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of Thailand, is an online open access and peer-reviewed
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» 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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» 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
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- 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.
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» Writing the References «
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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
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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
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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 «



ANYIFISNUALNNYANENS

JOURNAL OF THE DENTAL ASSOCIATION OF THAILAND

GUEITLY

7 75 avufl 1 unsau - Slunau w.A. 2568

UNINBINIT

Repairability of Four CAD-CAM Materials
Tanyaporn Treyasorasai

Sirivimol Srisawasdli

Push Out Bond Strength of Self-etch Resin
Cement in Canal Obturated with Gutta Percha/
bioceramic Sealer

Kunlarut Kongwanich

Suwit Wimonchit

Three - Dimensional Temporomandibular Joint
and Mandibular Morphology in A Group of Thai
Skeletal Class Il with and Without Mandibular
Asymmetry Using Cone Beam Computed
Tomography

Yosaphon Songphum

Sirima Petdachai

Vannaporn Chuenchompoonut

anuiissnsslunsTdnuedasdrsrannnuvuiu
Tutnsialnsifiadrsannisiuauda: nsdnen
Tunywd

swnsal amngstena

gel Ysnusssu

nsusmMsdaEsugun nyasUnluadiinguawand
wazANUENNUSYRS AnETlur N153RULA uag
Waruns lwdn 0- 59

13500 vaunading

n39de Falauna

afityey BesI i

12

20

30

40

Contents

Volume 75 Number 1 January - March 2025

Original Article

Repairability of Four CAD-CAM Materials
Tanyaporn Treyasorasai

Sirivimol Srisawasdi

Push Out Bond Strength of Self-etch Resin
Cement in Canal Obturated with Gutta Percha/
bioceramic Sealer

Kunlarut Kongwanich

Suwit Wimonchit

Three - Dimensional Temporomandibular Joint
and Mandibular Morphology in A Group of Thai
Skeletal Class Ill with and Without Mandibular
Asymmetry Using Cone Beam Computed
Tomography

Yosaphon Songphum

Sirima Petdachai

Vannaporn Chuenchompoonut

Usage accuracy of the Newly Developed 3D-printed
Intraoral Surveyor: An In Vivo Study

Tanaporn Mahasurachaikul

Supanee Buranadham

Oral health Promotion Services in Well Child
Clinics and an Association of Dental Caries,
Growth and Development in 0 - 5 Years Old Children
Wannapong Chonnapasatid

Songchai Thitasomakul

Sukanya Tianviwat

Front cover image: adapted from Figure 5 SEM of Vita Enamic® (Original magnification x5000). 5A; After HF, the glassy

phase partially dissolved. (see Treyasorasai and Srisawasdl, page 7 for detail)




Original Article

Repairability of Four CAD-CAM Materials

Tanyaporn Treyasorasai' and Sirivimol Srisawasdi®
'Program of Esthetic Restorative and Implant Dentistry, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand
“Department of Operative Dentistry, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

Abstract

This study assessed the repairability among four CAD-CAM blocks repaired with different universal adhesives
after aging. The CAD-CAM blocks evaluated were Polymer infiltrated ceramic network (Vita Enamic ©, VE), Zirconium-
reinforced lithium silicate ceramic (Vita Suprinity®, VS), Feldspathic ceramic (Vitablocs ©® Mark Il, VM), and Lithium
disilicate ceramic (IPS e.max® CAD, IE). Each original block was prepared into 5x5x5 mm dimensions to create 120
specimens. After being subjected to 10,000 cycles of thermocycling to simulate the oral environment conditions
equivalent to one year of service, surface pretreatment was carried out by grinding and etching with a 9% hydrofluoric
acid (Ultradent Porcelain Etch®). Subsequently, specimens were divided into three groups based on adhesive applied:
Clearfil™ Tri-s bond Universal (CUB), Scotchbond Universal Plus® (SUP), and Monobond N® (MN, control group). Resin
composite (Filtek™ Z350 XT, shade A3.5; 3M ESPE, USA) was then applied in a 2 mm thick-increment. All samples
underwent another round of 10,000 cycles of thermocycling. A shear bond strength test (SBS) was performed, and
the resulting data were analyzed by two-way ANOVA followed by Games-Howell or Least Significance Difference
(LSD) post-hoc analysis (P < 0.05). Additionally, failure modes were examined under a stereomicroscope. Two-way
ANOVA revealed significant impacts of both types of CAD-CAM blocks (P < 0.001), and universal adhesives (P < 0.001)
on SBS values. Post-hoc analysis indicated that the SUP group exhibited improved repair SBS values compared with
control and CUB groups (P < 0.05). VE + SUP group demonstrated the highest bond strength. The highest SBS was
observed in the VE + CUB group (P < 0.05). Additionally, CAD-CAM material bonded with CUB showed significantly
lower SBS compared with control groups in IE + CUB (P < 0.05). The lowest SBS was found in VM + MN (P < 0.05). In
conclusion, universal adhesive containing 3-MPTES/APTES revealed superior repair bond strength across four CAD-CAM
blocks. Particularly, hybrid ceramic and feldspathic ceramic exhibited favorable characteristics for repair with resin

composite materials.

Keywords: CAD-CAM blocks, Ceramic surface treatment, Shear bond strength, Silane coupling agents, Universal adhesive

Received date: May 1, 2024 Revised date: May 14, 2024 Accepted date: Aug 2, 2024
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Introduction

Computer-aided design/computer-aided manu-
facturing blocks have emerged as favored materials for
indirect restoration due to their numerous advantages,
less time-consuming with superior esthetic outcomes, and
reliable clinical performance.’ Among these, machinable
feldspathic porcelain, such as Vitablocs® Mark Il by VITA
Zahnfabrik, has been renowned for its higher mechanical
properties compared to traditional porcelain. Notably, this
block comprised fine-grain feldspathic porcelain with particles
averaging 4 um, enhancing microstructure homogeneity
and fracture resistance.” Similarly, the popularity of glass-
ceramics has increased due to their superior mechanical
properties in comparison to leucite-glass ceramics.” For
instance, Lithium disilicate glass-ceramic (LIZOZSIOZ), such as
IPS e.max® CAD (lvoclar-Vivadent), was crafted by glass
fusion and subsequent grinding into “blue blocks” for
CAD-CAM.*

Another development in glass-ceramic materials
involved the integration of polycrystalline ceramics to
reinforce the vitreous matrix. Zirconium-reinforced lithium
silicate (ZLS) materials, such as Vita Suprinity® (VITA Zahnfabrik),
offered pleasing esthetics, good machinability and simple
surface finishing due to their glass matrix content.” Furthermore,
polymer infiltrated ceramic network (PICN) materials
have been introduced as a solution to the limitations of
resin composite blocks, including their diminished durability
and resistance to abrasive wear." Fabrication of PICN materials
employed a two-step process. First, a porous pre-sintered
ceramic network was treated with a silane coupling agent
to enhance bonding. Followed by, a resin-based polymer
infiltration, eliminating the need for a high-temperature
post-firing step.’

Ceramic fracture or chipping has been a common
failure in indirect restoration. Systematic reviews have
identified ceramic onlay failure causes, including fracture,
debonding, caries and other complications.” Additionally,
ceramic fractures were reported as the most prevalent
failure mode across ceramic, composite, and hybrid ceramic.”
Several studies reported that ceramic chipping or cracking

was considered a minor complication, defined as a cohesive

2 JDENT ASSOC THAI Vol.75 No.1 January - March 2025

fracture not impairing function.”® Therefore, the ultimate
replacement of ceramic restoration was not required
since the dentist could either polish or repair it with
resin composite.'""

Ensuring the longevity and reliability of resin
composite-repaired ceramic restorations presented a
significant challenge. It was crucial to ensure the bond
durability between dental ceramic and resin composite
achieved through micro-mechanical retention methods
such as hydrofluoric treatment and chemical retention via
application silane.” Studies suggested that a combination
of hydrofluoric acid and silane provided optimal bond
strength," with various silanes investigated, particularly
in two-bottle systems demonstrating prolonged shelf life
and enhanced reactivity."” The development of universal
adhesives represented a significant advancement in dental
bonding technology. These adhesives achieved superior
performance through a combination of a functional
monomer, 10-methacryloyloxydecyl dihydrogen phosphate
(10-MDP), and a silane coupling agent, all conveniently
pre-mixed in a single bottle. However, controversies
surrounded the efficacy of this combination, with some
studies indicating decreased bond strength with single step
application compared to additional silane pretreatment.'®

Despite the increasing utilization of resin composite
for repairing indirect CAD-CAM restorations, there is a lack
of definitive recommendations regarding the use of universal
adhesives, and a universally accepted repair protocol
has not yet been established. Thus, the present study
evaluated the repairability among four CAD-CAM blocks

repaired using different universal adhesives after aging.

Materials and methods

CAD-CAM blocks preparation

For specimen preparation, 120 specimens, each
measuring 5x5x5 mm, were obtained by sectioning the
original CAD-CAM blocks (initial dimensions: 12x14x18 mm)
using a low-speed diamond saw (Isomet 1000, Buehler,
Lake Bluff, IL, USA) (Fig. 1A). Then they underwent a
thermocycling (KMITL, Bangkok, Thailand) protocol for



10,000 cycles using temperatures between 5°C and 55°C,
with a dwell time of 30 seconds to simulate one year of
oral service (Fig. 1B)"" The specimens were mounted in
self-curing acrylic resin. This was followed by a 30-second
polishing step using 320-grit silicon carbide abrasive
papers under water irrigation. To ensure cleanliness, the
specimens were then immersed in distilled water for
ultrasonic cleaning for ten minutes. Table 2 details the
chemical composition of the materials tested.
Surface pretreatment

The aged specimens underwent a surface pre-
treatment protocol (n=120) involving etching with a 9%
buffered hydrofluoric acid (Ultradent Porcelain Etch®,
Ultradent Products, Inc.) for various durations.

1. Vitablocs Mark 1I®: 9% HF for 60 seconds.

2. IPS e.max CAD®: 9% HF for 20 seconds.

3. Vita Enamic® 9% HF for 60 seconds.

4. Vita Suprinity®: 9% HF for 20 seconds.

Afterward, all specimens were cleaned ultrasonically
for ten minutes. The CAD-CAM surface-treated specimens

were then categorized into three groups (n=40) based

Table 1 Manufacturers, compositions of tested materials

on the adhesive applied: Clearfil™ Tri-s Bond Universal
(Kuraray Noritake Dental Inc), Scotchbond Universal Plus
(3M, ESPE), and Monobond N (lvoclar-Vivadent, Schaan/
Liechtenstein).
Restorative procedure

To create a standardized bonding area, strips
of one-sided ScotchBlue Painter’s Tape (3M, Minnesota,
USA) were cut into a 10x10 mm®®, each with a central
hole measuring 5 mm in diameter”. The tape itself was
approximately 80 micrometers thick.® Following this, the
ceramic surface was covered with the tape. A micropipette
was used to apply a drop of universal adhesive and silane
coupling agent to each sample (10 microlitters), with the
solution then spread into a thin coat using a disposable
applicator (Applicator tips, Dentsply DeTrey GmbH,
Konstanz, Germany) (Fig. 1C). The LED light-curing unit
(Demi™ Plus, Kerr, USA) was subjected to calibration using
an L.E.D. radiometer (DEMETRON, SDS Kerr, USA) after
each day of use to ensure consistent light intensity. The
chemical compositions of adhesive materials and details

of application procedures were presented in Table 1.

Material/ Manufacturer Composition

Procedure following the manufacturer instructions

Monobond N®
(Control)
(Lot no. Z02XRS,

Ivoclar-Vivadent,Schaan

Ethanol, methacrylated
phosphoric acid ester,

sulphide methacrylate,
3-trimethoxysilylpropyl

/Liechtenstein) methacrylate

Scotchbond

Universal Plus

adhesive® (SUP)

(Lot no.7910510,

3M ESPE Dental products)

10-MDP, HEMA, silane,
dimethacrylate resins
containing a BPA derivative-free,
Vitrebond copolymer, filler,
ethanol, water, initiators,

dual-cure accelerator

Clearfil™ TRI-S BOND
Universal (CUB)
(Lot no. 280057,

Bis-GMA, HEMA, MDP,
CQ, colloidal silica, silane,

ethanol, water,

1. Ceramic surfaces were rinsed and dried after pretreatment.
2. 10 pl of Monobond N® was applied with a disposable
applicator.

3. The solution reacted with the specimen surface for

60 seconds.

4. Specimens were gently air-dried for 10 seconds until the
absence of moving liquid droplets.

1. Ceramic surfaces were rinsed and dried after pretreatment.
2. 10 pl of Scotchbond Universal Plus adhesive®

was applied (rubbing) to the entire ceramic surface and
excess removed.

3. Specimen surfaces were gently air-dried until no liquid
movement was observed with 2-bar pressure, from 10 mm
distance.

