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Author Guidelines
Srinakharinwirot University Dental Journal (SWU Dent J)

About the Journal

Aims and Scope:

SWU Dent J is a dental journal of Srinakharinwirot University established since 2005. The online version
has been published since 2022. There is a policy to support the dissemination of knowledge in academic
presentation and research in dentistry and related fields which accept articles from both internal and
external authors free of charge. SWU Dent J. publishes (Online) two issues per year, January-June and
July-December.

Purpose of the Journal:

1. To publish the original research articles, literature reviews, case reports in oral sciences and other
related areas.

2. To introduce new knowledge and observations related to the any aspects of oral and dental cares
as well as other healthcare are especially encouraged.

3. To communicate academically between dentists and others in related areas.

SWU Dent J publishes the following types of articles:

1. Original Articles report results of original research in dental and oral sciences as well as other
related fields (preclinical, clinical, or translational). The presented work must not be published
elsewhere.

2. Review Articles describe and evaluate previously published materials in a given topic, diagnosis, or
treatment in order to suggest new approaches or ideas.

3. Case Reports of rare or unusual cases, or treatment with good long-term follow-up information,
particularly in areas in which good statistics on results of treatment are needed.

4. Miscellaneous Other manuscript that reports useful information could be written in a form of “Letter
to editor” or “Brief communications”.

Manuscript Submission:

All abstracts must be submitted in English. Manuscript written in Thai and/or Thai authors need to
include abstract in both languages. Authors of non-native English speakers should consider their work
reviewed by either a native English speaker or academic proofreading services prior to submission.

All submissions must include a cover letter signed by all authors. Cover letters should certify the
research is original, not being simultaneously considered for publication elsewhere, and free of conflict
of interest. The format of cover letter is available at the end of this document.

In addition, title page should be submitted. Title page includes title of the manuscript, name, degree and
affiliation of all authors. Moreover, mailing address, telephone number and email address of corresponding
author should be included.

Submission can be done online via SWU edJournals System (OSJ) at
http://ejournals.swu.ac.th/index.php/swudentj

or the authors can send the manuscript and related document to
email: swudentj@yahoo.com



Manuscript preparation:
Manuscripts must adhere to the following instructions or they will be rejected before undergoing peer
review.

e Prepare the manuscript in Microsoft Word (docx) using Cordia new font 16. Leave a one-inch
margin on all sides. Do not right justify.

e Manuscript must be done in plain and simple style format as possible.

e Number all manuscript pages consecutively in the upper right-hand corner (text and references,
followed by illustrations on separate pages).

e Manuscript length (including all references, tables, figures) should be no more than 15 pages
(standard A4 21.1 x 29.7 cm page size).

e All figures, illustrations, graphs, and tables must be provided in the text and should include
title and foot note. In addition, explanation for abbreviation and symbols is required.

e |dentifying teeth by their name, rather than a number or letter. Be consistent throughout the
manuscript. If it is not possible to use the name, use FDI two-digit system after which their
full names have been firstly mentioned in the text.

e Follow internationally accepted rules and conventions: use the international system of units
(SI). If other units are mentioned, please give their equivalent in SI.

e Abbreviation should be explained in the parenthesis when first used. Avoid using abbreviation
in title and abstract.

Manuscript format:

Please order the manuscript as follows: Title, Abstract, Introduction, Materials and Methods, Results,
Discussion, Conclusion, Acknowledgements, References, Start each section on a separate page.

Title page:
e The title page should contain:

1. Title: a concise and informative title (do not include numbers, acronyms, abbreviations).

2. Corresponding Author must provide: full name, complete address, phone, fax, and a valid
e-mail address, which will be used for all communication with the journal.

3. Author information including;
3.1 Full name of all authors
3.2 Complete mailing address for each author
3.3 Degrees (e.g. DDS, PhD)
3.4 Affiliation (e.g. Department of Stomatology, Faculty of Dentistry, Srinakharinwirot University)

Abstract:
e 250 words.
e Original article : abstract Should include as follows: Objectives, Methods, Results, and Conclusions.

All abstracts must be submitted in English. Manuscript written in Thai need to include abstract in both
languages.

Keywords: Up to 3-6 keywords should be provided, and selected from Medical Subject Headings
(MeSH). Information on the selection of keywords: see http://www.nlm.nih.gov/mesh/MBrowser.html.



Introduction:
e Briefly explain the existing knowledge, and demonstrate the problems leading to the main
objectives of the research.

Materials and methods:

e Describe the procedures in detail.

e |f human subjects or related specimens (including teeth, saliva, tissues) have been involved
in the research, please state evidence of IRB or local ethical committee approval, including
an obtaining of informed consent. When laboratory animals are used, inform the level of
institutional review allowing for human practices, as appropriated.

e Provide names and sources of all instruments or commercial products e.g.

- Instrument e.g. Universal Testing machine (Shimadzu, EZtest, Japan)
- Commercial product e.g. Polyether (Impregum, SMESPE, USA)
e Statistics used in the manuscript should be clearly demonstrated.

Results:
e Report data directly with complete statistical analysis.
e Always describe statistic values with standard errors or standard deviations, including
particular degree of probability level e.g. p = 0.026 or p < 0.05
e Tables and figures should be numbered in the order in which they are described and cited
in the text.

Discussion:
e Carefully explain and evaluate data.
e Compare with other findings particularly what causes the difference.
e Suggest directions for future research.

Conclusion (if included):
e State shortly the most important finding of the research.
e Do not repeat Results or Discussion.

Acknowledgements (if applicable):
e Inform all assistances from individuals as appropriated.
e Report all sources of grant and other support for the project.

