before and after usage

Pretest Posttest
Questionnaires 21 Days Short-term  P- 21 Days Short-term  P-

n (%) n (%) value* n (%) n (%) value*
Knowledge
The initial caries is white spot 43 (57.3) 6(56.8)  0.945 63 (84.0) 9(72.8) 0.893
Children should brush at least twice a day. 1(81.3) 2(76.5) 0.464  71(94.7) 8(71.6)  0.089
Toothbrushes should have medium bristles. 6(88.0) 69(852)  0.607 7(89.3) 4(79.0) 0.656
Brushing technique for children is horizontal scrub. 14 (18.7) 3(16.0)  0.666 8(37.3) 8(9.9)  <0.001
Lying down is fine position for child brushing. 8(37.3) 29(358) 0.672  35(46.7) 3(28.4)  0.105
Must pull the cheek aside while brushing. 44 (58.7) 1(50.6) 0.313 7(89.3) 4(66.7)  0.109
It's necessary to remove toothpaste foam. 44 (58.7) 2(51.9) 0.393 4(72.0) 1(63.0)  0.859
Children can use fluoride toothpaste even can’t rinse yet. 37 (49.3) 4(29.6) 0.012 5(73.3) 5(43.2)  0.007
Children shouldn’t fall asleep during feeding time. 63 (84.0) 4(79.0) 0.424 6 (88.0) 6(81.5)  0.260

Overall knowledge (Mean + SD)

Min - Max (0 - 9) 53+18 48+17 0071 68=+16 52+18 <0.001

Attitude
Caries in primary teeth is normal. 39(52.0) 29(358) 0.116 62 (82.6) 40(49.4) <0.001
Dental caries doesn't affect other parts of the body. 53(64.2) 44(58.7) 0.083 66(88.0) 56(69.1)  0.002

Primary decay isn’t serious because permanent teeth will
59 (78.7)  52(64.2)  0.137 75(100.0) 53 (65.4) <0.001

replace.
Several cavities in children are not life-affecting. 63(84.0)  64(79.00 0.082 71(94.7) 65(80.2) 0.023
Cavities result in pain and behavioral changes in children. 61(81.3) 56(69.1) 0222 59(787) 60(74.0) 0.616

Sticky yellow film on teeth is milk residue and doesn't
need brushing. 70(93.3)  66(81.5) 0.077 72(96.0) 68(83.9)  0.044
Brushing is unnecessary when only 1-2 teeth are present. 68(90.7) 69(85.2) 0555 69(92.0) 72(88.9) 0.723

If you don't have time or the child is crying, you can skip

brushing. 68(90.7)  67(82.7) 0.293 72(96.0) 72(88.8) 0.211

Stop brushing immediately if your child's gums bleed. 41(54.7)  25(30.9) 0.009 68(90.7) 51(629) <0.001
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Table 2 Compare the percentage of correct answers and positive attitudes between 2 groups of chatbot users before and after usage

(cont)
Pretest Posttest
Questionnaires 21 Days Short-term  P- 21 Days Short-term  P-
n (%) n(%) value* n (%) n (%) value*

Brushing teeth in young children is too difficult for you to manage. 61 (81.4)  60(74.1)  0.399  72(96.0) 64(79.0) 0.014
You can brush your child's teeth even if they cry or others
say stop. 45 (60.0) 43(83.1) 0.678 55(73.4) 49 (60.5) 0.053
You can brush your child's teeth even if they don't cooperate. 53(70.6) 46(56.8) 0.200 60(80.0) 50(61.7) 0.013
You can’t decide whether your child’s teeth are clean after
brushing or not. 44 (58.6)  39(38.2) 0327 62(82.7) 45(55.5) 0.002
You can advise about brushing children's teeth. 32(42.7) 3757 0796 52(69.4) 48(59.3) 0.111
When first tooth appear must stop night feeding. 30 (40.0) 25(30.8) 0.464 49(65.3) 32(39.5) <0.001
Overall Attitude (Mean * SD)

382+44 356+47 <0001 41.1+37 378+47 <0.001

Min - Max (15 - 45)

*Use Chi-square for comparing the proportion and use T-test for comparing mean
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Table 3 Compare the percentage of users with good oral health care behavior between 2 groups before and after

Pretest Posttest
Questionnaires 21 Days Short-term  P- 21 Days Short-term P-
n (%) n (%) value*  n (%) n (%) value*
Dietary Behaviors
The frequency of a child's breast or other milk
consumption from a bottle per day
No 28(37.3)  31(38.3) 43 (57.3) 33 (40.7)
0.904 0.038
At least once per day a7 (62.7) 50 (61.7) 32(42.7)  48(59.3)
The frequency of a child's sugary drinks or fruit juice
consumption from a bottle per day
No 41 (54.7) 50 (61.7) 50 (66.7) 53 (6
0.371 0.871
At least once per day 34 (45.3)  31(38.3) 25(33.3) 28(3
Pithpornchaiyakul et al., 2026 15
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Table 3 Compare the percentage of users with good oral health care behavior between 2 ¢roups before and after (cont.)

Pretest Posttest
Questionnaires 21 Days Short-term P- 21 Days Short-term P-
n (%) n (%) value*  n (%) n (%) value*
Number of days per week that the child falls asleep with
a milk bottle at night
No 63(84.0)  55(67.9) . 62 (82.7) 57 (70.4) ;
At least once per day 12 (16.0) 26 (32.1) 0019 45 (17.3) 24 (29.6) oot
Number of days per week that child wakes up to drink
from a milk bottle during sleep
No 63(84.0)  56(69.1) 63 (84.0) 57 (70.4)
0.029 0.044
At least once per day 12 (16.0)  25(30.9) 12 (16.0) 24 (29.6)
L Di Behavi M + SD
Overall Dietary Behaviors (Mean = SD) 26+13 24+15 0302 29+12 25+15 0044
Min — Max (0 — 4)
Oral hygiene Care
Person who brushes the child’s teeth
- Child 11(14.7)  31(38.2) 0.001 5(6.7) 26 (32.1)  <0.001
- Caregiver 64 (85.3) 50 (61.7) 70(93.3)  55(67.9)
Number of days per week that you brush the child's teeth
Not every d 11 (17.2 8 (16.0 3(4.3 10 (18.2
y day (17.2) (16.0) 0.866 (4.3) (18.2) 0.012
Every day 53(82.8)  42(84.0) 67 (95.7) 45 (81.8)
Drinking milk, eating snacks, or consuming other foods
after brushing teeth before going to bed
Eat 28 (37.8) 29 (35.8) 10 (13.3) 27 (33.3)
0.002 <0.001
Not eat 35(47.3)  21(25.9) 60 (80.0) 28 (34.6)
Children using toothpaste
N 0 (0.0 . . .
o (0.0) (0.0) 0.001 0(0.0) 1(1.2) <0.001
Yes 64 (85.3) 50 (61.7) 70 (93.3) 54 (66.7)
Toothpaste forms used for children
Contains fluoride 62(96.9) 46 (92.0) 70 (100) 48 (87.3) 0.002
) 0.247
No fluoride 2(3.1) 4(8.0) 0(0) 7(12.7)
Overall Oral hygiene care (Mean + SD)
. 3.7+ 1.7 26 +2.1 <0.001 45+13 28 +2.1 <0.001
Min = Max (0 - 5)
u | Behavi Mean + SD
Overall Oral Behaviors (Wean = 50) 63+22 50+28 0001 74+18 53+27  <0.001
Min — Max (0 — 9)
*Use Chi-square for comparing the proportion and use T-test for comparing mean
159991 4 AINUINAIREULLNgANSSULAEYIAUARNaUUALMAINISITIIUSENI N 2 g
Table 4 Difference in behavioral and attitude scores after and before usage between 2 groups
21 Days Short-term
Different score (Mean #* SD) (Post-pre) (Post-pre) P-value*
Different Different
Different Overall Oral hygiene care (4.5+13-37+17) (28 +21-26+21) 0.092
08+ 1.7 03+22
Different Oral behaviors (74+18-63+22) (53+27-50+28) 0.041
1.1 +20 0.4+24
Different Overall attitude (411 +37-382+44) (378 +4.7-356+4.7) 0.216
29 +4.6 20+ 44

*Use T-test for comparing mean
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Table 5 Compare satisfaction between 2 groups of chatbot users
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Mean
Satisfaction P-value*
21 Days Short-term

Easy to use or interact with 42+1.0 36+10 <0.001
Media such as text, videos, and images are easy to understand. 4.4+ 0.8 4.0+0.8 <0.001
Information is reliable. 45+0.8 4.2 £ 0.6 0.007
Conversation style is friendly and easy to understand. 4.4+ 0.9 4.0+0.8 0.002
When you use the chatbot, you feel like you're talking to a real doctor. 42+1.0 39+0.8 0.061
Provides encouragement in caring for children 44 +0.38 4.0+0.8 0.007
Content is appropriately sequenced, making it easy to understand. 4.4 +0.8 4.0+ 0.7 0.014
The chatbot makes you want to brush children's teeth. 4.4+ 0.8 4.0+0.9 0.004
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The chatbot makes you confident in brushing children's teeth. 4.4 +0.9 41+08 0.053
Chatbots can help you stop children's bottle-drinking behavior. 45+0.8 43+08 0.050
The information received from chatbots is useful and can be practically applied 42+1.0 39+09 0.114
to daily life.

Overall satisfaction 4.4 +0.9 41+1.1 0.033

*Use T-test for comparing mean
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Development of a Deep Learning Model for Diagnosing Class Ill Malocclusion
in Pediatric Patients Using Lateral Cephalometric Radiographs
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Abstract

This research aims to develop and evaluate deep learning models for diagnosing Class Ill malocclusion in
pediatric patients using lateral cephalometric radiographs. The study compared an artificial neural network (ANN)
model and a convolutional neural network (CNN) model with image embedding and logistic regression. Radiographs
from patients aged 3-12 years (2007-2023) were analyzed. Model performance was evaluated using classification
accuracy, sensitivity, precision, F1 score, and area under the ROC curve (AUC). Contrary to expectations, the ANN
model outperformed the CNN model. The ANN model achieved 90.3% classification accuracy, high sensitivity and
precision, an F1 score of 0.902, and an AUC of 0.948, indicating excellent discrimination ability. In contrast, the CNN
model showed a lower performance with 71.6% classification accuracy, an F1 score of 0.715, and an AUC of 0.750.
Despite the underperformance of the CNN model, potential improvements include data augmentation, larger diverse
datasets, and exploring advanced CNN architectures. The superior performance of the ANN model suggests its
potential as a reliable diagnostic tool for general dentists in early screening of Class Il malocclusion. This study
demonstrates the promise of deep learning in orthodontic diagnosis, particularly the effectiveness of ANN models.
Further research is needed to enhance CNN performance and validate findings with larger, diverse datasets. Developing
such Al-based diagnostic tools could significantly impact early detection, timely referrals, and treatment planning

for Class Ill malocclusion in pediatric patients.
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Introduction

Class Il Malocclusion is a common disorder prevalence may vary across different population groups,
in Asian populations, with a prevalence of up to 14%, with rates as high as 15% or more in some Southeast
primarily caused by maxillary deficiencies." However, Asian countries.” A study by Ellis, McNamara, and Guyer
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found that 40% to 60% of patients had a correlation
with small maxillary size, which is a significant factor
contributing to this type of malocclusion.’

There are several approaches to treating Class Il
Malocclusion. In the deciduous dentition stage, early

treatment using Prefabricated Functional Appliances (PFA)

can induce mandibular growth retraction, correct occlusal
discrepancies, and adjust perioral muscle function.”
For patients in the mixed dentition phase with retruded
maxilla, using a face mask to stimulate midface growth

with orthopedic force is an effective method.® (Fig. 1)

Figure 1 Image A shows the use of a face mask to stimulate midface growth. Image B displays a radiograph before treatment, and

Image C shows a radiograph after treatment using a face mask to stimulate midface growth.

Early diagnosis and appropriate treatment are
crucial. Dentists should be able to diagnose this condition
from the late deciduous dentition stage or before the end
of the early mixed dentition stage, which is the most suitable
time for treatment. Delayed treatment may lead to difficulties
in correction and potential surgical intervention in the future.”