4. The LED-light curing unit with 1,100 mW/cm?intensity was
placed perpendicularly at a distance of 1 mm and adhesive
was polymerized for 20 seconds.

1. Ceramic surfaces were rinsed and dried after pretreatment.
2. 10 pl of Clearfil TRI-S BOND Universal was applied

(rubbing) and excess removed.
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Table 1 Manufacturers, compositions of tested materials (cont.)

Material/ Manufacturer Composition

Procedure following the manufacturer instructions

Kuraray Noritake Dental,

Tokyo, Japan)

hydrophilic aliphatic dimetacrylate

3. Specimen surfaces were gently air-dried until no liquid
movement was observed with 2-bar pressure, from 10 mm
distance.

4. The LED-light curing unit with 1,100 mW/cm? intensity was
placed perpendicularly at a distance of 1 mm and adhesive

was polymerized for 20 seconds.

Abbreviations: Bis-GMA, Bisphenol A-diglycidyl methacrylate; HEMA, 2-hydroxyethyl methacrylate; 10-MDP, 10-methacryloyloxydecy! dihydrogen

phosphate; BPA derivative-free, Bisphenol A derivative-free; CQ, Camphoroquinone

Following the bonding process, each specimen
received a centrally placed hollow clear acrylic mold.
The mold measured 5 mm in diameter and 4 mm in
length. Then, a resin composite (Filtek™ Z350 XT, shade
A3.5; 3M ESPE, USA) was applied to prepared specimens
in 2 mm thick increments to fill the mold (Fig.1D). For
each increment, an LED polymerization device (Demi™
Plus, Kerr, USA) delivered light from the top surface at
1,100 mW/cm? for 40 seconds. During the polymerization
process, the tip of the light source was maintained in a
perpendicular orientation, 1mm directly above the resin
composite surface. After carefully removing the clear acrylic
mold and tape, the specimen underwent an additional
40 seconds of irradiation to complete polymerization.

To simulate aging effects, all ceramic specimens
underwent 10,000 thermocycles 5°C and 55°C with a 30

A B

CAD/CAM block 5x5x5 mm Thermocycling

(n=120) 10,000 cycles, 5°C and 55°C

SBS test 10,000 cycles, 5°C and 55°C

\' F E
- A -
Thermocycling

seconds dwell time (Fig. 1E). Subsequently, shear bond
strength (SBS) was measured using a universal testing
machine (EZ-S, Shimadzu, Japan). The SBS test involved
applying a force at a constant speed of 0.5 mm/min
using a knife-edge apparatus positioned between the
CAD-CAM restorative material and the resin composite,
with a separation distance of 1.0 mm (Fig. 1F). Shear stress
on the specimens was progressively raised until they
fractured. The force required to cause this failure was
then documented (N). The SBS value was determined
by dividing the highest SBS by the adhesive area (mm?).
According to 1S029022:2013, a pre-test failure was recorded
as 0 MPa. Any pretest failures, such as dislodgement of
the composite button during removal of the button mold

or excess composite, were noted accordingly.

C.
Universal adhesive and

silane were applied

.

D

Resin composite

AD/CAM blog

4 mm

5 mm was applied

Figure 1 A. CAD-CAM blocks were sectioned into dimension of 5x5x5 mm to produce 120 specimens

B. Thermocycling was performed on all specimens

C. Bonding areas received a drop of adhesive (universal adhesives/silane coupling agent)

D. Following bonding procedure, resin composite was applied onto prepared specimens in 2 mm thick increments to fill up the mold

E. Prior to SBS testing, thermocycling was performed on all specimens

F. Subsequently, the SBS test was performed

4  JDENT ASSOC THAI Vol.75 No.1 January - March 2025



Failure mode analysis

Mode of failure of the bonded resin-ceramic
interface was randomly examined using a stereomicroscope
(SZ 61, Olympus, Japan) at 2.5X magnification. Failures
were categorized into three types: adhesive, cohesive,
and mixed. Adhesive failure occurred at the interface
between the adhesive and the ceramic restoration or
between adhesive and composite or within the adhesive

itself. Cohesive failure occurred within resin composite

or ceramic. Mixed failure exhibited both adhesive and
cohesive failures in the fractured surface.
Scanning electron microscopy

Samples from different types of failure were
randomly subjected to scanning electron microscopy (JEOL
JSM-6610LV, Oxford X-Max 50) at 5000x magnification. The
surface topographies were observed to confirm the result

obtained from the mode of failure test.

Table 2 Compositions, manufacturers and components of ceramics and resin composite

Material Compositions Manufacturer Lot number
Vita Enamic® (VE) Ceramic part (86 wt%/75 vol%): SiO,, VITA Zahnfabrik H. Rauter GmbH & 79850
AlZO3, NaZO, KZO, BZO, ZrOZ, KaO Co. KG, Germany
Polymer part (14 wt%/25 vol%): UDMA,
TEGDMA
Vita Suprinity® (VS) Si0,, Li,0,K0O, PO, ALO, Z10,, CeO, VITA Zahnfabrik H. Rauter GmbH & 96150
pigments Co. KG, Germany
Vitablocs Mark 1I® (VM) SI0, ALO,, Na O, K O, Ca0, TiO, VITA Zahnfabrik H. Rauter GmbH & 63240
Co. KG, Germany
IPS e.max CAD® (IE) SiOZ, LiZO, KZO, MgO, AlZOE, PZO5 and Ivoclar-Vivadent, Schaan/Liechtenstein Z024K2
other oxides
Ultradent Porcelain Etch® 9% buffered hydrofluoric acid Ultradent Dental Products, South BM33pP
Jordan, UT, USA
Filtek™ Z350 XT Universal UDMA, Bis-GMA, Bis-EMA, TEGDMA 3M ESPE Dental products, USA NF31774

Restorative (A3.5)

Abbreviations: UDMA, Urethane dimethacrylate; Bis-GMA; Bisphenol A-diglycidyl methacrylate; Bis-EMA, Bisphenol A-diglycidyl methacrylate

ethoxylated; TEGDMA; Triethylene glycol dimethacrylate

Data analysis

The SPSS 20.0 for Mac was used to conduct a
statistical analysis of the SBS for all groups. (SPSS Inc,
Chicago, Illinois, USA). The findings indicated that the
data followed a normal distribution, a two-way analysis
of variance (ANOVA) was employed to analyze the effects
of both material types and universal adhesives as main
factors. Statistically significant difference was analyzed by
one-way analysis of variance (ANOVA) followed by Games-
Howell or Least Significance Difference (LSD) post-hoc

analysis (P < 0.05) for multiple comparisons.

Shear bond strength (SBS)

The results of SBS testing on repaired CAD-CAM
blocks after surface treatments and universal adhesive
application, including the mean SBS values, were shown
in Table 3. Two-way ANOVA revealed that the types of
CAD-CAM blocks (F = 11.469, P < 0.001), and universal
adhesives (F = 80.498, P < 0.001) had a significant impact
on SBS values (Table 1). In addition, the interaction between

two factors were also significant (Table 3, P < 0.001).
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Table 3 Influence of material (A) and universal adhesives (B) on Shear bond strength results according to Two-way ANOVA

Sum of Squares Shear

Source df bond strength Mean Square F P

Materials (A) 347.568 115.856 11.469 <.001
Universal adhesives (B) 2 1626.295 813.148 80.498 <.001
AxB 6 1069.012 178.169 17.638 <.001

Table 4 Mean shear bond strength (MPa) from four different types of CAD-CAM blocks and universal adhesives

Monobond N°®

G
roups Control group (MN)

CLEARFIL™ TRI-S Scotchbond Universal Plus®
BOND Universal (CUB) (SUP)

7.335 + (4.115)"
10.302 =+ (4.209)°¢
0.187 + (0.590)”*
12.989 + (4.180)*

Vita Enamic® (VE)

Vita Suprinity® (VS)
Vitablocs Mark II® (VM)
IPS e.max CAD® (IE)

19.551 =+ (2.426)°
12.871 =+ (3.825)°
18.049 =+ (3.062)°
14.451 + (3.1200™

13.400 + (2.030)"
7.589 + (1.966)™
8.501 + (3.748)"
8.257 + (2.660)™

Different small letters indicate significant differences within the same column. Different capital letters indicate significant differences within the

same row. Statistically significant differences were analyzed by one-way ANOVA followed by Games-Howell or Least Significance Difference (LSD)

post-hoc analysis (P<0.05).

According to the post-hoc analysis, SUP improved
in repair SBS values compared with the control and CUB
groups (Table 4, P < 0.05). VE + SUP exhibited the highest
bond strength values. There was no significant difference
between VE + SUP and VM + SUP. However, the improvement
obtained for IE + SUP and VS + SUP was not statistically
significant compared with control groups (P > 0.05).

For CUB, the highest SBS was obtained from
VE + CUB. On the other hand, there was no statistical
difference among VS + CUB, VM + CUB and IE + CUB (P > 0.05).
Additionally, CAD-CAM material bonded with CUB revealed
significantly lower SBS compared with control groups in
IE + CUB group. The lowest SBS was found in VM + MN.
Mode of failure

Table 5 summarized the distribution of failure

modes and pretest failure scores observed in the SBS

Table 5 Failure mode distribution

testing of CAD-CAM materials. The predominant mode of
failure was adhesive failure at the interface. In addition,
the highest percent of cohesive failure was observed in
VM + SUP. The mixed failure was observed in VE + MN,
VE + CUB, VE + SUP, VM + CUB and VM + SUP groups. For
the VE group, the highest percent of mixed failure was
observed in VE + SUP, followed by VE + MN and VE + CUB,
respectively. For VM, the highest percent of mixed failure
was found in VM + CUB and VM + SUP. The pretest failures
were observed in VM+MN group (Control).
Scanning electron microscopy

The SEM images (original magnification of 5000x)
of CAD-CAM materials treated with various surface
treatments, as shown in Figures 2-5, exhibited bonded

surfaces after the SBS test to confirm mode of failure.

Material Surface treatment Adhesive Cohesive Mixed Pretest failure
Vita Enamic® (VE) Monobond N® (Control) 30% (3) 0 70% (7) 0
Clearfil™ TRI-S BOND Universal (CUB) 50% (5) 0 50% (5) 0
Scotchbond Universal Plus® (SUP) 0 0 100% (10) 0

Monobond N® (Control)
Clearfil™ TRI-S BOND Universal (CUB)
Scotchbond Universal Plus® (SUP)

Vita Suprinity® (VS)

100% (10)
100% (10)
100% (10)
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Table 5 Failure mode distribution (cont.)

Material Surface treatment Adhesive Cohesive Mixed Pretest failure
Vitablocs Mark 1I° (VM) Monobond N® (Control) 10% (1) 0 0 90% (9)
Clearfil™ TRI-S BOND Universal (CUB) 40% (4) 0 60% (6) 0
Scotchbond Universal Plus® (SUP) 0 30% (3) 70% (7) 0
IPS e.max CAD® (IE)  Monobond N® (Control) 100% (10) 0 0 0
Clearfil™ TRI-S BOND Universal (CUB) 100% (10)
Scotchbond Universal Plus® (SUP) 100% (10)

lassy phase partially dissolved. 2B; Adhesive
failure in VM+MN. 2C; Mixed failure in VM+CUB. 2D; Cohesive failure within ceramic in VM+SUP

Figure 3 SEM of IPS e.max CAD® (Original magnification x5000). 3A; After HF, the slassy phase, partially dissolved phase, partially
dissolved with predominantly crystalline phase. 38; Adhesive failure in IE+MN. 3C; Adhesive failure in IE+CUB. 3D; Adhesive
failure in [E+SUP

Figure 4 SEM of Vita Suprinity® (Original magnification x5000). 4A; After HF, the slassy phase partially dissolved with predominantly
crystalline phase. 4B; Adhesive failure in VS+MN. 4C; Adhesive failure in VS+CUB. 4D; Adhesive failure in VS+SUP

Figure 5 SEM of Vita Enamic® (Original magnification x5000). 5A; After HF, the glassy phase partially dissolved. 5B; Mixed failure in
VE+MN. 5C; Mixed failure in VE+CUB. 5D; Mixed failure in VE+SUP
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Discussion

This research conducted a comprehensive
comparison of four CAD-CAM materials repaired using
different universal adhesives. SUP demonstrated the
highest SBS when applied with VE and VM Moreover, it
exhibited the highest SBS for VS and IE compared to CUB.
These variations in performance could be attributed to
differences in adhesive composition and microstructure
of the materials.