References:
e All reference must be written in English.
e (Citations should be numbered consecutively in parentheses as they appear in the text and
they should present after punctuation e.g. text (1,4-7,9,10).
e Examples of reference citation formats:

- Journal article:

Aroonrerk N, Pichyangkul S, Yongvanitchit K, Wisetchang M, Sa-Ard-lam N, Sirisinha S, et al.
Generation of gingival T cell lines/clones specific with Porphyromonas gingivalis pulsed dendritic cells
from periodontitis patients. J Periodontal Res. 2003;38(3):262-8.

- Books/Chapter in a book:

Profit WR, Fields HW. Contemporary orthodontics. 3'ded. St. Louis: Mosby; 2000.

Yamada KM. Fibronectic and other cell interactive glycoproteins. In: Hay ED, editor. Cell
biology of extra-cellular matrix. 2Nded. New York: Plenum Press; 1991. p.111-46.



- Dissertation:

Kerdmanee K. In Vitro Study of Er,Cr:YSGG Laser in Adjunct to Ultrasonic Root Debridement
on The Attachment of Human Periodontal Ligament Fibroblasts [Master thesis, M.S. (Periodontology)].
Bangkok: Srinakharinwirot University; 2015.

- Journal article on the Internet (Article with digital object identifier)

Lam-ubol A, Rungsiyanont S, Vacharotayangul P, Sappayatosok K, Chankanka O. Oral
manifestations, salivary flow rates and Candida species in Thai HIV-infected patients. J Clin Exp Dent.
2019;11(2):e138-45. doi: 10.4317/jced.55384.

- Database on the Internet

National Statistical Office. The 2013 survey on health and welfare [Internet]. Bangkok:
Ministry of Information and Communication Technology; 2017 [cited 2017 March]. Available from:
URL: http://service.nso.go.th/nso/nsopublish/themes/files/healthy/healthRep56.pdf. (in Thai).

- Scientific or technical report (Issued by performing agency)

Chaiwerawattana A, Laowahutanont P, editors. Hospital based cancer registry annual Report
2013. Bangkok: Information and Technology Division; 2015. ISBN 978-616-11-2581-3. Sponsored by the
National Cancer Institute.

The reference style of the journal follows the format suggested by “International Committee of Medical
Journal Editors Uniform Requirements for Manuscripts Submitted to Biomedical Journals: Sample
References (http://www.nlm.nih.gov/bsd/uniform_requirements.html)”

Abbreviations of journal names should flow the forms in Index Medicus, National Library of Medicine
(NLM)

Tables and Figures:

Tables
e Table design and layout must be plain and simple as possible
e All tables must be inserted in the text.
e Use explanatory footnotes if possible. In the table or title, indicate the order of footnotes with
lower-case letters in superscript. If needed in footnotes, cite the short form of references in
parentheses.

Figures

e All figures must be inserted in the text.

e Clearly numbered files containing figures to indicate their placement in the text

e lllustrations, graphs and figures must be provided as TIFF or JPEG files (8.9 x 16 cm) with
a minimum resolution of 600 dpi.

e Radiographic images should be prepared by taking a photo in black and white from original
films, or using digital imaging when applicable. Put magnification markers directly on the
micrographs.

Peer Review process:

All submissions will be subjected to double blind peer-review by at least 3 independent reviewers
from different institutions which are the experts in the field. The article will be accepted for publication
when at least 2 reviewers agree. Please note that the authors agree to transfer copyright to SWU Dent
J on submission, if the manuscript is accepted for publication. Attempts to reproduce parts of the article
may be done with written permission from SWU Dent J.



Address for Correspondences:

Mrs. Kanokporn Sukyanan

Faculty of Dentistry, Srinakharinwirot University,

114, Sukhumwit 23, Wattana, Bangkok 10110, Thailand.
Telephone: (662) 6495000 ext 15140, Fax. (662) 6641882,
E-mail: swudentj@yahoo.com

Conflicts of Interest:

Authors must state all possible conflicts of interest in the manuscript, including financial, consultant,
institutional and other relationships that might lead to bias or a conflict of interest. If there is no conflict
of interest, this should also be explicitly stated as none declared. All sources of funding should be
acknowledged in the manuscript. All relevant conflicts of interest and sources of funding should be
included on the title page of the manuscript with the heading “Conflicts of Interest and Source of
Funding”.

Ethical and Legal Considerations and Copyright Transfer:

A submitted manuscript must be an original contribution not previously published (except as an
abstract or a preliminary report), must not be under consideration for publication elsewhere, and, if
accepted, must not be published elsewhere in similar form, in any language, without the consent
of SWU Dent J. Each person listed as an author is expected to have participated in the study to a
significant extent. All authors must sign and submit the copyright transfer letter together with journal
submission.

Notice: Author guidelines is available at the journal website http://ejournals.swu.ac.th/index.php/
swudentj.
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ORIGINAL ARTICLE SWU Dent J. Vol.16 No.2 2023

Tooth Transplantation Using Computer-Aided Rapid Prototyping
Model Compared to Conventional Technique (A Pilot Study)

Pukanant Vilai* Kanit Dhanesuan* Sunisa Rochanavibhata* Paksinee Kamolratanakul*

Abstract

Objective: This research study aimed to compare the efficiency between tooth transplantation
using the Computer-aided rapid prototyping model (CARP model) and a conventional tooth
transplantation technique.

Materials & Methods: Ten patients were enrolled in this study. Patients were randomly
divided into 2 groups. Five patients were performed tooth transplantation using the CARP technique
(study group) and other five patients were performed antotransplantation using the conventional
technique (controlled group). During transplantation, operation time, extra-alveolar time, and attempt
of fitting donor tooth to recipient site were evaluated. Moreover, after 3 months post-operation, PDL
space, tooth mobility, and pocket depth were examined.