Currently, diagnosing Class Il malocclusion in pediatric
orthodontics requires analyzing lateral cephalometric
radiographs, a complex and time-consuming process.
Although cephalometric analysis software is available, it
still heavily relies on the skills, knowledge, and experience
of orthodontists. Advancements in Artificial Intelligence
(Al) and Deep Learning have opened up opportunities to
develop models that can predict malocclusions directly
from radiographs, without the need for traditional angle and
distance measurements. In such cases, using Convolutional
Neural Networks (CNN) in conjunction with Image Embedding
techniques and Logistic Regression algorithms can efficiently
classify and predict malocclusions.

Given these advancements, this study hypothesizes

that deep learning models, specifically Artificial Neural

Networks (ANNs) and Convolutional Neural Networks
(CNNs), can accurately diagnose Class Il malocclusion in
pediatric patients using lateral cephalometric radiographs.
Furthermore, these deep learning models are expected
to effectively predict the necessity of using face masks
to stimulate midface growth in pediatric patients with
Class Il malocclusion.

Artificial Intelligence is a technology that mimics
human brain function, capable of analyzing data through
algorithms, which are components of Machine Learning.
Its capabilities are enhanced by Deep Learning through
Neural Network algorithms.

Neural networks are mathematical models that
simulate human learning through repetition and trial and
error, similar to the brain's learning system.® They are
machine learning algorithms with a basic structure consisting
of an input layer, hidden layers, and an output layer. Each
layer comprises processing units or neurons connected
by weights Learning in artificial neural networks occurs
through the process of adjusting these weights (Fig. 2) using

various learning algorithms such as Backpropagation.’
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Figure 2 Structure of the Feedforward Artificial Neural Network (ANN) used in this studly.

The model consists of three layers:

« Input Layer (14 nodes): Receives cephalometric features (e.¢., ANB angle, Wits appraisal, Overjet, etc.).

« Hidden Layer (optimized to 16 neurons via grid search): Each neuron applies weights (w_i), bias (b), and activation function

(ReLU: fix) = max(0, x)).

« Output Layer (2 nodes): Classifies images as Class lll (1) or Non-Class Il (0) using a Softmax activation function.

« Bias Node (+1): Included in each layer to improve learning flexibility.

« The connections between nodes represent weight calculations and learning processes in ANN.

Deep learning based on neural network characteristics
can be categorized into three primary types:

1. Artificial Neural Networks (ANNs) ANNs
are basic feedforward networks designed to process
one-dimensional data. These networks operate in a
unidirectional flow, where inputs are passed forward
through weighted connections without feedback loops.
The general mathematical representation of an ANN is:

y=Ff(i=1¥nwi-xi+b)} (1)

Where:

« y is the output of the neuron

« X_i represents the input features

- w_i are the corresponding weights

* b is the bias term

« fis the activation function (e.g., ReLLU, sigmoid)

This equation illustrates how each input is multiplied
by its weight, summed with the bias, and passed through
an activation function to produce the output.

2. Recurrent Neural Networks (RNNs) RNNs

are designed to handle sequential or time-series data.

Unlike ANNs, RNNs maintain a hidden state that captures
information from previous time steps, allowing the network
to model dependencies across sequences. The basic RNN
equation is:

ht=f(W_ h-h {t1}+W x-x t+Db) 2

Where:

« h_t: hidden state at time t

« W_h: weight for hidden

« W_x: weight for input x_t

* b: bias

This recurrent formulation enables RNNs to
effectively retain and utilize prior contextual information
throughout a sequence, thereby enhancing their ability
to model temporal dependencies. As a result, RNNs have
demonstrated strong performance in a variety of tasks that
rely on sequential data processing, including language
modeling, speech recognition, time-series forecasting, and
other forms of sequential pattern prediction.

3. Convolutional Neural Networks (CNNs) accept

2-dimensional image data, with networks connected
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by convolutional layers, enhancing human-like vision
capabilities, making them suitable for image and video
processing. The convolution operation in CNNs can be
represented as:

fF*abqy) =2 1% jfG,j) - sk-i,y-]) (3)

Where:

« f (i, j) is the input image pixel at location (i, j)

« g is the kemel (filter)

« * denotes the convolution operation

« (x, y) is the location of the output feature map

This operation allows CNNs to learn spatially
local patterns such as edges, textures, and shapes,
which are essential for medical image analysis, including
cephalometric radiographs.

Neural Networks, as machine learning algorithms,
can be applied to deep learing, increasing the capabilities
of Al'technology to work more like the human brain. With
this potential, neural networks have gained significant
attention, with Computer Vision being used to analyze
medical images."® Studies have explored the potential
for analyzing dental radiographs. However, a literature
review reveals that while there have been studies using
machine learning techniques to analyze orthodontic
radiographs, such as Taraji et al.'s study'" of identifying
important cephalometric characteristics for predicting
treatment decisions in Class Il malocclusion in adults,
and Gabriele et al.'s study' of attempting to predict
treatment outcomes in prepubertal Class Il malocclusion
patients, there is a lack of studies focusing on using deep
learning techniques to diagnose and predict the need
for face masks to stimulate midface growth in pediatric
patients with Class Il malocclusions. Moreover, no studies
have compared the efficiency of artificial neural network
models and convolutional neural network models in
analyzing cephalometric radiographs to diagnose Class Il
malocclusion in pediatric patients.

This study aims to develop and compare deep
learning models, specifically Artificial Neural Networks
(ANNs) and Convolutional Neural Networks (CNNs), for
diagnosing Class Il malocclusion in pediatric patients
from lateral cephalometric radiographs and predicting the

necessity of using face masks to stimulate midface growth

(Fig. 3). The study hypothesizes that Convolutional Neural
Networks (CNNs) will demonstrate superior efficiency
and accuracy compared to Artificial Neural Networks
(ANNSs) in analyzing cephalometric radiographs for Class Il
malocclusion diagnosis and treatment prediction. The
results of this study will help understand the advantages and
limitations of each technique, leading to the development
of highly efficient diagnostic tools to support the decision-
making of orthodontists in diagnosis and treatment
planning,”'* increase speed and accuracy in cephalometric
radiograph analysis, reduce the workload of orthodontists,
and minimize errors that may occur from traditional analysis."
It will also provide a pathway for developing automatic

diagnostic systems for other dental abnormalities.”

Input: Cephalometric Radiograph

[ Convolution Layer ]

|

[ Pooling Layer ]

|

[ Convolution Layer ]

|

[ Fully Connected Layer]

|

Output: Oor1
(Face Mask Needed /
Not Needed)

Figure 3 A schematic flowchart illustrating the Convolutional
Neural Network (CNN) model for binary classification
of lateral cephalometric radliographs. The input cephalometric
X-ray is processed through multiple convolutional and
pooling layers, followed by a fully connected layer, to
predict the necessity of using face masks to stimulate
midface growth. The output is binary: 1 indicates that face
masks are needed, while 0 indicates that they are not

required.
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Materials and Methods

This research is a comparative analytical study
designed to evaluate and compare the efficiency of
an Artificial Neural Network (ANN) and a Convolutional
Neural Network (CNN) in classifying lateral cephalometric

radiographs of pediatric patients with Class Il malocclusion.

As illustrated in the workflow diagram (Fig. 4), the research
process consists of three main parts: developing the ANN
model from structured data, developing the CNN model

from image data, and comparing their performances.

A WORKFLOW DIAGRAM FOR AN AUTOMATED
ORTHODONTIC DIAGNOSIS SYSTEM.

Data Preprocessing

Supervised Learning
Model Training
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Figure 4 A workflow diagram for an automated orthodontic diagnosis system.

Figure 4 presents the diagram that outlines
a workflow for developing an automated orthodontic
diagnosis system. It starts with extracting cephalometric
values from treatment records, which are then analyzed
using cephalometric imaging and deep learning. The results

are used for model embedding and evaluation, feeding into

an aleorithm that performs comparative analysis to classify
models. The predictions of the algorithm are assessed
using additional metrics, leading to the final deployment
of the system for Class Ill diagnosis and facemask treatment

prediction.
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Part 1: Development of the Artificial Neural Network
(ANN) Model
1.1 Data Collection and Preparation

1.1.1 Population, Sample, and Inclusion Criteria
Rationale The study population comprised pediatric
patients who received orthodontic treatment at a private
dental clinic in Chiang Mai Province, Thailand, between
2007 and 2023. Inclusion criteria were patients aged 3-12
years with good quality lateral cephalometric radiographs
and complete clinical diagnostic data. Exclusion criteria
included patients with a history of craniofacial surgery,
congenital craniofacial abnormalities, or syndromes
known to affect craniofacial growth.

The lower age limit of three years was deliberately
chosen based on established clinical evidence and best
practices. Skeletal discrepancies associated with Class Il
malocclusion, particularly maxillary deficiency, can be
reliably detected at this early stage, as demonstrated by
foundational studies.” This age aligns with the deciduous
dentition stage, which is widely recognized as the optimal
period for initiating interceptive orthopedic interventions
like facemask therapy.” Early diagnosis allows for treatment
before the puertal growth spurt limits the efficacy of non-
surgical interventions. Furthermore, the use of modern
digital lateral cephalometric radiography with low-dose
radiation protocols ensures that the diagnostic benefits far
outweigh the minimal risks for pediatric patients, a principle
supported by guidelines from the American Academy of
Pediatric Dentistry and established clinical literature.”*

This research protocol was reviewed and approved
by the Institutional Review Board of Ethics Committee
of Research Involving Humans, Nation University, Chiang
Mai, Thailand (Approval No. NTU. EC.1-041/2024). A final
sample of 195 cases was yielded, consisting of 66 boys
(33.85%) and 129 girls (66.15%).

1.1.2 Ground Truth Verification and Data
Labeling To establish highly accurate ground truth labels
essential for supervised learning, a rigorous two-step
verification protocol was implemented. First, initial
cephalometric parameters (e.g., ANB angle, Wits appraisal)
were automatically generated for all 195 radiographs using

specialized software. Following this, two experienced

orthodontists meticulously reviewed each case. They
integrated the software-generated skeletal values with a
comprehensive clinical assessment of the dental relationship
based on Angle's classification. Any discrepancies in
classification between the two orthodontists were
resolved through a consensus discussion until a definitive
classification (Class Ill or Non-Class Ill) was reached. This
meticulous, expert-validated process ensured the accuracy
and reliability of the ground truth labels of the study,
categorizing the dataset into 70 Class Il malocclusion
cases and 125 Non-Class Ill cases.

1.1.3 Cephalometric Variable Extraction For the
ANN model, a set of 14 specific cephalometric variables
was extracted from each radiograph using CephNinja®
Application Software. These variables, forming the structured
input for the ANN, were selected based on their established
significance in standard orthodontic cephalometric
analysis for evaluating skeletal relationships, facial
prognathism, and growth patterns pertinent to Class Il
cases. The variables are detailed as follows:

1.1.3.1 Skeletal Relationship: SNA, SNB, and
ANB Angles; Wits Appraisal; FMA and GoGn-SN
Angles; Maxillary and Mandibular Lengths (Co-A, Co-Gn);
Gonial Angle and Saddle Angle.

1.1.3.2 Dental Relationship: U1-SN and L1-NB
Angles.

1.1.3.3 Soft Tissue Profile: Upper and Lower
Lip to E-line.
1.2 Al Model Development Platform and Frameworks

The deep learning models in this study were
developed and evaluated within a unified, high-level
environment to ensure consistency and reproducibility.
The primary platform used was Orange Data Mining Tools
(version 3.39.0), an open-source visual programming
software for machine learning and data analysis. While
the modeling process was conducted visually, Orange
utilizes industry-standard open-source libraries for its
underlying computations. This allows for the power of
complex frameworks to be leveraged through an intuitive
and verifiable workflow:

1.2.1 ANN Implementation: The feedforward

Artificial Neural Network (ANN) was constructed using the
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"Neural Network" widget within Orange. This component
functions as an interface to the Scikit-learn library, primarily
utilizing its MLPClassifier implementation for network
training and optimization.