The result of this study revealed that the types
of CAD-CAM blocks significantly affected the SBS of the
tested CAD-CAM blocks bonded to resin composite.
The highest SBS for SUP and CUB was attained in the
VE group. Polymer infiltrated ceramic network (PICN)
material, essentially an interpenetrating phase composite,
is formed by infusing a resin (14% by weight) into a ceramic
network (86% by weight).”’ The previous study from Lima
et al. indicated that unetched Vita Enamic® presented
greater surface roughness compared to ZLS.”" The structure
of Vita Enamic® exhibited porosity and possessed a
composition similar to feldspathic ceramics.” By selectively
removing the glassy phase, acid etching modified the
surface uniformity of the ceramic material, creating a
rougher and potentially more uneven topography.”
Additionally, combination of PICN within ceramic substrate
contributed to the formation of a rougher surface. Another
explanation is that monomers in universal adhesives
enhance bond strength by interacting with reacted monomers
in hybrid ceramics. Nevertheless, surface preparation
remains essential to improve bonding with aged ceramics
that do not contain unreacted monomers.*

According to Straface et al., the surface roughness
of unetched Vitablocs Mark II® and Vita Enamic® measured
1.9 um and 1.8 um, respectively. However, Vita Suprinity®
exhibited lower surface roughness. Another study demon-
strated a relationship between etching time and the
interaction area, indicating that longer etching times led
to greater surface involvement.” Additionally, HF etching
caused changes in surface topography, with higher con-
centrations resulting in more pronounced alterations and

increased porosity.”® A study by Azevedo confirmed that
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feldspathic porcelain showed significant effects due to
its higher glass content.”” The use of 10% HF effectively
dissolved the glassy matrix in glass-ceramics, creating a
rough and retentive surface.” In their study, Straface et al.
suggested extending hydrofluoric acid (HF) etching beyond
15 seconds, potentially up to 60 seconds, to guarantee
comprehensive substrate etching and achieve complete
dissolution of the glassy matrix.”

The results of this research also indicated that
the VM + MN group exhibited the lowest SBS. Similarly,
VE + MN showed lower bond strength compared with
IE + MN and VS + MN. Bonding between composite and
ceramic depended on micromechanical and chemical
bonds on ceramic surface.”® Etching increased surface
area, allowing uncured flowable resin to penetrate
micropores and establish durable micromechanical
interlocking.” To enhance chemical bonding between
adhesive and resin composite, the ceramic surface
underwent an etching process followed by treatment
with a silane coupling agent.”’ Reactive silane groups
bonded with hydroxyl groups on the ceramic surface,
while the remaining non-hydrolyzable groups polymerized
with the uncured resin composite.” However, this research
aimed to investigate the repairability of CAD-CAM ceramic
with conventional resin composite. Viscous universal
composites were ineffective in penetrating micropores
on ceramic surface after etching, resulting in uneven
adaptation compared to resin composites with low filler
content and liquid consistency.” Thus, directly applying
universal composite to silane-treated etched ceramic
surfaces without adhesives could potentially affect
SBS and lead to pretest failure in VM + MN groups. To
address this issue, it is advisable to ensure the thorough
application of the adhesive resin, allowing it to penetrate
all etched ceramic surfaces and effectively interlock
with them. This process anticipates the enhancement
of the strength and durability of the repaired interface.

The results of this study also demonstrated
that types of universal adhesives significantly affected
the SBS of tested CAD-CAM blocks bonded to resin



composite. Compared to the MN and CUB groups, SUP
showed significantly improved repair bond strength
value. The presence of 3-MPTS in CUB did not affect
SBS due to the dehydration-induced self-condensation
of functional silanol in CUB led to instability of 3-MPTS
molecules in acidic aqueous condition, consequently
resulting in weaker bonding performance.”*’

On the other hand, SUP contained a combination
of functional monomer 3-(@aminopropyl) triethoxysilane
(APTES) and 3-methacryloxypropyltriethoxysilane (3-
MPTES), enhancing the effectiveness of adhesive in priming
glass ceramic surfaces.” The presence of 3-MPTES/APTES
notably enhanced SBS between ceramic and composite
compared to both the CUB and the control groups. After
the glass-ceramic surface was etched, APTES molecules
interacted with it by forming hydrogen bonds. These
bonded APTES molecules then reacted with existing
silanol groups, resulting in the creation of amino-silanol
groups.” Moreover, the hydrolysis of Si-O-C H_ group in
3- MPTES within SUP occurred at a slower rate in contrast
to the Si-O-CH, group within 3-MPTS in the CUB. This
delayed hydrolysis reduces the dehydration condensation
of the silanol groups.”

This study additionally demonstrated that CAD-
CAM materials bonded with CUB exhibited lower SBS
compared to control groups in VS + CUB and IE + CUB
groups. There were no statistically significant differences
in SBS among IE + CUB, VS + CUB and VM + CUB groups.
Monobond N® comprised high proportions of organic
solvent like ethanol.”” When applied to an etched
ceramic surface, Monobond N® formed a silane layer,
which was an essential factor affecting the resin-ceramic
bond strength. Unlike Monobond N, silane-containing
universal adhesives consisted of notably complex
compositions including 10-MDP, Bis-GMA, HEMA and
others primarily designed to enhance bond strength.
The presence of Bis-GMA resin slowed the condensation
reaction between silanol groups of universal adhesive
and ceramic by delaying evaporation of water.”® As a
result, the deposition of a silane on the ceramic surface
seemed less feasible when using universal adhesives. This

observation might explain the inferior priming efficacy

of universal adhesive compared to Monobond N® and
Scotchbond Universal Plus®. This also explains the result
that there were no statistically significant differences in
SBS for IE + MN compared to IE + SUP and VS + MN compared
to IE + SUP.

The study also revealed that VM + SUP had the
highest incidence of cohesive failure, while VE + SUP
showed the highest occurrence of mixed failure. This
suggested that etching these ceramic types enhanced
surface irregularities, thereby improving shear bond
strength. Specifically, specimens repaired with SUP
exhibited more cohesive and mixed failures compared
to those repaired with CUB and MN. These results were
consistent with the average bond strength findings,
which showed that VE + SUP and VM + SUP achieved
the highest bond strengths.

Thermocycling represented a prevalent approach in
bond durability assessment, simulating oral cavity thermal
changes induced by routine activities." This study observed
no specimen failures during the thermal cycling process.
Durability of the bond under thermal stress heavily relied
on the number of cycles experienced, with temperature
settings and dwell time also contributing.” Additionally,
this study aimed to assess the repairability of aged CAD-CAM
ceramic blocks. The specimens were subjected to 10,000
cycles, approximating one year of intraoral use before
bonding procedure."’

This investigation focused on the influence of
silane, specifically the type of silane used, within universal
adhesives on ceramic repair. However, by focusing on
only two silane-containing universal adhesives, the
ability to assess the overall effectiveness of universal
adhesives compared to traditional methods was limited.
In cluding an additional group repaired with a conventional
silane and adhesive would have allowed for a more
comprehensive analysis of the bond strength achieved
with different adhesive systems for ceramic repair. Another
limitation was the absence of ceramic surface roughness
assessment prior to the SBS test. Incorporating surface
roughness tests would be advantageous for evaluating
the impact of surface treatments before conducting the

SBS evaluation.
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For further studies, exploring different surface
pretreatment methods, such as sandblasting and silica
coating could be beneficial, as it may enhance bond
strength compared to acid etching alone. This additional
information would serve to validate the proper protocol
for employing single-step universal adhesive systems for

the repair of ceramic indirect restorations.

Conclusion

Within the limitations of this study, the universal
adhesive containing 3-MPTES/APTES offered superior repair
bond strength across four CAD-CAM blocks. Particularly,
hybrid ceramic and feldspathic ceramic exhibit favorable
characteristics when repaired with resin composite materials.
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Push Out Bond Strength of Self-etch Resin Cement in Canal Obturated with

Gutta Percha/bioceramic Sealer

Kunlarut Kongwanich' and Suwit Wimonchit'
'Department of Conservative Dentistry and Prosthodontics, Faculty of Dentistry, Srinakharinwirot University, Bangkok, Thailand

Abstract

The purpose of this in vitro study was to compare the push out bond strength of self-etch resin cement
bonded fiber posts after use of two bioceramic sealers in obturation. Forty maxillary incisors were decoronated
to the root length of 13 mm and prepared with K3 rotary files up to size 40/.06. All of them were filled with the
assigned sealers: control (no sealer, AH Plus™, iRoot SP®, and Nishika Canal Sealer BG®). After seven days, post
spaces were prepared and then applied the mixture of primer A and B. The prefabricated fiber posts (FibreKleer®
no.2) were cemented with Multilink® N in the prepared root canal. Two cross sections of specimens were performed
in 2 mm thick slices, representing two different regions, coronal and middle thirds. Universal Testing Machine was
loaded with plunger vertically until specimen failure. Maximum force was recorded as push out bond strength.
Failure patterns were observed under a stereomicroscope at 50x magnification. The results showed that, in both root
regions, the highest bond strength was found in the control group. Roots filled with AH Plus TM exhibited statistically
more bond strength than roots filled with iRoot SP® and Nishika Canal Sealer BG® (p<0.05). Failure at the resin
cement-dentin interface was prominent in all sealer groups. In conclusion, iRoot SP® and Nishika canal sealer BG®

negatively impacted the push out bond strength compared to AH Plus™
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Introduction

In teeth with extensive loss of crown structures,
intracanal posts were designed to use for retaining
coronal restoration. Their retention can be obtained
from good adaptation of post to canal wall as well as
use of resin cement. In the total etch technique, dentin
pretreatment before bonding can be done by applying

acid, conditioning the dentin with a primer, and then
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applying resin. Though this circumstance has been
proven to achieve high bond strength, it is difficult to
obtain a good outcome due to the challenges of moisture
control from a clinical viewpoint.” In the search for
solving this problem, self-etch resin cement, which
combines etching in the form of an acidic monomer

with primer, has been recently introduced.’



The adhesive mechanism of self-etch resin
cement is attributed to the demineralization caused
by the acidic monomer after primer application, which
modifies the layer over the dentin surface, so called smear
layer and allows the infiltration of luting cement into the
underlying dentin without water rinsing.” This situation is
influenced by the variation of the dentin substrate: normal
dentin and contaminated dentin, especially root dentin
contaminated with root canal sealer after endodontic
treatment. Altman and his colleagues’ demonstrated that
when the root surface is contaminated with zinc oxide-
eugenol sealer, it deteriorates the retention of fiber posts
bonded with resin cement. Moreover, some sealers, such as
bioceramic sealers, not only can contaminate the root
canal wall but also can modify the dentin surface through
hydroxyapatite precipitation.®

Nowadays bioceramic root canal sealers have
been utilized as revolutionary materials in endodontic
treatment. Several forms of this material were introduced
to the dental market which vary to the composition inside
the products. Some are presented in premixed form, such
as iRoot SP® (Innovative BioCeramix, Vancouver, Canada),
while others are in two-pasted forms, such as Nishika Canal
Sealer BG® (Nippon Shika Yakuhin, Yamaguchi, Japan).’
The main reaction of this material to dentin is claimed to
be its ability to form hydroxyapatite on the root surface,
which can refill the gap of root filling as well as penetrate
into dentinal tubule.® In this circumstance, both the root
dentin surface and the chemical composition of dentin
can be changed, resulting in changes in reaction with acidic
monomers and possibly affecting the intimacy of the
post and dentin wall.* The question arises whether bond
strength of resin cement should be changed after the
use of a different form of bioceramic sealer or not.

In the clinical point of view, post bond strength
simulation should be created parallel to the bonding
interface of post and cement, which present in push out
bond strength test.” The aim of this study is to compare
the push out bond strength of self-etch resin cement
bonded fiber posts after use of two bioceramic sealers

in obturation.

Materials and methods

Approval of this study was achieved by the ethics
committee of Srinakharinwirot University (No. SWUEC-661002).
Sample selection

Forty single-rooted extracted human maxillary
incisors with a tooth length of at least 21 mm were collected
for the present study. Radiographs were taken in two directions:
buccopalatal and mesiodistal views. The teeth with single
canal, noncalcified canal, completely formed roots were
selected into this study, while the other with root canal
treatments, caries, or cracks were excluded.
Specimen preparations

Tooth Decoronation perpendicularly to the long
axis was performed by carborundum disc to obtain a
13 mm root length. A size 15 K-file (Dentsply Maillefer,
Ballaiques, Switzerland) was inserted into the root canal
until visualizing the tip of the instrument at the root apex.
That measurement was subtracted 1 mm to obtain the
working length. Instrumentation was completed using
K3 rotary files (SybronEndo, Orange, CA, USA) up to size
40/.06. 2 mL of 2.5% NaOCl irrigation was performed
during instrumentation. After preparation, 10 mL of 17%
Ethylenediaminetetraacetic acid (EDTA, SmearClear,
Sybron endo, CA, USA) followed by 10 mL of 2.5% NaOCl
was used. The final irrigation with 10 mL distilled water
was performed to clean the residual of other irrigation.
Dried canals were then achieved by paper points.