Result: During transplantation, the study group consumed lower operating time and extra-
alveolar time compared to the control group although no statistic significance was found (p = 0.086
and p = 0.05 respectively). In addition, the study group showed significantly fewer attempts to fit
the donor tooth to the recipient socket compared to the control group (p = 0.019). After 3 months
post-transplantation, average PDL width shows a narrower significant difference in the study group
compared to the control group (p = 0.014). Moreover, the study group showed significantly better
pocket depth reduction compared to the control group (p = 0.024). No significant difference found
in tooth mobility after tooth transplantation in both groups (p = 0.074).

Conclusion: CARP technique reduced attempt to fitting donor tooth and improved PDL

healing of donor tooth in tooth transplantation compared to conventional technique.

Keywords: Tooth transplantation, Computer-aided Rapid prototyping, CARP model

Received Date: Feb 22, 2022
Revised Date: Aug 14, 2022
Accepted Date: Aug 17, 2022

*Department of oral and maxillofacial surgery Chulalongkorn University 34 Henri Dunant, Wang Mai, Pathum Wan, Bangkok, 10330,
Thailand.
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Introduction

Autogenous tooth transplantation or tooth
autotransplantation is defined as the surgical
transplantation of a tooth from its original site to
another site in the same patient (1). Unlike other
prosthetic restorations, tooth autotransplantation
provides autogenic compatibility and has the
ability to restore proprioceptive perception during
function (2) and is viable for further orthodontic
treatment (3). The outcome of this procedure
depends on specific case selection and an
understanding of the biological principles (4). The
successful outcome of autotransplanted tooth is
influenced by preoperative planning, perioperative
procedure, and postoperative care, which could
be categorized as prognostic factors (5). The
extra—alveolar time, defined as duration after the
donor tooth is extracted out of the socket until
replaced into the recipient site, influences the
prognosis of tooth transplantation of the tooth,
which strongly affects the viability of the periodontal
ligament (PDL) cells of the donor tooth (6).
Andreasen reported that, in order to achieve the
normal PDL healing after tooth transplantation,
the extra-oral time of the donor tooth should be
limited to 18 minutes (7). Moreover, Nethander
reported that increasing the number of attempts
when fitting the donor tooth into the recipient
site socket wound prolong extra-oral time and
each attempt carried an increased risk of
contamination with saliva-borne bacteria. This
would compromise both the pulp and periodontal
survival (8).

Nowadays, the fabrication of a three-
dimensional (3D) tooth replica for assisting tooth
tooth transplantation was first reported by Lee et al
2001 (9) and Verweij, et al (10). Three-dimensional

(3D) planning has improved modern tooth trans-

plantation techniques (3). Cone-beam computed
tomography (CBCT) and rapid prototyping enable
preoperative planning and the manufacturing of
a replica for donor tooth preparation. This replica
for the donor tooth generated by a computer-
aided rapid prototyping model (CARP model) is
subsequently used to prepare the newly formed
tooth socket (recipient socket) before extracting
the donor tooth in order to minimize the extra-
alveolar time and facilitate the fit of the donor tooth
(4). These innovations improve the predictability
of the tooth transplantation technique and
consequently increase the usefulness of tooth
transplantation as a treatment option to avoid
donor tooth damage and reduce the failure rate
(10).

The CARP model improves the success
of tooth transplantation by reducing operating
time. The use of surgical templates allows the
clinician to shape the recipient site as planned
preoperatively to have maximal bony adaptation
to the donor tooth resulting in decreased extra-
alveolar and operation time. Adopting this
technology might improve the clinical outcome in
tooth transplantation surgery. However, no study
provides the information on tooth transplantation
with the CARP model which is made from an
open-source software recently. Therefore, the
aim of this study is to investigate operating time,
extra-alveolar time and number of attempts of
fitting the donor tooth to the recipient site of
tooth transplantation using CARP model developed
from an open-source software compared to
conventional technique. Moreover, we evaluated
the success of the CARP model in tooth
transplantation (in radiographic and clinical
aspects) using PDL space, tooth mobility, and

pocket depth.

12
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Materials and Methods
Study design and population

This study was a randomized controlled
trial study performed at the department of oral
and maxillofacial surgery, Faculty of Dentistry,
Chulalongkorn University from 2018-2020. The
study was approved by the Human Research
Ethics Committee of the Faculty of Dentistry,
Chulalongkorn University (HREC-DCU-P 2019-
010). Due to the lack of information from the
previous study, we designed this pilot study with
5 samples per group. Therefore, ten patients

were divided randomly into two groups. Five

Table 1. Criteria for enrollment of the participants.

patients underwent a conventional technique
(control group) and the other five patients were
assigned to the experimental group using the
CARP model (study group) as a surgical template
for tooth transplantation. The participants were
assigned a running number. The research
examiner was blinded to avoid any bias during

the investigation.

Sample
The participants were enrolled into the

study as following criteria shown in table 1.

Inclusion criteria

Exclusion criteria

1. Healthy patient age 18-40 years old,

Classified as ASA Physical status type | - II.

2. Patients who had one single edentulous
area (at least 3 months post extraction)
that needed dental substitution and present
adjacent teeth at the mesial and distal site
and had one possible candidate donor
tooth that could be harvested without
odontectomy.

3. No ridge preservation or guided bone
regeneration (GBR) procedure at the

recipient site.

4. No pathology or infection at the recipient site.

1. Patient who was a heavy smoker.

2. Patients with heavy consumption of alcohol

3. Intraoperative complications such as the root
of donor tooth fracture, alveolar bone fracture
at the recipient site, severe bleeding

4. Severe periodontitis of adjacent teeth

5. Poor Oral hygiene patient.

6. Conditions that make adjacent teeth unable to

be used for stabilization.
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Preoperative Planning

The donor teeth were evaluated using
computer tomography and periapical radiographs
to analyze the root morphology, angulation,
and the position of the donor tooth. CBCT was

performed for preoperative planning of the tooth

transplantation procedure. The width (bucco-
lingual and mesio-distal directions) and the
length of the donor tooth were measured to

assess the adaptability of the donor tooth to the

recipient area (Fig 1A-C).

