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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 A4 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.//www.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 «
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Front cover image: adapted from Figure 1 The contamination of microorganisms in the water delivery system of dental
unitsis caused by the formation of biofilm within the unit’s waterlines. Once a biofilm formsinside the tubing, itactsasareservoir,
harboring and continuously releasing microorganisms into the water. Therefore, even if the unit is supplied with clean or
sterile water, microbial contamination can still be detected at the water outlet unless effective measures are in place to

control or eliminate biofilm. (see Ampornaramveth, page 147 for detail)
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The Biology of Cellular Senescence in Periodontitis

491903 dunsnau’ wae Aunnal Saungndana’

Surat Inklub' and Kantapon Rattanaprukskul!
'MAIUSURINEN ANETUALINVERERT PaINTaluMINENay nNNEMUAT Useindlng
'Department of Periodontology, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

UNANED

amzwadidonts WunalamsTinmaesianmeiineuaussiernuidsmevesivad v3e Mdule dwalrivaduya
nsutaeg1nns wadidentvaunsandsanstiluanavansviaiifgvinensdniau FaFensiud “nduansillulndi
wanwadidente” (senescence-associated secretory phenotype; SASP) uazdiunuimddaysenisiianeSaninves
dloide uiinnzilaggnuesiniunalndesiuniniauzddussosEuiy wimsarauvoasadidontonuorgiduriliiia
arwfiaUnfvesdeiientiadess uarfaunivludnumzddyuomssuiumadonts tagtuiivinguiuluiiaiivayy
nswunnzwadidentoluggeeny uarlulsafiduiusiuengransvin uenanidmuwadidenteluduaelsausviuisniaud
fiongiien agviouunumdneaniagiilunediudavedsauiudsnay uneuUiaiatuinunuesdminidagiu
Aenfuunumvesnzwadidenfelunedanmuedsauiuisnian Tasunalnssdvlana fusdnnswadidents uay
wwamnansinwlyel 16un endnewadidents uazasimuunguansilulndiindsanmadidends oatuayunis
Usziflunnundsauagmsnausunsinviamzyanaluouan

AEnARY: NMISNWILUUMARWadEeN Ty, N1sideNTan1aginm, Mulniivasainwadidends, wadideuis, lsausviuddniau

Abstract

Cellular senescence is a biological phenomenon in which cells undergo irreversible growth arrest in response
to cellular stress or DNA damage. Senescent cells secrete a diverse array of bioactive molecules, collectively termed
the senescence-associated secretory phenotype (SASP), which act as a reservoir of pro-inflammatory mediators and
are key drivers of tissue pathology. Although initially considered a tumor-suppressive mechanism, the progressive
accumulation of senescent cells with age contributes to chronic tissue dysfunction and is recognized as a hallmark
of aging. Increasing evidence supports the presence of cellular senescence in the elderly population and in various
age-related diseases. Notably, senescent cells have also been identified in younger individuals with periodontitis,
underscoring their role in the pathogenesis of periodontal disease. This review provides current knowledge on the
involvement of cellular senescence in periodontal pathology, emphasizing key molecular mechanisms, senescence-as-
sociated biomarkers, and emerging therapeutic strategies—including senotherapeutic agents and SASP-modulating

compounds—to facilitate risk stratification and personalized treatment approaches in future clinical applications.

Keywords: senotherapeutics, biological aging, SASP, cellular senescence, periodontitis

Received date: Jan 7, 2026 Revised date: Mar 7, 2026 Accepted date: Mar 15, 2026
Doi: 10.14456/jdat.2026.14
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ARUALBANUINANAD maﬁwiﬂqumiﬁwmULﬁaL?jaﬁﬁuﬁmﬂﬂdw
nsundles lutlagtiufinsfnuunniui lsauivudsnian
flédufismannnisindegatnlunsugdunidvingy
wigaAetesiunalnmelusziuwaduesiine Tagiame
ameiwadideny (cellular senescence) Faunmeiivad
vgauUsiogsnnTionsvaussier L demeesad
MBwe e SumnuesunanUizereendindu uliwes
dewtodngnnefiwadvgautsinegnemnng udisadivani
fapsfinsvhaumasunueat uasansovdsastilinana
sanunlaglawgnguansilulniiindsanwadidente
(senescence-associated secretory phenotype #38 SASP)
fanszdunmssniauidoss sumuaumanisvhaveaiede
dwalviAoneBanmvenioide”® Smsfnvnuiisesise
Usttusimsavaumouradidenty uaznsuanseanuesausd
199107 (biomarkers) |y 1UsAU p16 oulsdioae-tuai-

Y v '

nuanta@ina (SA-B-galactosidase) wavasgiAuiungu
lelalatiiAetestunguansilulndiindsanisadidonte
avviounuiadesserinnmewadidentufunssuiuns
eunesveaiaidelulsauiviudsnau lnsiamelunguiia
HafiduaFods wu nsguysd wiie s’ unenu
Uittt ngusrasdifiovhiausasdudifeatuunum
yosnmzwadidontelulsniviudsniau fudnalnzdy
Tuana nansgnuresnguasilulndindsnngadidonte
nMaUszfiudauainieTanm saenauiuamisnsnw il
Wy enguindnwadidens (senolytics) BNnguauANAS
vasasIniwadiden’s (senomorphics) LazWUIAANS
AfadunnizidenTe (gerodiagnostics) Lﬁmmwﬂgmq’mi
AuashvuuuINzyAnaluenAn
aazwadidende (Cellular Senescence)
amzwadidonts fe nsruIunaeTIIvefivad

NEANTHUIFIBENNITIERB UaUBWRTATEN TEAUANS 9 Wy

nsunduTeeaa (cellular injury) AEe e UDIALOULE
(DNA damage) Msduas waznsyinanuiinaunfvesunlawdios

aaa

(telomere shortening and dysfunction) AMKLATEAINYGATEN
aanTundu (oxidative stress) wagn1snszsumeBuneuise
(oncogene) wazn1sildsuuiaswesnismunuiulusedu
3faifin (epigenetic regulation) Tnawadlunnizidenty
ansliTin warunueddy wiliansandudigiginswad
(cell cycle) 1¢n atwadidonTorsndsanslinananduiid
grisnsEduMISnIaY wavdssaroanmandeeniieiie
Tnseu Bonsurin nquillulndiivdsnisadidents funum
G ”ﬁyﬁiaamammﬁamaqLﬁal,?ja waznsAnneSanIn®

u,mﬁmﬁgﬂﬁﬁLauaLﬂuﬂ%y’aLLiﬂimEJ Hayflick uag
Moorhead 1wl a.f1. 1961 anmsdnulasnisimsdsaed
Inlusuanadvesunuduiininaees (diploid human fibroblasts)
TpdAnlun1suusdy neudndn1eneakyaiied 190133
UsngmianiiiGent Iadiaveasdian (Hayflick imit) s
fefundnguusnvesnsidesiomehamiiiiaannszuiums
meluead Tnglisududesdimanaeiuguestu vie mafinde
nmeuen MzinUsliiiu 3 sver 1un sweedl 1 (wosdu)
Fafutsususmdiniamnzisaiieaddaildnnnisusim
syoyil 2 (Groziiindiunn) wadinisuusiesunnd way
aviiane uazavesil 3 (szevidents) waduansdnuaisidon s
WU N1IBARIYBINISLUNN NsavanvadAvanwad (cellular
debris) wazmsiUdsugUsamsdguine uhwadlusses
713 2eelTIn wardnsadondaa uwildansondusnussin
lagn Fefiodneglunniznimeanisasyivlauuuniis
(irreversible growth arrest) FaANFAIINNIZNTNEVOS
WAL UUDEWaNIVTa (apoptosis) 3o LulAsTa (necrosis)
Tnemsdunuinanguddserudladesnnizmad
oy lsnFeaiRedosituony waznalniostumssly
sEAUadlunaRon’

amwiwadidon’s aldanuanetadeidnsedu
Meusn wasauRnUnAneluwad lneddnvugsiufenis
MyALUII0ENIAS TemunuELAREY R p53/p21 uay/
v p16 Aunuwlumneawadiisves G1 vesindnawad
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Uszaamusn fe nasiradidonToainnisutsiae (replicative
senescence) BaLAntunusssugdainnsiimlades
(telomere) ﬁﬂguadﬂﬂﬂ%ﬂﬁL%aﬁLLﬂﬂﬁi URTEAVING AL
nIgAUMINDUALBIRDANIAEM TR (DNA damage
response; DDR) H1w3ddyayas p53/p21 e p21 vimihi

gudaeuluilyadu-fmuaudlaie 2 (CDK2) dwalviwadven

a

flsvez GL oghaanas il lunawadenanunisuansoanues
p16 Wintuluszerinevensyuiuns Seeiasueiosnm
vesnmndontornunmsiudimsinureseululendui
WuLAUALALLE 4/6 (CDKA/6) vinlrlusauzAluvaialnun
(retinoblastoma protein; Rb) magﬂugmwuﬁ'@mg
WeawlntiosAu (hypophosphorylated) Uszinniiaes Ao
Amzwaddeniefiinandudeuzis (oncogene-induced
senescence; OIS) U N15NT¥AUAILEY RAS %138 BRAF ER
lugnnzasenainnisdtassiioule (replication stress)
waznszAuliiinnismavausanudeevesidue lng
Lifosenfontsduasvenlafies nalnitnifeitesiuia
Fyayreu p53/p21 $auiu pl6 lunsdudinisutaead ite
JosfumsideundasiugiwaduzdusyorGudu Ussamian
fio nmrwadidounauiuananueaien (stress-induced
premature senescence; SIPS) sTiaLﬁm’«nﬂ?hmzéjumauaﬂ
W ANUATEANUYATENRaNBIatu (oxidative stress) 9
leselud nssniauiiest wie msfnde Tnglidoeinisdu
veavladled nalnilduiusiunsuansesnvedlusiiu pl6
Fedudsmavhenmweneuladleadurmueuslang 4/6 way
asanmlUsiuiiluuanalnsnaseglusuuuuiiidumyweaun
towiAu lHuadugaiisves G1 agnsams’ uenanildsd
nalndufiisluuiumans wu nnvwadidenieannisinw
(therapy-induced senescence) Tiinaniafivatn vie $ad
amzgadidenielugimianinis (developmental senescence)
Famuanlnglusiu p21 wasvudlesufidns fsurinmes-lum
(transforming growth factor-beta; TGF—B) waznMLwaa
FouToannsAsuulamadfiiain (epigenetically-
induced senescence) dsiinsuansoenvadlusiu p16 agne
soifledlngliifetestumudemevesiidue nalnweni
agifeudsruvainuaeresnzwadidens uasuandidiu
faunvmidudouveudariddyanalunsyuiuniside
veuiloide waznsauiulsasing 9%
wihnmuwadideuTeannisudsien Burteuside
vide AmASenaziifuvg uayitdyadiunnrei uidu
dualiivadugnuisieginns JadugaGusuvemediuie
vadlsnimesmanesiin wu lsadiTudsniay’ waddoute

N o

dnwauziau fie mandsanstlaanadiuaunn viefiGeniy
nauensilulndfivasnisadiden s (senescence-associated
secretory phenotype; SASP) %ﬂﬂﬁxﬂauﬁwlezﬂmlﬂﬁﬂszéju
ASONLEAU DUMBDSAIAU-1LUMN (interleukin—lB; |L—1B),
JuUNeTaIAU-6 (interleukin-6; IL-6) Wazyniuosiulasda
wilNLeB3-wean (tumor necrosis factor-OL; TNF-OL) S35
wlnlat Wy BumasaiAu-8 (interleukin-g; IL-8) waziaulasl
dovamaiiiorieatraumisndutalalusiiue (matrix metal
loproteinases; MMPs) ansmENIunUMANESINSENLEY
Fa%t wazmsvhansesdUszneuresumindueniwad uay
Tusivlassassluifodononiu® luguaunueddy wad
douitlilsogluniglivhau usfimsusumsisangile
sesfumsaine uagmsndanguansilulndivdsnmadiden
fo Tnewumslinglaa uaslnalalafaisdusmiumanses
WATd a0 mTOR wagnsdaaseilusiu Faagiountie
wunuedTugsluszerdureannzidonts’ msRnUnives
lulnpeun3e wagnsasieuyasendauriiabmoufise
(reactive oxygen species; ROS) ﬁLﬁuﬁummiaﬂizﬁuaa
Fryanas NF-KB waznandanguansillulyifivdsanwad
douustaiiles AelAmeasmssniauitedefiduiusiv ne
Sniavananuionds (inflammaging) uazuIAnduy Y
WIMUDATY (immunometabolism) vueiidlennudouty
suiiuluidunaiuu yssaninmaeddulaneuniouaynis
AR s uavanas dwalimuannsalunisdenusileide
anas wariineudenveniedelussaying 21
nauansilulndindsanwadidonss Sunumlu
nMsdsuudasnmmedenveniiodelneseu wazsuniu
ﬂiamumsﬁuw“ Tnsamzilefinsvdsedsaidoduwad
oty eemnsamdenilizadindidsatingnnsdeniome
(paracrine senescence) roliAmsesresn1ssnauiess
wazmsdenveniledosteeiiio lulsausiudsnian
wumsazanveawadideniluuinuseslsn fadanguans

v v

HlulndnneadiFeuivluseAvas dwmadenisnsedugi

Y

fulaefuin mahaedodeiyiu WaENNTEANENTEAN
wWhity kumsifiumsuanseenvesiinszduiiuinedes
unnmesuauU-Tlawnus (receptor activator of nuclear
factor-kappa B ligand; RANKL) hazdala3unszuiunisas
wasda1ensegn dwaliinnsiatensegnidnily uasildm