The specimens were randomly allocated into
four groups of ten each according to type of sealers as
follows: 1) Control group: no sealer used; 2) AH plus group:
AH PlusTM used as sealer; 3) iRoot SP group: iRoot Sp®
used as sealer; 4) Nishika BG group: Nishika canal sealer
BG® used as sealer. The sealers were prepared according
to the manufacturer’s recommendation as presented in
Table 1 and used for single-cone technique obturation
using K3 gutta-percha master cone size 40/.06 (SybronEndo,
Orange, CA, USA). The specimens were then stored in a
closed container with 100% humidity at 37 °C for one week
to allow complete sealer setting after sealing Cavit™
(3M ESPE, Seefeld, Germany).
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Table 1 Type and composition of the materials used

Materials Type

Composition

Multilink® N (lvoclar Vivadent,
Liechtenstein)
Lot. Z0347C

Self-etch primer

Primer A: initiators

Primer B:
-Resin component: HEMA, and
methacrylate monomers

-Acidic component: phosphonic acid

Self-etch adhesive
Filler: ba

Base and Catalyst: HEMA and Dimethacrylate

rium glass filler, ytterbium trifluoride and spheroid mixed oxide

Monobond N Ethanol,

water, 3-MPS, 10-MDP and 10-MDDT

AH Plus™ (Dentsply DeTrey, Epoxy resin-based  Paste A:

Germany sealer

Lot. 2202000877

epoxy resin, Calcium tungstate

Bisphenol A and F Paste B: Benzyldiamine, Adamantane

amine, Tricyclodecane-Diamine

and Zirconium oxide as filler

iRoot SP® (Innovative BioCeramix, Pure bioceramic

Tricalcium silicate, Dicalcium silicate, calcium phosphate with zirconium

Vancouver, Canada sealer oxide as radiopaque and filler
Lot. 21002SP
Nishika canal sealer BG® Bioactive Paste A: fatty acids, bismuth Paste B: calcium silicate glass (a type

(Nippon Shika Yakuhin,
Yamaguchi, Japan)
Lot. M5K

glass-based sealer

dioxide

subcarbonate, and silica

of BG) with magnesium oxide silica

dioxide base

Fiber post cementation

The 8 mm depth of post space preparation was
initially performed using a size #1 Peeso reamer (Mani Inc.,
Tochigi, Japan) in each canal with a diameter of 0.70 mm,
followed by a size #2 FibreKleer™ drill (FibreKleer® 4X,
Pentron, Wallingford, USA). Examination of prepared
post space was revealed under x7.5 magnification loupe
(Admetec, Deva Medical Supply, Bangkok, Thailand) and
with radiograph to prove that there was no gross remnant
of material on the wall. A FibreKleer™ 4X glass fiber post,
size #2 was selected and tried to fit within the canal.

Before fiber post fixation, rinsing 10 mL of distilled
water was done for 60 seconds and post spaces were then
dried with paper points. For dentin surface treatment,
a mixture of self-etch of multilink (primer A and B) was
applied to the root canal walls for 15 seconds. For
cementation, silanized fiber posts with Monobond N
followed by a mixture of self-etch adhesive (Multilink N,
Ivoclar Vivadent AG, Schaan, Liechtenstein) and finally
insertion of those posts into the prepared post spaces

with light finger pressure. All material compositions were
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presented in Table 1. Excess cement that extruded was
removed and polymerized using a visible light with an
intensity of 1,000 mW/cm?2 curing unit (EliparTM; 3M
ESPE, St. Paul, MN, USA) for 20 seconds. Subsequently,
all the specimens were kept in the same container.
Bond strength specimen preparation

Each tooth was individually embedded in
Polyvinyl Chloride (PVC) pipes in self-cured acrylic
resin (Elite SC Tray; Zhermack, Rovigo, Italy), with their
long axes perpendicular to the horizontal plane. Each
post-cemented root was cut in cross section using the
Isomet 100 Precision Saw (Buehler Ltd., Lake Bluff, IL,
USA) for two 2 mm thick, representing the coronal and
middle thirds of root regions respectively. To examine
the completeness of the bonded surface and stand-
ardize the diameters of the specimens, examinations
and measurements were conducted on both sides of
the slices using the EPview™ program (Olympus Imaging
Software, Olympus Optical Co., Tokyo, Japan). Specimens
showing the presence of bubbles or voids were excluded

from the study to standardize the specimens. (Fig. 1).
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Figure 1 (A)level of slice of root specimen used in the experiment; (B) at 50X magnification of the post-cemented slice, the surrounding

resin cement was coated consistently with no bubbles.

Push out test
Each slice was loaded vertically with two consecutive
plungers, sized 1 mm and 0.8 mm diameter, for coronal
and middle thirds, in a Universal Testing Machine (EZ Test
Series, Shimadzu, Kyoto, Japan) with a crosshead speed of
0.5 mm/min. The force was applied for the push out test.
The maximum force during the specimen failure was recorded
and calculated into MPa using the following formula:
_ F
C h(rl+72)
where “F” is maximum force (N); “TU” is the
constant 3.14; “r1” is apical radius; “r2” is coronal radius;
and “h” is the thickness of the slice in mm, standardized
at 2 mm
Failure mode analysis
Examination of dislodged specimens were done
under a stereomicroscope at 50X magnification to clarify

into the three failure patterns: 1) failure at dentin: all of

material inside the canal moved away from dentin; 2)
failure at post: the fiber post moved from the specimen,
while the resin cement remained on the dentin wall;
3) failure at dentin and post: dentin is visible in some
areas and resin cement present in the others.
Statistical analysis

Statistical analysis was performed using SPSS
software (SPSS 20.0; Chicago, IL, USA). One-way ANOVA
was used for comparison of the bond strength and the
canal diameter of each sealer. In cases of significant
differences, Tukey tests were performed for multiple

comparisons.

To control the size of each slice, the canal dia-
meters of the coronal and apical sides were measured and
presented in Table 2. No statistically significant differences

were found on either side of each slice. (P>0.05)

Table 2 The minimum, maximum, and mean diameters of the coronal and apical sides of the slices

Coronal side (mm)

Apical side (mm)

Regions

Min. Max. Mean Min. Max. Mean
Coronal 1.35 1.42 1.38 1.15 1.25 1.20
Middle 1.10 1.16 1.13 0.89 0.96 0.93

The mean and standard deviation of the push
out bond strength of each group are presented in Table 3.
In both root regions, the control group demonstrated

the highest mean push out bond strength. AH Plus group

showed significantly higher push out bond strength than
those of iRoot SP group and Nishika BG group (P<0.05).
No statistically significant difference was found between

coronal and middle slices in all groups.
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Table 3 Mean (standard deviation) of push out bond strength, expressed in MPa in the different root

Group Control AH plus iRoot SP Nishika BG
Regions
Coronal 11.43 (1.43)" 9.59 (0.87) ° 6.46 (1.36) © 6.57 (1.38)°
Middle 9.74 (2.08) ° 7.38 (1.27)° 4.73 (1.58) 4.92 (1.36)

*Different superscript letters in the same line indicate statistical differences (P < .05)

Failure pattern of all slices is shown in Figure
2. The prominent failure pattern was failure at dentin,
occurring in 50-60% of the specimens in all sealers. This than 20%. (Fig. 3)
Control;Coronal RGO 20 20
e 10 s
IS 10 e O
SO 10 e O
SO 10 o
0 10 e

Control;Middle
AHPLus;Coronal
AHPlus:Middle
iRootSP;Coronal
iRootSP;Middle

NishikaBG;Coronal RSO 20 30
NishikaBG;Middle s 20 [ (R
0% 20% 40% 60% 80% 100%

[ Failure at dentin Failure at post g Failure at dentin and post

Figure 2 Mode of failure for each group

was followed by failure at dentin and post accounted

for 20-40%. Failure at post was observed only not more

Figure 3 Stereomicroscopic image of failure modes (A) failure at dentin (B) failure at post (C) failure at dentin and post; arrow

indicates resin cement

Discussion

The control group, which did not use any sealer,
demonstrated the highest bond strength, aligning with
the results reported by Chadgal et al." The explanation
for this situation lies that the composition of the smear
layer in this group is likewise the smear layer in normal
dentin cutting. After the application of primer, the acidic

monomer, phosphonic acid, reacts with the superficial
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part of the smear layer, simultaneously flows into the
underlying smear layer, and forms a hybridized smear
layer." The bond strength in this group, which was created
in unchanged dentin was much higher than the other group.

From the results of this study, AH Plus™' seemed
to have some negative effects on the push out bond

strength of self-etch resin cement. When the post space



was created, the smear layer in this groups was blended
with the removed sealer, while a small amount of
material was retained on the dentin surface.”” These
circumstances made the acidic monomer in Multilink® N
unable to alter the smear layer in the same pattern as in
normal dentin, resulting in reduced push out bond strength.

In this experiment, the most negative effect on
self-etch resin cement was found in the group of iRoot SP®
and Nishika Canal Sealer BG®. This situation may be attributed
to residual sealer and hydroxyapatite precipitation on
the dentin wall. From the study of Karobari et al.*?, more
dentine penetration and push out bond strength was found
in the bioceramic sealer, which affected the retrievability
of this sealer. Chen et al." confirmed that iRoot SP®is
more difficult to remove in post space preparation than
resin-based sealer. The effect of phosphonic acid, an acidic
monomer in Multilink N, on the root canal wall should
be reduced by the smear layer formed by either iRoot
SP® or Nishika Canal Sealer BG®. Yoshii et al.”” reported
that Nishika Canal Sealer BG® has similar properties and
dentin reaction as other bioceramic sealers. Nishika Canal
Sealer BG® have high adaptation, which enhanced the
infiltration of the sealer into dentinal tubules."® Akcay
et al.'"and Chew et al.’ found that iRoot SP® and Nishika
Canal Sealer BG® penetrate dentinal tubules more effectively
than AH Plus™ , which may cause them to remain more
in the root canal post-preparation, resulting in lower push
out bond strength of the resin cement.

One of the key factors is the hydroxyapatite
precipitation of the bioceramic sealer. Belal et al.”
demonstrated that Ca** and OH released from bioceramic
sealer can be detected during and after the setting
process, which may be the origin of alkalinity of material
and hydroxyapatite formation. The alkaline pH of a
bioceramic sealer might buffer the acidity of self-etch
primer, reducing its demineralization capability and
consequently weakening the bond between the fiber
post and root dentin.”” Motoyama et al.” revealed that
the presence of hydroxyapatite considerably affected

the modification effect of acidic monomer.

These results were contradictory to Yuanli et al?,
who reported no difference between iRoot SP® and
AH Plus™. One potential explanation could lie in the
disparate post-space irrigation methods employed. In this
study, the post space underwent irrigation solely with
distilled water, whereas Yuanli et al.*' utilized ultrasonic
irrigation with Chlorhexidine (CHX) and EDTA. Chen et al.™
demonstrated that ultrasonic irrigation enhances smear
layer removal. CHX inhibits matrix metalloproteinases
(MMP), thereby not adversely affecting the bond strength
of resin cement.”” Additionally, EDTA can selectively
chelate calcium ions, removing hydroxyapatite and
facilitating the penetration of the adhesive system’s
functional monomer through dentinal tubules.”’
Consequently, the amount of sealer remaining on the
dentinal wall may be insufficient to significantly impact
the bond strength of resin cement.

Considering the failure mode analysis, it could
be emphasized that predominant pattern of failure
occurred between the resin cement and root canal
which indicated the weak bond occurred between the
resin cement and the root dentine.” The probable
reason for this failures may be high C-factor of the resin
cement, which presented with more bonded surface
than free surface of resin cement. In this situation, it
leads to contraction in some parts of the resin cement,
inducing and finally dislodging of post with resin cement
from the root canal walls.”

According to the study by Marcos et al.”’, the
thickness of the resin cement negatively affects the
push out bond strength of the resin cement. The study
explained that a thicker resin layer may entrap air voids,
increasing the risk of failure and dislodgment. To address
this, FibreKleer™ 4X ¢lass fiber post, size #2 is selected to
ensure a precise fit within the root canal and to minimize
excess resin cement use. A size #1 post would result in
a loose fit, necessitating a thicker layer, while a size #3
post would require excessive canal enlargement, risking
unnecessary dentin removal. Additionally, the passive

placement of posts without mechanical preparation
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preserves the integrity of the root canal, thereby enhancing

clinical outcomes.”