Fig 1. Preoperative planning of the tooth transplantation procedure in CBCT in the study group

and controlled group.

A: Measurement mesio-distal, apically-coronal length of donor tooth in CBCT in sagittal view.

B: Measurement mesio-distal, bucco-lingual length of donor tooth in CBCT in axial view.

C: Measurement mesio-distal , bucco-lingual aspects and apically-coronal length of recipient

area (in picture present only coronally view) and nearly vital structure in CBCT

(on blue arrow mark).

Manufacturing 3d Printed Replicas of Donor
Teeth

In the study group, a selective cone-beam
computed tomographic (CBCT) scanning of the
donor tooth was performed before tooth trans-
plantation. The scan position was in the occlusal
plane that paralleled the floor according to the
manufacturer’s recommendations. The data were

imported into the 3D reconstruction software

to obtain a 3D model. The scan volumes were
exported from Digital Imaging and Communications
in Medicine (DICOM) (Fig 2A) and imported to
open source free software InVesalius 3.1.1(Moraes
2011) image analysis software (11-13) (Fig 2B).
Subsequently, a 3D surface model of the donor
tooth was created (Fig. 2C). Segmentation of the
donor teeth was performed in a standardized
manner (12) (Fig 2D).
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Fig 2. Segmentation of the donor teeth is performed in a standardized

manner with open source software (Invesalius 3.1)

A. DICOM file was exported to scan volume.

B. Open source software (Invesalius 3.1) for analyzing and generating data for the 3D surface model.

C. 3D surface model of maxilla and mandible was created from a field of views (FOV) using CBCT.

D. Segmentation and separated area of donor tooth to create a replica of donor tooth.

A region of interest for the donor tooth
and surrounding periodontium was selected. The
root and crown of the donor tooth were separated
from the surrounding bone based on a threshold
value that was determined from histographic
analysis, local gray level, and image gradient.
Based on the sagittal views, manual selection

is subsequently applied for the most apical part

of the root to complete the segmentation of the
tooth. Images were prepared using interactive
processing tools in order to remove any remaining
artifacts. A 3D surface mesh of the donor tooth
was created and stored as a Standard Triangulation
Language (STL) file ans reprocessed by an open
source free software Meshlab version 2016 to

create a printable mesh (13) (Fig 3).
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Fig 3. Images were processed using interactive processing tools to remove any remaining

artifacts. A 3D surface mesh of the donor tooth was created and stored as a Standard

Triangulation Language (STL) file that was reprocessed by an open-source free software

Meshlab version 2016 to create a printable mesh.

Fabrication of the replica of the donor
tooth was created using DLP-based 3D with 385
UV wavelength producing a 4M-pixel projector.
Artificial Intelligence (Al) in pixel tuning was
applied to achieve a high-quality surface finish to
fabricate copies of the donor teeth from the STL
files. This technology was an additive manufacturing
technique that can be used to build complex-

shaped 3D objects by successively depositing

and melting resin layers. The replicas of the donor
teeth were produced using biocompatible resin,
E-Guide Tint. E-Guide Tint (EnvisionTEC’s) is a
biocompatible certified Class | material which is
developed to produce high precision surgical drill
guides for use in implant surgery. The material
is resistant to disinfectants and can be sterilized

using gamma rays and autoclave without affecting

dimensional stability (Fig 4A-B).

Fig 4. A. The replica of the donor teeth is produced in a biocompatible resin

B. The replica of the donor teeth compared to the real donor tooth.
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Surgical procedure

All patients underwent tooth transplantation
by a single experienced surgeon with the same
surgical technique. The standard procedure was

performed under local anesthesia. Local anesthesia

(2% Mepivacaine with epinephrine 1:100,000 1.8ml)

was administered prior to the surgical procedure,
A full-thickness mucoperiosteal flap was raised
at the recipient site to provide good access. The
recipient site was prepared with dental implant
surgical drill (Fig 5A-B).

Fig 5. A: Surgical drill set for dental implant placement

B: Alveolus at the recipient site will be prepared with dental implant surgical drills.

In the study group, the 3D-printed replica

was fitted in recipient socket in order to prepare

a proper socket for donor tooth prior to donor
tooth fixation (Fig 6A-B).

Fig 6. A. The 3D-printed replica was fitted to ensure that the donor tooth would fit exactly

in recipient site socket.

B.Occlusal adjustment of the replica or opposing tooth to avoid traumatic occlusion
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Then, the donor tooth was extracted in
the atraumatic technique. During the procedure,
the time record was started when the edentulous
ridge was prepared until the operation was
finished. Moreover, the extra-alveolar time of
the donor tooth and the number of attempts to

fit the donor tooth in the recipient socket were

recorded. After fitting the donor tooth, fixation
of the donor tooth was performed using suture
(Fig 7A). Stainless steel wire No.26 was fixed to
mesial and distal adjacent teeth using composite
resin fixation in case clinical tooth mobility was

over than 1st degree mobility (Fig 7B).

Fig 7. A. Fixation donor tooth with suture.
B. Fixation donor tooth with SSW No.26 if movable than 1-degree mobility

of fit to the socket.

The donor tooth was placed in slight
infraocclusion to prevent excessive occlusal
force postoperatively. The periapical film was
performed immediately after the operation and
3 months after tooth transplantation in order to
examine PDL space reduction (Fig 8A-D). For
clinical stability(mobility), the distance of tooth

movement from the central groove as a reference

line was evaluated. The distance of tooth movement
in the bucco-lingual axis from its static position
was recorded. Probing depth was measured using
periodontal probe (15-mm scale). 0.12%
chlorhexidine mouthwash and an analgesic drug
were prescribed (paracetamol). After 7-14 days
of operation, all patients in both groups were

referred for endodontic treatment.
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Fig 8. A. Immediate post-operation measurement of PDL space in the periapical film.