24810 anenil nguans

Aan1sanauveslsalsiudsnay
ulndindanneadiFeniedeninsadignssuaion neliia
amednauisesilusedum vise nmednaunAIFEen iy

Fedunusiulsamasavaevia WU LUIIY NaaALEDRALD
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wazuzlse 1 tneinaanuszavsnmvesssuugiduiv
HUNSTUNINALAANII N UYBIaa I AN uMa18Yiln W
111ATA (macrophage) aulWlwdaiiaf (T-lymphocytes)
wadlduLa (natural killer cells; NK cells) wazinulasanwad
(dendritic cells) maonaudaiaBunsuaslalalaisniaudosa
AmzwaddeuiululsaUSiudsniay (Cellular Senescence in
Periodontitis)

AvwadldenTy (cellular senescence) Hunum
"figysienesrindavedlsausriudsniay Insamzlugaseny

£

WnTn1IneUANBIaNITENIAUTULIY wazAIuANlaYN wl

D R Do

fiszugatnluresnlndifssiuyanaimly avgdniauain
audenit dwmaliefousiiudtalronsenaudiiviy
ANNANNTTAIUNTTOULTNARAY LavtinnTaLduauns
vouiefle” axieutmuidenlsssywinsanundonioma
FanmAunedindavedlsauivudsniau Insanglugi

Wwad g

Y

AMwLERN TEALNEANITHUIIRE1901IT uAdIpslinTnasnay

TNNMEBNLEAUISDTI 190 LSANISTTUUTINA 18

ansilulndfindaannadidonte dwaliiiniaesnssniau
Foss mahaneiilede wagmsgapdenszgnUiviudetaraiiles
suansamionilfiadiafoaddamandontofuiy
Faaenndasiuuuifn “ALTER” floSunsransenuvessad
douTosowilaiiie Téud A: Accumulate (Msavauveswad
douseluiowde) L: Limit regeneration (N13911AN" 50U
ilavile) T: Transmit senescence (msdniiiliwadlndifies
L‘l’JJ’]Ejﬂﬂ’JngaﬁJ’?EJ) E: Exacerbate inflammation (msgmmsﬁu
Y9IN155NLA) Wae R: Remodel tissue (M3iUABuuUadlasiaing
mauﬁa@jaaamam) iﬂuﬁzﬁLLmﬁﬂ “two-source inflammation”
fszymssniadlulsaUivudiAnaniamsnsdulasgatn
Tuasudinn (bacteria-triggered inflammation) uagn1s
Sniaunnwadidents (senescence-associated inflammation)
AaSugsiu shlinssniausssegeaselousiniun
Hadodorelsnliuds’ Inaierelsausviusudn wu Porphyro-
monas gingivalis, Tannerella forsythia, Treponema denticola
way Aggregatibacter actinomycetemcomitans @413
N3EAUNINOUANDIVDITTUUNTALTUTaSlEAf g 19T UT
uazBaibe dwaliAnenudemeveadado nszgnuivtud
agwiailes vt Jadeideswedsauiviug wu ns
Anouuniide nmssniauess maguyyd uaglsavnu
ansasdliinnvwadideyfenouna iiunalneuaien
2ONTATU UATNITAOUAUDIADAULELNIBVDIALOULD
IﬂEJLQW’lzL%a Porphyromonas gingivalis Fandaeulal
TUshioanguiudlud (cingipains) uay lalulndudnenlse

(lipopolysaccharide; LPS) ﬁﬂiséjuéh%’u TLR2/TLR4 dawalit

aa

Winnisaseeuyaeendauinlireu]izen nsnseduld
Fueyo NF-KB waznsdniauseiuwadesweios®
suhnnudemevesioule wavauinunfveslulanounie
nalndsnanthlugnisuanseanuadlusiu pl6 uae p21 Msngn
20991988 warmandsnguansilulnifivdsnivadidonte
atealles TeasviounmzwadidenTunounan (accelerated
cellular senescence) Tuilerdousviud uenand virulence
factors veudedsanunsnsuniunszuIunseslavng (auto-
phagy) uaraunanisvihauveslulaneuase dwaliianig
avauvaswadideuieluseslsausvg 022
msUssdiunmameddenitluileifoustusoden
Udmetanmmaneia Wewmnwedidentefinnunannmans
(cellular heterogeneity) Tialuduriavoawad nalnnns
wilenth uazusunvesaanmnndouluiieife” dmalid
auuansaulussRunsuanseenvastu (transcriptional
profile) MIWWNAYNAIU (metabolic state) WagFUkuy

)*% datiu Jaqdudilud

MEVACEE (secretory phenotype
usdladifienusunne dennuadidentelunuiunms
Fanmt2 > WAy p16 uay p21 FuAvadesiunisnge
29951988 Wuiusiildfuegraunsvans aghdlsinmy Tsiu
waoswinansanuldluaningdy Wy nsdnauiteds
ﬂWQZﬁqmﬂﬂiLLﬂﬂﬁ?ﬁ]WﬂﬂmuLﬂ%‘im (stress-induced growth
arrest) ioluwaduy S dlidoduivdfis e
AowadidenTaifiesetaie2 X uiueudeasu ol
wate-wan-nuanlndna whiusu@Bamihidldves us
anunsaasanuldlumasifinsiisuiuredalelsy wio
sglutiumesmnuaisaanuUizeeendindu vazfinng
avauvesdlnilafuasiounnezidenveaad wilidumzee

5 yananil nquansillulvdiindsann

gL HoN T
wadideuty wiflunumddnluneniinieveslsauIvs
Sniau uwiansvanevialunguiiulalsladsnauiinuls
illunsruaunssniauitess vie uzds Faflanusimgs

3,810 & v

Wi faewgll Yaquudalill fusdinisdanimle

feidusnasgiusnedegean vide fianudumesdennizivad
deuSaifissdie nsUssidiuluneediin wazn1sidedeens
o1nsldfvsinansviausuluguuuugadatdnms
Frn1m (biomarker panel) 3o fudsunnvwadidente
(composite senescence index) WieLfinAuwiug wax
mnudeielumssrynmziwadidon e
Tnemsinuidendtn fiushesailedowionan

Aty waghidulsausiiudsniauluusaznguengnui
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szaulUshu p16 Alniladu uaztoulwiioaio-Luni-nuanle
funa getuetaitiivddoludeBomtonvosinglsauvug
Snuau sislunduonglion uadaseny uandliiifudn udlueu
91ytioy fiflanmednausesdansamilenimaianie
wadideneld Tastovnzlulnlusuanast (fibroblast) wazan
Taswaluuinuseslsndaiunumilunsnssiu uazasanm
nsdnausunsrdsnguansilulniivdsniadidonte
othaslailles’ melusenlsavedlsausviudsniay damuinwad
Adhgnzdeniondn oun nlusuanad anlaswha wad
WSuBauiviug uazesaiilouanad dansvaanguansillulng
mniwadidewoegadaiiios thlugrmsnmesniauiess ms
vhaneiaude uarsunmunisteuney uazitunvouieide
Usiudanaund daansevulidlddinegiamzuinasesisa
Tugestnuiby uidsansnsounsdngszuulnaiouladio
(systemic circulation) AelsAnnnednauiEessius vie
amednavinaudents fududnvasduredsnEnss
wanevin suddlsaUsiudsniauieuiy’
nsinunwadideais (Senotherapeutics)
nanudlafifisduietuunmeesnmseed

v

doudy uagmandsnguansillulndanwadidonts ansedu
nsdniauess uazvhaneideideusviug wuamanmsnunds
Gusjsluinismunu vie Minwadidents yuudsannansy
nuvesansnauiseideidelassou Tnsuumanaiifanns
Fuunlaidu 3 nquudn loun wwmmamandnssy n1s
WTISNUYIRTUNG AN T LazuumalsegndvnIndtinluuiunves
Tsausviuddniau"” Tusmundunssu lasinsiau “ondmung
waddewrTe” v senotherapeutics Sautsmunalnnseanays
Hu 2 ngu fie snihdaiwadidion s (senolytics) wazenauax
nsudsvasansanadiden s (senomorphics) iaesngy
ssannansznUveaadiden iy warnguansilulndfifeades
funszuunssniau ussmsvhaeidodelulsedesmaesia
udslsaUsviudsniaumuiu

gindnwadidonts Ao nquefleanguirndnwad
fidhdamedentelagnss Inglainsznudamaduni lasguds
dyaadunsmevesgadidents (senescent cell anti-
apoptotic pathways; SCAPs) 1Wu BCL-2, PI3K/AKT uag
HSP90 dsalviwadidonToiingnszuiunsmevesiwaduuy
programmed cell death (apoptosis) ﬁ’aasmm‘[,umjmﬁ U
A9 7TU (dasatinib) Lagimesdfiu (quercetin) Tngluns
Anwludniveasadnlviengitivruadszuna 5 dadnsuse
Alansu SaufuAlesaiiu 50 Tadndusenlansy meainuuy

1Jue29 (intermittent dosing) W dUaviay 1-2 ASS veuw A

msfinyneeatintuywdusenuliaeitdu 100 Tadnsu
ShufuLPesTRY 1,000 Jaansu sty 1Wunan 2-3 Juse
Famfluraedu q mslieludnuaslugimisanadnadion
mnmslisvezem uazdinsUssAvinmlunisiinwadidente
11518 menifunasaiesdfiu annsoansiuiuwadidenss
anspiunguansiflulnianwadidonts wasevasnsidey
veuilodelaludninnass ufwansdnenmmandinly
Tsadesunewiln wu Tsadeiden® aghdlsiny Ussidiugu
anuasnsivesenguidawadideniueslasunmsiionsan
agssauaeu TnsngluusunvedlsauSiudsniay
HadeidpsuiuupiSeonn wu Msguyyd nsdniauFess
warmRnUnfivessruuniifui’ whenguiltzfetesty

ad o v

WdYYIUAIUNITNBVOITAS uinalnvedsni

Iwad

' v
o N

"
@eutedlinisduds apoptosis mndunsduds dyae

P = Y

funsnevegadidens Fadunalndumeiiwadidon
Titenanidesmsnevensad dwalifnmsingadidente
9E19ENT N (selective clearance) UNNNTINTALETUNNT
9E5ATRTARRAUNA™ uanant iwadidenToiosanunsn
duasuaninundeuiderensfinuzieiunmdnagu
ansilulndanwadidens fufu nsminwadidenten
fidnenmlunsannnedniauiess LAZYAANTWIINE DT
duaSuuziselaludmeud audddegiu filifinenunieedin
fuansaudiniudseviensldmendiau sufumesiiu fu
mMadfisarndssentsinuedeonhn egndlsfnm Sneny
Neefidueanelimine1n iU sZaIAn 1Tz UUUNS
Usgmadeliadeatunaumilunisuiun® vaefinisfinm
Tuwuudaesdnifilignsenenidu sufuimesdiu uudls
gnJuszey (intermittent administration) lainuauRauni
maneanmiliistuieeuisutunduauaumends
mslsien warnshemuralusyeznamie® el VANFIUA
araaenfovesnsliinnguifluayedSaisaie uazs
Fosfimsinviiuiuislusuusydns mmuazanulasn i
Tuszozom Tnslanglufiieiidadeidesiensiinuzise
vi3elsnszuudu q neufszannsntunyssyndlilunig
AadnlARE LW aNY