Conclusion

Within the limitations of this in vitro study, it
can be concluded that all sealer groups reduced the
push out bond strength of resin cement to the fiber post
and root canal wall. A greater reduction was especially
observed when iRoot SP® and Nishika Canal Sealer BG®

were used.
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Three - Dimensional Temporomandibular Joint and Mandibular Morphology
in A Group of Thai Skeletal Class lll with and Without Mandibular Asymmetry

Using Cone Beam Computed Tomography
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Abstract

The aims of this study were to evaluate the temporomandibular joint (TMJ) and mandibular morphology
in skeletal Class Il patients, compare the dimensions between symmetric and asymmetric patients, and find the
correlation of the dimensions. Eighty Cone Beam Computed Tomography images of adult Thai skeletal Class Il
patients (20 adult males, 20 adult females, aged 20-42 years, mean age 25.45 + 6.05 years) were divided into eight
groups. The TMJ and mandible dimensions and angulations were measured using multiplanar reconstruction images.
The differences in the dimensions between groups were analyzed using ANOVA and the Kruskal Wallis H test. The
correlations of the dimensions were analyzed by the Pearson correlation and the Spearman correlation. The ICC was
good-excellent for the intra-examiner (0.843-0.993) and inter-examiner reliability (0.833-0.980). The TMJ and mandibular
measurements were significantly different between groups in the mediolateral condylar width, anteroposterior
condylar width, coronal condylar angle, ramus width, ramus height, and mandibular height. However, there were
no significant differences between groups for the condylar axis, sagittal condylar angle, superior joint space, anterior
joint space, posterior joint space, condylar height, glenoid fossa depth, coronoid height, coronoid width, anterior
fossa inclination, posterior fossa inclination, lingula, and gonial angle. The correlation between the lingula position
and ramus height (r = 0.743), the ramus width and mandibular height (p = 0.798), and the mandibular height and the
ramus height (p = 0.740) were good. In conclusion, comparing the TMJ and mandible revealed that the male non-
deviated side exhibited the greatest mediolateral and anteroposterior condylar width, ramus height, and mandibular
height. Skeletal Class Ill symmetry patients demonstrated a significant correlation between the ligula position and

ramus height, the mandibular height and ramus height, and between the mandibular height and ramus width.
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Introduction

The practice of orthodontics is not limited confronted with patients that require treatment of

to treating tooth misaligcnments. The clinician is often craniofacial abnormalities that impact their appearance.
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The temporomandibular joint (TMJ) and mandible are a
part of the facial skeleton that can impact the appearance
of a patient. Previous studies reported that the TMJ was
different based on various factors comprising age, sex,
skeletal relationships, and ethnicity.” The TMJ size changes
during the growth period, especially the mediolateral
dimension of the condyle.”* The growth-induced increase
in the TMJ size is decreased when the patient becomes
an adult. However, the bone remodeling process that
occurs throughout life affects the TMJ and mandibular
shape.” The anteroposterior skeletal relationship is
classified into skeletal Class |, Il, and Il that refer to a
normal maxillomandibular relationship, the maxilla is
more anterior than the mandible, and the mandible is
more anterior than the maxilla, respectively. Compared
with the Class | and Class Il skeletal patterns, skeletal
Class Il had a higher anteroposterior condylar inclination
and lower superior joint space.” The TMJ and mandible in
males and females differ in size between the sexes, e.g.,
the coronoid height in Brazilian males was higher than in
females.’ The TMJ size is also influenced by ethnicity, and
the Asian population has differences in TMJ morphology. A
Southeast Asian population study revealed that the condylar
height in Chinese individuals was significantly higher
than in Malays." The TMJ and mandibular morphology
is important for clinical orthodontic practice to generate
the orthognathic surgical treatment plan and evaluate
treatment outcome.

One of the problems in an orthodontic patient
is skeletal asymmetry. A report in Koreans comparing
Class Il symmetric and asymmetric patients demonstrated
that the superior joint space on the deviated side is
narrower than the non-deviated side and the joint space
of symmetric patients.” Patients with a symmetric facial
skeleton and severe skeletal Class Il were usually treated
with orthognathic surgery. The combination of skeletal
Class Il malocclusion and skeletal asymmetry requires
more complex treatment procedures.’ The surgical
treatment in asymmetric Class Ill patients corrects the
skeleton in the anteroposterior and transverse directions
by surgery.” Understanding the structures that affect
skeletal asymmetry is important for surgical correction
in adult patients or attempting to correct the skeleton

morphology by growth modification in growing patients.

A TMJ morphological study can be performed
using different methods, i.e., a dry skull, conventional two-
dimensional images, or three-dimensional images. However,
cone beam computed tomography (CBCT) provides better
precision for investigating the TMJ area than a panoramic
radiograph." The multiplanar reconstruction images of
a CBCT have a lower radiation dose than conventional
computed tomography.'' Moreover, the TMJ measurements
using CBCT images are highly accurate compared with
those of the actual TMJ." To the best of our knowledge,
the TMJ and mandibular morphology in Thai skeletal
Class Il asymmetric patients investigated using CBCT
has not been reported. Thus, the purpose of this study
was to compare the TMJ and mandibular dimensions
between groups of Thai symmetric skeletal Class I
patients and asymmetric skeletal Class Il patients using
CBCT. This information can provide reference data for
diagnosis and treatment planning in skeletal Class Il

patients with and without asymmetry.

Materials and methods

This study was a retrospective study that measured
the TMJ and mandibular dimensions using CBCT images
of skeletal Class Ill Thai patients. The research protocol
was approved by the Ethics Committee of the Faculty of
Dentistry, Chulalongkorn University (HREC-DCU 2020-114).
The sample size was forty patients (eighty CBCT images)
calculated by the difference between two independent
mean formulas using 0.05 alpha level, 0.2 beta level
together with the means and standard deviations of the
condylar length from the study of Alhammadi et al.?
Eighty CBCT images of the TMJs from 40 patients were
taken at the Department of Radiology with a standard
protocol between January 2013-October 2021 by two
CBCT machines, i.e., 3D Accuitomo 170 (J. Morita, Kyoto,
Japan) with 90 kVp, 5-10 mA, 17.5 sec scanning time,
17x12 mm field of view (FOV), and 0.25 mm voxel size and
i-CAT (Imaging Sciences International, Hatfield, PA, USA)
with 120 kVp, 3-8 mA, 7.4 sec scanning time, 23x17 mm
FOV, and 0.25 mm voxel size. The CBCT images of the
left and right TMJs were randomly selected and analyzed
with a purposive requirement. The inclusion criteria
comprised 1) Thai patients, 2) Age > 20 years, 3) Skeletal

Class Ill categorized by Wits appraisal (value less than
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-5 mm), 4) No history of trauma, 5) No history of TMJ or
mandible surgery, 6) No TMJ and mandible pathology
based on the CBCT images and medical record, 7) No
congenital abnormality of the TMJ and mandible. The
exclusion criteria comprised 1) Pseudo Class lll malocclusion,
2) Low-quality CBCT image, 3) Medical history of systemic
diseases that affect the development of the TMJ and
mandible. The symmetric group was classified by a
Menton deviation < 3 mm from the midsagittal plane
and the asymmetric group had a Menton deviation > 3
mm from the midsagittal plane. Based on these criteria,
80 CBCT images of 20 symmetry patients (nine males, 11
females), and 20 asymmetric patients (eight males, 12
females), aged 20-42 years, mean age 25.45 + 6.05 years,
were obtained. The TMJ and mandibular imasges were
classified into eight subgroups: 1) male left side, 2) male

right side, 3) male deviated side, 4) male non-deviated

side, 5) female left side, 6) female right side, 7) female
deviated side and 8) female non-deviated side. The CBCT
images were oriented and measured using Infinitt® PACS
software (Version 1.0 Infinitt Healthcare Co., Ltd., Seoul,
Korea). The linear and angular measurements were performed
using multiplanar reconstruction images when each plane
was perpendicular to the other planes. The TMJ and
mandibular dimensions were separately measured on the
left and right sides. In the axial slice, the distance of the
structures was measured after the maximum width was
determined in the sagittal and coronal slices. The sagittal
slice measurements were made after adjusting the Frankfort
horizontal plane parallel to the floor. The CBCT landmarks
and measurements are demonstrated in Figure 1A to 1E
and Table 1, respectively. All measurements were

performed by a single examiner. The examiner performed

a single measure for each measurement.

Figure 1A 1) Point No.1 Most lateral point of the condyle 2) Point No.2 Most medial point of the condyle

3) Point No.3 Most anterior point of the condyle 4) Point No.4 Most posterior point of the condyle

5) Line No.11 The line connecting the medial and lateral point of the condyle 6) Line No.12 Midsagittal plane

Figure 1B 1) Point No.1 Most lateral point of the condyle 2) Point No.2 Most medial point of the condyle

3) Point No.5 Most superior point of the condyle 4) Point No.6 Deepest point of the Glenoid fossa

Figure 1C 1) Point No.3 Most anterior point of the condyle 2) Point No.4 Most posterior point of the condyle

3) Point No.5 Most superior point of the condyle 4) Point No.6 the deepest point of the Glenoid fossa

5) Point No.7 Articular eminence 6) Point No.8 Postglenoid tubercle

Figure 1D 1) Point No.9 Coronoid notch 2) Point No.10 Lingula 3) Point No.13 Most superior of the Coronoid process
4) Point No.14 Gonion 5) Point No.15 Deepest point of the Sigmoid notch 6) Point No.16 Anterior surface of the Coronoid

notch at the deepest point of the Sigmoid notch level

Figure 1E 1) Line No.17 Posterior ramus plane 2) Line No.18 Mandibular plane
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Statistical analysis

Intraclass correlation coefficient (ICC) was used to
analyze the intra-examiner and inter-examiner reliabilities.
To evaluate the intra-examiner reliability, ten randomly
selected samples were re-measured by the investigator
within two weeks and analyzed using ICC. The inter-
examiner reliability was evaluated by ICC that compared
the measurements from the ten randomly selected
samples between the investigator and the experienced
radiologist. The normality test of the measurements
was analyzed by the Shapiro-Wilk test. The difference

in linear and angular measurements was analyzed by

Table 1 Measurement definitions

one-way ANOVA. Post hoc analysis was performed by the
LSD test. The Kruskal Wallis H test was used to compare
the linear and angular measurements between groups
when the Shapiro-Wilk test showed that the variable
was not normally distributed. The correlation among
the linear and angular measurements was analyzed
using Pearson’s correlation. Spearman correlation was
used to analyze the measurements when the variable
was not normally distributed. The statistical analyses
were performed using the Statistical Package for the
Social Sciences (SPSS 22.0; SPSS Inc., Chicago, IL, USA).
Significance was defined at p < 0.05.

Measurements (Abbreviation)

Definition

Mediolateral condylar width (ML)
Anteroposterior condylar width (AP)

Condylar height (CoH)

Condylar axis (CoA)
Coronal condylar angle (Cor)

Sagittal condylar angle (Sag)

Superior joint space (SS)
Anterior joint space (AS)
Posterior joint space (PS)
Anterior fossa inclination (AFI)

Posterior fossa inclination (PFI)

Glenoid fossa depth (FD)
Coronoid width (CW)
Coronoid height (CH)
Ramus width (RW)
Ramus height (RH)

Mandibular height (MH)
Gonial angle (GO)
Lingula position (Li)

No.1 to No.2 distance

No.3 to No.4 distance

No.5 perpendiculars to the line paralleled Frankfort horizontal plane and passed
through No.15 distance

Angle intersected between No.11 and No.12

Angle intersected between the line passed through No.1 to No.5 and the line passed
through No.2 to No.5

Angle intersected between the line passed through No.4 to No.5 and the line passed
through No.4 to No.5

No. 5 perpendiculars to fossa distance

No. 3 perpendiculars to fossa distance

No. 4 perpendiculars to fossa distance

Angle intersected between the line passed through No.6 to No.7 and the line
passed through No.7 to No.8

Angle intersected between the line passed through No.6 to No.8 and the line
connecting No.7 to No.8

No.6 perpendiculars to the line passed through No.7 and No.8 distance

No.15 to No.16 distance

No.13 perpendiculars to the line passed through No.15 and No.16

No.9 to posterior ramus border distance

No.14 perpendiculars to the line paralleled Frankfort horizontal plane and passed
through No.15 distance

No.14 to No.5 distance

Angle intersected between No.17 and N.18

No.10 perpendiculars to the line paralleled Frankfort horizontal plane and passed
through No.15 distance

The ICC results were good-excellent for the intra-
examiner reliability (0.843-0.993) and inter-examiner reliability
(0.833-0.980). Comparing the temporomandibular joint

and mandibular measurements demonstrated that the
mediolateral condylar width of the male non-deviated

side was significantly higher compared with the male left
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side (p = 0.003), male right side (p = 0.009), female left
side (p = 0.006), female right side (p = 0.001), female deviated
side (p = 0.001), and female non-deviated side (p = 0.004).
Moreover, the anteroposterior condylar width of the male
non-deviated side was significantly higher compared with
the male left side (p = 0.016), male right side (p < 0.001),
male deviated side (p = 0.024), female left side (p = 0.002),
female right side (p = 0.001), female deviated side (p < 0.001),
and female non-deviated side (p = 0.003). The ramus height
of the male non-deviated side was significantly higher
compared with the female left side (p = 0.007), female
right side (p = 0.003), female deviated side (p = 0.029),
and female non-deviated side (p = 0.027). The ramus height
of the male right side was significantly higher compared
with the female left side (p = 0.013), female right side (p
=0.006), and female non-deviated side (p = 0.048). The
ramus height of the male deviated side was significantly
higher compared with the female left side (p = 0.025)
and female right side (p = 0.014). The ramus width of the
male deviated side group was significantly higher compared
with the female left side (p = 0.010), female right side
(p =0.011), female deviated side (p = 0.012), and female
non-deviated side (p = 0.008). The ramus width of the male
non-deviated side was significantly higher compared
with the female left side (p = 0.019), female right side
(p = 0.020), female deviated side (p = 0.022), and female

non-deviated side (p = 0.015). The coronal condylar
angle of the male deviated side was significantly lower
compared with the female left side (p = 0.039).