B. Immediate post-operation measurement of PDL space in the periapical film with alternative

contrast to ensure the area of measurement.

C. After 3 months of tooth transplantation measurement of PDL space in the periapical film

compared to 1 week of operation.

D. After 3 months of tooth transplantation measurement of PDL space in the periapical film

with alternative contrast to ensure the area of measurement compared to 1 week of operation.

Data Analysis

During operation, operation time,
extra-alveolar time of the donor tooth, and
number of attempts were recorded. Moreover,
the outcomes to be evaluated clinically and
radiographically were described below;
1. Clinical aspects

1.1 Pocket depth and bleeding on probing

1.2 Mobility of donor tooth
2. Radiographic aspects

2.1 PDL space

Outcomes related to the success of the
CARP model are shown in Table 3 in the appendix.
At 3 months, the pocket depth, tooth mobility,
and PDL space in the periapical radiographs
were evaluated. The reduction of PDL space in
percentage was calculated at the mesial and

distal average of PDL space.
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Percentage reduction of PDL space = (Immediate PDL space — 3 months follow up PDL space) x 100

Pocket depth was recorded at six points;
mesiobuccal, midbuccal, distobuccal, mesiolingual,
midlingual, and distolingual sites. Then the average

pocket depth was calculated.

Statistical Analysis

Statistical analysis was performed using
SPSS version 22.0 (SPSS Inc., Chicago, IL).
Operating time, extra-alveolar time, attempt
times, a distance of PDL space, clinical stability
(mobility), and pocket depth were tested for
normal distribution using the Kolmogorov-Smirnov
test, and the data was calculated statistically
using the two-sample Mann Whitney U test.

P-values less than 0.05 were considered significant.

Demographic data

Immediate PDL space

Results

One patient was excluded from the study
due to loss of follow-up. Therefore, a total of
nine patients were enrolled in this study. Four
patients were in the study group and five patients
were in the control group. The demographic data
of nine patients were shown in table 2. The data
were tested and defined as normal distribution
using the Kolmogorov-Smirnov test. However,
we performed the Mann-Whitney U test due to

the small sample size.

Table 2. Demographic data in study and control group.

Study (n = 4) Control (n = 5)
Age Mean = 29 Mean = 15
SD = 10.87 SD =2.17
Sex
- Male 4
- Female 4 1
Apex of donor tooth
- Closed 3 1
- Open 1 4

CARP = Computer-aided rapid prototyping model
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Fig 9. A. Donor tooth with closed root apex.

B. Show tooth with the distinct open root apex of donor tooth surrounded by dental papilla.

Operating time

Our data showed that the CARP group
provided less operating time compared with
the control group (20.25 mins vs 39.37 mins,
respectively) without a statistically significant

difference shown in table 3.

Table 3. Time consumption and attempt.

Extra-alveolar time

The extra-alveolar time of the study group
was 3.10 mins, which was 2.6-fold less compared
with the control group (8.17 mins) with p = 0.05

shown in table 3.

Number of attempts

Study group showed significantly fewer
attempts than the control group significantly with
p = 0.019 (2.63 vs 6.9 attempts, respectively)

shown in table 3.

Operation time (min) | Extra-alveolar time (min) Number of attempts(times)
Group Group Group
Mean SD | p-value | Mean p-value | Median | IQR (P25, P75) | p-value
Control 39.37 | 493 0.086 8.17 3.67 0.05 5 6 (0.5,2.5) 0.019*
Study
(CARP) | 2025 | 12.36 3.10 253 2 2 (359.5)

*Statistic: significance at p < 0.05

CARP = Computer-aided rapid prototyping model
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Radiographic and clinical outcome
Average PDL width percentage reduction
The average of percentage in reduction
of PDL space was reduced significantly in the
Study group compared to the control group
(35.29% and 48.6%, respectively) with p = 0.027
after 3 months post-transplantation shown in
table 4.

Clinical stability (mobility)

There was no significant difference in the
study group compared with the control group
regarding clinical stability (mobility) (0 vs 0.6

mm, respectively) shown in table 4.

Table 4. Radiographic and clinical outcome

Average pocket depth

Average pocket depth at 3 months showed
the study group was significantly less than that
of the control group (1.43 vs 2.2 mm, respectively)

with p = 0.024 shown in table 4.

Average PDL width Clinical mobility (mm) Pocket Depth Group
percentage Group 3 month
reduction Group
Mean SD | p-value | Median IQR p-value Mean SD p-value
(P25, P75)

Control 486% | 2410 | 0.027* 1 1(0,1) 0.074 22 0.54 | 0.024*
Study
(CARP) 35.29% | 17.05 0 0(0,0) 1.43 0.31

*Statistic significance at p < 0.05

CARP = Computer-aided rapid prototyping model

Discussion

This pilot study was the first randomized
clinical trial that evaluated clinical and radiographic
outcomes between conventional technique and
CARP-assisted technique for tooth transplantation.
We performed the CARP model created by an
open-source software that has not been reported
elsewhere. We evaluated factors directly related
to tooth transplantation success rate, including

operating time, extra-alveolar time, and the number

of attempts. In addition, we investigated the
clinical parameters (PDL space, mobility, and
pocket depth) to strengthen the benefit of using
CARP assisted technique for tooth transplantation.