Tuvaued ermuaunsdsasanadidonie (se-
nomorphics) lallérinuadidentelnenss usvinthiiduds
vide muaunIaInguasilulndivdsaneadidents
runsSUSAEFya s MTOR, NF-KB i3 JAK-STAT faths
W 5B (rapamycin) Fsludninaaasinlfvuinysea
1-4 fadnsusionlansy neUn wie N193a LwvWesiuy
(metformin) dnluuna 200-300 fadnsusieflansusioiy
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Tudninnaes uazenauiiuds JAK Ssldmumuaanmsgu
Alulsasniauiess snquiliedvaenseseiiededd
lassainedudou wu vsuseslsnusiug uasmuigdenis
Tdsgereunnit mafnuludninaaedegliuvuinass
naynlnuseuitunssiilensfulsausviudsniau wuinms
Thmesdfumanaunsnanmssniauuasmavihaeidede
UVl vauzfinstismaledu vie nsliemniitiusiudy
\e$Biiu aunsnandwnuwadidon s sedunguansillulng
Nniwadiden’y waznsgaydonszgnithifuluvyiiiinne

gedle>”

wiuumamsdnudeetaaesnguiedlu
szpgfnwdmiunisUssyndlilaensdulsausviudsniay us
wwaRnn sk unssnwEsy (adjunctive therapy) $3uiu
mssnwsTiua1dn Wy misgmﬁuﬁwmaémﬁ’umimamﬂﬁu
vide mevhdpenssuuTviud eradumadenlmifimangay
dwuthenduidesioss iy daseny vie fiiflsedusyed
amzwadidonvgs Fuihaouauswiensinwuuildtes
ningudu® lurdunveslsauiviudsniay mewauseuy
Wrdsenanizdl (local drug delivery systems) d1msuans
nqugdmnewadidonts masldiuauadlasgramn
iesnnannsaifiumsduturesoiluuinuseslsn anna
TABINIIIZUL UazmuALIaumaninIsUanUassenliodn
usiugh weluladldfunsfnwaseunquszsunihdssysu
w1y (nanoparticle-based systems) W NoAMOTUIUNITALAR
afaunlumiRiAa waveynataiag Jsanunsosiesiuen Jesiu
msaanefneuna wazanUdeseensrealunoslunigly
sosAnUTIue* welulaBuadfimuiasmindlalasiaauia
3alél (injectable hydrogels) uagianUanudosensaliles
(sustained-release systems) 1u WHuTlaunedimes Wulouly
uazlnsssaneaaay Feannsaassedusluiinaseslse
TowumaneFutmanedn® nangiuainnisfnyveaes
rounddiniisenulussunsuddlniuinssuuide
WwnEidananaIunsaannisuanteanvaslalalatdniay

= v

annsagdensegnilnily wazdaasunistouuvuiilotold

ohefitbdndny whhmsussgndliszuumanituetimne
wadldenTolaonss Wy enguidnwadidents vide s1muau
mandsansnnwadidonts SeegluszezBudu uduufn
msthdsemuusjad (targeted delivery) Lilomuaunsagas
youmadidon s uavanmendinguansilulnianisadidents
fifneamlunsenszdunssnvUifudiuuuRaNany i
ANNTUIITVRINTING hazankanszrunessuUlussasen
sulunngiuddiguasnsimuiuuiAn senescence-targeted
periodontal therapeutics luswnan® usnann1ssnwRLe)

msunsnussmengAnssududnuuamsiitaeazas vide muan
amziadidens lnolzludidsliuanseinisvedsa ms
ponmdanmeasiiate nsdiamdssn (caloric restriction)
LAZNIFINNATIANTUUTEN UM (intermittent fasting)
aunsnanneLATEneanBntu ansyaudugauladlngm
unnmes-1 (insulin-like growth factor-1; IGF-1) i
dyay10d MTOR wazNIEAUNTEUILUNITORLANIT daNaann1g
avanwadldonts uaynIvasansnsydunssniay e
Tudinmassatuayuiuamnad ulidsliddeyansilulsn
Uviusdniau’’
mMs3fade nsUssiliuauides uaznisinauniziwad
Foudy (Gerodiagnostics and Risk Assessment)
wwililtluswipnvesnisdnnislsaUsviudsniauena
sudsnmslifudnmswadidontohutudeyaniseain
Woduunfirsfmanzanfiunsinwiasy wu nislden
Whnnewadidenfelusuuuuiamed 6ud wa wienisdn
lnzanluuinaseslsn Jeonatieifinussansamlunis
munslsn uazanmdsesnsananluszzen®
Mmthlunvmanslamiauewwifa “welslawenueadind”
(gerodiagnostics) FasisUsziiiunandenionisdinmues
sumelasordeyadustmstanim faseussiuresne
wadidouy innnhenguiiiu saudimardannsansaia
Iisluiloidousitug veavanlusenston thans vie ien
wathlugmeitanndaiinunneiwadidoniodeltlunsdanses
AR WaEMYUALLIMIM TSN Ian1EYAAa (personalized
periodontics) Ingtanglugihenfinnesniaumaeszuu vie
Anuidenus® Tushumsinnu wazdszsdiunanisinw msld
fhusiitesiiaiien (single biomarker) Wy p16 wie lowlay]
wwalo-lum-nuanlading uifinuazain wazdunue
uifidesradueusnng uasanall esndusdivanid
annsanuldluanmedu wu meshiauidess vide anuieien
youwad dawalimnuutuglunsduunseiuanuidonte
w38 N3AnAINKaNT I NwIaliieIwe” Tunemsaiudy
mslisnaneiatmfiluguuuuyaddmaianin
vide duilsaunmewadidents fuualduniinauuiud
TumsUszifiunnzidents uazaundesweslsa 1osan
ansnagvieuliAfivanvaevenszuiunsdents fadu
3MYRARsIEAE NsUATULYAsIMUBATY LaYATVAY
g1snonsniay NsUssliukuuraeiidadldnenimesndi
Tumsliiamunsmevaussionissnu wasviunennuides
yaan1sgnamvedlsa agalsiniy Jaguudslifiinasiunmsgiu
dmsunstmuaaiaUsdiimngan memuunadauls
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(cut-off values) vi3e nN1snsIvdRUANINNARIlUUTEYINT
NANFNA 9 Sﬂﬁ”’qé’aﬁmwé’ﬂgmmmﬁﬁﬂL?‘imﬁummh A
Uz wazauansalunsiunenadnsnisnain $1du
Fossimsfinyszezemiiiewanuuudaesiiumsnsiaaey
ANHgNER wazdszdiuanuAuatun st lldasduniin®

unagu

mmzwadidenidunalnddafireatumssniau
Fe¥s mavhanenlaide uasnsdwiernudengivadinafes
atiunumimaulunedindaveslsauiusisnan Tnglild
Srdmanngluggeony wianunsaifnneuisantadeides wu
nshndionuafise nsguynd waslsaiumu udnguids
padnatfuayumsazauveaadidesttludofousviudsniay
Tneamanunsuansesnvasiavsdddey wu Weitu p16 vl
wato-tun-nuantading waglelalainguansilulndinds
Nnwadidonts Feazsiounsildiuimmesanizadiden’s
Tumsananuvelsa uumnesiuiivideianiuay vive anuanseny
Mnwadidionts Madsenduanizns Msumsnussiu
eFnssy waemsUszdudausitanmiefnaalsn wie ey

ms¥nvuuuamzyana taolanzlugiisiinevausients
Shwuuinasgulalin egnslsinig adndudeinsine
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Abstract

The maintenance of Dental Unit Waterlines (DUWLs) represents a major challenge in dental infection
control. Within the dental unit, the primary equipment used in dental treatment, the narrow-bore waterlines that
remain continuously filled with water, provide an ideal environment for rapid biofilm formation inside the tubing. If
not properly maintained, the output water from the dental unit frequently fails to meet the recommended water
quality standard, which requires bacterial contamination to be <500 Colony Forming Units per milliliter (CFU/mL).
Such contamination increases the risk of exposure to opportunistic pathogens, such as Legionella, for both dental
personnel and patients. The formed biofilm exhibits remarkable resistance due to the extracellular polymeric substance
(EPS) matrix that shields microorganisms and prevents effective penetration of disinfectants. Consequently, continuous

low-concentration chemical treatment alone cannot efficiently eliminate established microbial growth. Effective
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decontamination, therefore, requires a combined dual-protocol approach: Periodic Shock Treatment, application
of high-concentration disinfectants to flush and decontaminate waterlines at regular intervals, aiming to remove or
reduce biofilm. Commonly used agents include 1-3% hydrogen peroxide or chlorine dioxide (ClO2) at concentrations
not exceeding 20 mg/L. Continuous Treatment, continuous introduction of low-level disinfectants into the water system,
such as plasma, ozone systems, iodine, or hypochlorous acid release systems, to prevent new biofilm formation.
Best practices recommend performing shock treatment every three months, regularly rotating chemical agents
to minimize microbial resistance, together with continuous treatment protocol and conducting quarterly laboratory
testing to verify water quality compliance. Moreover, during all surgical procedures, water from the dental unit waterlines
must not be used directly; instead, sterile saline should be utilized. Ultimately, successful maintenance depends

on strict staff adherence to the protocols, and whenever possible, the use of automated dosing or control systems

to minimize human error.
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Figure 1

The contamination of microorganisms in the water delivery system of dental units is caused by the formation of biofilm

within the unit’s waterlines. Once a biofilm forms inside the tubing, it acts as a reservoir, harboring and continuously releasing

microorganisms into the water. Therefore, even if the unit is supplied with clean or sterile water, microbial contamination

can still be detected at the water outlet unless effective measures are in place to control or eliminate biofilm.
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Table 1 Guidelines for Monitoring and Correcting Water Quality in Dental Unit Water Systems” (Reference standard: < 500 CFU/mL)
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Table 1 Guidelines for Monitoring and Correcting Water Quality in Dental Unit Water Systems' (Reference standard: < 500 CFU/mL) (cont.)
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Table 2 Checklist for Assessing the Readiness of the Dental Unit Water System
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Figure 2 An infographic illustrating best practices for eliminating microbial contamination in dental unit water systems
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Abstract

This study aimed to evaluate the survival rate of fixed space maintainers and identify independent risk
factors associated with appliance failure in pediatric patients. A retrospective cohort study was conducted using the
dental records of pediatric patients who received space maintainers at the Queen Sirikit National Institute of Child
Health (QSNICH) between January 2020 and December 2024. The follow-up endpoint was defined up to the final
recorded recall appointment, regardless of the appliance's status. Data were analyzed using descriptive statistics

and Chi-square tests. Survival analysis was performed using the Kaplan-Meier method with Log-rank tests and Cox

Tungjitohianpong, 2026 156



proportional hazards regression. A total of 193 space maintainers from 131 children (71 boys and 60 girls; age range:
3.4-10.8 years) met the inclusion criteria. The overall survival rate was 81.9%. The Nance appliance demonstrated
the highest survival rate at 100.0%, with no failures recorded during the follow-up period. This was followed by band
and loops at 82.0% (mean survival time: 44.36 months) and lingual holding arches at 68.0% (mean survival time:
31.49 months). Failure occurred in 35 space maintainers (18.1%). The most common mode of failure was appliance
dislodgement (54.3%), followed by appliance breaking (25.7%) and soft tissue impingement (20.0%). Multivariate Cox
regression analysis identified three independent risk factors significantly associated with failure (p<0.05): mandibular
placement (adjusted HR = 2.72), loss of more than one prematurely extracted primary tooth (adjusted HR = 2.33),
and the absence of systemic disease (adjusted HR = 2.33) (95% Cl: 1.18-6.28, 1.05-5.19, and 1.10-4.92, respectively).
No statistically significant associations with the survival rate were observed regarding gender, appliance type, type of
missing teeth, or the side of placement. This study indicates that all three types of space maintainers exhibit a high
overall survival rate and are effective for space maintenance following the premature loss of primary teeth. However,
comprehensive treatment planning should not only consider technical risks associated with mandibular placement and
multiple tooth loss but also include a thorough evaluation of the patient’s systemic health status, as it significantly

influences the long-term longevity and success of the appliance.
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Table 1 Demographic characteristics of patients and distribution of space maintainers (cont.)
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Table 2 Survival rate of space maintainers according to follow-up period
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81.9 1HBNITUITUNAUYTAVDLATDILD WUINBATINTT

1 1 U 1 a v o % aa
AIDYNAULANANNUDYNUUYEIAYN19EDA (p=0.004)
TnenuudhaUlnatoudlinuanuduiralinasnssesian
Anmu 12 -35 1oy (BrsINsategioeas 100.0) 09891
& I a a @ a o
Ao LuunkarguilAnafen1sAsegwiniy 44.36 ey (8ns
n1sAvegSeuay 82.0) wardnialaaniesy daaients
ASRELINAL 31.49 fiau (Bn31N1TABETREAY 68.0) AW
a19u [5U7 1(a)]
& = P o aa Y

yanandl Nslseuiisuladeninanadnsinng
Arpgeaifnaaauden-usad nulladendinnuunndisedis
NdedAgn19ada (p < 0.05) el

- mAvadUae wuANLuANsNiueg Wilyd Ayvnaati

(p = 0.044) InginAyedAlaion1sARgvRIATOWRAINT
e [3UN 1(b)]

- MwaINgshng nuANUwANANatuaE T d A
M9Edd (p = 0.027) Im‘aLﬂiaquawslaiumﬂﬂﬁﬂmmdummaa
mﬁmagmﬂ’nmﬂiﬂﬂiuu [gﬂ‘w 1(c)]

- @01glsAN9TEUUVRIEUIY NuAINLANG1STY
agelitied1Aynneadia (p = 0.038) laegUhenlaidlsanis

a a ' A A o Ao A PRy
szuuiiAlafnisasegvennsesisfunmnigdienilse
95TV [JUN 1(d)]

TaduauengvaziSuldinsesile dviuvenaiadile

(Wuhl 1 vie 2) ¥llauaginuvesiiuthuuigaydeneunnug
a PP 12 ° v 9 1 A A v a

YRAVBIHUTTALULA hagiuwmianunldwnsosils (@ensev)

wuliianuunneaiuwedisn1saegvennsosiontne

o o

N o aa o a =
UUYAIAEYUNIFDR mLLﬂmi’lEJﬁzL@Emiumi’mm 3
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Table 3 Survival outcomes of fixed space maintainers according to related factors

Gender
—Thoy
—gid
i~ boy-censored
—+— girl-censorad

med_disease
i
—Mitsaussinm
- Madi-censored
~= ditsaussinni-censored

nymuauna-luoesuansdnsinsegveunseslenuividadauiuimunaiu (a) vilnveunieddenusl (b) iwavestae (c) Aumu

Kaplan-Meier curve of the survival rate of space maintainers depicted by (a) type of space maintainers, (b) gender, (c)

Anadenisaog ANANNVDINITASDE .
{Jady (Factors) (mean survivaq; . % OAL- . (median survivalu am:msmaq A1 p
time) (thaw) YRR time) (thaw) (Govas)

el YN 43.49 40.28-46.70 NA 86.7 0.044%

418 41.05 36.05-05.65 NA 77.7
oguazEuld < 80 \flou 44.20 40.36-48.04 NA 77.2 0.803
wasile > 80 Liiou 40.99 35.84-46.14 43.00 86.1
annazlsanneszuy 47.94 43.91-51.97 NA 87.0 0.038*

Taidl 39.33 35.48-43.18 44.00 78.4
yiaveainsiie Band and loop 44.36 41.00-47.73 NA 82.0 0.004*
ffuil Lingual holding arch 31.49 24.38-38.59 43.00 68.0

Nance appliance NA NA NA 100.0

Overall NA NA NA 81.9
aduvonedesdle  Tuil L 43.33 40.12-46.55 NA 81.0 0.178
ffud Fuit 2 @udivilvl) NA NA NA 100.0
yiavasilutad  funsruuedi 1 44.06 40.34-47.77 NA 80.2 0.759
gudeniouiiun  fynsiuchundi 2 43.08 37.47-48.69 NA 87.0

funsaniuy 36.41 30.17-42.65 43.00 78.3

9 1 uaz 2
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A15799 3 WanIsAvegveunIelonunYinanuuunulasesi q (de.)