1.2.2 CNN Implementation: The Convolutional
Neural Network (CNN) was developed using the "Image
Analytics" add-on in Orange. This module integrates
with the TensorFlow/Keras framework, enabling the use
of pre-trained architectures like ResNet50 for transfer
learning and end-to-end image classification tasks directly
within the visual workflow.

By using this integrated platform, we were able
to rapidly prototype and compare both structured data
models (ANN) and image-based models (CNN) while
maintaining a high degree of methodological transparency.
1.3 ANN Model Development and Training

The structured dataset containing the 14 cephalometric
variables was prepared for model training using the Orange
Data Mining tool. A key step in data preparation involved
normalizing all numerical data to a uniform [0, 1] range
to enhance model performance and stability. The total
dataset (N=195) was then divided into a training set (70%)
and a testing set (30%) using stratified random sampling.
This stratification was based on the primary outcome of
the clinical need for facemask treatment to ensure that
both categories were proportionally represented in the
training and testing phases, thereby preventing biased
training and ensuring a robust evaluation.

The ANN model was constructed as a feedforward
network using the "Neural Network" widget in Orange. The
architecture consisted of a 14-node input layer, a single
hidden layer with the Rectified Linear Unit (ReLU) activation
function, and a two-node output layer using a Softmax
function for binary classification. The number of nodes in
the hidden layer was optimized via a grid search technique.
The model was trained using the Adam optimizer
(learning rate = 0.001), categorical cross-entropy as the
loss function, and L2 regularization (A = 0.01) to prevent
overfitting. A 10-fold cross-validation strategy was employed
over 1000 epochs with a batch size of 32 for a robust and

generalizable performance evaluation.

Part 2: Development of the Convolutional Neural
Network (CNN) Model
2.1 Input Data and Pre-processing

The CNN model was developed for end-to-end
classification directly from the lateral cephalometric
radiographic images, aiming to predict the necessity
of facemask therapy from raw pixel data without prior
extraction of numerical cephalometric values. The
input for this model consisted of the same set of 195
radiographs used in Part 1.

The image pre-processing pipeline involved
several crucial steps. All radiographs were first resized
to a standard 224x224 pixels to ensure uniform input
size for the network. Subsequently, pixel values were
normalized to a [0, 1] range. Acknowledging the limited
size of medical imaging datasets and its potential impact
on CNN performance, data augmentation techniques
were applied. This is a critical step to artificially increase
the size and diversity of the dataset, allowing the CNN
to learn more robust and generalizable features. The
augmentation included Rotation (+20°), Horizontal
Flipping, Shearing (+15%), and Zooming (0.8-1.2x). These
techniques have been demonstrated in the literature to
significantly improve CNN performance in cephalometric
classification tasks.’

2.2 CNN Model Architecture and Training

Atransfer learning approach was employed, uti-
lizing a ResNet50 architecture pre-trained on the ImageNet
dataset. This method is highly recommended for medical
imaging tasks with limited data, as it leverages features
learned from a massive dataset.” The model was fine-tuned
for this specific task by replacing the final fully connected
layers with a Logistic Regression classifier and implementing
Global Average Pooling to reduce the risk of overfitting.
The dataset was divided into an 80% training set and a
20% test set. The model was trained using the Adam
optimizer with a fine-tuning learning rate of 0.0001 for 50
epochs, utilizing a 20% validation split and early stopping
criteria to select the best-performing model iteration

and prevent overfitting.
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Part 3: Comparative Performance Evaluation
3.1 Evaluation Strategy

The performance of both the ANN and CNN
models was comprehensively and separately evaluated
to facilitate a direct and fair comparison of their efficiency.
The evaluation was based on a standard suite of machine
learning metrics, which were calculated from the predictions
made by each model on their respective unseen test sets.
These metrics were chosen to provide a multidimensional
assessment of the diagnostic capability of each model:

3.1.1 Classification Accuracy (CA): Measures the
overall proportion of correct predictions. (CA = (TP + TN)
/(TP + TN + FP + FN))

3.1.2 Recall (Sensitivity): Assesses the ability
of the model to correctly identify all actual positive
cases, crucial for minimizing missed diagnoses. (Recall
=TP /(TP + FN))

3.1.3 Precision: Evaluates the proportion of
positive predictions that were actually correct, important
for reducing false alarms. (Precision = TP / (TP + FP))

3.1.4 F1-score: The harmonic mean of Precision
and Recall, providing a single, balanced measure of the
performance of the model. (F1 = 2 x (Precision x Recall)
/ (Precision + Recall))

3.1.5 Area Under the ROC Curve (AUC): Quantifies
the ability to distinguish between classes across all
thresholds.

This rigorous evaluation strategy ensures a
robust comparison, the results of which are presented
in the following section to determine the most suitable

model for implementation.

The research results analyze and compare the

efficiency of deep learning models between Artificial
Neural Networks (ANNs) and Convolutional Neural
Networks (CNNs) using Image Embedding and Logistic
Regression in classifying cephalometric radiographs of

pediatric patients with Class Il malocclusion as follows:

1. Efficiency of the Artificial Neural Network model

The Artificial Neural Network model demonstrates
high efficiency, achieving a classification accuracy of up to
90.3%. It exhibits strong performance in terms of both
sensitivity and precision, which are crucial metrics for
evaluating classification models. Additionally, the model
boasts a high F1-score, indicating a well-balanced perfor-
mance between precision and sensitivity. This combination
of high accuracy, sensitivity, precision, and F1-score suggest
that the Artificial Neural Network model is highly effective
and reliable for its intended classification tasks.
2. Efficiency of the Convolutional Neural Network model

The Convolutional Neural Network model, which
utilizes Image Embedding and Logistic Regression with
Stratified Cross-validation using 20 folds, demonstrates
notable efficiency. The Logistic Regression component of
this model achieves an Area Under the ROC Curve (AUC)
of 0.750, indicating good discriminative ability. The model
also exhibits a Classification Accuracy of 0.716, suggesting
that it correctly classifies over 71% of the instances.
Furthermore, it attains an Fl-score of 0.715, which
represents a balanced harmony between precision and
recall. These metrics collectively indicate that the model
performs well in its classification task, showing a good balance
between identifying positive cases and avoiding false positives.
3. Efficiency Comparison

The comparison reveals that the Artificial Neural
Network (ANN) model significantly outperforms the
Convolutional Neural Network (CNN) model using Image
Embedding and Logistic Regression across all metrics.
The ANN model achieves a notably higher Classification
Accuracy of 90.3% compared to the CNN model of 71.6%.
The performance improvement is substantial, ranging from
19% to 24% across all metrics. The most striking difference
is observed in the Area Under the ROC Curve, where the
ANN model shows a 24.13% improvement. The consistent
superiority of the ANN model across all metrics underscores
its significantly better performance, indicating that it is the

more efficient and effective choice for the given task. Table 1
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Table 1 Comparison of performance parameters between Artificial Neural Networks (ANNs) and Convolutional Neural Networks (CNNs)

Performance parameters ANNs CNNs
Classification Accuracy (CA) 0.903 0.716
Recall (Sensitivity) 0.903 0.716
Precision 0.903 0.714
F1-score 0.902 0.715
Area Under the ROC Curve (AUC) 0.948 0.750

4. Additional Observations

Additional observations reveal that the CNN model
using Image Embedding and Logistic Regression may have
room for improvement, such as adjusting hyperparameters
or using more complex architectures. Other factors should
also be considered, including processing speed and ability
to work with different data sizes. Concluding the study, the
Artificial Neural Network model demonstrates superior
performance in classifying cephalometric radiographs of
pediatric patients with Class Il malocclusion. However, further
studies should be conducted to improve the efficiency
of the Convolutional Neural Network model using Image
Embedding and Logistic Regression, and statistical tests should

be performed to confirm the significance of the results.

Discussion

While this study revealed that the Artificial Neural
Network (ANN) model demonstrated superior performance
with an accuracy of 90.3% compared to the Convolutional
Neural Network (CNN) model's accuracy of 71.6%, the
findings from the ANN model hold significant and immediate
clinical applicability. The primary aim of this study was to
predict the necessity of using face masks to stimulate
midface growth in pediatric Class Il malocclusion patients,
and the ANN model has proven effective in this regard.
Clinical Implications and Facemask Treatment Prediction
The high accuracy of the ANN model (90.3%) in
classifying Class Ill malocclusion and identifying cases that
require facemask therapy positions it as a valuable tool
for orthodontic practice. The integration of such a model
into clinical workflows offers several direct benefits.
- Identifying Patients at Risk: The ANN model analyzes
crucial cephalometric variables to help clinicians

predict which pediatric patients exhibit skeletal

characteristics indicative of Class Il malocclusion
that would benefit significantly from early facemask
therapy. This predictive capability allows for proactive

identification rather than reactive diagnosis.

Reducing Treatment Delays: Early intervention
is paramount for successful Class Il correction,
especially when skeletal growth modification is
targeted. By integrating the ANN model into clinical
workflows, clinicians can identify optimal treatment
windows for initiating facemask therapy. This early
identification is critical for improving prognosis and
can significantly reduce the risk of more complex,
late-stage interventions or the eventual necessity for
orthognathic surgery in adulthood. This aligns with
findings by Pattanaik & Mishra6 who emphasized the
effectiveness of early intervention. Khan & Karra'also
discussed the benefits of early treatment in Class Il
malocclusion, reinforcing the importance of timely

intervention facilitated by predictive models.

Supporting Personalized Treatment Approaches:
Based on the comprehensive analysis of cephalometric
parameters and the predictions of the model, ortho-
dontists can leverage this information to customize
highly individualized treatment plans for their patients.
This data-driven approach enhances the precision
of diagnosis and treatment strategy, moving towards
more personalized orthodontics (Taraji et al,,'").
This expanded discussion, supported by relevant
literature, clearly articulates the direct relevance and practical
application of the ANN model in facilitating timely and
effective facemask interventions for Class Ill patients. The
ability of the ANN to provide accurate and consistent
predictions can aid both general dentists in referral

decisions and orthodontists in treatment planning.
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Why did ANN outperform CNN in this study?

In this experiment, the ANN model achieved
higher classification accuracy (90.3%) compared to the CNN
model (71.6%), as well as superior performance across
other evaluation metrics. Several key factors contributed
to this outcome.

Limited dataset size and CNN’s data dependency

A primary factor contributing to the performance
discrepancy is the limited size of the dataset in the
context of the data-intensive nature of a CNN. Deep
CNN architectures are designed to learn robust feature
representations by extracting complex spatial patterns
from images, a process that requires a large and diverse
dataset to be effective. This study, however, utilized
a dataset of 195 cephalometric radiographs, which is
insufficient to fully leverage the capabilities of a CNN, as
these models often need thousands of labeled images
to achieve strong generalization. This limitation is less
impactful for ANN models, which can be trained effectively
on smaller, structured tabular datasets. The strength of
ANN lies in its ability to learn directly from numerical
feature representations in this case, the 14 well-defined
cephalometric measurements rather than from raw pixel
data. This distinction is supported by existing literature; for
instance, Gabriele et al. (2003) noted that CNNs require
significantly more training data than traditional machine
learning models for cephalometric classification. Similarly,
a recent study by Zhang et al. (2024) found that while
CNN performance tends to deteriorate on small medical
imaging datasets, ANN models maintain their stability
when trained on structured numerical inputs.
Feature Representation and the Role of Data
Augmentation

Another critical distinction contributing to the
performance disparity lies in the method of feature
representation each model employs. The ANN model operates
on structured numerical inputs—the 14 pre-defined
cephalometric measurements. This approach makes it
inherently less dependent on large datasets because the
features provided are already high-level, curated, and
known to be diagnostically relevant. In essence, the complex

task of feature extraction was performed by human experts,

allowing the ANN to focus solely on learning the patterns
between these potent predictors.