Tooth transplantation seems to be
advantageous in the growing patients compared
to other prosthetic management for numerous
reasons (14,15). Tooth transplantation can provide
an aesthetically superior emergence profile and

gingival contour when compared to its prosthetic
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alternatives, with less of a burden on oral hygiene
(16). The highest survival rates cited in the literature
regarding tooth transplantation, ranging from
93%-100% have been reported, with follow-up
periods in the range of nine months to 22 years.
However, there appears to be a lack of consensus
on the definition of success (17). High success
rates of tooth transplantation have been reported
over the past decade varying from 74% to 100%
(18). These can be increased by following some
simple biological principles. The data from the
previous study showed a strong correlation
between the incidence of root resorption, extra-
alveolar period, and storage medium (14). One
major factor related to the survival of autotrans-
planted teeth is the extra-alveolar time. The
recommended extra-oral time should be minimized
as possible, ideally in the range of 3-16 min.
During that time, the donor tooth should be kept
moist (19).

Extra-alveolar time is the main factor
related to the periodontal health of the donor
tooth and resulting in better PDL healing.
However, overall operation time showed no
significant difference between groups. This might
result from the surgeon’s limited experience with
relatively new technology.

In order to improve the normal PDL
healing after tooth transplantation, the extra-
alveolar time of the donor tooth should be lim-
ited to 18 minutes (6). While in the control group
the total mean of extra-alveolar time in our study
was 8.17 minutes (497 seconds), the extra-
alveolar time in the Study group was 3.10 minutes
(190 seconds), which was much shorter than the
critical time duration mentioned above. Compared
to the multicenter study of Verweij, et al (20), our

extra-alveolar time was lower than their reported

range of extra alveolar time (1-600 seconds).
A three-dimensional replica for autotransplant
provides shorter extra-alveolar time and improves
the survival of PDLs which is one of the key
successes (21). The surgeon should consciously
prevent mechanical or chemical damage to the
PDL (21,22). Furthermore, the number of attempt
of fitting donor teeth is one of the important
factors to ensure a greater chance of successful
implantation of the donor tooth. In our study,
the number of attempts of fitting donor teeth in
the recipient site in the Study group was lower
than that of the control group with a statistically
significant difference (mean 1.75 vs 6.2 times).
Consistent to our study, less number of attempt
provided better periodontal tissue healing due to
reduced risk of iatrogenic injury (20).

Average probing depth usually represents
reattachment between the connective tissues of
the root surface and the recipient socket walls.
Within 2 weeks after tooth transplantation, the
probing depth returns to normal (18). Complete
healing occurs within 8 weeks, which appears
radiographically as a continuous space around
the root and presence of lamina dura (2). The
probing depth more than 4 mm is considered
a plaque accumulation-related risk which limits
self-cleansing and could lead to surrounding the
alveolar bone loss. At 1- and 3-months periods
of study, probing depth over 4 mm. was not
found in both groups. In 1 month, there was
no statistically significant difference in probing
depth of the Study group compared to the
control group. However, there was a significant
difference in the average probing depth between
the Study group compared to the control group
(1.43 vs 2.2 mm) at 3 months. At late stage
follow-up (3 months), the teeth in the Study
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group showed better PDL healing than those in
the control group. This data strengthened the
hypothesis that a lesser attempt to fit in the
donor tooth resulted in an improvement in PDL
healing. Lee et al., (23) reported 251 clinical
cases where the average distance between the
transplanted root surface and the alveolar bone
was 1.17 mm at the mesial cervix, and 1.35 mm
at the mesial apex, 0.98 mm at the distal cervix,
and 1.26 mm at the distal apex. Consistently, the
CARP method improved PDL width significantly
at 3 months after tooth transplantation. In our
study, the average PDL space was narrower
compared to the previous study. Our average
PDL space presents a decrease in the percent-
age of the change in PDL space in the Study
group compared to those of the control group
with statistical significance.

Economic consideration could be one of
the important factors in patient decision-making.
In many studies, the cost of the CARP model
was not mentioned in the literature. There was
no study that compared the cost of using CARP
printed with titanium (20) and biocompatibility
resin as we used in our study. Moreover, the
biocompatible resin can be easily manipulated.
For example, holes can be created on the surface
for applied safety silk to the replica. Further studies
comparing different material of 3D replica and

long-term follow-up is recommended.

Conclusion

Our study presents a novel technique for
tooth transplantation based on computerized 3D
simulation for planning and assisting in recipient
site preparation. Using CARP reduced number
of attempt to fit the donor tooth compared to
conventional technique. This technique may

significantly simplify the tooth transplantation

procedure and will probably also increase the
success rate related to PDL healing from an
attempt at fitting the recipient site which causes
catastrophic failure of PDL cells around the root

of the donor tooth.
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Abstract

Objectives: To study factors which influence a dentist’s decision to propose the Tooth
Autotransplantation (AT).

Material and methods: A cross-sectional study was conducted among 99 dentists between
January and March 2021. A questionnaire comprised demographic characteristics, unguided
scenario, guided scenario, reasoning behind decisions, experience, and knowledge of AT. Data were
analyzed using the Chi-square test, and multiple logistic regression.

Results: The respondents comprised 73 females and 26 males with a mean age of 30.84 +
6.238 years. In the unguided scenario, there were significant associations between fields of expertise,
experience, knowledge of current indications, outcomes, and the benefits of AT with the dentists’
decision to propose AT, whereas in the guided scenario, experience in proposing AT, knowledge
of follow-ups, and outcomes were significant. After each associated factors were analyzed with
multiple logistic regression, the result showed that dentists who indicated that they have proposed
AT to patients were 9.592 times more likely to propose AT in the unguided scenario, and a value
were 27.97 times in the guided scenario.