Table 3 Survival outcomes of fixed space maintainers according to related factors (cont.)

Uade (Factors) Aadenisnseg 95 % ¥4 AINANNVDINTANBY  BRTIMIASRE A1 p
(mean survival ARSIy (median survival (5o8a2)
time) (thaw) time) (thaw)

yiinvesitui flurhu 44.62 40.92-48.33 NA 81.1 0.434
Bauuud Huust 39.93 34.91-44.96 43.00 82.9
Swauituwinad 18 44.73 41.44-48.00 NA 82.2 0.149
gudetouimun 5 3 31.36 27.63-35.08 NA 88.9

3§ 30.50 25.13-35.87 NA 778

4 30.40 13.75-47.05 43.00 40.0
fuvsunsslnsdl - wnsslnsuu 44.65 41.04-48.27 NA 90.7 0.027%
ldinsasiio ¥nssinsan 41.31 37.29-45.34 44.00 763
Fuvitieduiild FuuN 39.92 35.61-44.22 NA 83.1 0.150
\Asasilo Frudng 45.29 41.39-49.19 NA 83.7

oy 34.08 28.10-40.05 43.00 73.3

* uanmeeviEs YN Naaa (o< 0.05) Ingldnsainsiziupunau-luoesswiuaiavnaoudon-use

NA: Not Available (liaxnsasmnalddidasvnlunwuaaiuaumadluyieiarifing vsesnsnIsasetguniisesay 50 AaenyIszezIa1nIsinnIuHa)

levhmslzitladeiitinasomsnseguenaiosle
fuiideaiannaousuuuannosfondilodiu (Univariate
Cox regression analysis) fiszdupudoiy p <0.05 WU
Uadesuime (p = 0.049) anmiglsansszuuvartie (p = 0.043)
wagsumisunsslnsfildiniestio (p = 0.033) finasienis
AsegaEildydAgyn1eaia

dunsumsinseiiuunmtade (Multivariate Cox
regression analysis) Tneniiladedifan p < 0.2 dneaey
Tuguuy Wud e @anmglsameszuy Shuauituthui

' o [

goydurnouimun dunisvnsslnsnldiniasie nudade

\@89dasy (independent risk factors) 3 Jadefififuddny
M3adf (p < 0.05) Fauanslupmaadl 4 uazagUlddsd

- annzlsamsszuuvesiiae nuigtiedliilse
naszuufianudesroninudumaiveadeadeninnia
FtefillsAmeszuy 2.33 Wi (adjusted HR = 2.33; 95%
Cl =1.10-4.92; p =0.027)

- Srnuituhunfigadeneudinun wuimsgede
futhuaannnd 18 Serudesternudumaiveuniasie

wnnimsgydeiiuiies 13 2.33 i (adjusted HR = 2.33;
95% Cl = 1.05-5.19; p =0.038)

- swndsnnssinsiildinsesile wuinededled
Tdlurinsslnsansfinnuidesseniudumaiuinnii
91n531n5UL 2.72 i1 (adjusted HR = 2.72; 95% Cl = 1.18-
6.28; p =0.019)

MNMSAAmLNaNULASDsedumanavin 35 Ty
($ovaw 18.1) wawiaTesilefidsnsey 158 Fu (ovar 81.9)

P

dlefinnsaunmuriinveaaiosilo wuindinaleafsensy
T9n1ANaNmaIgeEn (Souay 32.0) 509A9U Ao LUUA
wargy (Jowaz 18.0) dmiusUuuunmduImaITnUNIN
flanfe L3esilongn (dislodgement) Anidufesas 54.3
Ya9AAIa e iediuunauyiainiosile
wuinuusuarguanvaiilesanialesiiongauiniian
(Fosay 48.6) luvuriidinialeanenfanuauduimad
nnsdnvinviedisanindian (Fosay 14.3) fauand
eazdualumsni 5
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Table 5 Failure characteristics according to type of space maintainers

a A oA v
YUAVDILATDINDNUN

P A oA vod
AIMUANNRAIVDILAIDIUDNUN

indasiionaiifaiiosou \3asiiongn w3asiiodnunuiadagn 3TN

1wy (Govaz) Fuau (Bewaz) uau (Gevaz) (3owaz)

Band and loop 6(17.1) 17 (48.6) 4(11.4) 27 (77.1)
Lingual holding arch 1(2.9) 2(5.7) 5(14.3) 8(22.9)
Nance appliance 0(0.0) 0(0.0) 0(0.0) 0(0.0)

594 (Overall) 7 (20.0) 19 (54.3) 9 (25.7) 35 (100.0)

4

UNI58)

AsAnwgaundInsItl Iingusraeniiausyiiy

q

a

dnsnsnsegueaiatesiofuiiviadnui 3 vl lHun uuud
uazgu demaleaisonsy uazuuudueulnaueud Juduedode
lddudnlnglunuiuanssudmiudin manisneiny
dnsaseglasumeanesdiofuiiviviviosas 81.9 Faied
oglunmusigailefisuiuasnunsinunountid®es
dofinnsanauviavesaiedie nuiasesdleudazialu
nsfnuiifidniadonisnseg (mean survival time) igendn
nsEnwfiiiuan dalsenulilugie 11.2-18.0 feut™
TnelenSsuiisunevinveniasile wuidiadenisnseg
yoauuALazgUagil 13.5-26.5 ey druuuuduovlnaueud
22.7-26.0 \fiou wazdanialaafto1sy 12.6-27.0 wieu®"
uinmsAnwaded nudmuuduasguiaiadenisaseg
Wil 44.36 LHou wavdsnialaafite1suviniu 31.49 ifieu
uonan iefiesandnaisesnisaey (median survival
time) vosaamalsansonsymuinmintu 43.00 ey sganin
VMsEnunifisneauegil 4 e’ dauuvuduazguuaz
wunduoUlnaueudlianinsafwimmeinatsvessasegle
iesaniisnsnisaseggeninfesas 50 maentaeszeza
nsAnenNa dusuiedesledsnialeafisensainuindinans
fifnganhAnadensasegesataiutiu Snvasnsnszae
vesteyadanauandliifiuin ufazdiedoslounsduiia
anudumanlutisiuresnisinuaudnalidiadvanas
wia3esfledulngiuinninfesas 50 FiAsanInuagzyi
wihitludesinlfenuuiismeneszoznainissnumis
AatTin uenanil SasnisaseguesnuuduargUlunsAnuni
faeandosfiunisnumssanssuetadussuuiinenu
dasnnsnsegiiienar 80 w szezaAany 18 e’
Foyadifinnsnszanedinasataenisiamaiiennui uansl

Wiudamnu@enelanaratinuaesesilavsiind agnelsinnu

wuusueUlnaueudfinusnsnisnseggsisiesas 100.0 Tu
Faszazianm 12-35 oy Jsoradunasnaindiuaungs
fhegiitosuassvaznannssufanunaiineutnedugio
Wieuruisesiionlingu Jedewmaliifeddnlunauseudio
M9adin FandinisveneszeznanmsAnyvdolfind oy
naueg1s oranulemalunisineuduivaiveasdasie
Ioluewan
winmsfinwiiasnuidnamsnseguassdosiiors
3 oiin loun wuuduazgy Aandaleaniensy uaswuudiey
Tnaweud lifianuunnaegreiduddyniada wiille
fsandeyanuiwuuntarguuaziuuduaylnawoudd
dasnsasegganitdsnialeafisonsy Jeaenadesiunns

9,10,12 ' vLc.f = A o oA a o
DYNILINATIU LATDIUDNUNLLOALVUAU

AnwfHusn
Fousinenainuardnuaznisldouiuandietu e
namsAnwfiuansisegmslinuienuuniveasissile
iinlavianils Jdalldvmneanuinadosdefdnanazannse
thulimaunueiesdeviaduldlunnuiun lunsjoa
definnusnfusendenlifenialeansensy Jeudaeiidng
msnsaginiadesiiovindulunisdnuil uiiduaiesdle
nénfifidevdiamedmsunsasanmderimdmsgade
unsaniuamanedluennsslnsan deiifesfavemaden
YouA3ole fuaunndansTimnuddyuardunaiu
nsdanistiadeidesdu q Anrualdunu wu mirun
anuBueesauysafluduneunisBndiediuud iiloiii
UsyAvsammsiadnuaznsmsnseguesiaiole uenaNil
deduunmudnuaiznisldedede fe wdesdiesiindrafen
(unilateral appliance) l#uA wuuduazgy uaziedosdiovila
@037 (bilateral appliance) louA dsnialganaesy waz
wnuduodlnauend uiinedosdetuiivindraferneiisng

o v

Asaganniviinaesdne uilinuanuunneises1editdud Aty

o
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yediA GenamsAnwitaudstusenunsfnuneuniin
wuhiesesleviairafndisninisaeggininvlnaesines
2 wih lnganuAgrufudeinedesieviinaosiisdesiuuse
mnnsuadsluimadfiinniueiesdlevintrade duwa
TAnAuauwadlainenit’
sUsuuALEIwaITinUInfigalunsAnui Ae
esilofuiivan Fsgeiistoas 54.3 Inewuanniignluiiesie
slauvuduazrgu aonadesiussaunsAnunounthid
PrmNdImanamAReIiuegfifesay 22.4-82.0°5
og1lsfinn Snsanudumaniidoutnageasvioulisiuin
msngaveaasesiiefutladvddnyidmasiosniinisaso
awmemanvesNIIannINMIaduNsEninve T
Uinaumuud® Jaiitadeiiidemaneysenns Tusumeina
vosituthuniifidiunenuinuaoiluuasiivinududa
(contact area) fiwuunaznNafuitudinadss daaliainy
wuvalinsenitauuuaiuiifiuanas 919y lnAngeddng
ihlugnsazauasiuadunad Tnslamzuinailndiuyey

a

witen Sehanuazeialdenn asugdunidinani awude
nsnfivhaneriadeiluuasfians dmalmAnsosyldiedasie
wagIdniaurasion IuiliAansaadeduuduinn
nfnuaziaiesilotuingannnluiian uenantane
sunsisresuniilifdadudadoiaiuivilinsazaunsiu
QAuIEquussTulE
wenwileandadenuanngeudisvesdn Auaudi
yanavesandafalufumisudusmusensuniives
Suddadudaniateduddynivinadenisased ® Ty
ussBnfavestanuuiadouituihuntiesninfiuu esan
iwdeuiluthundinisZesveauriaadouity enamel rod)
Aduszeviosnin Jnhliussavsamlunsdafudismd

anasudloigunuiluw >

wihnlumsinendaglainuany
uwnnsseensdituddyneadfseninsiavesiiuiliBauuud
uideyasUTinainuiinnudfasonisiingey iosan
wsasiefidumandnivgdueioddiofiuusidauuiiuihu
(Fowar 18.9) Faganiuuusbauuituus (Fovay 17.1) il
fasandnuaznisdenliiluiauuusnuriavenaiasle
WUAMLLANFseE TR el wuuAkazgy finsdauwuun
vuituthuuds 102 Fu Weusunstauuituwiifes 48 Ty
Tuvaiziuuuduedlnanoud fidndrunisavuiiuihunuay
fuuiluswauiivihiufesdsay 9 Fu dwiuasnalsansend
wudimsBauuuiuuiuuiionn deyawaddatuayu
wnAndeduii Tassadraundeuiiuduafiienuunanindama