In contrast, CNNs process raw pixel-based inputs,
requiring the model to autonomously learn and extract a
hierarchy of spatial features, from simple edges to complex
anatomical shapes. This end-to-end feature extraction is a
significant challenge for a CNN when working with a small
dataset, as it may fail to learn robust and generalizable
features. Consequently, this ANN model benefited directly
from the expert-curated cephalometric features, leading
to its superior accuracy. This finding aligns with existing
literature, where studies by Schwendicke et al. (2020)
emphasized that traditional ANNs remain highly effective
for structured dental data,” and Aksoy et al. (2022)
demonstrated that CNNs tend to underperform compared
to ANNs when trained on limited orthodontic radiograph
datasets."”

To overcome these challenges for CNNs, a viable
and highly recommended solution is the application of
data augmentation. By artificially increasing the size and
diversity of the training set, data augmentation can help
the CNN learn more robust feature representations, thereby
enhancing its predictive performance even with an initially
small dataset. For cephalometric radiographs, recommended
techniques include Rotation (+20°) to account for positional
variations, Horizontal Flipping to increase data diversity,
Shearing (£15%) to simulate distorted projections, and
Zooming (0.8-1.2x) to improve recognition of anatomical
structures at different scales. The effectiveness of these
methods is well-supported; for instance, Sabri et al. (2023)
demonstrated a 12% improvement in CNN accuracy in
dental image tasks, while Zhang et al. (2024) reported a 15%
increase in performance after applying similar techniques
on small medical imaging datasets."” This underscores
the critical role of data augmentation in future efforts to
successfully implement CNNs in this domain.

Al Models vs. Traditional Human Diagnosis

The traditional diagnosis of Class Il malocclusion
relies on the expertise of orthodontists in analyzing lateral
cephalometric radiographs, a process that can be both
time-consuming and subjective. In contrast, artificial

intelligence (Al) models offer a promising alternative
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by providing automated, consistent, and objective
assessments. A detailed comparison reveals the distinct
advantages and limitations of each approach.

In terms of diagnostic accuracy, the ANN model
developed in this study demonstrated a high performance
of 90.3%, placing it on par with the typical accuracy
range of experienced orthodontists, which is estimated
to be between 85-95% depending on their experience.
This stands in contrast to the CNN model, which achieved
a lower accuracy of 71.6%. A key advantage of the ANN is
its high consistency, as it operates based on a standardized
algorithm, thereby eliminating the inter-examiner variability
commonly observed among human clinicians.” While Al
models provide objective, data-driven results, the consistency
of CNNs can be moderate and data-dependent, whereas
human interpretation inherently varies between practitioners.

The most significant divergence is seen in efficiency
and processing time. The ANN model can analyze an image
in seconds, a stark contrast to the five to ten minutes
required for a manual assessment by an orthodontist.
This rapid processing capability presents a substantial
opportunity to enhance clinical workflow efficiency,
particularly in high-volume settings."® Furthermore, both
the ANN and CNN models eliminate the element of
subjectivity, which is a well-documented challenge in
traditional cephalometric analysis.

However, human expertise remains indispensable,
especially when considering the learning curve and the
ability to manage complex cases. While a pre-trained ANN
requires minimal setup and the CNN requires fine-tuning, an
orthodontist needs years of clinical training and experience.
This extensive training is crucial for detecting and managing
borderline cases, where nuanced clinical judgment is
paramount. The ANN model exhibits a strong ability for
pattern recognition from structured data, but an experienced
orthodontist excels by integrating a holistic view that
includes patient history, growth prediction, and other
contextual factors not available in a single radiograph
a level of comprehensive decision-making that Al
models currently cannot replicate.'’ Therefore, while
Al, particularly the ANN model, shows great potential as

a powerful diagnostic support tool, the irreplaceable

clinical judgment of orthodontists remains central to
patient care.
Improving Deep Learning Approaches and Future
Research Directions

Despite the promising results of the ANN model, there
is significant potential for further improving deep learning
approaches, particularly concerning the CNN model, for
diagnosing Class Il malocclusion in pediatric patients.
To enhance the performance of the CNN model, future
research should focus on data augmentation techniques.
As demonstrated by Zhang et al.'’ and Sabri et al.”®,
implementing data augmentation methods such as
rotation, flipping, zooming, shearing, and brightness
adjustment can diversify the training dataset and address
class imbalance issues. Zhang et al.'" reported that data
augmentation techniques improved the accuracy of their
model by 15%, while Sabri et al."® found a 12% increase
in model sensitivity using similar methods. It is proposed
to utilize platforms like Google Colab, which offers free
access to GPUs and cloud processing capabilities, to
implement various augmentation techniques. These
could include image rotation (£20°), horizontal flipping,
zooming (0.8-1.2), shearing and translation (+0.2), and
brightness and contrast adjustments (0.8-1.2). These
techniques will not only increase data diversity but also
mitigate the problem of imbalanced learning.

Moreover, the compilation of a larger and more
diverse set of cephalometric radiographs, encompassing
patients of various ages, genders, and ethnicities, as seenin
studies by Aksoy et al." and Kaya et al.*” would be crucial.
Aksoy et al."’ demonstrated that increasing dataset diversity
led to a 10% improvement in diagnostic accuracy across
different patient demographics. Similarly, Kaya et al.”’
reported enhanced model generalizability when trained
on a multi-center dataset. This step, combined with the
exploration of more complex CNN architectures and trans-
fer learning from pre-trained models, has the potential
to significantly improve the accuracy and reliability of the
CNN model. By addressing these aspects in future studies,
the aim is to develop a more robust and clinically applicable
Al system for orthodontic diagnosis. Such a system could

potentially outperform the current ANN model and ultimately
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improve early detection and treatment planning for Class lll

malocclusion in pediatric patients.

Impact of Gender on Class Ill Malocclusion

While this study primarily focused on model

performance, the influence of gender is a relevant factor
in Class lll malocclusion. Previous studies, such as Guyer et
al. (1986)%, have indicated a higher prevalence of Class Ili
malocclusion in males, potentially due to more pronounced
mandibular growth patterns. Although gender was included
as a variable, further statistical analysis, such as a Chi-square
test, could be performed in future work to investigate its
significance as a predictor in our dataset. This would provide
deeper, evidence-based insights into gender-related
differences for diagnosis and treatment planning.

Future research should also consider the following areas

« Feature extraction optimization Investigating advanced
feature extraction techniques specific to cephalometric
landmarks could enhance the model's ability to
identify key diagnostic indicators (Polizzi & Leonardi®).

 Multi-modal approach Integrating other types of
diagnostic data, such as intraoral scans or facial
photographs, alongside cephalometric radiographs
could provide a more comprehensive diagnostic tool.

» Longitudinal studies Conducting studies that track
patients over time could help in understanding the
predictive capabilities of the model for malocclusion
progression and treatment outcomes.

« Explainable Al (XAl) Developing methods to interpret
the decision-making process of the model could increase
trust and adoption among clinicians, as well as provide
insights into previously unrecognized diagnostic
patterns (Schwendicke et al,,'*").

« Clinical validation Extensive clinical trials comparing
the performance of the Al model against experienced
orthodontists across various clinical settings would
be crucial for validating its real-world applicability,
particularly focusing on the accuracy and efficiency
of facemask therapy prediction (Gabriele et al,,*).

« Ethical Considerations and Implementation Challenges
Address potential barriers to widespread clinical
adoption, including regulatory approval, data privacy

concerns, integration into existing clinical software,

and the need for comprehensive training for dental
professionals.
« Proposed Statistical Comparison for Future Work:
Although comprehensive comparative data with
manual diagnoses from orthodontist was not available
for this study, future research should include a statistical
evaluation of Al model performance. If such data
becomes available, a presentation is suggested.
1.Sensitivity & Specificity Analysis How well does
the ANN model detect true positive and true
negative cases compared to human diagnosis?

2.Inter-examiner Agreement (Cohen’s Kappa) Does
the ANN model provide more consistent results
than human raters?

3.Time Efficiency Comparison Measuring Al processing
time vs. the average assessment time of an ortho-
dontist.

In conclusion, while the current ANN model shows
promising results, particularly in its capacity to predict the
necessity of facemask treatment for Class Ill malocclusion,
there is substantial room for improvement in deep learning
approaches. By addressing the limitations of the CNN
model and exploring advanced techniques, we can work
towards developing a more accurate, reliable, and clinically
valuable diagnostic tool. This improved Al system has
the potential to significantly enhance early detection and
treatment planning for Class Il malocclusion in pediatric

patients, ultimately leading to better orthodontic outcomes.

Conclusion

This research demonstrates the superior performance
of the Artificial Neural Network (ANN) model compared
to the Convolutional Neural Network (CNN) model using
Image Embedding and Logistic Regression in analyzing and
classifying cephalometric radiographs of pediatric patients
with Class Il malocclusion. The ANN model showed
outstanding results with an accuracy of 90.3%, meaning it
could correctly classify images more than nine out of ten
times. Moreover, it exhibited high sensitivity and precision,
indicating a strong ability to identify true positive cases
accurately and reduce misdiagnoses in terms of both

false positives and false negatives. The high Fl-score
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further confirms the balance between the sensitivity and
the precision of the model. In contrast, the CNN model
using Image Embedding and Logistic Regression showed
inferior results. With an AUC of 0.750, which is considered
good but not excellent, the model achieved a classification
accuracy of 71.6% and an F1-score of 0.715. While these
results are acceptable, they are significantly behind the
performance of the ANN model. This comparison is crucial
in the field of orthodontics, as accurate diagnosis of Class Il
malocclusion is essential for treatment planning and
follow-up. The use of the ANN model could potentially
increase diagnostic accuracy, reduce treatment errors,
and lead to the development of highly efficient clinical

decision support systems in the future.
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Association between a Quantity of Bifidobacterium longum and Fusobacterium
nucleatum, Clinical Symptoms, and Radiographic Findings in Infected Root
canal of Primary Molars

Mirunti Chanovit' and Kemthong Mitrakul!
'Department of Pediatric Dentistry, Faculty of Dentistry, Mahidol University, Bangkok, Thailand

Abstract

To quantify Bifidobacterium longum and Fusobacterium nucleatum levels in the infected root canals of
primary teeth and to analyse the association between these bacteria, clinical signs and symptoms, and radiographic
findings. One hundred and twenty Thai children, aged 2 to 8 years old, were recruited from the Pediatric Dental
Clinic, Maha Chakri Sirindhorn Dental Hospital, Mahidol University, Nakhon Pathom, Thailand. The treatment received
was either pulpectomy or pulpotomy based on the diagnosis of the American Academy of Pediatric Dentistry (AAPD)
guidelines. Clinical signs and symptoms and periapical radiographs of the infected primary teeth were recorded. A
total of 120 samples were collected from primary molar teeth using aseptic techniques. DNA was extracted from
samples and quantitative real-time PCR was performed using fluorescent dye (SYBR green). Participants included
62 boys (52%) and 58 girls (48%). Mean age+standard deviation was 5.62+1.22 years old. Eighty-three participants
(69%) and 115 participants (96%) had clinical signs and symptoms and showed radiographic pathology of an infected
root canal, respectively. There was a 100% (120/120) detection rate using the 16srRNA universal primers. B. longum
and F. nucleatum were detected at 56% (67/120) and 57% (68/120), respectively. Range of total bacteria, B. longum
and F. nucleatum detection were 1.63x10>1.64x10", 0-1.17x10° and 0-2.02x10° cells/ml, respectively. Range of the
ratio of B. longum/total bacteria and F. nucleatum/total bacteria were 0-3.13x10™" and 0-7.13x10", respectively. The
ratio of B. longum/total bacteria correlated with clinical signs and symptoms in only the sensitivity to percussion
(p=0.043) while the ratio of F. nucleatum/total bacteria were correlated with three clinical signs and symptoms
which are sensitivity to percussion (p=0.027), sensitivity to palpation (p=0.001), and the presence of gingival abscess
(p=0.001). The ratio of B. longum/total bacteria were not correlated with any of radiographic findings while the
ratio of F. nucleatum/total bacteria were associated with the widening periodontal ligament (PDL) space (p=0.004),
periapical lesion (p=0.028), furcation involvement (p=0.002), and root resorption (p=0.027). In conclusion, B. longum
and F. nucleatum were detected higher than 50% in the infected root canal of primary teeth. F. nucleatum levels
showed positive correlation with many clinical symptoms and radiograph pathology, while B. longum levels showed

positive correlation with sensitivity to percussion.
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Introduction

Dental caries is one of the most prevalent chronic
diseases in the world. More than 530 million children
worldwide have dental caries in primary dentition which
impacts their quality of life." In Thailand, dental caries
prevalence in three and five year olds were 47% and 72%,
respectively.” Without proper treatment in time, bacteria
will eventually invade into the dental pulp and root canal
therapy is then needed to remove the infected pulp tissue.”
The need for root canal treatment in three and five year-old
Thai children were 10% and 19%, respectively.“

Dental biofilm on the occlusal surfaces of primary
teeth is associated with active carious lesions.” Once the
caries progresses deeper, bacteria which are located at the
advanced frontline of the biofilms are directly involved
in inducing damage and consequential inflammation
of dental pulp tissue. Eventually, the microorganisms
that initially occupy the pulp chamber and root canal
lumen invade the entire root canal system. Root canal
infection is a common consequence of dental caries.
Much effort has been made to study and analyse the
bacterial composition in caries lesions biofilm, especially
in relation to advanced caries. Previous studies of the
microbiology of advanced caries used a classical cultivation
of the bacteria and mainly focused on mature plaque
ecology.” Those studies have contributed to important
information about the predominant composition of the
biofilm in advanced carious surfaces, but do not include
yet uncultured organisms.”® Moreover, site-specific sampling
of advanced caries lesions has already been performed
and investigated by up-to-date molecular techniques,
but the studies have been limited to only advanced stages
of caries lesions involving the dentin.” ' There s still a
significant knowledge gap in bacterial composition within
the root canals especially in primary teeth representing
the complex ecology of root canal biofilm.