Conclusions: Dentist’s experience of proposal AT is significantly associated with the dentist’s
decision to propose AT. Hence, dentist is an important part for increasing number of AT cases. To
lessen the extent to which AT is disregarded or misunderstood, future educational initiatives should
incorporate more experiential and observational opportunities for dental students and post-graduate

professionals.
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Introduction

Tooth loss is one of the most common
oral health problems globally (1). The causes of
tooth loss consist of dental caries, periodontitis,
and etc.(2-7) In Thailand (8), it was found that
the percent of samples with dental caries in all
subjects aged increased. There are many options
for dental substitutions of a single missing tooth
and recent studies have indicated that Tooth
Autotransplantation (AT) is a promising option
(9). Despite the overall survival rate of AT was
being recently reported to be more than 90%
(10-19), which a value similar to dental implants,
the number of patients choosing this method
was observed to be less. There are many superior
advantages to AT with regards to function,
aesthetic, and cost-effectiveness (9,13,19-23).
However, AT also has limitations such as sensitive
technique, requirement of donor tooth, and dentist’s
skill (13). Nowadays, there are many new innovations
used to increase the likelihood of successful
outcomes and reduce the complications of AT
(24-30).

According to Tsukiboshi et al., the data
revealed that more than 1000 patients were
performed AT over the previous 30 years in
private practice (18). Moreover, the other paper
revealed that 637 AT cases were collected from
1990 to 2010 (31). In Thailand, one hundred
and thirty-six patients were received a tooth
transplantation from Faculty of Dentistry, Mahidol
University between 1995 and 2004 (32). However,
according to data from the Faculty of Dentistry,
Chulalongkorn University over the last ten years,
the number of patients who underwent AT was
only 60 cases. Fewer patients opted for AT when

compared with other institutes.

Furthermore, the dentist plays an important
role in planning and proposing patient alternative
and appropriate treatments based on the patient’s
information. The dentist’s decision to incorporate
alternative treatment can be influenced by several
clinical and non-clinical factors (i.e., patient-
related factors and physician-related factors)
(33-36). Nevertheless, it is possible that concrete
determination of the relevant importance of either
factor is being challenged due to differences in
treatment options (33-40).

To date, no studies regarding factors
related to the dentist’s decision to propose AT
have been conducted, and as a result, relevant
research is deficiency. Hence, this study seeks
to investigate why such a small number of
patients were treated with AT in this department
and which factor influenced dentist’s decision
to propose AT option. The association and the
relationship between the related factors and
dentist’s unprimed and primed decisions will be
analyzed. To engage these aims, this study will
identify factors relevant to the dentist’s decision
so that these can be further enhanced and
developed to incorporate better treatment options
for patients in appropriate settings and increase
the likelihood of dentist’'s recommending this
treatment. This is important, as it is the patients
themselves who stand to benefit from a more

informed decision reached by a dental professional.

Materials and Methods

An online questionnaire-based survey via
Google Forms was randomly distributed among
250 dentists from all departments in the Faculty
of Dentistry, Chulalongkorn University from

January to March 2021. The link of questionnaire
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was sent to staffs in relevant departments of the
Faculty of Dentistry, who were then randomly
sent this to the targeted sample group. The
questionnaire’s content was designed based on
previous related studies and documents which
surveyed and analyzed factors affecting the
dentist’s decision to propose treatment options
and obtained a content validity score of 0.972
(41). Ethical approval and participant informed
consent were obtained (HREC-DCU-P 2020-002,
HREC-DCU 2020-118). Based on significant
findings from a pilot study, a sample size of 100
was found by employing the Two Independent
Proportions Formula (42,43).

The questionnaire consisted of 7 parts:
1) demographic characteristics involving age,
gender, graduation year of bachelor’s degree of
dentistry, level of education, specialist branches,
main workplace, and income; 2) an unguided
scenario with necessary details, where respondents
were enquired to rank the three most appropriate
treatment options with open-end answer for
replacing the space after extracting the first
molar tooth, based on their clinical judgment;
3) closed-end questions probing whether dentists
propose AT for patients when presented with the
opportunity to do so (guided scenario); 4) a
dropdown of reasons behind decision in relation
to responses in section 3; 5) closed-end questions
about experience with AT and participant’s
proposal style; 6) exploration of perceptive
concerning 10 aspects of AT such as the
advantages, indications, and limitations with
answers being indicated by a Likert scale of
1-10 (strongly disagree to strongly agree); and
7) recommendations and feedback.

Four types of analysis were used for this

research, including descriptive statistics, Chi-

square Test of Independence, McNemar test,
independent T-test, and multiple logistic regression.
In addition, data were grouped or subdivided
in order to achieve the assumptions of various
statistical tests, (e.g., grouping to achieve normal
distribution), or categorized into positive and
negative responses prior to analysis. Statistical
significance is set at p < 0.05. All data analysis
was performed using SPSS (IBM SPSS® Statistics,

version 22.0)

Results

One hundred and four participants (response
rate = 41.6 percent) responded the questionnaire.
There are 5 excluded participants comprising of
one duplicate and four inconsistent responses.
A total of ninety-nine respondents comprised 73
females (73.7%) and 26 males (26.3%) with a
mean age of 30.84 years (SD 6.238). Average
clinical experience was found to be 7.22 years
(SD 6.426). Fields of expertise were found to be
General Dentistry (24.2%), Oral and Maxillofacial
Surgery (22.2%), and others (53.6%). In addition,
it was found that 94 respondents (94.9%) have
learned about AT in their courses of study. A
total number of 44 respondents (44.4%) indicated
that they have seen AT. Fifty-three participants
(53.5%) indicated that they have proposed AT
to patients in clinical settings. Overall, 57.6% of
respondents proposed AT as a potential treatment
option in the unguided scenario. The number of
respondents choosing to propose AT changed
once guided, such that after being guided and
notified that AT was a viable treatment option,
a 25.2% increase was observed. The groups by
dentist’s decision to propose AT in both unguided

and guided scenarios were showed in Table 1.
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Table 1. Groups by Dentist’s Decision to Propose AT in Both Unguided and Guided Scenarios.