Tuss8nfnuasdiuudoaunaniniiaisunuiluwg fadu

TummdRsnsnseminuasitademnuidessulasadeitul
infinnsansadelumsnaununsine defialoniany
dusaluszozemn

ogdlsfimunsfnmiliidediin esndeyany
sudoudoundsliauysalluduvesniesdiendauuasouii
wanl3ady (stainless steel crown) UizLﬁuﬁﬁmmﬁ’]ﬁag
demniimsinunounhinuhauudusdunsauwuus
menandlelolulue s (glass ionomer cement) UuUATEU
flumdnlfadudadesnindedisutuilusssund Jaduna
mflmﬂmwm,l,mmsmsuaagﬂs'wLLazﬁuﬁwaamauﬁumé‘ﬂ"ﬁ
afufifianuyutosnirituihun uasiiiuiafidound dea
TiAnus8negldena (mechanical retention) WaglseasEn
(surface tension) ARniAdouiusssuwd® wenaini
nsnulldisuieunaveiinduusildnetosile
deswniinmsliiagnandleleluneBiuudifissiaifenasn
1Aty Fsulfaziidedfianunsnvanddesmgeslsitesty
Hlugle? widsundeyansiieuiisuiudmmdvindud
aalsEAnEnInNsBaRnfiunndneiu lnsnizn1stnin
vuituilane uenndadeduamautivisnaainduug
wagiluiliBadadamarionsngavecndasiioudn Tadudu
woAnssunazaumdevesinuuriunsinuidudnuis
FulsfidmansenulnensseusyansamnsinfnvesBiusd
Lﬁaqmﬂmmmﬂ’LumimU@mmu%uLLazmﬁﬂwﬁamaqLﬁam
wazihane Tnsianeluedesouuuaosirsidiiuiinisieu

52 geialsfAniu nsAnwil

Fudeuniuadosioviniaden
limuarauanisasnsinedesdiesinirafeuaransdn
araflesannisianisneaddniiiuszansainlunisan
NANSENUINNGANTTNYRIL U denndesiuenyvestaed
Guldiwdasdle Faliifianuunnssiuegnafideddymeeda’
uenanil ms%’mmehuimy'mmmiﬁﬂmﬁtﬂumsﬁ"ﬂmﬁumﬂiim
wuuundlalden wagiifissnsdifenfididunisneldnisay
graau dvsunsaiiindndilalinnuiufieviedinifau
foansiavunTelatinisdnnisngAnssulagliniseunu
msiedouln (protective stabilization) vansliiunyaaing
wiogUnAsestigUsyAsd (active immobilization) w¥en1sly
gunsaldrfinnsiadeuln W dwiesuin (papoose board)
iiernuUaendouagylrinssnuniiussansnim Gansliss
nsdmanginssuetsasiianelunguidindnillisuiied
anadudadvddyiivilianudisalunsianedesiiesin
aesinsliunnsnsnnialesdiovindafen

atlsfinu nsfinwniiidednin de luldtimaiuteyn
waAnssudnvauzildiniesile esnngAnssuveadiniinig
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Wasuwladldnasatiaszeznannisin lallddinsasuidu
woAnssuietegnduninigu szneududunisfinw
foundsiiteyagniuiinlassiununmdvansay Fseratiany
unnssiuluseazBeamstiuiin Ssdmalinnmimindede
gwiagUszidiu (inter-rater reliability) Yoyadautiasl)
ansatinileneiiisuiisunsadadiomdeasuitaauld
FadudedrinfinaslasunisusulssdmiumsAnuiBmgfnssy
siold uenanil ngAnssumssudsemuomsiifianumu
wazwilnaduutiododdyiidsmalriuivanldie uandi
Fuhanudidavesnsldwiestiofuiifesorderinisdanis
woAnssufuszansain arugluiumsdaasausiunnssy
Josrulaonsliiungu@nwinazduugidulasuinisd
wangaumdsnsldindosio®?
dsuarudumannanmgduiiwilunsfnmi
fio Matrgavtednuaveeiesile Ssusesas 25.7 aenndes
funenumsAn ik finulurasdosas 10-27 laewusnn
Tuedosdlofldlurnsslngans lnglanzdsnialaansende®’
dmsunisieesiladesusiunimeswinsslng
msfnwinuhmdumemveneiesdlefldlunnsslnsasd
dhsganimnsslnsuueenadifeddymeada dsaonndosiu
nsAnwineumihfinuiatesdieviinaestrslurinsslnsan
fisanmsasegmninasesdeildlurnsslnsun’ Tasiame
Tungudsmaleafefuiinuaiumainnisiigaviednuin
vouniosilogsisiesar 14.3 Geanunsaodunelimetlade
\Jenamans (biomechanical facton iflasniasesiiofld
Turnsslnsansfldiuvesamaiisnleniuuuud Wodesiu
usuaRE stz lfAnanueieauareadenaly
wuufauTnai AUy unAniddrenadesiumeny
LB sATBsAILTIARLILA LAY (ingual bonded
retainen) Tunnsslnsans Seflenufuiusfuussuaifeuas
mEnvesnsauiiu (deep bite) Mifiuanadsssioni
AUWIAY WUNNTAN L NUANLALMEIVDIFINIALEARY
915sunnIuutieUlnaweud windulinuninuwnneng
aghelitdudAgyvneadn® egdlshinu annnesnudumad
Tuvnsslnsansenlalaiinaintededanamansiiivseeng
e uddsdiadensedindiddy fe nsmuauaLy
yaurBanuud Liosnunsslnsanseglndfumadaesien
dhanglfau(sublingual eland) wazstenthangldunsslnsans
(submandibular gland) ¥lsinsaauasianeidululden
ninsslnsuy mavudouhasuazidentzdmalasnss
sonnuudausslumsBafavesdians dilugnssidunuses
AovadianuazRfiula” ?z’iﬂmsmmmmm%wumﬂdm%aq

flefte futunouiiaziundounaziodiinalunsujoa
Tagdsranszmulagassennudisavesnsnsegvoanias
folussozeny®

dwmsudadeimuanniglsamasyuu Tumeiunnssy
dnsudingtonguiitaeglunduiinfifimufosnsfiay
(children with special health care needs) iilosaniidedin
mwusenie 3ala Wannns wodnssy viedidudedrisly
nslitindsediuardndusedldsunisquatiemieduiim”
whgdnenunsfnunivdidtienduifianudesions
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School-Based Oral Health Promotion Program for Visually Impaired Adolescents
in Thailand: A Before-And-After Study
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Abstract

Visual impairment causes some challenges for adolescents’ oral health. This study aimed to develop an oral
health promotion for visually impaired adolescents and evaluate the effect of the program on oral health literacy
and oral behaviors. This one-group before-after study enrolled 27 visually impaired adolescents (grade 7-12) from
the Bangkok school for the blind was conducted during June 2022 to January 2023. Clinical examination, oral health
knowledge, word comprehension, and oral health behaviors were evaluated at baseline, immediately after the
intervention and at a six-month follow-up. The oral health promotion including developing oral health literacy and
tooth brushing skills via workshops and audio media, creating a supportive environment in school, developing an oral
health policy, and reorienting oral health service was implemented. Caries prevalence was 76.5%. Mean (SD) DMFT
was 2.41 (2.09) and mean (SD) OHI-S score was 1.74 (0.84) at baseline. Comparing the baseline and post-intervention
immediately, there were significant improvements in the knowledge about tooth decay (p=0.044), oral health care
(p=0.022) and cariogenic food (p<0.001). After six months, there were significant improvements in knowledge about
tooth decay (p=0.005), gingivitis (p=0.040) and cariogenic foods (p=0.001) when compared with the baseline. There
were significantly more adolescents who understood the dental keywords after six months in the words "periodontitis”,
"sealant", "dental pulp”, "cervical tooth region" and "dental plaque". The significant improvement in behavior was only
seen in the use of fluoride in toothpaste (p=0.034). School-based oral health promotion programs can improve oral

health literacy and behaviors in using fluoride toothpaste among visually impaired adolescents.
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Introduction

Blindness is a visual impairment characterized by blindness as having visual acuity of less than 3/60 or
the complete or significant loss of vision in one or both corresponding visual field loss in the better eye with the
eyes. The World Health Organization (WHO) defined best possible correction." Visual impairment includes low
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vision which is defined as visual acuity worse than 6/12 (low),
6/18 (moderate) and 6/60 (severe), and blindness. Around 2.2
billion of world population have visual impairment or
blindness.” In Thailand, there are 184,542 visually impaired
people who registered in the Ministry of Public Health
system in 2024, accounting for 0.28 percent of the Thai
population.” Individuals who are visually impaired often
experience difficulties in performing everyday tasks that
require visual perception, such as reading, recognizing faces,
and navigating their surroundings.' However, the impacts
on oral health are often overlooked.

Several studies show that visually impaired
people have poorer oral hygiene than sighted people.
They have a higher prevalence of dental caries, gingivitis
and other difficulties with oral function.” In visually impaired
people, it is more difficult to maintain oral hygiene since
their perceptual ability depends primarily on touching and
hearing, therefore they cannot detect their oral problems as
promptly as others. Moreover, they have less opportunity
to access dental service and to obtain knowledge about
oral health care.” Focusing on preventive dentistry in
young visually impaired people could improve their oral
health status and reduce the need for more complex
treatment later on.

Understanding these challenges and implementing
appropriate strategies to address them is essential to
ensure that individuals with visual impairment receive
adequate oral health care and can maintain optimal oral
health.® Oral health promotion program in school, which
includes changing the environments to accident-free
areas, developing healthy meal plans, cooperating with
local hospitals to refer students with complicated oral
conditions and providing oral health education for students,
is a good way to help visually impaired people to have
better knowledge, skills and access to dental services.
Despite the potential benefits, there is a notable gap in
the literature concerning oral health promotion programs
specifically tailored to visually impaired schools.

The primary objective of this study is to develop
an oral health promotion program in schools catering to
visually impaired adolescents. The study aims to assess oral

health literacy and oral behaviors among this population

and, subsequently, discuss potential solutions to enhance
oral health outcomes. By focusing on preventive measures
and education, this research seeks to contribute valuable
insights that can positively impact the oral health of
visually impaired individuals, fostering better knowledge,

skills, and access to dental services.

Materials and Methods

This one-group before-after study did not include
a separate control group, and outcomes before and after
the intervention were compared within the same group of
participants. This study has been approved by the Human
Research Ethics (HREC-DCU 2022-051), and informed
consent was acquired from the participants in the study.
The responses of the participants were kept confidential
and were not linked to their identities. The data analysis
was performed in block form, rather than individually, to
assure anonymity and confidentiality. The study duration
was from June 2022 to January 2023.
Theoretical Framework - Ecological Model

The design of this study was based on the ecological
model for health behavior’, encompasses interrelated
multi-level approaches. Prior the intervention design, the
consultative meeting with stakeholders consist of the
director of school, members of school board, head of
school health education and representative of teachers
and students who were visually impaired was convened
to develop the blueprint for intervention framework. At
the individual level, tactile and auditory educational
materials and personalized support enhance oral health
knowledge and skills. Interpersonal strategies involve
relationships with family, friends, peers, and social networks
to influence of social support, communication patterns,
and social norms on individual behavior. Organizational
efforts focus on integrating inclusive oral health education
into the curriculum and ensuring accessible resources
within the school environment. Community engagement
includes workshops and accessible dental services, while
policy advocacy aims to prioritize oral health needs
at the public policy level. Continuous evaluation and
feedback loops ensure the adaptability and effectiveness

of the program, creating a comprehensive and inclusive
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framework for promoting positive oral health behaviors
among visually impaired students.
Study population

Visually impaired high school students (Grade 7- 12)
from the Bangkok School for the Blind who can communicate
through listening were included in this study. The exclusion
criteria for this study involved individual students with
physical, mental, or hearing impairment. The visually
impaired students received a verbal explanation in detail
of the study design and they were asked to give their
informed consent. The participants comprised of 27
visually impaired adolescents who attended the Bangkok
School for the Blind.
Research Instruments

An online questionnaire using screen reader, text-
to-speech (TTS) and speech recognition program on the
phone can help the participants to read and answer the
questionnaires. The questionnaire consisted of four parts:
demographic characteristics, oral health knowledge, oral
health behavior, and word comprehension. The 24-item
oral health knowledge section covered causes of dental
caries, oral health care, and cariogenic foods. The 12-item
oral health behavior section assessed participants' habits,
and the word comprehension section comprised 20 words.
The questionnaire underwent validation by experts,
ensuring content relevance and clarity.
Data collection procedures
Before the study

Prior to the intervention, telephone interviews
with one teacher and two students provided insights into
oral health behavior, dental utilization, school environments,
and the oral health education curriculum. Baseline data,
including demographic information, were collected from
the 27 participants through online questionnaires. Oral
examinations for plaque (using the simplified oral hygiene
index - OHI-S) and caries status (using decayed, missing,
and filled teeth - DMFT index) were conducted for 17
students at the initial visit.
Oral health promotion intervention

After completion of the baseline survey, the
interventions were conducted at the Bangkok School for the

Blind and divided into four key parts of health promotion

actions following the Ottawa Charter8 including: 1) developing
personal skills; 2) creating supportive environments; 3)
promoting oral health through public policy; 4) reorientating
oral health service. While all components were implemented
as part of a comprehensive program, outcome evaluation
primarily focused on changes in oral health literacy and
oral health behaviors.