Previous studies have identified bacteria isolated
from carious lesions and vital carious exposure of pulp tissue
from primary teeth, results showed that the microbiota of
the carious exposed pulp was similar to those of carious
lesions."™™ The dominant bacteria detected in pulpitis

were S. mutans and Bifidobacterium." Another study

found that the most frequently detected bacteria in
deep dental caries and irreversible pulpitis were S. mutans,
Fusobacterium nucleatum, Veillonella, Lactobacillus
and Enterococcus faecalis.'™*®

Bifidobacterium longum is a gram-positive, rod-
shaped, non-filamentous, non-motile, non-spore forming,
anaerobic bacteria.” It is frequently detected in the human
oral cavity, although it may also be isolated from the human
gastrointestinal tract or infections. Many Bifidobacterium,
especially B. longum, have been isolated from root carious
lesions and from occlusal carious lesions in children and
adults.’” Moreover, it is one of the bacteria that has the
highest mean proportions in exposed vital primary pulp
due to dental caries.” It is acidogenic and acid resistant,
with the ability to survive prolonged exposure to low pH.
In addition, it is able to proliferate in an acidic environment
because of self-protection mechanisms in the absence
of an energy source. This ability of B. longum in an acidic
environment may account for the ability to proliferate caries
lesions in the presence of Streptococci and Lactobacilli.*
Recent studies have demonstrated an association between
Bifidobacterium and early childhood caries (ECC).”"** A
previous study in Thai children also reported that Bjfidobacterium
levels were significantly higher in the supra gingival plaque
of ECC children when compared with caries-free children.”
Also, our previous study showed that Bifidobacterium was
detected significantly higher in the pulp necrosis group when
compared with the irreversible pulpitis group.”

Fusobacterium nucleatum is gram-negative, rod-
shaped, non-spore-forming, non-motile, obligate anaerobic
bacteria that colonise in the oral cavity.” It has been isolated
from primary endodontic infections in adults.” F. nucleatum
is the most prevalent species found in root canal infections.”**
This microorganism has been found between 18%- 25% of
the pulp infections in primary teeth.””*° Previous studies
reported that . Nucleatum is associated with the clinical
condition and reflects the persistent instance of endodontic
infection in primary teeth.””* Fusobacterium species are
predominant in teeth with apical abscesses and are also
related to the degree of patient pain.” Even though many

studies have investigated the great diversity of bacteria
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h, " there

involved in endodontic infections in primary teet
are few studies among Thai children.'"” Our previous study
found that F. nucleatum was significantly higher in the pulp
necrosis group when compared with the irreversible pulpitis
group. In addition, it was correlated with clinical swelling
at the gingiva area.”

Quantitative real-time PCR shows a highly sensitive
and specific assay for the identification and quantification
of oral pathogens by using specific primers.” The purpose
of this study is to quantify B. longum and F. nucleatum
levels in the infected root canals of primary teeth and to

analyse the association between these bacteria, clinical

signs and symptoms, and radiographic pathology.

Materials and Methods

This study was approved by the Ethical Institutional
Review Board, Faculty of Dentistry and the Faculty of
Pharmacy, Mahidol University (MU-DT/PY-IRB 2020/DT049).
Participant selection

Based on a previous study with O = 0.05 and power
of 80%, using the software package Primer of Biostatistics
(McGraw-Hill, NY, USA). Sample size calculations determined
that a minimum of 69 children in each group was enough
to achieve statistical difference.”” A total of 120 primary
molar teeth from Thai children aged 2 to 8 years old were
selected for the study. All participants were chosen from
patients who came to the Pediatric Dental Clinic, Maha
Chakri Sirindhorn Dental Hospital, Mahidol University,
Nakhon Pathom, Thailand and needed pulpectomy or
pulpotomy treatment. Consent forms were signed. One
hundred and one samples were diagnosed with irreversible
pulpitis and 16 samples with pulp necrosis.
Clinical examination, inclusion and exclusion criteria

All participants had normal physical growth and
cooperated during dental treatment. Any who had any
systemic disease(s), taking any kind of antibiotics, had
professional fluoride application or any dental treatment
within two months prior to the sample collection period
were excluded.

A clinical examination was performed by two
pediatric dental residents. They were calibrated for

clinical examination (kappa co-efficiency = 0.80). Oral

examination was performed following the American
Academy of Pediatric Dentistry (AAPD) guideline.” The
diagnosis of a pulpal and periapical condition was based
on the AAPD guidelines.” Clinical signs and symptoms of
infected primary teeth included pain history, swelling and
pathologic mobility (grade I, II). For clinical presentation or
pulpal response, the presence of abscess or sinus tract,
the presence of tenderness to percussion and tooth
mobility were recorded. The roots should exhibit minimal
or no resorption. For the diagnosis, tooth was diagnosed
with irreversible pulpitis if it had 1) a history of pain; intense,
lingering pain to temperature changes, spontaneous
pain, diffuse or referred pain 2) Clinical examination; deep
caries, response to thermal stimuli, hypersensitive to cold,
excessive hemorrhage that is not controlled with a damp
cotton pellet after being applied for several minutes 3)
Radiographic examination; no evidence found of osseous
changes.

Tooth was diagnosed with pulp necrosis if it has
1) A history of pain; a few months ago, or no history of
pain 2) Clinical examination; deep caries that can be found
on pulpal exposure, no response to thermal stimuli, pain
on percussion if PDL (periodontal ligament) around
apical region is inflamed 3) Radiographic examination;
radiographic change and periapical lesions can be found.
Pre-operative radiographs were taken before pulpectomy
treatment in order to assess furcation involvement or
periapical radiolucency, pathologic external root resorption
and internal root resorption.

If the tooth was unrestorable, or root resorption was
more than 2/3 of the root length, or the degree of tooth
mobility was more than grade II, or showed a significant
gingival recession or periodontal pockets deeper than
4 mm, they were excluded.

Sample collection

A sample collection was performed using an
aseptic technique.” In each tooth, a single root canal was
sampled in order to confine the microbial evaluation to
a single ecologic environment. The criteria was to choose
the root canal with periapical radiolucency or the largest
canal: in the upper molars palatal canal, in the lower molars

distal canal.””* The teeth were cleaned with pumice and
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isolated with a rubber dam. The operative field was
sterilized with 20% iodine solution. An access cavity
preparation was accomplished by sterile bur using sterile
normal saline for the coolant. A sterile no. 15 K-file
(Maillefer, Ballaigues, Switzerland) was introduced to a
level approximately one mm short of the tooth apex,
then a discrete filing motion was applied. Afterward, two
sterile paper points were placed into the canal one by
one, with each left for one minute for absorbing all the
fluids. In case of a narrow root canal, filing was initiated
respectively with files no. 10 and no. 15, without rinsing.
These paper points were transferred to microcentrifuge
tubes containing 1.0 ml TE buffer and then immediately
frozen at -4°C. Samples were transferred to the Oral
Biology Laboratory and frozen at -20°C until the DNA
extraction process.
DNA extraction

DNA was extracted based on enzymatic lysis using
a commercial kit (Flavogen, Pingtung, Taiwan) as previously
described.” The extracted DNA concentration and purity was
measured using a spectrophotometer at 260 nm/280 nm
(Nanodrop 2000C Thermo Scientific, Delaware, USA).
Culture condition and standard strains

Two bacterial strains were used as standard strains.
B. longum (subspecies 51139) was purchased from BIOTEC
(National Center for Genetic Engineering and Biotechnology,
Bangkok, Thailand) and cultured on BL agar. F. nucleatum
(ATCC 25586) was cultured on Brain Heart Infusion agar.
Both strains were incubated at 37°C for 24-48 hours in

Table 1 Primers used in this study

anaerobic conditions (5% CO ). Genomic DNA was extracted
from the overnight culture as described above. A ten-fold
serial dilution, starting from 10°and diluted to 10*CFU/ml,
was performed.
Conventional PCR

Conventional PCR was performed to check all
extracted DNA samples with 16srRNA universal primers
(Table 1). Conventional PCR was performed as previously
described.”” Thermocycle (GeneAmp PCR System 9600
PCR machine, PerkinElmer, CA, USA) was set at 45 cycles.
The procedure started with preheating at 95°C for ten
minutes. Each cycle consisted of a denaturing step at
95°C for 30 seconds, annealing at 55.9, extension at 72°C
for 30 seconds, and incubation for an additional extension
at 72°C for 10 minutes.
Quantitative Real-time PCR

Using specific primers (Table 1), the reaction
mixture (total volume of 20ul) contained 8.2ul of water,
10uL of 2X KAPA SYBR® FAST gPCR Master Mix, 0.4ul of
10 pM forward and reverse primer, and 1l of standard
bacteria DNA. The thermocycler (C1000™ Thermal cycler
and CFX 96 Real-time System) was set for 40 cycles. Each
cycle consisted of enzyme activation at 95°C for three
minutes, denaturing at 95°C for three seconds, annealing
at 55.9, 53°C and 56.3°C for 20 seconds for 16srRNA
universal primers, Bifidobacterium and F. nucleatum,
respectively. Melting curves were generated from 60°C

to 95°C and read every 0.5°C for five seconds.”

Expected
Annealing
Primer name Nucleotide sequence (5’ to 3’) amplicon References
Temp (°c)
(basepair)
UniversalBAC16S F 5’-TGG AGC ATG TGG TTT AAT TCG A-3’ 160 55.9 Sinsimer et al,
R 5'-TGC GGG ACT TAA CCC AAC A3’ 2005
B. longum F 5’-CTC CTG GAA ACG GGT GG-3’ 550 53 Matsuki et al,
R 5'-GGT GTT CTT CCC GAT ATC TAC A-3’ 2004
F. nucleatum F 5’-CGC CCG TCA CAC CAC GAG A-3’ 75 56.3 Ammann et al,
R 5-ACA CCC TCG GAA CAT CCC TCC TTA C-3’ 2013
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Agarose gel electrophoresis

Amplified PCR products were checked with 2%
agarose gel (UltraPure Agarose, ThermoFisher Scientific,
USA) which was stained with ethidium bromide and the
gel images were captured with a digital imaging system
(Molecular Imager®Gel docTM Systems, Bio-Rad Laboratories
Inc., CA, USA).
Statistical Analysis

All data were recorded and analyzed using SPSS
23.0 software (Microsoft Corporation, USA). Data distribution
was tested using Kolmogorov-Smirnov (p<0.001). The
different amounts of two bacteria between two groups
using a Mann Whitney U test for non-parametric data
(p<0.05) were analyzed. Analysis for the correlation between
the amount of each bacterium, clinical signs and symptoms
and radiographic finding using Spearman’s correlation

test (p<0.05) was carried out.