The coronoid width of the female left side and
right side was significantly lower compared with the male
right side, male deviated side, and male non-deviated
side. The mandibular height of the female left side was
significantly lower compared with the male left side (p
=0.028), male right side (p = 0.012), male deviated side
(p = 0.004), male non-deviated (p < 0.001), and female
non-deviated side (p = 0.005). The mandibular height of
the female right side was significantly lower compared with
the male left side (p = 0.045), male right side (p = 0.020),
male deviated side (p = 0.007), male non-deviated (p < 0.001),
and female non-deviated side (p = 0.009). The mandibular
height of the female deviated side was significantly lower
compared with the male right side (p = 0.039), male
deviated side (p = 0.013), male non-deviated (p < 0.001),
and female non-deviated side (p = 0.019). There were no
significant differences between groups for the condylar
axis, sagittal condylar angle, superior joint space, anterior
joint space, posterior joint space, condylar height, glenoid
fossa depth, coronoid height, coronoid width, anterior
fossa inclination, posterior fossa inclination, lingula, and

gonial angle (Table 2, 3, and 4).

Table 2 Mean and standard deviation (SD) value of TMJ and mandibular measurements in males

Group 1 Group 2 Group 3 Group 4
Measurements Male left side Male right side Male deviated side Male non-deviated side

Mean SD Mean SD Mean SD Mean SD
ML (mm) 17.16 1.49 17.55 1.57 18.63 2.33 19.86 1.87
AP (mm) 7.87 0.52 7.17 0.95 7.92 1.45 9.19 1.72
CoH (mm) 21.47 3.65 20.10 4.10 21.01 4.13 22.66 354
CoA (°) 73.23 10.98 68.65 9.23 71.61 7.05 72.59 8.43
Cor (°) 117.39 7.54 116.30 5.95 112.80 8.33 110.09 9.33
Sag (°) 99.33 10.83 104.60 6.99 109.34 8.75 112.23 9.76
SS (mm) 1.68 0.41 1.68 0.50 2.10 0.49 2.16 0.73
AS (mm) 231 0.42 2.26 0.43 2.31 0.56 2.23 0.67
PS (mm) 1.96 0.58 2.00 0.36 1.78 0.77 1.84 0.69
AFI (°) 51.05 5.96 51.91 6.31 52.46 3.96 51.75 4.85
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Table 2 Mean and standard deviation (SD) value of TMJ and mandibular measurements in males (cont.)

Group 1 Group 2 Group 3 Group 4
Measurements Male left side Male right side Male deviated side Male non-deviated side

Mean SD Mean SD Mean SD Mean SD
PFI(°) 34.59 3.42 33.28 3.98 36.95 2.81 36.01 3.52
FD (mm) 11.82 1.25 12.01 1.17 11.72 0.67 11.68 0.95
CH (mm) 11.47 2.24 10.81 1.67 13.31 3.29 9.90 2.57
CW (mm) 18.89 221 19.30 1.62 20.53 3.22 21.24 3.82
RH (mm) 39.26 6.03 41.63 5.56 41.25 3.34 42.27 3.53
RW (mm) 31.26 4.31 30.69 3.60 33.09 4.46 3272 3.74
MH (mm) 62.04 7.70 62.85 791 64.09 6.34 67.03 4.22
GO (°) 130.69 6.88 129.56 5.07 130.00 4.85 132.76 7.89
Li (mm) 21.60 3.60 22.88 4.08 22.27 2.07 21.93 217

SD indicates standard deviation

Table 3 Mean and standard deviation (SD) value of the TMJ and mandibular measurements in females

Group 5 Group 6 Group 7 Group 8
Measurements Female left side Female right side Female deviated side  Female non-deviated side

Mean SD Mean SD Mean SD Mean SD
ML (mm) 17.54 1.34 17.12 1.75 17.17 2.00 17.48 1.77
AP (mm) 7.58 0.89 7.46 0.76 7.43 1.16 7.65 1.07
CoH (mm) 18.91 3.93 19.58 4.32 17.57 3.36 21.71 2.71
CoA (°) 69.31 6.52 69.29 7.44 68.67 9.32 72.28 7.36
Cor (°) 125.23 10.23 122.61 16.30 115.41 8.96 114.57 6.58
Sag (°) 106.27 8.87 105.04 8.34 106.44 8.98 110.50 5.03
SS (mm) 1.80 0.68 1.86 0.67 1.88 0.56 1.60 0.36
AS (mm) 2.45 0.62 2.36 0.39 2.09 0.57 1.76 0.36
PS (mm) 2.34 0.60 2.45 0.45 1.82 0.57 1.86 0.55
AFI (°) 50.94 6.88 5251 7.10 5351 3.51 51.73 4.16
PFI (°) 37.01 5.08 34.96 3.42 35.70 2.68 35.79 1.75
FD (mm) 10.47 1.19 11.36 1.27 11.16 0.78 11.25 1.10
CH (mm) 10.17 1.77 10.36 2.36 12.33 3.00 11.24 3.84
CW (mm) 16.71 2.58 16.90 1.98 18.26 2.16 17.74 2.03
RH (mm) 36.56 4.51 36.05 4.27 37.77 3.34 37.71 a4.17
RW (mm) 29.15 1.98 29.18 2.20 29.30 2.60 29.08 2.74
MH (mm) 56.62 4.33 57.10 3.86 57.87 4.36 63.15 3.73
GO (°) 127.79 5.67 128.07 6.06 128.42 6.46 130.32 5.23
Li (mm) 21.55 3.34 20.98 2.56 20.55 2.50 20.80 2.16

SD indicates standard deviation
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Table 4 Comparison of the temporomandibular joint and mandibular measurements

Measurement Comparison between groups
ML (mm) 1-4 (p = 0.003), 2-4 (p = 0.009), 4-5 (p = 0.006)', 4-6 (p = 0.001)', 4-7 (p = 0.001), 4-8 (p = 0.004)'
AP (mm) 1-4 (p = 0.016)', 2-4 (p < 0.001), 3-4 (p = 0.024),, 4-5 (p = 0.002)', 4-6 (p = 0.001), 4-7 (p < 0.001),
4-8 (p = 0.003)
CoH (mm) NS
CoA (°) NS
Cor (°) 3-5 (p = 0.039)"
Sag (°) NS
SS (mm) NS
AS (mm) NS
PS (mm) NS
AFI (°) NS
PFI(°) NS
FD (mm) NS
CH (mm) NS
CW (mm) NS
RH (mm) 2-5 (p = 0.013)', 2-6 (p = 0.006), 2-8 (p = 0.048), 3-5 (p = 0.025)', 3-6 (p = 0.014), 4-5 (p = 0.007),,
4-6 (p = 0.003), 4-7 (p = 0.029)', 4-8 (p = 0.027)'
RW (mm) 3-5 (p = 0.010),, 3-6 (p = 0.011)', 3-7 (p = 0.012), 3-8 (p = 0.008), 4-5 (p = 0.019)', 4-6 (p = 0.020),
4-7 (p = 0.022), 4-8 (p = 0.015)'
MH (mm) 1-5 (p = 0.028),1-6 (p = 0.045)', 2-5 (p = 0.012)', 2-6 (p = 0.020)', 2-7 (p = 0.039),, 3-5 (p = 0.004)',

3-6 (p = 0.007),, 3-7 (p = 0.013)', 4-5 (p < 0.001), 4-6 (p < 0.001), 4-7 (p < 0.001)', 5-8 (p = 0.005)',
6-8 (p = 0.009), 7-8 (p = 0.019)'
GO (°) NS
Li (mm) NS

Group 1, male left side; Group 2, male right side; Group 3, male deviated side; Group 4, male non-deviated side;

Group 5, female left side; Group 6, female right side; Group 7, female deviated side; Group 8, female non-deviated side
‘Significant difference between groups (p<0.05, ANOVA, LSD test)

“Significant difference between groups (p<0.05, Kruskal Wallis H test)

NS, No significant group differences at .05 level

The correlation of the temporomandibular height of the skeletal Class Il symmetry showed a high
joint and mandibular measurements in skeletal Class Il correlation with the ramus width (p = 0.798) and height
symmetry revealed that the lingula position was highly (p = 0.740). (Table 5).
correlated with the ramus height (r = .743). The mandibular

Table 5 Correlation of the TMJ and mandibular measurements of Skeletal Class lll symmetry patients

Measurement RH MH Li SS AS PS

ML (mm) 216 226" -.186° 081" 211" 040
AP (mm) 303¢ 279" 1367 175" -017 269
CoH (mm) -.158" 418 -.453" -521" 319 075"
CoA (°) 026" .076' 372 -.054" 002! -.089*
Cor (°) -.196' -47s! -.038" 377 -.158 291"
Sag (°) -.243 -175" 555" 305" -039 135"
SS (mm) .288" .054" 139" 1! 179" .189"
AS (mm) 024" 367" 287" 179" 1! 210"
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Table 5 Correlation of the TMJ and mandibular measurements of Skeletal Class lll symmetry patients (cont.)

Measurement RH MH Li SS AS PS

PS (mm) -.198° 134" .320° .189 210t 1"

AFI (°) 289" 299" 249" 324" 255" -224"
PFI (°) 036" -071° 602" .050° 174 -281*
FD (mm) 555 581" 337° 029" 174" -.258*
CH (mm) 064 -031" 558" .006' -.283 -013*
CW (mm) 541" 548 158" 148 287" -130"
RH (mm) 1 740" 743" .288" 024" -.198*
RW (mm) a1t 798" 639° 010" 465" -081"
MH (mm) 740" 1t 041 .054" 367 -134"
GO (°) -315° 475" -.086" -.032" -292 -038"
Li (mm) 743" 041" 1* 139 287" 320

The positive value is positive correlation; The negative value is a negative correlation

*Pearson correlation; ‘Spearman correlation

Discussion

This study compared the TMJ and mandible
dimensions and angles between skeletal Class lIl patients
with skeletal symmetry and asymmetry using CBCT.
The intra-examiner and inter-examiner reliabilities were
good-excellent in all parameters, indicating that the
measurements were reliable. To explain the cause of the
skeletal asymmetry, genetic factors play an important
role. The expression of genes, such as NFATC1, SOX5,
NBAS, and TCF7L1, was found to be associated with
facial asymmetry phenotypes." From an epidemiological
perspective, patients with Skeletal Class lIl often exhibit
greater skeletal asymmetry compared with those with
Skeletal Class | or Class IIl."* The incidence of Class Il
malocclusion was higher in an Asian population compared
with a Caucasian population and an African population.*'®

Focusing on the measurements, the comparison
of the mediolateral condylar width across the different
groups revealed that the mediolateral condylar width
of the male non-deviated side was significantly higher
compared with other groups, which coincides with a Tai-
wanese study.'” Moreover, the anteroposterior condylar
width was similar to the mediolateral condylar width.
These findings suggested that the non-deviated side of
the condylar head of males with skeletal Class Ill was

the largest. However, a Turkish study found that there

was no relationship between condylar shape and sex."
The coronal condylar angle of the male deviated side
was significantly lower compared with the female left
side. However, a Chinese study found no significant
difference in coronal condylar shape between sexes.”

In the present study, there was no significant
difference between groups in the anterior space, posterior
space, and superior joint space, which corresponded
with study of Taiwanese skeletal Class Ill patients."’

A study of the joint spaces in Egyptian patients
found that skeletal Class Ill had a significantly lower
superior joint space compared with skeletal Class | and
Class |12 The condylar axis in our study showed no significant
difference, which agrees with a Korean study.” However,
the Taiwanese study found that the condylar axis of the
non-deviated side was significantly higher compared with
the symmetrical patients.'” The ramus width in females
was significantly lower compared with the male deviated
and non-deviated sides, which corresponded with an Indian
study, which reported that the ramus width was larger
in males compared with females.” It was found that
the ramus height of the male non-deviated side was
significantly higher compared with the female groups.
The ramus height in a Korean study aligned with our

findings that the ramus height on the non-deviated side of
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skeletal Class lll asymmetric patients was higher compared
with the deviated side.”" This finding was similar to the
Turkish study, which found that ramus height in males
was higher than females.” In this investigation, a decrease
in mandibular height in females without asymmetry
compared with males was observed. This finding aligned
with a previous study conducted on adult Egyptians that
found a significant difference between sexes, indicating
that ramus height in males was higher compared with
females.” In a Korean adult female skeletal Class |
report, there was a significantly shorter ramus height on
the deviated side compared with the non-deviated side.”
The condylar height from a Korean study showed that the
condylar height was higher on the non-deviated side
compared with the deviated side. Moreover, the condylar
height between the left and right sides of skeletal Class |
was significantly different was reported.”' However, our
study found no significant differences.