Part | Developing personal skills: This core
component aims to promote understanding and to support
the development of personal skills which enable individuals
to take action to promote their health through the workshops.
The three-hour session utilized audio-tactile aids (audio
clip and dental model) and focused on: dietary components
and their effects on oral tissues; the importance of a
balanced diet; etiology of dental caries, gingivitis, clinical
manifestations, treatment modalities; prevention of
dental caries, sealant; the importance of brushing teeth
twice daily and proper tooth-brushing technique; and
the importance of a regular dental visit. Hand-on tooth
brushing using modified bass technique was practiced
in small groups. Furthermore, audio media was sent via
participants’ Line group (social communication) every
month for three months.

Part Il Creating supportive environments: The
study emphasized the creation of a supportive school
environment to facilitate oral health promotion among
visually impaired adolescents. A participatory approach
was employed to ensure that the learning environment
was inclusive, accessible, and responsive to the specific
needs of students with visual impairment. Environmental
modification and supportive learning processes were
developed through consultations with key stakeholders,
including school administrators, teachers, caregivers,
and students. Focus group discussions were conducted
to explore barriers to oral health practices within the
school setting and to identify feasible environmental
supports. Findings from these discussions informed the
design of tailored activities and materials. As part of the
program implementation, schools were encouraged to
provide healthier snack and beverage options in vending
machines. To support regular tooth brushing, school

nurses were encouraged to implement a standardized
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tooth-brushing protocol, and toothbrushes with 1,500 ppm
fluoride toothpaste were provided to all students.
Part lll Promoting oral health through public
policy and community participation: This component
served as an enabling strategy aimed at institutional support
rather than a directly evaluated outcome. Policy-level
discussions were conducted to establish school-based
guidelines that supported regular oral health activities,
including scheduled toothbrushing after meals, provision
of fluoride toothpaste and appropriate oral hygiene
equipment, and screening and referral system for dental
services provided by volunteer dentists in school dental
clinics. Advocacy efforts were directed toward the school
board to encourage the adoption of a healthy food
policy, including guidance for donors to provide healthier
food options and promoting healthy meals in the school
cafeteria. These actions were intended to support and
sustain individual-level behavior changes promoted in the

program. The study also encouraged the incorporation of

oral health promotion into the health-related regulations
and annual action plans of the school.

Part IV Reorientation oral health service:
Reorientation of oral health services was implemented
as a supportive structural component of the program.
The research team facilitated collaboration among school
administrators, school nurses, and teachers to support the
establishment of preventive oral health services within
the school. In addition, a referral pathway for students
requiring further or specialized dental treatment to local
hospitals was discussed and coordinated. This compo-
nent aimed to improve access to preventive care and
continuity of oral health services, although its outcomes
were not quantitatively evaluated in this study.

Table 1 describes the oral health promotion
actions and the expected outcome. These outcomes
are the bridge between what we do and what we are

trying to achieve in oral health promotion interventions.

Table 1 Expected outcome from Oral Health Promotion Program

Intervention

Activity

Expected outcome

Developing personal skills

Create supportive

environment in school

Promoting oral health

through public policy

Reorientation oral health

service

Oral health literacy workshop and tooth
brushing training

Audio media via group chat

Consultative meeting with school board
and stakeholder
Providing toothbrushes and 1500 ppm

toothpastes

Advocating school board to promote

healthy food policy

Facilitation health teacher to set
preventive clinics in the school
Referring students for dental treatment

in cooperation with local hospitals

Increase oral health literacy
ncrease tooth brushing skill

Improve oral health behavior

Availability of healthy snacks and drinks in
vending machines
Availability of toothbrushes 1500 ppm

fluoride toothpastes

Promote healthy food from donation
Availability of healthy food in school

cafeteria

Having preventive clinics in the school
Number of students who have oral exam-
ination and are referred for treatment, if

needed.

Post-Intervention and Follow-Up

Data on oral health knowledge and word recognition
were collected immediately post-intervention and again six
months later, utilizing the same questionnaire and clinical

oral examinations as at baseline.

Statistics analysis

The statistical analysis was carried out using
SPSS version 22 (IBM, Armonk, NY, USA). The paired t-test
was employed to assess the clinical outcome and word

comprehension both before and after the intervention.
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For comparison of baseline data, immediately after, and
six months post-intervention in the knowledge segments,
we utilized repeated ANOVA. The Chi-square test was used
to identify and compute categorical variables. A P-value

of less than 0.05 was deemed statistically significant.

A total of 27 visual impaired adolescents aged
13 - 20 years old (8 males, 19 females) were recruited for
this study. The median age (interquartile range) was 16 (3)
years. There were 14 (51.9%) totally blind students and
13 (48.1%) partially blind students. At baseline, 17
participants underwent clinical examination, showing a
caries prevalence of 76.5 % with a mean (SD) DMFT of
2.41 (2.09) and a mean (SD) OHI-S score of 1.74 (0.84).

All 27 participants completed the immediate
post-intervention assessment. At the six-month follow-up,
18 participants completed the questionnaire and were
included in the main outcome analyses, resulting in
an overall attrition rate of 33.3%. Reasons for loss to
follow-up included absence on the examination date

and non-response to the online questionnaire. Clinical

re-examination at six months was available for nine
participants only (Supplementary file).

Following the ATP-based intervention, significant
improvements in oral health knowledge were observed,
particularly in domains that were directly addressed through
audio-tactile learning and hands-on practice. Immediately
after the intervention, significant gains were observed in
knowledge related to tooth decay (p=0.044), oral health
care practices (p=0.022) and cariogenic foods (p<0.001).
However, gingivitis (p=0.248) and dental attendance
(p=0.645) showed no significant change. After six months,
there were significant improvements in the categories of
tooth decay (p=0.005), gingivitis (p=0.040), and cariogenic
foods (p=0.001) when comparing at the baseline. Whereas
the category of oral health care (p=0.050) and dental
attendance (p=0.165) showed improvement but was not
statistically significant. The total knowledge score highly
increased over time. The percentage of knowledge score
increased from 61.13 (at baseline) to 83.83 (at six months),
suggesting a sustained effect of the ATP-based educational

approach. (Table 2).

Table 2 Knowledge scores at baseline, immediate and 6 months after intervention (n=18)

Knowledge score

p value p value
Knowledge category TO (baseline) T1 (immediate) T2 (6m)
(TO-T1) (TO-T2)
Mean SD Mean SD Mean SD

Tooth decay 1.5 0.618 1.89 0.323 1.94 0.236 0.044* 0.005*
Gingivitis 2.78 1.114 3.44 0.705 3.67 0.594 0.248 0.040*
Oral health care 55 1.286 7.21 1.251 7.07 1.328 0.022* 0.050
Dental attendance 1.56 0.511 1.78 0.428 1.89 0.323 0.645 0.165
Food 3 1.029 5.22 1.06 4.67 1.455 <0.001* 0.001*
Total 14.06 3.077 19.89 2.246 19.28 3.025 <0.001* <0.001*

* p value analyzed using repeated ANOVA with statistically significant different (p<0.05)

In terms of functional oral health literacy, word
comprehension of key dental terms improved markedly
after the intervention. The number of participants who

correctly understood technical terms such as "periodontitis",

"sealant”, "dental pulp", "cervical tooth region" and "dental
plague" increased at six months compared with baseline
(Fig. 1), reflecting enhanced conceptual understanding

facilitated by multisensory learning strategies.
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Figure 1 At baseline and 6 months post-intervention, 18 students understood oral health literacy terms.

Changes in oral health behaviors were modest. A Other behaviors, including frequency of tooth brushing,
statistically significant improvement was observed only in sugar consumption, use of additional oral care products,
the use of fluoride toothpaste, which increased from 38.9% and dental attendance, showed no statistically significant
at baseline to 77.8% at six-month follow-up (p = 0.034). changes (Table 3).

Table 3 Oral health behaviors before and after intervention (n=18)
n (%)
Oral health behavior p-value
before after 6 months
frequency of sugar in meal 5(27.8) 11 (61.1) 0.098
consumption 1-2 times/day 9 (50.0) 6 (33.3)
>2 times/day 4(22.2) 1(5.6)
frequency of tooth brush-  0-1 time/day 1 (5.6) 3(16.7) 0.289
ing >=2 times/day 17 (94.4) 15 (83.3)
type of toothbrush manual 18 (100.0) 17 (94.4) 0.310
electric 0(0.0) 1(5.6)
toothbrush bristles soft 11(61.1) 7(38.9) 0.138
medium 7 (38.9) 8 (44.4)
hard 0 (0.0) 3(16.7)
fluoride in toothpaste with fluoride 7 (38.9) 14 (77.8) 0.034*
without fluoride 2(11.1) 2(11.1)
not sure 9 (50.0) 2(11.1)
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Table 3 Oral health behaviors before and after intervention (n=18) (cont.)

n (%)
Oral health behavior p-value
before after 6 months
other oral care no use 11 (61.1) 13 (72.2) 0.775
products floss 2(11.1) 2(11.1)
mouthwash 1(5. 2(11.1)
proxabrush 1 (5. 1(5.6)
toothpick 1 (5. 2(11.1)
frequency of dental visit none 13 (72.2) 14 (77.8) 0.464
1 time 5(27.8) 3(16.7)
>=2 times 0 (0.0) 1(5.6)

* p value analyzed using Chi-square test with statistically significant difference (p<0.05).

No statistically significant differences were
observed in the mean numbers of decayed teeth (DT),
missing teeth (MT), filled teeth (FT), or the overall DMFT
scores between baseline and the six-month follow-up
assessment. The mean Oral Hygiene Index-Simplified
(OHI-S) score showed a slight downward trend at six months
compared with baseline; however, this chanee did not reach
statistical significance.

Regarding the healthy public policy, supportive
environment component, post-implementation findings
indicated incremental but meaningful developments at
the institutional level. Although no formal revisions to
school regulations concerning food and beverage sales
were observed during the study period, oral health
considerations began to be incorporated into existing
school health practices and service delivery structures.
Preventive dental services, including annual dental
examinations, topical fluoride application, and fissure
sealant placement, were maintained as routine practices
within the school dental clinic, reflecting sustained policy
support for preventive oral health care for students with
visual impairment. In addition, a structured referral policy
was operationalized for students requiring advanced
dental treatment. Approximately ten students per year
were systematically referred to the Faculty of Dentistry,
Chulalongkorn University, indicating the presence of an
established inter-institutional collaboration and continuity
of care beyond the school setting.

Furthermore, the initiation of an oral health

education module tailored for visually impaired students

was implemented by another research team and integrated
into the school curriculum. This sugeests growing institutional
recognition of oral health as a component of comprehensive
student well-being. While this curriculum initiative was
not directly generated by the present program, it reflects
an enabling policy environment and increased alignment
between educational and health objectives within the
school system. Overall, these findings demonstrate
early-stage policy integration characterized by the
maintenance of preventive service provision, formalized
referral pathways, and emerging curriculum-level actions.
However, broader policy changes affecting the school
food environment, particularly regulations governing
beverage availability, had not yet been realized during

the study period.

Discussion

The findings of this study indicate that visually
impaired adolescents had a higher prevalence of dental
caries and poorer oral health than sighted counterparts. This
observation is consistent with national and international
evidence demonstrating oral health disparities among
individuals with visual impairment. Data from the report of
the 9th Thai National Oral Health Survey in 2023’ showed
that 15-year-old Thai adolescents had a caries prevalence
of 61.2%, a mean DMFT of 2.1 whereas caries prevalence
of this study was 76.5% with the mean DMFT of 2.41 teeth.
Similar to Bunyoo's study in Thailand that found 58.8% of
visually impaired adults (ages 21 to 93; mean age 67.45)

had dental caries. Moreover, they had less restoration in
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due to the lower accessibility of dental treatment.' Samnieng
et al.'s study conducted on 146 visually impaired adults
(mean age 48.8-5.9) who live in Phitsanulok, Thailand
indicated that visually impaired people had poorer oral
hygiene than the sighted ones.” In accordance with studies
in India (Solanki et al., 2013), which compared 354 visually
impaired children (ages 6 to 15 years) to 350 sighted children,
the prevalence of dental caries in visually impaired
children (60%) was higher than the group of the sighted
children (31.5%). These findings reflect persistent structural,
informational, and environmental barriers to oral health
care among visually impaired adolescents. Such disparities
underscore the need for oral health promotion strategies
that address not only individual knowledge deficits but
also broader social and environmental determinants of
health, in line with the Ottawa Charter for Health Promotion.
In this context, the outcomes of the present study can
be meaningfully interpreted through the framework
of developing personal skills and creating supportive
environments, which represent two core components
of the implemented program.