Total participants included 120 children, (62 boys
(52%) and 58 girls (48%)) with mean age+standard deviation
5.62+1.22 years old. Ninety-five participants (80%) had a
history of pain, 83 (69%) presented with clinical signs and
symptoms, and 115 (96%) showed radiographic pathology
(Table 2). One hundred and one participants (84%) were
diagnosed with irreversible pulpitis, and 19 (16%) with
pulp necrosis.

There was a 100% (120/120) detection rate using
the 16srRNA universal primers. B. longum and F. nucleatum
were detected at 56% (67/120) and 57% (68/120),
respectively (Table 3). Range of total bacteria, B. longum

and F. nucleatum detection were 1.63x10%1.64x107, 0-1.

Table 3 Bacterial quantities detected by specific primers

17x10° and 0-2.02x10° cells/ml, respectively. Range of the
ratio of B. longum/total bacteria and F. nucleatum/total
bacteria were 0-3.13x10" and 0-7.13x10", respectively.
Meanzstandard deviation quantities of B. longum in
irreversible pulpitis group and pulp necrosis group were
2.84x10" and 1.08x10° cells/ml, respectively. Mean+standard
deviation quantities of F. nucleatum in irreversible pulpitis
group and pulp necrosis group were 1.2x10° and 3.07x10°
cells/ml, respectively. The ratio of B. longum/total bacteria
was correlated with clinical signs and symptoms in only the
sensitivity to percussion (p=0.043) while the ratio of F.
nucleatum/total bacteria were correlated with three
clinical signs and symptoms which are sensitivity to per-
cussion (p=0.027), sensitivity to palpation (p=0.001), and
the present of gingival abscess (p=0.001) (Table 4). When
further analyzed the association between bacteria and
type of radiographic pathology, results showed that the
ratio of B. longum/total bacteria were not correlated with
any of radiographic pathology. On the other hand, the
ratio of F. nucleatum/total bacteria were associated with
the widening periodontal ligament (PDL) space (p=0.004),
periapical lesion (p=0.028), furcation involvement (p=0.002),
and root resorption (p=0.027) (Table 5).

Table 2 General information of all subjects

Variables Total subjects N=120 (%)
Genders Boys, 62 (52%)

Girls, 58 (48%)
History of pain 95 (80%)
Clinical signs and symptoms 83 (69%)

115 (96%)

Irreversible pulpitis 101 (84%)
Pulp necrosis 19 (16%)

Radiographic pathology

Diagnosis

Bacteria Prevalence Median (cells/ml) Range (cells/ml)
Total bacteria 120/120 (100%) 48.8x10° 1.63x10%-1.64x10"
B. longum 67/120 (56%) 0.358x10° 0-1.17x10°
F. nucleatum 68/120 (57%) 1.65x10° 0-2.02x10°
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Table 4 The association of bacterial proportion with each type of clinical signs and symptoms

Variables B. longum/total bacteria F. nucleatum/total bacteria
Correlation coefficient p-value Correlation coefficient p-value
Sensitivity to percussion 0.185 0.043% 0.202 0.027*
Sensitivity to palpation 0.053 0.566 0.295 0.001*
Gingival abscess 0.053 0.566 0.304 0.001*
Tooth mobility -0.025 0.786 0.113 0.218

* Correlation at the significant level of p<0.05

Table 5 The association of bacterial proportion with each type of radiographic pathology

Variables B. longum/total bacteria F. nucleatum/total bacteria
Correlation coefficient p-value Correlation coefficient p-value
Disrupt lamina dura 0.101 0.274 0.165 0.071
Widening PDL space 0.066 0.473 0.264 0.004*
Periapical lesion 0.082 0.372 0.201 0.028*
Furcation involvement 0.080 0.386 0.281 0.002*
Root resorption -0.065 0.481 0.202 0.027*

* Correlation at the significant level of p<0.05

Discussion

F. nucleatum is one of the predominant species
that are isolated from acute periapical abscesses in both
primary and permanent teeth by the cultured method.”
Using a PCR technique, Siqueira and colleagues examined
bacterial species in samples from pulp necrosis with
periapical lesions, and reported that the prevalence of F.
nucleatum was 14%.”" Fabris and colleagues investigated
103 necrotic pulp samples and seven fistula samples
from primary teeth. They found F. nucleatum at 25%.”
In addition, a study by Yang and colleagues reported that
one of the dominant taxa isolated from primary teeth with
acute periapical abscesses was F. nucleatum at the
prevalence of 18% using a polymerase chain reaction—
denaturing gradient gel electrophoresis technique (PCR-
DGGE).” In another study by Topcuoglu and colleagues,
they investigated the microbial composition of endodontic
infection from 30 root canals in primary teeth using
microarray. They found that F. nucleatum was the most
frequently isolated bacterium, as high as 97%.* From
our previous study, F. nucleatum was found at 99%.” In

this study, the prevalence of F. nucleatum was 57% which

is lower than our previous study, which might be from
the difference in sample demographic and the lower pulp
necrosis group. Another previous study found the mean
level of F. nucleatum in the irreversible pulpitis group and
pulp necrosis with sinus tract group in permanent teeth
were 15.38 x 10° and 5.59 x 10°, respectively." Their results
showed the higher levels of F. nucleatum in the irreversible
pulpitis group which is different from this study. A different
detection rate among studies might be from the different
guidelines of pulp diagnosis between permanent and
primary teeth and the technique used to identify bacteria.
Other reasons contributing to the different prevalence rate
might depend on many factors, such as target sample,
sample size, severity of infection, technical sensitivity,
and microbial identification method.

Several studies previously revealed that F.
nucleatum has been associated with clinical symptoms.
In permanent teeth, F. nucleatum was reported to relate
with a history of pain, tenderness to percussion, gingiva
swelling, fistula, purulent exudate, and periapical

14,42

radiolucency.™™ In addition, some studies in primary teeth
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showed that F. nucleatum was detected more often in
teeth that were tender to percussion and where mobility

14,42
was present.”™

Another study obtained samples from
30 teeth in children with both primary and permanent
dentitions found a relationship between F. nucleatum and
hemorrhagic exudate, purulent exudate, and periapical
radiolucency.” This study added more correlation between
F. nucleatum and each type of clinical signs and symptoms
and types of radiographic pathology as shown in the results.
Correlation analysis between bacterial proportion and
clinical signs and symptoms in this study show that
sensitivity to percussion, sensitivity to palpation, and
gingival abscess were correlated with the proportion of
F. nucleatum, which is similar to a previous study by Yun
and colleagues. They found that F. nucleatum was
associated with the clinical condition and reflected the
progression of endodontic infection in primary teeth.”
Another study revealed that acute symptoms of pain, history
of previous pain, tenderness to percussion and swelling
in permanent teeth were associated with F. nucleatum.®
Data from this study help to confirm the role of £. nucleatum
in the root canal infection in the primary teeth. Previous
studies had reported that gram-negative bacteria cell
wall containing endotoxin can stimulate the release of
bradykinin which is a pain mediator that is associated
with acute symptoms such as pain.” The apical part of a
root canal has low oxygen tension and large availability
of proteins and glycoproteins which contributes to anaerobic
bacteria establishment. Most of them are strictly anaerobic
species, such as F. nucleatum, Porphyromonas endodontalis,
Tannerella forsythia and Treponema denticola.”

This was the first quantitative analysis of B. longum
in infected root canals in primary teeth in Thai children.
The difference between this study and our previous study
was that in this study, B. longum was specifically detected
while in our previous study Bifidobacterium genus was
identified and results in this study showed that the detection
was higher.”” Our previous study has led us to further
evaluate B. longum species specifically. Moreover, we
would like to confirm the role of these bacteria by selecting
study participants from different demographics. Another

difference between this study and our previous study was

that in this study, the correlation between these bacteria
and radiographic findings was further analyzed which was
lacking in our previous study. Most previous studies were
done to analyze the association between this bacteria
and advanced dental caries. Previous studies reported
that Bifidobacterium was detected in human saliva,
the levels of Bifidobacterium in dental plaque were
significantly higher in children who had carious lesions

compared with caries-free children.”**

A previous study
found that, in active cavitated enamel lesion, Bifidobacterium
were notably abundant and present in the outer layers
of the biofilm at the cavity entrance.” Several previous
studies found Bifidobacterium mostly in deep dentinal
caries.”™* Previous studies have suggested that bacteria
located in advanced dental caries are directly involved
in inducing damage and consequent inflammation in
the pulp tissue, and Bifidobacterium is one of those
bacteria that are involved in pulpal inflammation and

initiate endodontic infection.”>*’

In addition, it was found
in the primary teeth with necrotic pulps in children aged
4-7 years old together with Streptococcus intermedius.”’
In this study, it was found that B. longum was significantly
associated with the sensitive to percussion clinically.
Bifidobacterium were shown to have similar acidogenicity
and aciduricity to S. mutans and the ability to produce an
acidic environment, to resist low pH and to promote biofilm
formation when co-adhered with primary colonizers.*
The acidogenic and aciduric ability of B. longum might play
a role in helping it to survive in deep dental caries and
invade the pulp in the early stage of pulpitis. Haukioja and
colleagues reported that Bifidobacterium bound well to
F. nucleatum coated surfaces, indicating the importance
of other oral bacteria in modulating the colonization
potential of the strains.* This might be one of the reasons
that the detection of Bifidobacterium was in the same
direction as F. nucleatum. Taken together, Bifidobac-
terium was detected in the advanced dentinal caries
and was found in the early stage of reversible pulpitis.
When the reversible pulpitis progressed to irreversible
pulpitis or necrotic pulp, F. nucleatum was detected
more often and correlated with more clinical signs and

symptoms and radiographic pathology as mentioned
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above. More studies from different populations would
be recommended to confirm the relationship between B.
longum and endodontic infection. This study might not be
immediately usable in the clinical application. However,
bacterial infection is the cause of caries and pulp infection.
This finding could be part of precision preventive dentistry,
e.g. to develop a caries risk assessment tool kit from saliva.
Or when technology is more accessible, the bacterial
biomarker of an individual could be useful to precisely
select root canal treatment materials. Furthermore, this
study added up the important role of these bacteria
and their association with the clinical symptoms and
radiographic findings which only a small number of
studies were published.

In conclusion, B. longum and F. nucleatum
were detected in more than 50% of the infected root
canals of primary teeth. The ratios of B. longum and F.
nucleatum to total bacteria were associated with clinical
signs and symptoms of pulp infection in primary teeth.
The ratio of F. nucleatum to total bacteria was positively
correlated with sensitivity to percussion, sensitivity to
palpation, gingival abscess, and radiographic pathology
including the widening periodontal ligament (PDL)
space, periapical lesion, furcation involvement, and root
resorption while the ratio of B. longum to total bacteria

was positively correlated with sensitivity to percussion.
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Abstract

In recent years, artificial intelligence (Al), particularly large language models (LLM), has advanced rapidly and
been applied across various sectors, including healthcare and dentistry. A prominent application is the development
of chatbots that simulate human-like conversations using natural language processing (NLP). These tools can assist
in patient education, especially when providing accessible explanations of complex medical procedures. However,
the quality of information they provide in non-English languages, such as Thai, remains underexplored. This study
aimed to assess the quality of Thai-language responses generated by LLM-based chatbots regarding orthognathic
surgery combined with orthodontic treatment (OGS). To evaluate the quality of information provided by Thai-language
LLM-powered chatbots in response to frequently asked patient questions about orthognathic surgery with orthodontic
treatment. Two board-certified oral and maxillofacial surgeons created a set of 10 frequently asked questions in Thai
about OGS. These were submitted to four major Al chatbot platforms: ChatGPT (GPT-40), Google Gemini (Gemini 2.0
Flash), Anthropic Claude (Claude 3.5 Sonnet), and Microsoft Copilot (standard version with o1 reasoning), using only
their free or basic versions. Chatbot responses were anonymized and coded to blind the evaluators. Two experienced
OGS specialists independently assessed each answer using the Global Quality Score (GQS), which evaluates five
domains: accuracy, completeness, clarity, relevance, and consistency. Scores were recorded in Microsoft Excel and
analyzed using descriptive statistics. Inter-rater reliability was measured using the intraclass correlation coefficient.
Gemini 2.0 Flash scored highest in accuracy (3.90 + 1.66), followed by Copilot (3.40 + 1.58), GPT-40 (2.80 + 1.23),
and Claude 3.5 Sonnet (2.40 + 1.07). For completeness, Gemini led again (4.70 + 0.95), while Claude had the lowest
score (3.90 + 1.10). In clarity, Copilot ranked highest (4.50 + 0.85), and Claude lowest (2.80 + 0.79). In relevance,
Gemini scored highest (4.40 + 0.84), while Claude trailed (3.30 + 0.67). Copilot achieved the highest consistency
(4.70 £ 0.48), and Claude the lowest (3.80 + 0.92). The overall inter-rater reliability for GQS was good. The quality
of responses generated by Thai-language LLM chatbots on OGS-related topics varied between platforms. Google
Gemini 2.0 Flash demonstrated the highest overall performance across multiple evaluation domains. While GPT-4o
produced understandable content for general users. To enhance chatbot reliability, Thai healthcare professionals
are encouraged to contribute high-quality, accessible Thai-language content for model training. Chatbots may serve

as supplementary tools for patient education but should not replace professional medical consultation.