The results demonstrated that the correlation
between the ramus height and lingula position in skeletal
Class Il symmetry patients was strong (r =.743), indicating
a relationship between the lingula vertical position and
the ramus height. The joint space analysis results were
similar to a previous study that found there was no
correlation between the anterior, superior, and posterior
joint spaces in Chinese skeletal Class 1. The present
study provides reference data for evaluating the tempo-
romandibular area and characteristics of the mandible
in skeletal Class lll patients. The skeletal morphology in
Class Il symmetry and asymmetry patients can be used
for orthodontics-orthognathic surgery treatment planning
and evaluating surgical outcomes. The limitation of the
TMJ study using CBCT was the articular disc in case that
the CBCT could not evaluate the soft tissue precisely as
the MRI could. The further study should be performed
using MRI and CBCT to evaluate the bony structures

and the articular disc.

Conclusions

Comparing the TMJ and mandible of Thai skeletal

Class Il patients with symmetry and asymmetry revealed

28 J DENT ASSOC THAI Vol.75 No.1 January - March 2025

that the male non-deviated side exhibited the greatest
mediolateral and anteroposterior condylar width, as well as
the ramus height and the mandibular height. Thai skeletal
Class Il symmetry patients demonstrated a significant
correlation between the lingula position and the ramus
height, as well as between the mandibular height and
the ramus height and between the mandibular height
and the ramus width. This information can be useful
to create the diagnostic criteria for TMJ and mandible
dimensions among Thai skeletal Class Ill patients. The
variability in TMJ and mandibular dimensions found in
this study may be clinically important in orthodontic

treatment planning and orthognathic surgery.
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Abstract

The objective of this study was to evaluate the in vivo accuracy of a newly developed 3D-printed intraoral
surveyor, initially proposed by Doungtraiphop et al. The surveyor had been modified to enhance its functionality.
For each of the three subjects, a set of upper and lower study models was created. A prosthodontist was asked to
use a Ney surveyor to draw survey lines (Sr) on designated teeth in each model at a predetermined path. All models
were digitally scanned to serve as reference files. Three prosthodontic graduate students then used the intraoral
surveyor to draw survey lines (Si) on the assigned tooth surfaces along the same path for each subject. Both arches
were scanned with an intraoral scanner immediately after each student’s surveying procedure, and the teeth were
cleaned with pumice before another operator conducted the next surveying procedure. Each digitally scanned file
was superimposed onto its corresponding reference file in the same position. Images of the studied surfaces were

captured to evaluate the agreement between Si and Sr lines on each assigned tooth surface. The study found
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that ill-defined Si lines appeared on 3.01 percent of the studied tooth surfaces, while complete overlapping of Si

and Sr lines was observed on 80.56 percent of the surfaces. The agreement between Si and Sr lines was excellent,

with an intraclass correlation coefficient of 0.949. Within the study’s limitations, it was concluded that the newly

developed intraoral surveyor was highly accurate in creating survey lines intra-orally, providing similar results to

those of a conventional surveyor.

Keywords: Surveyor, Intracral surveyor, Survey line validity
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Table 2 Intraclass correlation coefficient (ICC) of Si and Sr lines and number of surfaces with ill-defined Si lines

Categories Number of Number of ICC (95% CI) IU-defined line
surfaces measurements (%)
Arches Ui a8 144 0.922 (0.878-0.948) 2.78
Li 45 135 0.952 (0.893-0.974) 3.70
Up 45 135 0.983 (0.954-0.992) 0.74
Lp 42 126 0.938 (0.898-0.961) 10.32
Um 54 162 0.909 (0.832-0.945) 0
Lm 54 162 0.969 (0.935-0.982) 1.85
Type of arches Upper 147 441 0.944 (0.906-0.964) 1.13
Lower 141 423 0.959 (0.926-0.975) 4.96
Tray position Incisal region 93 279 0.936 (0.894-0.958) 3.23
Canine-Premolar region 87 261 0.968 (0.942-0.981) 5.36
Molar region 108 324 0.947 (0.902-0.968) 0.93
Operator 1 96 288 0.960 (0.916-0.977) 3.47
2 96 288 0.955 (0.923-0.971) 2.78
3 96 288 0.939 (0.901-0.960) 2.78
Overall 288 864 0.949 (0.907-0.968) 3.01

Average measures, two-way mixed effects model, absolute agreement

ICC = intraclass correlation coefficient, Cl = confidential interval, p-value < 0.01

U and L indicated upper, lower arch

i, p, m indicated locations of positioning tray on incisal, canine-premolar and molar region, respectively
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Abstract

To investigate the prevalence of dental caries (dmft), growth, and development of children aged 0-5 years,
oral health promotion services, and the associations of dental caries status, growth and development, using data
retrieved from the Health Data Center (HDC) of The Ministry of Public Health in Samut Prakan Province. Data of
Thai children aged 0-5 years who received oral health promotion services and dental examinations, as well as
growth and development assessments in Well Child Clinics from 1st January 2018 to 31st December 2020 were
retrieved. These children were registered in 54 health-promoting sub-district hospitals across six districts in Samut
Prakan province. The variables included dental examinations, tooth brushing instructions, need of fluoride, fluoride
vanish applications, weight, height and developmental assessments, which were retrieved from 4 folders that is
1.PERSON 2.DENTAL 3.0PD_PROCEDURE and 4. NUTRITION. These data were linked by personal identification
number (PID). The correctness and completeness of the data were checked. Dental caries status (mean dmft), the
receipt of oral health promotion services, growth (proportionality), and developmental assessments were analyzed
using descriptive statistics, including frequency, percentage, mean, and standard deviation. The relationship
between oral health promotion and mean dmft was tested using the Independent Sample t-test. ANOVA was used
to compare the number of decayed teeth (d) among children with normal development, suspected delayed
development, and delayed development. The relationship between growth, as well as the receipt of oral health
promotion, and dental caries in caries-free children (dmft=0) and those with caries (dmft=1) was analyzed using
Pearson’s chi-square test. Binary logistic regression analysis was conducted to identify caries risk factors. All test
were set at a significance level of 01<0.05. 34,678 children were enrolled, 31% of whom had caries, with an average
dmft=1.89+3.8. Normal weight for age, normal height for age, normal weight for height and normal development
accounted for 65.8%, 60.2%, 62.2%, and 98.8%, respectively. Most parents of children between the ages of birth
and 2 years received tooth brushing instruction, and children received fluoride varnish application between 1-2 years
old. Children who received oral health promotion had significantly lower dental caries (both lower mean dmft and
higher percentage of caries-free children, p<0.01). It was found that taller children had a lower proportion of dental
caries. Furthermore, Children with normal weight for age and normal weight for height (proportionality body shape)
had less dental caries than those who were underweight, overweight, thin or obese body shape (p<0.01). Binary
logistic regression analysis gave a consistent result with bivariate analysis: gender, receiving tooth brushing instruction,
fluoride varnish application, age, and the child’s body shape, all of which were found to be associated with the
dental caries status. Lower dmft children were found associated with oral health promotion services, including
fluoride varnish application and tooth brushing instruction to their parent, as well as normal growth. Therefore, oral

health promotion, development, along with nutrition promotion, should be integrated and continued.

Keywords: Growth, Oral health promotion, Well child clinics, Early childhood caries, Development
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Table 1 The population characteristics
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Table 2 Median and mean of dmft
. Y A1 dmft
MU AY (5o8a)
Median (IQR) mean+SD
0-17.9 iAoy (Usnifia - ﬂ'auﬂum?ﬁf"a) 5,916 (17.1) 0.00 (0) 0.03+0.43
18-35.9 1fiau (‘U’J‘Uﬂ%;ﬂ —neu 3 ) 8,443 (24.3) 0.00 (0) 0.65+2.11
36-59.9 AU (3-49) 11,370 (32.8) 0.00 (3) 2.31+4.05
60-71.9 Liay ) 8,949 (25.8) 2.00 (6) 3.75+4.94
94, Lde 34,678 (100) 1.89+3.83
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Table 3 Oral health promotion and the need to receive fluoride classified by age

. - dounusely mugealin anusnduiidiasldFungoslsd
Y997 (11DU) - - 3
1#5u Tuldsu #5u 1uldsu F1du gy
0-11.9 2,766 787 1,231 2,322 823 2,730 3,553
(77.8) (22.2) (34.6) (65.4) (23.2) (76.8) (10.2)
12-23.9 4,181 1,054 4,182 1,053 2,873 2,362 5,235
(79.9) (20.1) (79.9) (20.1) (54.9) (45.1) (15.1)
24-35.9 4,432 1,139 4,331 1,240 2,996 2,575 5571
(79.6) (20.4) (77.7) (22.3) (53.8) (46.2) (16.1)
36-47.9 2,231 1,391 2,352 1,270 1,879 1,743 3,622
(61.6) (38.4) (64.9) (35.1) (51.9) (48.1) (10.5)
48-59.9 4,933 2,815 5,286 2,462 4,145 3,603 7,748
(63.7) (36.3) (68.2) (31.8) (53.5) (46.5) (22.3)
60-71.9 5,071 3,878 4,964 3,985 3911 5,038 8,949
(56.7) (43.3) (55.5) (44.5) (43.7) (56.3) (25.8)
el 23,614 11,064 22,346 12,332 16,627 18,051 34,678
(68.1) (31.9) (64.4) (35.6) (47.9) (52.1) (100.0)
M52 4 AINFIIUE TN UN A UASgYN MBI UasanTIE T
Table 4 The association of oral health promotion and dental caries
dounusany mugealsd
1@5u Taildsu p-value #5u Taldsu p-value
U (519) 23,614 11,064 <0.01° 22,346 12,332 <0.01°
F’i’]Lag‘c’J dmft (mean+SD) 1.55+3.5 2.60+4.3 1.54+35 2.52+4.4
dmft=0 17,500 6,440 <0.01° 16,394 7,546 <0.01°
(5o0az) (73.1) (26.9) (68.5) (31.5)
dmft=1 6,114 4,624 5,952 4,786
(Bouaz) (56.9) (43.1) (55.4) (a4.6)

a = Independent sample t-test

b = Pearson’s chi-square test
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Table 5 The association of child development and dental caries
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au wagnuAdIuilug (decay, d) 18w 1.79+3.7,1.55+3.5
uay 1.61:4.3 Fleaumuadiu Winlunguiannnisund nau
Warnnsasdetnninund wagnguiamnnstaninund e
vAdeUSILaA ANOVA lsimuan 1z ilunfiunnsaiu (msnedi 5)

UM (519)

Anade dmft Fuauiuy decay (d)

(mean+SD) (mean+SD)
WuInsUn@ 34,272 1.89+3.8 1.79+3.7%
Wawnsasdetinitung 373 1.61+3.5 1.55+3.5"
Waun1sEinIuni 33 1.67+4.3 1.61+4.3™

5. M3R3YLHULN

Fofiasandminaunasiony uavdiugena
inausiong lunmsmdindrulnyidminuasdaugeoglutag
et (Sosar 65 uagdouar 60 muardy) Wndilalléd
ﬁwuimmzdaug_jﬁmmﬂm% ﬁauimj%ﬁﬁmﬁfmmgdwg_jn
tosninunast Aeegluthsihimiinuasdugedosndt -1.55D
dlefimsambwmiinanasidugauindnaulugfizuss
159971 6 AINFIUS TSRS AU Iasan I g