This finding might be possible that those who are
visually impaired have poorer oral hygiene because they
have difficulty in locating plaque® and cannot identify
oral diseases as early as others."" Additionally, they lack
knowledge of proper oral health care and are less aware
of the importance of regular dental checkups, resulting
in tooth decay later." Moreover, less access to dental
treatment is one of the reasons why visually impaired
people have more oral health concerns than sighted
people. Other reasons include parents' attitudes that do
not recognize the importance of oral care for visually
impaired children, dentists' bias against the visually
impaired, and environments that are unfriendly to the
visually impaired.*'” These results are consistent with
the study of Yalcinkaya et al ", which found that an
effective oral health program could improve the oral
health knowledge of visually impaired students. In this
context, the present study highlights the potential role
of the Audio-Tactile Performance (ATP) technique in
enhancing oral health literacy among visually impaired

adolescents. By integrating auditory instruction, tactile

exploration, and hands-on practice, the ATP approach aligns
with multisensory learning principles that are particularly
relevant for individuals with visual impairment. Evidence
from related populations further supports this approach:
a systematic review by Shrivastava et al." reported
improved oral health knowledge and behaviors through
visual learning strategies among children and adolescents
with hearing impairment, while Khurana et al."” emphasized
the importance of adapting oral health education to the
sensory needs of individuals with visual impairment using
accessible formats such as Braille-based tools. Collectively,
these findings reinforce the rationale for multisensory,
sensory-adapted educational approaches, consistent
with the significant and sustained improvements in oral
health knowledge and word comprehension observed
in the present study.

Improvements were particularly evident for

technical terms such as "periodontitis”, "sealant”, "dental
pulp", "cervical tooth region" and "dental plaque". These
gains are likely attributable to repeated exposure through
audio media and tactile engagement during workshops,
especially the opportunity to physically explore dental
models. Tactile learning enables individuals with visual
impairment to better perceive three-dimensional structures
and spatial relationships, which may facilitate deeper
understanding and retention of oral health concepts.
These findings are consistent with previous studies
demonstrating the effectiveness of ATP-based oral
health education among visually impaired children and
adolescents.” In contrast, commonly used daily terms
such as tooth brushing, sugar, and dentist showed limited
change, likely reflecting a ceiling effect, as participants
were already familiar with these concepts prior to the
intervention. This distinction further supports the role
of ATP techniques in strengthening more complex or
abstract aspects of oral health literacy rather than basic
knowledge alone.

With regard to oral health behaviors, a statistically
significant improvement was observed only in the use of
fluoride toothpaste. This change may have been influenced
by both increased oral health knowledge acquired through

the audio-tactile performance (ATP)-based education
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and a reduction in access-related barriers, as fluoride
toothpaste was provided to all participants as part of
the intervention. Visually impaired adolescents may
experience difficulty in identifying fluoride content on
toothpaste labels, and therefore the combination of
targeted education and material support likely facilitated
this behavioral change. However, due to the one-group
before—after study design, the independent effects of
knowledge improvement and resource provision cannot
be clearly disentangled.

In contrast, other oral health behaviors, including
tooth brushing frequency, sugar consumption, and dental
attendance, did not show statistically significant changes.
Although tooth brushing skills were addressed through
hands-on ATP training, a single session may have been
insufficient to produce sustained behavioral change.
Difficulties in brushing posterior and lingual surfaces were
observed, suggesting that repeated practice and reinforce-
ment may be necessary to translate skill acquisition into
habitual behavior. Previous studies have similarly emphasized
the importance of repeated and longitudinal training
sessions for improving oral hygiene practices among
visually impaired individuals."’

Sugar consumption also remained largely unchanged,
likely due to environmental influences beyond individual
control, such as the availability of sugary foods and beverages
in and around school settings. This finding aligns with existing
literature demonstrating that dietary behaviors among
children and adolescents are strongly shaped by physical
and social environments."** In the absence of substantial
environmental or policy-level modifications, individual-
level education alone may have limited impact on such
behaviors. Consequently, the lack of significant improvement
in clinical outcomes, including DMFT and OHI-S scores, is
not unexpected within the relatively short follow-up period.

With respect to creating supportive environments
and policy-related actions, a descriptive follow-up conducted
after program implementation indicated that changes
in the physical school environment remained limited,
particularly regarding beverage options available through
vending machines. This finding highlights the challenges

of modifying environmental determinants of health within

school settings, which often require sustained policy
commitment beyond short-term interventions. Nevertheless,
progress was observed in other supportive domains,
including the initiation of an oral health education module
tailored as part of the school curriculum by another
research team, and the establishment of a referral
pathway enabling students to access comprehensive
dental care. Although these developments were not
quantitatively evaluated, they represent early steps
toward strengthening supportive environments and
reorienting oral health services in alignment with the
Ottawa Charter framework.

Several limitations need to be acknowledged.
The one-group before—after study design limits causal
inference and does not allow clear separation of the effects
of individual skill development and environmental support.
In addition, the relatively high loss to follow-up may have
reduced statistical power to detect changes in behaviors
and clinical outcomes. Finally, longer follow-up periods
are likely required to observe meaningful changes in oral
health behaviors and clinical indicators. Despite these
limitations, the present study provides valuable evidence
supporting the application of ATP-based strategies within
an Ottawa Charter-informed framework to improve oral

health literacy among visually impaired adolescents.

Conclusion

A school-based oral health promotion program
can effectively enhance oral health literacy and improve
specific oral health behaviors, particularly the use of

fluoride toothpaste, among visually impaired adolescents.
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Anatomical Tracing of Mandibular Third Molars using Deep-Learning Models
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Abstract

The aim of this study was to compare the performance of Convolutional Neural Network (CNN) models
in tracing mandibular third molars in panoramic radiographs for surgical difficulty planning. This is a retrospective,
cross-sectional study. A total of 343 panoramic radiographs of innovative anatomical landmarks of impacted man-
dibular third molars and related structures were annotated by a specialist. These were divided into two groups: 276
films for training and 67 films for validation. Four CNN models—AlexNet, ResNet18, ResNet50, and VGG16—were
used for comparison with the annotations of the specialist. Loss function, mean squared error and tracing results
were used for evaluation. Although ResNet50 achieved a low loss function of 0.001 in the validation set, suggesting
it might be the best model, Mean square errors and the tracing results of AlexNet and VGG16 outperform the other
models. None of the models generate correct superimposition. The application of deep learning models in this
domain is not yet ready for clinical use due to incorrect superimposition tracing; however, they show potency for

future development. Further studies are essential.
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Introduction

Mandibular third molar impaction is the most
common tooth impaction in the oral cavity. The difficulty
of surgically removing the mandibular third molar depends
on various factors, such as the space between the anterior
ascending ramus and the distal surface of the mandibular

second molar, as well as the vertical level of the mandibular

third molar relative to the occlusal plane. The criteria for
classifying the difficulty of mandibular third molar removal
are Pell and Gregory’s classification' and Winter’s classification?’,
which are based on panoramic radiographs. Moreover,
other factors can influence the difficulty, including the root

curvature, root size, number of roots, distance between
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the root apex and the mandibular canal, and the width
of the periodontal ligament space.” However, applying
these criteria may require personnel with the ability to
analyze the films; and the process to analyze the film
seems to be time-consuming.

Convolutional Neural Network (CNN) is a deep
learning architecture specialized for processing n-dimensional
data, such as images." It works by hierarchically extracting
features through layers designed to mimic visual perception,
starting with patterns for example edges, textures, shadows
and progressing to complex structures. Most CNNs work
for image processing in Computer Visions such as object or
face detection. Currently, CNNs are used in various fields,
including dentistry, for detecting dental caries’ and
periodontal diseases’, the Kennedy classification of
partially edentulous arches’ as well as classifying jaw
relationship types.® There are many CNN models that can
be used in analyzing the mandibular third molar in the
panoramic radiograph,”™ but no single models outperform
others. Research exploring the use of CNNs for classifying
the difficulty of impacted mandibular third molar in
radiographic images have not been extensively developed.
One study attempted to compare the difficulty score
from CNN reading with the specialist reading.'” While their
findings demonstrated good performance, it was observed
that their scoring system only has three levels, which may
not provide adequate information for surgical planning
and cannot fully illustrate the difficulty pattern. Other
studies focused on three domains related to difficulty:
molar-ramus relationship, depth, and angulation.'”"!
However, it did not include other relevant domains that
contribute to difficulty and potential complications, such
as the root-inferior alveolar canal (IAC) relationship and
root morphology. Moreover, the current research gap
is a lack of suitable datasets for segmentation and the
inability of existing deep learning models to provide

explainable outputs hinder their practical application in

classifying mandibular third molar impaction difficulty.
These knowledge gaps have driven the design of our
study, which aimed to use CNNs for tracing mandibular
third molars and related structures that incorporate the
existing classification and root-inferior alveolar canal
relationship. Four common CNN models—AlexNet,
ResNet18, ResNet50, and VGG16— were further evaluated
for this tracing task.

Materials and Methods

D nd D Learning M Pr in

243 panoramic radiographs of patients with
at least one side with a mandibular third molar were
collected from the Faculty of Dentistry, Chulalongkorn
University. The films were randomly obtained from
four machines, i.e., CS 8000C (Carestream Dental LLC,
Atlanta, USA), CS 9000C (Carestream Health, NY, USA),
Veraview Epocs 3D (J. Morita Corporation, Kyoto, Japan)
and NewTom GIANO HR (Cefla s.c., Imola, Italy) according
to their user manuals. The images were processed and
cropped into the area that was used for training and
validating the model.

The region of interest (ROI) was identified from a
pilot study using the following steps: cropping the images,
reviewing the results with an oral & maxillofacial surgeon
(OMFS, SY) who is Thai board certified with ten years
of experience, and repeating this process until all the
dataset images including the mandibular second and
third molar and related structures, such as anterior
ascending ramus and inferior alveolar canal. The ROI
centers for the right tooth were 0.265 in the width and
0.650 in the height. The ROI centers for the left tooth
were 0.735 in the width and 0.650 in the height. The ROI
square images had 720 pixels for the width and height
(Fig. 1). The cropped images without a mandibular third
molar were excluded. Ultimately, 343 cropped images

were used as datasets.
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Figure 1 Panoramic radiographs were processed and cropped. The ROI centers for the left tooth size were 0.265 in the width and
0.650 in the height. The ROI centers for the right tooth size were 0.735 in the width and 0.650 in the height. The ROl square

images have 720 pixels for width and height.

The researchers used an image array as the input
to the machine learning (ML) model, and the output of
the model consisted of landmark points. The original ML
architecture was modified by customizing the fully connected
layers. Specifically, the custom fully connected layer was
revised by replacing its activation function with the rectified
linear unit function and incorporating layer normalization
and dropout. These modifications were intended to
adapt the classification model for regression tasks.

In the current study, Python 3.12 and PyTorch
2.3.1 were used. The ML models including AlexNet,
ResNet18, ResNet50, and VGG16 were implemented in
Python. Prior to training, all data preprocessing—including
tasks such as image resolution resizing—was automated
using Python scripts. Data augmentation included random
Gaussian blur (5x5 kernel, u=0.01, 3=0.25) and brightness

variation (+20%)."" These augmentations aimed to simulate

inter-patient and imaging variability. Moreover, a sigma
range of (0.5, 0.7) to simulate realistic image variations and
improve model robustness. For training, the hyperparameters
were set as follows: learning rate of le-4, L1 regularization
rate of 7e-3, L2 regularization rate of 7e-3, and a dropout
rate of 0.5 to prevent overfitting. These settings helped
enhance generalization by smoothing input images and
controlling model complexity during training.

The deep learning model was trained using fine
tuning with pretrained CNN models. The pretrained weights
from the ImageNet-1K V1 dataset for model initialization.
ImageNet-1K V1, also known as ILSVRC 2012, is a widely
used subset of the larger ImageNet dataset designed for
benchmarking computer vision models."* The convolutional
parameters and fully connected parameters were trained.
There were four deep learning models in this experiment
comprising AlexNet, ResNet18, ResNet50 and VGG16.
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In the experiment, 343 cropped films were split into a
training set (276 films) and a validation set (67 films).
The training and validation sets were randomly divided
manually before being trained. An Adam optimizer was
used with a small initial learning rate. To prevent over-
fitting, weight decay and regularization were applied.
The model was trained with a mini-batch size of 64 for

201 epochs, with early stopping implemented when

Anatomi ndmar. rmination

Twenty-nine landmarks (Table 1) were deter-
mined by the OMFS. All the landmarks are related to
the classification of the mandibular third molar surgical
removal difficulty. The landmarks were determined
manually and measured using the ImageJ Schneider CA
program15 (Fig. 2). To ensure standardization, manual

tracing was previously performed by two examiners (SY

the validation loss converged. Training was performed and CP) during a pilot study.

on an NVIDIA RTX 4070Ti Super.

Table 1 Anatomical landmarks of the mandibular third molars and related structures.