Keyword: Orthognathic Surgery, Chatbot, Artificial Intelligence, Orthodontics treatment, Large Language Model
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yosvdeviengusrasdiinmun Lifidomuanides uay
puasinaue (Consistency) Aemunsiiveswuinn nsld
AN LLazsﬁa;&amﬂuLﬁamLﬁmﬁuimshiﬁﬂmwﬁ’mlﬁﬂ
wioliaenndestiu Tnemsed 2 wanunasinsliavuu
Tuuraganuy ﬂsLLuuisﬁ’U@mmwmaﬁaaﬂaﬁgﬂﬂi&.ﬁufu%
gninandudinbilulusunsy Microsoft Excel365 (Microsoft
office365, Microsoft, Redmond, WA) lag5e311319n15Wa150u1
Tringuuu fuszidiuazlimsuTevedusunsu AICB Mdurian
mnoUl# (single blinded) fiNsMsinAmANLADAARBITENIN
AUsZAI (inter-rater reliability) MntusyFuasLuuRlaann
2 Q’i%’a%ﬁﬂmﬁm%aﬁs neuthluusyanananeoly
adanldlunuide

finsnuaadfidanssan (descriptive statistics) Yos
Toya Favauie Annde wavdnideauunasgiu maSeudioy
AZLUUTEVIN 4 AICB NIATI9IAIY one-way ANOVA 113
Anseinmualulusunsuiinsiestadn Jamovi [The jamovi
project. (2025). jamovi (Version 2.6) [Computer Software].
Sydney, Australia: The jamovi project. Retrieved from

https://www.jamovi.org]
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M3UsziiuAANAMEUIN AICB FoAlUsuNTLLARS
Blumssef 2 wuhenuaenndessewinagUssidiu (inter-rater
reliability) i1 0.82 Feagfluszsivd Wlefinsanmalas sy
uiaediA wude e iauesiiiaAeasiign (4.30 + 0.79) vaugil
suenugndesiiAadmiian (3.13 + 1.47) uandliiuin
TnemlummeunnynlusunsudanuasduaniluBnssny
wigsdlemaupnansiuluuimuuiuswesdoya iowdnilng)
fawesuiunadaulusziuifenn lasrade e
ANuATUTILEYT 4.18 + 1.08 LAz sTAluef 3.73 + 111
(5Uf 2 waenn91971 2) Ameustmunvessay AICB gnuandly
Supplement data 2

FenBsuidivununmdinoussnirelusunsy wui
Gemini 2.0 Flash flnzuuugsiignlunanesu lagiamzsy
ANUATUNIY (4.70 = 0.95) UATAINNADY (3.90 = 1.66)
s03a3u1#A8 Copilot with o1 reasoning Fdlamsludunim
asiuawe (4.70 + 0.48) du GPT-do Hasuuusglussiuuunang
Tunnfif vauzi Claude 3.5 Sonnet IdAziuusianlugy

AmgNHDe (2.40  1.07) nadwsilasviouliiiufiamauansg
vosfnoamusazlumalunslideyainsuiu daau ua
gnéiea Iae Gemini 2.0 Flash fluwalilsidmeuiinseungy
waziiladedigalunnsay (Ul 2 uazmsnad 2)
dlolezinausnmuanuita 10 de (e 1
waz3Ul 3) wud anude 6 uade 10 IdAzuuuALgRFes
qeiian (4.25 peuwn) vauedl 4o 8 Idnsuuusaniiios 1.00 Asuuu
wiazllnghuunUANNATUIIULAYAUTARE Wienvazyiou
felamenugniesesdeyaluuidusunsu Tusuanuasuiu
Anude 7, 8,9 way 10 leiazuudn 5.00 uansdsnsliteya
finseunqu dnilusuanadaiau dawde 10 Ifezuuugagn
4.50 vauzditio 4 uae 7 lfazuuusgn 3.00 Fsenaifgateatu
Tnssaianwmesuuuumsnouilidneu lneaud wams
Wisuiisuuandliiiudn Gemini 2.0 Flash finaun1nues
fmeulnesinAianlunniii vaiedl Claude 3.5 Sonnet i

o

ALNEWTgR waw Copilot with o1 reasoning Tirney

a

Pagauafan

q

All prompts and questions were
carefully reviewed by all researchers.

Review of FAQs by 2 researchers

Collected answers from 4 different
chatbots within a day

Blinded evaluation of answers by
2 researchers within a day

Prompts were excluded when all
chatbots misunderstood them.

JUT 1 amesuensrumTIsEINEIiUNsUsHdunain mYesRIme U NlUTUNTI Al chatbot 4 Tusunsu laun ChatGPT, Gemini, Claude

uag Copilot sloA10mWUVeeAgiy OGS Gegnaiileegde 2 au sauviavue 10 Aratuvan amdulamonudhlusunsu Al lng

idenldeiduns vimiuvuindimevleeluitnweTelusunsulizusuidug (single-blinded) §Uszilufiogide vy 2 TreUsviduannIm
Amaulneld Global Quality Score (GQS) utiutly 5 sedvFuanisigazidenlunis1ei 2

Figure 1 The diagram illustrates the research process regarding the evaluation of answer quality from four Al chatbot programs:

ChatGPT, Gemini, Claude, and Copilot, in response to frequently asked questions about OGS. The main questions—10 in total—

were created by two researchers. These questions were then input into the Al programs using their free versions. The responses

were recorded without revealing which program produced which answer (single-blinded). Two experts served as evaluators, assessing

the quality of the answers using the Global Quality Score (GQS), which consists of five levels detailed in Table 2
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7157997 1 ﬂ°7ﬂ7llﬁgflfl7ﬂ‘l/680‘requent asked questions: FAQ) ﬁgﬁﬂ%o[ﬁlﬂﬁ'ﬁ?fﬂ 2 v

Table 1 The frequently asked questions (FAQs) were created by two researchers

YAANUNEN FIUIUANNNY DY
1. msednvinsslnssiuiunsinitufessls 1
2. MIWFaungslng 1 ¥3e 2 ¥1n55iAs wansnaiueeals 1
3. TausnA1esEnIemsdnneudaiiy warn1siniluneurisin dusuniseidnunssinssintunisdnilu 1
4. ndsdnvnssinssiuiunisdnily S1dudeainilurselyl 1
5. MInFRvINssinssuAunsiailumsiunuriumunmdiailuieunselunufasunmsudindalamiFuanou 2
mszezls
6. lunthilen wie seeBufen anunsoutlalenisehdannssinslavsolsl 2
7. gwnsiianunsanuldndminiidauinsslns wazesmuuiuiile wasmuemsunildidlela 3
8. dpuUN1IPHARYINAYRIAUNA uTeIU MR INFATINTSINS 1
9. msidounns Sudusesimientunsideunnsslnsvielsl nszwmnle 2
10. néan1swsinnssing Menaiarldradnsliidulunmudisosnismioll winliszaunnudisa 3

aansauslulavseld msudludiels

Accuracy

All Chatbots

standard Copilot
with o1 reasoning

Gemini 2.0 Flash

Ui 2 windwesiSeuiieunailunisusadu 5 arvan laln Asgnaed (Accuracy), AIwATUGIU (Completeness), Aatudau (Clarity),
A1AET89 (Relevance), uagaaiuasiuase (Consistency)
Figure 2 Parameters used to compare evaluation criteria across five main aspects based on the Global Quality Score (GQS): Accuracy,

Completeness, Clarity, Relevance, and Consistency.
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#1579 2 Aiade Global Quality Score (GQS) uvsnmwiInvassNUEN
Table 2 Average Global Quality Score (GQS) by Type of Chatbot

Accuracy Completeness Clarity Relevance Consistency

(Means+SD) (Means+SD) (Means+SD) (Means+SD) (Means+SD)
ChatGPT (GPT-40) 2.80+1.23 4.10+1.20 3.50+0.97 3.80+0.63 4.20+0.79
Google Gemini 3.90+1.66 4.70+0.95 4.10+1.10 4.40+0.84 4.50+0.71
(Gemini 2.0 Flash)
Anthropic Claude 2.40+1.07 3.90+1.10 2.80+0.79 3.30+0.67 3.80+0.92
(Claude 3.5 Sonnet)
Microsoft Copilot (standard 3.40+1.58 4.00+1.05 4.50+0.85 4.20+0.92 4.70+0.48
Copilot with o1 reasoning)
Total 3.13+1.47 4.18+1.08 3.73+1.11 3.93+0.86 4.30+0.79
P-value' 0.13 0.33 0.002* 0.03* 0.07

+ 1USEULTIEY one-way ANOVA 5379 AICB 914 4 Tusunssl

5

| 1 i
]
|
il 2 3 4 [3 T 8 ]

Acccracy Completeness M Clarity m Relevance Consistency Overall

U3 msuszdluuens uan i 10 70 WeAnAadenzuuLyesn lUSUN UMY UBNLENG 11AI0 1

Figure 3 Evaluation results by individual question across all 10 questions, showing the average score of each chatbot program per question

univsal

NnEaNsAnwHansaazhsuliiufnenmuas Al ATUGNABY, AUATUNIL, ANNTALIY, ANIALITR Uay

Todrinvesnsiinminglumsleudeyag ACB ¥liasnen 4 anuaiiiaue) wudn AICB uiazilyinadnsiuansdneiu lng

Tusunsuiituindeusie LLM lumsTideyamariuanssuiams
yaifieaiu 06s Tnsnsussiliunnnmdneues AICB 1ia 4
TUsunsy lawn GPT-Go, Gemini 2.0 Flash, Claude 3.5 Sonnet way
Standard Copilot with o1 reasoning Wutnaust GQS (lu 5 Au

rnzidefinnsandiadousaziu Anadevesnugnies
Tnesawagil 3.13+1.47 Sefenegluszduuunans las Gemini
2.0 Flash Isiazuuugsiignil 3.90+1.66 vzl Claude 3.5
Sonnet fiagiuusiignil 2.4041.07 wansfanruaneng
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e atuddanusudulunsussdiugunmues
AIMBUBLNINTBUATU UazkandlAUEIAIINUIALABUTDS
foyaieatunmsquanuomdshdalulinantuilng 14
unihfivesfidomaamemalagianzegisdedaounme
FosnuazuinTalawidea vieviunwnmgdnitulunisnis
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Abstract

The transfer of Subdistrict Health Promoting Hospitals (SHPHs) to Local Administrative Organizations (LAOs)

in Tak Province is part of Thailand’s decentralization strategy. In this process, five SHPHs, including their oral health

services, moved under the jurisdiction of local municipalities and Subdistrict Administrative Organizations. This change
brought a shift in command structure and required personnel to adapt to new organizational cultures and methods. To
understand these changes, researchers conducted qualitative interviews with 26 stakeholders, including LAO executives,
SHPH leaders, dental therapists, and district hospital dental heads. Through content analysis, three central themes
emerged. Firstly, resistance surfaced during the transfer due to differing interpretations of readiness between national
public health authorities and local bodies. Secondly, personnel were compelled to adapt and negotiate in their roles,
carefully balancing official regulations, professional standards, and the welfare of local residents. These negotiations
reflected a shift in power dynamics and information asymmetry between professionals and the community after the
transfer. Lastly, the identity of oral health services evolved as local support increased, giving dental therapists to
engage more in their profession, though oversight mechanisms remained somewhat unclear. In summary, while the
transfer process faced friction, it highligshted the determination of both local authorities and SHPHs to succeed in
the new arrangement. The differing notions of readiness underscored fundamental contrasts between public health
and local administrative perspectives. For long-term success, personnel must be fluent in regulations, know their
professional boundaries, and build strong negotiation skills. Importantly, as local organizations bolster their support
for oral health services, clear and consistent oversight frameworks are needed to ensure quality and accountability

in the system.