Table 6 The association of egrowth and dental caries

audu a7 6 wansanuduiuSsErinssyiulady
Hur ndulveiituntios @dnusieminilus 23,940 Au)
deifsunsaigdvlafuiiugnuinfingsdidaduvosituy
ffoond wasdnfitiminnunasiuasgUsaud s iy
tosrinduiiiihmindesviomnniunast wazguirmon
Wiodau (p<0.01) (15137 6)

annziun
y ) Pearson’s
AY (Sawaz)
chi-square
dmft=0 dmft>1
ﬁwﬁnmummsﬁmq R8NINNUN 6,031 3,426 <0.01
(Weight for age) (63.8) (36.2)
AN 16,362 6,442
(71.8) (28.2)
GG 1,547 870
(64.0) (36.0)
dugenainausiany AoutraRouasiie 7,840 4,046 <0.01
(Height for age) (66.0) (34.0)
Fannsnoel 14,682 6,202
(70.3) (29.7)
AoutgLazg 1,418 490
(74.3) (25.7)
ﬁmﬁnmmnmﬁéfauqa NOU ADUYHBN 6,077 3,498 <0.01
(Weight for height) (63.5) (36.5)
avdu 15,479 6,082
(71.8) (28.2)
Vi Budau 1,728 748
(69.8) (30.2)
99U 656 410
(61.5) (38.5)
994 23,940 10,738
(69.0) (31.0)
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6. aAmsamvaain 0-5 Yildunsduaduguainuas
dunndasuin

a3l 7 uandlidtummsavesanziiug Wannms
waznisasyiiulnvesnguitegneionmn Tnglideyase
yaRAIINMIITIIRSIEERTasuarALluNTIATIEE nu
in 0-5 T Aldsunsdaaiugunmlueatniing ifeuviavue
faunaduund IndiAssiulunntaseny luvuefianiog
itusgfisdumueny inlutaseny 60 -71.9 o utheiid
anmilungedign lneunniasmisvaadnnuiiuy uasly
su"mmqﬂfﬁﬂisaumszﬁﬂwgLafﬁ'yﬁ 3.75+4.94 Tsioau dmiy
mssayAule windndle (Seeay 58-66) I3uswaudauly
yintasony Winfilalldddminuasdaugemannsidilueasd
sUS e uazrAsuinmen waslifiniidsusssiuiosas 3.1
7. MsAaszinladeiiiendasiuaniazituy

Slelleneiniulsiensiinsgionaneyasiain
Tngivuasudstuaunsie wa nslasunisaeuussiiy

mslasunisnivgeslsd msUssiliuiaiuinis Athuifnan
\nteny AEILgUNeTENY mﬁmﬁﬂmmﬂm%quq
LarteIgYeasin (Y2997 0-2 T way 3-5 ) Aiduriusiy
maidulsailuy (dmft= 0 30 1) HANISIATIZANUINAN
ifunesedlalldfunisaoundssity fMomaiiunsnninind
Funaseslifunsaeunseity 1.4 wh (p<0.01) windtlailel
Sumsvmgoslsinity Memailumsnnnindnildzunns
mylgealsnniily 1.7 wih (p<0.01) winfiildhmdntesnin
inausteguandniifiimiinunnndunusiony weflomailugy
wnnindnfiuinananast 1.1 (p=0.02) uay 1.3 Wi
(p<0.01) Mg ity infisldaugdosniunasiony (fnite
wazAeutnadle) Weifleutuiiniifidugemnnasiilona
flu 1.1 i (p<0.01) Winfifiguremenileifisuiuiingiil
sUTsandmagilenaiiug 1.4 wh (p<0.01) Y9878 vRs
winfinaselonaialsafluniluegiann Tnewnlugiseny
3-5 U flonaitunuinnindneny 0-2 U 8.4 1w (p<0.01)
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Table 7 dental caries, development and weight by height classified by age

an1ziluy nsuszliuWauIng shwitinananasidiugs
0 _Au (Bowaz) au (5ovaz) au (Sowaz)
(Lﬁa;l) fiafe dmft  dmft - dedpdn  dndn wew uas iy waz Y i
dmft =0 =1 Un6 . A o . v v MU
+ 5D (578) (578) nuUnm Un6 ADUVIINBU ADUVINDIU
0-11.9 0.01+0.14 3,544 9 3,525 26 2 949 2,344 220 40 3,553
(99.7) (0.3) (99.2) (0.7) (0.1) (26.7) (66.0) (6.2) (1.1) (10.3)
12-23.9  0.16+0.96 4,999 236 5,167 68 0 1,605 3,247 297 86 5,235
(95.5) (4.5) (98.7) (1.3) (0.0) (30.7) (62.0) (5.7) (1.6) (15.1)
24-359  0.87+2.44 4,522 1,049 5,483 81 7 1,480 3,508 431 152 5,571
(81.2) (18.8) (98.4) (1.5) 0.1) (26.6) (63.0) (7.7) (2.7) (16.1)
36-47.9  1.77+3.52 2,416 1,206 3,559 60 3 882 2,329 281 130 3,622
(66.7) (33.3) (98.3) (1.7) (0.1) (24.4) (64.3) (7.8) (3.6) (10.4)
48-59.9  2.56+4.25 4,504 3,244 7,648 88 12 1,906 4,906 635 301 7,748
(58.1) (41.9) (98.7) (1.1) 0.2) (24.6) (63.3) (8.2) (3.9) (22.3)
60-71.9  3.75+4.94 3,955 4,994 8,890 50 9 2,753 5,227 612 357 8,949
(44.2) (55.8) (99.3) (0.6) 0.1) (30.8) (58.4) (6.8) (4.0) (25.8)
394U, 1.89+3.83 23940 10,738 34,272 373 33 9,575 21,561 2,476 1,066 34,678
fie (69.0)  (31.0)  (98.8) (1.1) (0.1) (27.6) (62.2) (7.1 (3.1 (100.0)
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Table 8 Binary logistic regression analysis

fanus wy Manituy Crude OR 95% Cl Adjusted 95% Cl
(W) (Au) OR

LNF

VN 16,792 5,132 1 1

48 17,886 5,606 1.037 0.991-1.086 1.033 0.982-1.086
ATEDULUSTINY

175U 23,614 6,114 1 1

lalleisu 11,064 4,624 2.055% 1.959-2.156 1.408* 1.336-1.485
nsnmigealsaansiiy

1a5u 22,346 5,952 1 1

Tailgisu 12,332 4,786 1.747% 1.667-1.831 1.690% 1.604-1.781
WAUINTS

Un# 34,272 10,625 1 1

asdadiniunf 373 106 0.884 0.705-1.108 1.084 0.842-1.397

Faniuni 33 7 0.599 0.260-1.381 0.429 0.179-1.026
thdnanannmusiany

AN 22,804 6,442 1 1

AaudetiaeLaraenInnued 9,457 3,426 1.443% 1.371-1.518 1.129% 1.020-1.250

ADUTIANNLAZUINATLNIN 2,417 870 1.428* 1.308-1.560 1.306* 1.127-1.514
daugananaaiony

AN 20,884 6,202 1 1

WWouavAeuiiaie 11,886 4,046 1.222% 1.164-1.282 1.140% 1.058-1.229

AOUTgMATgININNa 1,908 490 0.818* 0.735-0.910 1.043 0.916-1.188
dwiinansinasidiugs

audu 21,561 6,082 1 1

NOULAYADUT KON 9,575 3,498 1.465* 1.392-1.542 1.404* 1.288-1.530

ThuwazEudy 2,476 748 1.102* 1.006-1.206 0.981 0.876-1.099

89U 1,066 410 1.591% 1.401-1.806 1.022 0.846-1.236
QGHERE

027 14,359 1,294 1 - 1

353 20,319 9,444 8.768* 8.229-9.342 8.398* 7.870-8.962

* p<0.05, Nagelkerke R2=0.260

UnIsad

%
S o

WnlumsAnwnifidnunu 34,678 au insasiaituviady

<

68,649 A%s ‘Luﬁ’muﬁﬁLmﬂwlﬁ%’umsmmﬂusgwagiLﬁaﬂﬂéqwﬁa
ililnsiadadiniinnfuninissaglésuuinig 2 alsdenu
oghulsfnuiiiniiesfesar 50 MlsFunsdudiugunmdonn
wazmsaraiuluiuinfulinisdastugunwlueddniing
walagsmui Windauynilunfesay 31 Saeds dmft
1.89+3.83 dsoAu sun1saiaivln windalvgdimn

50 J DENT ASSOC THAI Vol.75 No.1 January - March 2025

d1Uge wazANANAIUANINMTIRaENUAUENRUSY
anneilugie Winfifituinuasiidugenuinasiongiioglu
YA awiftuytosndt Jenananlaimsesysuled
arnuduitusaenadesiufuanneituy Snfedmuiudnie
fanulonadiitugsnindniiflaiugennunasicuiu dind
Wodumnznemsennsiisiduseiiossezenisdmare

U o Y '

AU AUl Wniihhwindadesndnnasiuilule



femsiaduemsiiddyuazifunanisiudsunladlaly
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wiledgmvilaenniuagldinaiuiunin msguadiugaves
WinlaenndesiuinasionygIaduFesdfalsinsussi
mﬁﬁﬂmwummé’mﬁuﬁmmﬁmﬁﬂﬁ’uﬂur}g wagaugsiuiluy
lelaifinsmuasiiadaniudu (crude odds ratio) wudndndid
dugunnninasiogdleisuiuiniitidugemannasiil
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flomaifnlsaituspnnnindindifigussandiu eSuiesme
nguinaiAnlsaitusuas tadeidessan (common risk factor)
finanilsaitusduitusrungnssunsuilarvuunsunseuy
woshusavmuiifidunauostmaynasnn vilsitusean
NNMIVINAUARTENINNTAUNGUUIFIA (remineralization)
WazN3aa18LI517 (demineralization) vausiieafiufiiluna
sy wivmndieesitiadeideswesnmsifalsaiiuglag
U§udvnanniadedu (adjusted odds ratio) wuintlade
B 1wy nslesuuinsduaiuauamdasin Snuduriug
Auilugviliyeainsaisisaugudinsoudunisdaasy
quamiiontstosiuiiug msfnwillinuaudiniusssring
ftmuaraneitug atoradumarnifighnirdosas 90
Tiunnsund vinlvinssuunmaatiticn wuilugdsiusi
msngeslsdsauiunistisunsaeuwdseily egnslsfinu
foyammsnduiidessungeslsaliaonadosiumslsusns
nigeslsd Georadumszitoulvvesnismvigeslsdues
VumyaaInslulsazrisuInTuaneeiy u1auieUseidiy
nsmvigeslsdmuanudssituy wiursuidliuinism
vigoslssianzAuinilyimusnile viourauvimmigeslsd
irusinititusy e destuiiudduludesnlaliin sadennely
Fandalilsfgfievouumamstiufinasnduidedlssu
wgeslsitmualidaou luusuiiuFesslasunmsnsiedty
warduaiuguamdesunadausnniglurautusndaduds
fidndny Baushudnlundusegnsaglifumensiaiiuiasdadiu
quamosUnfausnIuluen ﬁé’fmuﬁamwﬂur}gﬁmLﬁmgﬁﬁ'ﬁu
pueyveasin lnsmutiinGudituniausony 18 ioutuly
wazlnlanztaieny 3 ¥ wuindnFuilitugadeegnaios
1.7% qunseitiony 5 Y itungefle 3.7 Gelomu fedu uonain
nsguarunguAInkaznIsniauinsnInTIafiulayns
duaSuavnmdasiintuntiguinisuay 33R3siunTng
wiemumslsaituslulsaFou yvu wasdnnsthdudesdu 4
iAgdoatulsaitunsulsun tadefiRertostumnsm nofnssu
ﬂ'mgm@ msuilnevuulaziedesiu afimsdnmsiuliade

Avunguasdanuiisanfsanindeny Ao rsugia
Aifudeddey msetadeomsdanndoudnsddvinanelsn
Huruenwdionnnislasuuimsduaiuaunmeesdin®
wuindnety 37 ey 5 9 luseduusene’ feiade
W 001 9a (dmft) 10 2.8 3/Au uag 4.5 3/au mudiu v
msfinuinuiiner 3 U (36-47.9 ew) uandney 5
(60-71.9 \iow) fiAader nou g (dmft) Wy 1.77 3/au
uaz 3.75 @/au muddu Fsdiindnndn uandliiiuindnly
Sanaaamsunnisiiilugihnd snadeiliteyayfegian
gudeya HDC 1nmieuInsuguivesiminaynsusinis
Fevsunvesiminaymsnnisiu fvualinduauitue-
#1515ugvE N NUANT TN IRAYMSUSINNGT AUAY
i gua wazeenimamiieusnisviuanssululsmeuna
daaSuguameiualagnss é?qL.wiﬂﬁamf??mﬁ’ﬂggﬁmﬁummm
Agis YA warTIUTIAHATLTUAN S sudausiiey
Isvuu HDC derosdosmnaufiatiagtu fnmsousuduasns

o =2 v Y =

witndaya sviavinan1s saufseusuinueauslval o us
fidsiidosmilslumslidoyayiogiitensusuunsgiuns
anniluvesypansiogimmneuing dudutoddinves
yuATed mstfudgsemnmendlueunanisdiosiinisuiu
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wazflmnudefiovesnisamailuglufinidndeutaasii
anunsaudlulilaeususzdeuizidedunsfinuiludhemdh
(prospective cohort study) FasodldfauUszanauazinand
AoutaIN TIAUNTIATIEVIAY Kappa dwSudnga
AULAY (intra-examiner reliability) LLamwdm:iwm]Lwiamu
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Linsudi asvilviseauligniu Jshedanisdymues
milsiauysalvosdoyals uiedslsimufonaiitiymizes
mndefevidenanmusstoyalu HOC Fsannsamaaey
Aunmvesdayalamenisiuieuiisudeyaain HDC fu

o

neifsunuuinsmunguiglussasieuinsld ided
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