Area of Interest Landmarks

Mandibular third molar 1 Mesial cusp tip

2 Distal cusp tip

3 Widest point at mesial crown

4 Widest point at distal crown

5 Mesial cemento-enamel junction

6 Distal cemento-enamel junction

7 Widest point at mesial root

8 Widest point at distal root

9 Mesial root apex

10 Distal root apex

11 Point indicated root morphology®

12 Root furcation

13 Central pit°

21 Highest point where anterior ascending ramus crosses the mandibular third molar.
22 Point indicated incomplete root formation of mesial root*

23 Point indicated incomplete root formation of distal root"

Mandibular second molar 14 Widest point at distal crown

15 Mesial cusp tip

16 Distal cusp tip

17 Mesial cemento-enamel junction
18 Distal cemento-enamel junction
19 Central pitb

20 Root furcation

Inferior alveolar canal (IAN) 24 Upper border of IAN located anterior to the roots of mandibular third molar
25 Upper border of IAN located near the roots of mandibular third molar

26 Upper border of IAN located posterior to the roots of mandibular third molar
27 Lower border of IAN located anterior to the roots of mandibular third molar
28 Lower border of IAN located near the roots of mandibular third molar

29 Lower border of IAN located posterior to the roots of mandibular third molar

“In case of root separation, no. 11 will be the same point as no. 12. If the roots do not separate, no. 11 will be at the midpoint where the two
roots are attached.

®The deepest point of the occlusal surface between the mesial and distal cusp tips

“In case of complete root formation, no. 22 and no. 23 will be the same points as no. 9 and no. 10, respectively.
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Figure 2 29 landmarks were determined and located by the OMFS.

Table 2 The tracing categorization by the OMFS.

Tracing the M

The validation sets of four models were traced
by connecting each selected reference point using an
automated Python script and were sent to the OMFS.
We selected the points that referred to three anatomical
structures comprising the mandibular third molar (1 —> 3
—>5>7T—>9—>12—>10—>8—>6—>4—>2
—> 13 —> 1), mandibular second molar (15 — 17 —20
—> 18 —> 14 —> 16 —> 19 —> 15) and inferior alveolar
canal (24 — 25 — 26 and 27 — 28 —> 29). Four
landmarks which are nos. 11, 21, 22, 23 were excluded
for tracing visualization. Then, the accuracy of the superim-
positions was categorized into four levels based on criteria
established by the OMFS as Acceptable tracing or not,
correct side or not and correct superimposition or not.

The definition of the categorization is shown in Table 2.

Categorization Definition

Acceptable tracing

The model generates a tracing of all three structures—the mandibular

second molar, the mandibular third molar, and the inferior alveolar canal—in proper

aligcnment.

Correct side
in the film

The model generates a tracing corresponding to the same side as the teeth and canal

Correct superimposition

The model generates a tracing that matches the position of the teeth and canal in the film

Statistical analysis

Prior to the experiment, inter-observer reliability
was established between two OMFS specialists (SY and CP)
through the evaluation of 29 landmarks in 15 randomly
selected radiographs. Intra-observer reliability was assessed
by one OMFS (SY) at 15-day intervals. The intraclass
correlation coefficients (ICCs) were then calculated,
resulting in values of 0.973 for inter-observer reliability
and 0.934 for intra-observer reliability, indicating excellent
agreement.

The 29 landmarks were compared between
the OMFS and the models using Mean Squared Error
(MSE), and Loss function (L_ ) were calculated using

the following equations:

MSE = <M, (=90 (D
Where:
N s the number of data points
Y, s the actual value for the i-th data point
Y. isthe predicted value for the i-th data point

Lot = MSE + A X, |w;| (2)
Where:
L, . isthe overall loss function
A s the regularization parameter

Wj is the parameters of the model

Differences of MSEs among the models were

analyzed using one way Analysis of Variance (ANOVA)
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followed by the Bonferroni Post hoc test. The tracing
results between the models were analyzed using the
Chi-square test.

The data were analyzed using SPSS version 29.0
(IBM Corp., Armonk, N.Y., USA). P-value < 0.05 indicated
statistically significant difference.

Pr n nsent Form Approv.

This project was approved by The Human Research

Ethics Committee of the Faculty of Dentistry, Chulalongkomn

University, Bangkok, Thailand (HREC-DCU 2022-057)

After randomization, the distribution of mandibular
third molar in a training set (276 films) were 124, 60, 70
and 22 of mesio-, horizontal, vertical and disto- angulation,

respectively. A validation set (67 films) were 31, 14, 15and 7

of mesio-, horizontal, vertical and disto- angulation,
respectively. Lo results of the training and validation
sets were shown in Table 3. The Lo for the ResNet50
validation set was 0.001, which shows the best value
among other models. The MSEs of AlexNet, ResNet18,
ResNet50, and VGG16 were 0.0213 + 0.0130, 0.0194 +
0.0154,0.0186 + 0.0136 and 0.0074 + 0.0067, respectively.
The MSE results of the validation sets were shown in
Figure 3. The MSE of VGG-16 was significantly different
from other models. The validation set tracings were
evaluated and categorized by the OMFS (Table 4). VGG-16
and AlexNet performed better in the ‘Acceptable tracing’
and ‘Correct side’ categories than ResNet18 and ResNet50.
However, none of the models generated a tracing with
correct superimposition. Examples of the validation sets

categorized by the OMFS are shown in Figure 4.

Table 3 Loss function (LTotal) Results of the Training set and Validation Set.

Pretrain Model Training set Validation set
VGG16 0.025 0.008
AlexNet 0.027 0.008
ResNet18 0.029 0.008
ResNet50 0.032 0.001
*
* |
0.04- * |

m - . |

7]

= 0.03-

13

£

w

@ 0.02-

1]

=

g —

£ 0.01-

L]

=

0.00-

AlexNet ResNet18 ResNet50

VGG16

Figure 3 Mean Square Error (MSE) Results of the Validation Set Among Four Models. Asterisk demonstrated significant difference

(p-value < 0.001)

Table 4 Tracing Results of Validation Sets.

VGG16

AlexNet ResNet18 ResNet50

Acceptable Tracing 64 (95.5%)

a

Correct side 65 (97%) .
Acceptable tracing and correct side 63 (94%) .
Correct superimposition 0 (0%)

a

64 (95.5%) R
66 (98.5%)

a

64 (95.5%) .
0 (0%)

a

66 (98.5%)

34 (50.7%) b
33 (49.3%) .

0 (0%)

a

43 (71.6%) .
50 (74.6%)

c

35(52.2) b
0 (0%)

a

Different subscript letters indicate a statistically significant difference between models in the same row (p < 0.05).
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Figure 4 The examples of tracing validation sets categorized by OMFS. Correct superimposition: A gold-standard reference achieved

via the OMFS manual landmark determination (A), Acceptable tracing and correct side with incorrect superimposition (B),

Acceptable tracing with incorrect side (C), Unacceptable tracing and incorrect side (D).

Discussion

This study introduced innovative anatomical
landmarks and anatomical tracing of mandibular third molar
and surrounding structures related to surgical difficulty
for CNN models to train. This novel method may overcome
black-box predictions and enhance clinical utility. All
landmarks were established based on significant anatomical
markers used in difficulty classification systems."” For

instance, Winter’s classification utilizes the root furcation

and central pit of the mandibular second and third molars
(landmarks 12, 13, 19, 20) to determine angulation. The
ramal relationship in the Pell and Gregory classification
relies on the mesial and distal widest points of the
mandibular third molar crown, as well as the distance
from the distal widest point of the second molar crown
to the highest point where the anterior ascending ramus

crosses the third molar (landmarks 3, 4, 14, 21) to assess
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space availability. Additionally, landmarks 9, 10, 22, and
23 are employed to evaluate root formation. While
the concept of anatomical landmark identification was

1617 several of

inspired by lateral cephalometric tracing
these landmarks are prone to geometric distortion, which
may increase task complexity. Consequently, utilizing
a reduced or hierarchical landmark set may enhance
diagnostic performance and clinical interpretability.
The selection of CNN models in this study was

“I and our available

informed by previous literature
computational resources. Although AlexNet, VGG16, and
ResNet were initially designed for image classification,
their effectiveness as hierarchical feature extractors is
well-established for spatial tasks through transfer learning.
These architectures were selected to establish a robust
baseline by leveraging proven pre-trained weights;
furthermore, their utility extends to landmark-based
regression tasks, demonstrating their versatility across
diverse computer vision applications.®

The present study found that ResNet50, in which
the L of the validation set was 0.001, appeared to be
the best CNN model for tracing mandibular third molar
impaction compared with AlexNet, ResNet18, and VGG16.
However, the MSE of VGG16 is significantly lower value
than the other models. Furthermore, the tracing results
demonstrated that VGG16 and AlexNet were similar in
performance and significantly better than ResNet50. While
ResNet18’s performance in illustrating molars and IAC is
comparable to AlexNet and VGG16, its side identification
is inferior. After the researchers verified their performances,
the ResNet50 model was found to exhibit signs of overfitting.
These findings imply that relying on a single parameter
is insufficient to identify the optimal CNN model for
analyzing mandibular third molars in real-world scenarios.

VGG16 and AlexNet demonstrated the ability
to identify patterns associated with mandibular third
molars. Notably, the models correctly categorized the
orientation of panoramic radiographs (left vs. right sides)
despite the absence of explicit directional labels. The
deep learning algorithms consistently identified third
molar features across different radiographic equipment

types, suggesting potential for standardized dental image

analysis. This autonomous recognition of spatial orientation
indicates that the models learned to utilize anatomical
landmarks and radiographic cues to determine position,
a capability that could assist in streamlining clinical
diagnostic workflows. However, none of the models
provide a correct superimposition in the validation set.
This finding demonstrated that the models trained in
this study failed to be applicable in clinical situations.

There were several limitations in this study.
First, the sample size was restricted due to unforeseen
technical and resource constraints during the model
implementation stage; consequently, the dataset remained
fixed at 343 images. While the study protocol initially aimed
for expansion, the current results represent the finalized
analytical framework, and further data augmentation
or synthetic expansion could not be performed. Based on

112 the number of datasets should be

previous studies
over thousand. Second, the datasets had unequal numbers
of mesio-, horizontal, vertical and disto-angulated molars,
which should be addressed in subsequent studies. However,
this class imbalance may not have as significant an impact
as the overall small sample size, primarily because this
study utilized CNNs for landmark identification and tracing
rather than for classification. Lastly, Annotations in this
study were performed using the ImageJ program, a method
that entails more manual steps for pipeline integration
and can be difficult to reproduce. These limitations can be
attributed to the inadequate accuracy of the tracing results
and will be a subject of investigation in future studies.

The use of anatomical landmarks and tracing was
explored to classify the difficulty and visualize mandibular
third molars. This approach differs from another study
that employed a difficulty scoring system."* While their ML
demonstrated good accuracy, the concept of difficulty was
not truly visualized. Furthermore, this study also incorporates
landmarks related to root morphology and the root-IAC
relationship. These factors appear to contribute to the
perceived difficulty and potential complications, an aspect
that might not be fully addressed in other studies.""' A
direct landmark-based regression approach'” was utilized
to obtain discrete geometric coordinates for all 29 landmarks,

providing an efficient input for our secondary difficulty
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classification. However, it was noted that some landmarks,
such as numbers 24 through 29 which define the IAC,
represent a continuous anatomical structure. While direct
regression is computationally lean, heatmap-based CNN
architectures might better preserve the anatomical continuity
and spatial relationships of the canal by leveraging local
image context.”” Addressing these complex structural
dependencies remains a valuable direction for future
optimization. To improve clinical reliability, future iterations
will transition toward heatmap-based architectures and the
implementation of connectivity-preserving loss functions.
These methods leverage local image context to ensure that
linear structures are predicted as a single, uninterrupted
path, providing a more intuitive and reliable visual guide
for surgical planning. While heatmap-based architectures
often offer superior spatial localization by preserving
high-resolution feature maps®', coordinate-based
regression was chosen due to the specific nature of our
landmark identification task. These architectures provide
a more direct mapping from global image features to
coordinate outputs, thereby reducing computational
overhead and post-processing complexity compared to
high-resolution heatmap generation.”**

The inability of the models to generate tracings
with correct superimposition represents a notable limitation
of this study. Successful superimposition is critical, as it
facilitates a comprehensive classification of mandibular
third molar impactions and permits the precise evaluation
of the molar-ramus relationship, impaction depth, and
angulation. Furthermore, such accuracy enables the
assessment of other vital diagnostic parameters—specifically
root morphology and anatomical proximity to the IAC
which are decisive factors in determining surgical difficulty
and predicting potential complications. Although this
objective was not fully realized within the scope of the
present investigation, the findings establish a foundational

framework for future longitudinal research.

Conclusion

The current study introduced a new idea for
analyzing the mandibular third molars and surrounding

structures related to surgical difficulty classifications. However,

the result did not meet expectations. By addressing the
limitations, further refinement of the deep learning approach
and subsequent studies may achieve more robust and
generalizable results. It is suggested to enhance the study
by incorporating additional feature extraction engineering.
Specifically, this may include the integration of multi-modal
data, the utilization of larger and more balanced datasets,
and the exploration of advanced model architectures.
These improvements are expected to further augment
the performance and generalizability of the proposed
approach. Additionally, the knowledge gained from this
research provides a foundation for future investigations,
potentially accelerating progress in this area of study

before clinical application can be considered.
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