Keywords: Decentralization, Adaptation, Oral Health System, Subdistrict Health Promoting Hospitals (SHPHSs), Local
Administrative Organizations (LAOs)
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Abstract

This study aimed to examine the level of sweet preference and the influencing factors, including social and

cultural conditions, among pre-elderly Thai-Malay Muslims. A mixed methods design was employed. In the quantitative
phase, 263 participants aged 40-59 years residing in Saiburi District, Pattani, were assessed for sweet preference
using the free-choice method with six sucrose concentrations. Interviews were conducted to collect data on sex,
education, income, occupation, residence (coastal/inland), urbanicity (urban/rural), body mass index (BMI), age, and
self-perceived sweet preference. Data were analyzed using Chi-square tests, odds ratios and logistic regression. The
qualitative study was conducted followed the quantitative study by selecting participants from each extreme group
(highest and lowest) for semi-structured interviews on social and cultural influences. Among the 263 participants,
most were female with low socioeconomic status. High sweet preference (>10 °Bx) was found in 37.3%. Logistic
regression analysis showed that occupation and self-perceived sweet preference were significantly associated with
the level of sweet preference. Labor-intensive workers were twice as likely to prefer higher sweetness level than
non-labor workers (OR = 2.0, 95% Cl: 1.1-3.5). Those perceiving themselves as sweet likers were 2.2 times more
likely to prefer higher sweetness than those who were neutral or dislike (OR = 2.2, 95% Cl: 1.3-3.9). In the qualitative
phase, 10 participants from each group (highest and lowest sweet preference group) were include, content analysis
revealed that participants with high sweet preference perceived sweetness as refreshing and energizing during heavy
work, sweet perception reinforced by family and environmental contexts. In contrast those with low sweet preference
often mentioned health concerns or family influences discouraging sugar use. Cultural practices including sweet
food consumption during Ramadan, serving sweet dishes to guests, and offering sugar in religious ceremonies were
identified as additional factors shaping sweet preference. In conclusion, strategies to reduce sugar consumption

should integrate social and cultural contexts to ensure sustainable behavior change.

Key words: Sugar, Muslims, Sweet preference, Melayu culture
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Table 1 General characteristics of participants (n = 263)
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Variables n %
Age (X = 48.95, S.D = 5.80, Min-Max = 40-59)

40-49 years 137 52.1

50-59 years 126 479
Sex

Male 16 6.1

Female 247 93.9
Education level

Primary school or below 90 34.2

Secondary school and vocational certificate 156 59.3

Bachelor’s degree 17 6.5
Occupation

Daily wage workers, agriculture, fishery (labor-intensive) 163 62.0

Trading, private business (non-labor) 33 12.5

Government officers, employees, state enterprise staff (non-labor) 12 4.6

Housewives, unemployed (non-labor) 55 20.9
Monthly income

Less than 10,000 THB/month 231 87.8

10,000-20,000 THB/month 24 9.1

More than 20,000 THB/month 8 3.0
Residential area

Urban 67 255

Rural 196 74.5
Coastal Area

Coastal 50 19.0

Non-coastal 213 81.0
Body Mass Index (BMI) (X = 25.27, S.D = 4.50, Min-Max = 14.87-37.78)

Underweight and normal weight (BMI < 23) 85 323

Overweight and obese (BMI > 23) 178 67.7
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Table 2 Sweet preference levels and self-perceived sweet preference (n=263)

Variables n %

Sweet preference level (M./ °Bx)

0.075/2 33 12.5
0.15/5 55 209
0.3/10 77 293
0.6/20 a4 16.7
0.9/30 a2 16.0
1.2/81 12 a6
Sweet preference level (low vs. high)
Low (< 10 °Bx) 165 62.7
High (> 10 °Bx) 98 37.3
Self-perceived sweet preference
Like sweet 92 35.0
Neutral 135 513
Dislike sweet 36 13.7
nansAnwnui dadefiduiusiussduanuvey  sefuiigendn endndtlildussnu (Fene wihoussns ey
vugaazsn egnslidedfmeada loud evg eviwuaznns uazwaitiu) fe 2.3 i wasnuidRisUEIause UL 2wl
fufnnuveusavILYRIAY (13797 3) engueny 50-59 gFUANUTEUMINLTIYBUIINMSNAABY gendniisuFinnu

H3AuAUTeUMIUEINIIYNeNY 40-49 U 1.7 Wi ondindl - ilveuvSeilae q fusavau fe 2.5 i
sdltiusanu (1 Insude InensnswarUsea) innuseuniny

AN 3 AIUAUNUESTHUAIIUTOUNITY (>10° Bx Uay <10° Bx) AUFIMUIoase

Table 3 Association between sweet preference (>10 “Bx vs. <10 °Bx) and independent variables

Sweet preference

Variable
High (>10° Bx) Low (<10° Bx) OR (95% CI) p-value
Age
50-59 years 55 (43.7%) 71(56.3%) 1.7 0.040*
40-49 years (ref.=0) 43 (31.4%) 94 (68.6%) (1.0-2.8)
Sex
Female 92 (37.2%) 155 (62.8%) 1.0 0.984
Male (ref.=0) 6 (37.5%) 10 (62.5%) [0.4-2.9]
Education level
Primary or below 38 (42.2%) 52 (57.8%) 1.4 0.230
Secondary or higher (ref.=0) 60 (34.7%) 113 (65.3%) [0.8-2.3]
Occupation
Labor-intensive ' 72 (44.2%) 91 (55.8%) 23 0.030*
Non-labor ? (ref.=0) 26 (26.0%) 74 (74.0%) (1.3-3.9)
Income
>10,000 THB/month 88 (38.1%) 143 (61.9%) 1.3 0.453
<10,000 THB/month (ref.=0) 10 (31.3%) 22 (68.7%) [0.6-2.9]

66 JDENT ASSOC THAI'VOL.76 NO.1 JANUARY - MARCH 2026



-

AAAAAA

AITNI 3 AIIUFUIUSTEHIUAINYOUNITY (>10° Bx Uae <10° Bx) AuUmuUsdasy (9e)

Table 3 Association between sweet preference (>10 °Bx vs. <10 °Bx) and independent variables (cont.)

Sweet preference

Variable
High (>10° Bx) Low (=10° Bx) OR (95% CI) p-value
Residential area
Urban 26 (38.8%) 41 (61.2%) 1.1 0.762
Rural (ref.=0) 72 (42.6%) 124 (57.4%) [0.6-1.9]
Living in coastal area
Yes 16 (32.0%) 34 (68.0%) 0.8 0.392
No (ref.=0) 82 (38.5%) 131 (61.5%) [0.3-1.4]
Body mass index
Overweight/obese (BMI > 23) 70 (39.3%) 108 (60.7%) 1.3 0.317
Normal/underweight 28 (32.9%) 57 (67.1%) [0.8-2.3]
(BMI < 23) (ref.=0)
Self-perceived sweet preference
Like 47 (51.1%) 45 (48.9%) 2.5 0.001%**
Neutral / Dislike (ref.=0) 51 (29.8%) 120 (70.2%) (1.5-4.2)

Note - Using Chi-square, *p < 0.05, *p < 0.01

- ! Labor-intensive included daily wage, agriculture, fishery, etc.

- ? Non-labor included merchant, office staff, sovernment employees, housewives, etc.

dlonsviseadfnisanaesladafn (logistic
regression) WU mdINAUANFILUTEY 9 Tuluea nu
ANFuUSaY19iidedR DA (0<0.05) S¥1INT SEAU
ANUTBUYNL (g4 vs. 1) fUBTN LagmsTuiANLTe Y
UYIAU Qﬁﬁm%wwuwmu flomafiasiisziupureumiu

geningidendndlaléussony 2 wih luvafigasusine
vouvnuilemaiiaziisziunnaseumiugenigisuii
pullveunielay qiusEIIU D9 2.2 W Inglumaaiuise
MUeAMULUTUTIU V835EAUANTIUNIULASREaY 8.7

(mswﬁ a4)

AI5N9 4 M1TIATIZENITanaeglaiann SeINTEAUAINYEURIIU (>10° Bx Uag <10° Bx (ref.) Audusdasy

Table 4 Logistic regression analysis between sweet preference (>10 °Bx vs. <10 °Bx) and independent factors

Varieble OR (95% C.I.) p-value R
Age (50-59 years vs. 40-49 years (ref.)) 1.6 [0.9-2.7] 0.111 0.087
Sex (Female vs. Male (ref.)) 1.2 [0.4-3.7] 0.758
Education level (Elementary school or lower vs. 0.8 [0.4-1.3] 0.344
Secondary school or higher (ref.))
Income (>10,000 THB/month vs. <10,000 THB/month (ref.)) 0.8 [0.3-1.8] 0.574
Occupation (Labor-intensive vs. Non-labor (ref.)) 2.0 [1.1-3.5] 0.018*
Living in coastal area (Yes vs. No (ref.)) 0.8 [0.4-1.7] 0.377
Urbanity (Urban vs. Rural (ref.)) 1.1 [0.6-2.0] 0.616
BMI (Overweight/obese (BMI > 23) vs. Normal/underweight (BMI < 23) (ref.)) 1.3 [0.7-2.3] 0.826
Self-perceived sweet preference Like vs. Neutral/Dislike (ref.)) 2.2 [1.3-3.9] 0.004**

Note - Using logistic regression, *p < 0.05, **p < 0.01

NaN1IANBIAMNIN
UadeiiineadeeiusziuauraunITugwaz
Alideuaiazninlidunivel Nauaduivds nquas

1Y

9 Au TunguidssAuanurouninugs (A-) seusuiimuiesey

AU 3 AL WagynNulTuseny 6 Ay Iusumxﬁﬂqiuﬁﬁmwmau
vutles (a-) dwlvgy 7 1w 9 Ay Sanmeqdusani uay
Fauldusesnu 3 au (15197 5) nudeuleiiidestuszsu
ANABBUINUSIE]

Pohde et al., 2026 67



P

AAAAAA

#1519 5 Teyaniluvesglviasinval

Table 5 General Characteristics of the Interviewees

Participant Perception
Group Age Gender Occupation
Code of Sweet
Group with the Highest A ar Female Housewife Neutral
Sweet Preference B a9 Female Vender Neutral
C 54 Female Fishing worker* Like
D a2 Female Collect sharing fees Like
E a7 Female Fishing worker* Neutral
F 58 Female Farmer (rubber tapping) * Neutral
G 59 Female Rubber tapping and rice farming* Neutral
H 51 Female Factory worker* Neutral
| 56 Female Anchovy processing worker* Like
Group with the Lowest a a1 Female Housewife Neutral
Sweet Preference b a0 Female Vendor Dislike
C ar Female Vendor Neutral
d 52 Female Food preparation worker* Neutral
e 52 Female Housewife Neutral
f a0 Female General laborer (carrying goods at Neutral
grocery store) *
a1 Female Clerk Neutral
h a5 Female Vendor Neutral
i 54 Female Sewing worker* Dislike

Note: * Refers to Labor-intensive occupations.
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