Dentist’s decision to propose AT

Group Unguided Guided Amount (%)

Most common reasons

1 No Propose 28 (28.3%) 50% There is an appropriate donor tooth that can
be used in AT.
2 No No 14 (14.1%) 57.2% Insufficient Experience or Confidence to perform

AT

3 Propose No 3 (3%)

66.7% Lack expertise to perform AT

4 Propose Propose 54 (54.5%)

68.5% There is an appropriate donor tooth that can be

used in AT.

Dentist’s demographic and experience

In the unguided scenario, having “seen”
and “proposed” tooth autotransplantation were
significantly associated with the dentists’ decision
to propose AT (Seen: %2 (1, n = 99) = 7.444,
p-value = 0.006; Propose: %2 (1, n = 99) = 25.913,
p < 0.001). In addition, a significant association
was found between field of expertise and the
dentist’s decision in only the unguided scenario
(x2 (2, n = 99) = 10.440, p = 0.005). Having

proposed AT was also significantly associated
with the respondents’ decisions to propose AT
in the guided scenario (Propose: 2 (1, n = 99)
= 18.736, p < 0.001). Other variables were not
significantly associated with decisions to
propose AT in either scenario.

The association between dentist’s
characteristics and decision to propose AT were

showed in Table 2.
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Table 2. Association Between Dentist’s Characteristics and Decision to Propose AT.

Characteristics n % Unguided  p-value Guided p-value
(% Propose) (% Propose)
1 Gender Male 26 263 14 (53.8%) 0.654 21 (80.8%) 0.746
Female 73  73.7 43 (58.9%) 61 (83.6%)
2 Age < 30 years 61 616 38 (62.3%) 0.229 50 (82.0%) 0.773
(Mean 30.84 yr., 2 30 years 38 384 19 (50%) 32 (84.2%)
SD 6.238),
3 Postgraduate < 7 years 66 66.7 41 (62.1%) 0.196 55 (83.3%) 0.851
experience 2 7 years 33 333 16 (48.5%) 27(81.8%)
(Mean 7.22 yr.,
SD 6.426)
4 Postgraduate General dentists 79  79.8 7 (59.5%) 0.443 66 (83.5%) 0.743
qualification Specialist (Board) 20 20.2 10 (50%) 16 (80%)
2 50,000 baht 41 414 21 (51.2%) 34 (80.5%)
5 Field of expertise General Dentistry 24 242 10 (41.7%) 0.005*** 18 (75.0%) 0.165
Oral and 22 222 19 (86.4%) 21 (95.5%)
Maxillofacial
Surgery
Others 53 535 28 (52.6%) 43 (81;1%)
6 Main workplace Dental school 34 343 21 (61.8%) 0.777 30 (88.2%) 0.567
Public hospital 33 333 19 (57.6%) 27 (81.3%)
Private hospital 32  32.3 18 (53.1%) 26 (78.8%)

and dental clinics

7 Groups of income < 50,000 baht 58 58.6 36 (62.1%) 0.282 49 (84.5%)  0.604

2 50,000 baht 41 414 21 (51.2%) 34 (80.5%)
8 Experience of AT
Learn Yes 94 949 54 (57.4%) 0.910 78 (83.0%) 0.863
No 5 5.1 3 (60%) 4 (80%)
Seen Yes 44 444 32 (72.7%) 0.006** 39 (88.6%)  0.171
No 55 556 25 (45.5%) 43 (78.2%)
Done Yes 5 5.1 3 (60%) 0.910 5 (100%) 0.296
No 94 94.9 4 (57.4%) 7 (81.9%)
Propose Yes 53 535 3 (81.1%) < 52 (98.1%) <
No 46 465 14 (30.4%) 0.001*** 30 (65.2%) 0.001***
9 Proposal Style  Deliberative model 27  27.3 3 (48.1%) 0.245 22 (81.5%) 0.828
Informative model 73 727 4 (61.1%) 60 (83.3%)

Note(s): *** indicates p < 0.05 (Chi-square test)
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The mean Likert score in both “propose”
and “not propose” groups’ responses concerning
10 facts about AT are shown in Table
3. Specifically, ‘Success rates and survival rates
of the transplanted tooth are more than 90%.’
(Fact no. 9) was observed to have a significant
and strong association in both unguided and

guided case scenarios (Propose: M = 7.53, SD =

1.691; Not Propose: M = 6.10, SD = 2.218, t (97)
-3.644, p < 0.0001; and Propose: M = 7.34,
SD = 1.604, Not Propose: M = 4.88, SD = 2.713,
t (18.384) = -3.609, p = 0.002, respectively).

The dentist’s decision to propose AT

significantly changed after
(x2 (1, n =99) = 18.581, p < 0.0001).

being guided

Table 3. Results of Independent t-test between facts about AT in unguided and guided case

scenarios.
No. Facts Groups Unguided Guided
n Mean SD p-value n Mean SD p-value

1 Both incomplete and Propose 57 7.53 2.331 <0.001** 82 6.80 2.701 0.151
complete root formation No 42 524 3.207 17 535 3.807
can be transplanted.

2 Not only young patient Propose 57 6.47 2414  0.052 82 6.16 2589 0.267
but also older patients No 42 540 2.988 17 535 3.239
are eligible for AT.

3 Not only the third molars Propose 57 7.95 2.371 0.349 82 787 2557 0.351
but also any non- No 42 7.38 3.320 17 694 3816
functional natural tooth is
an eligible donor for AT.

4 AT requires a donor Propose 57 877 2.018 0.981 82 882 1988 0.59
tooth from the patient No 42 8.76 2.034 17 853 2183
that fits the recipient site.

5 AT costs less than Propose 57 7.86 2.474  0.077 82 768 2610 0.055
dental implants. No 42 6.88 2.965 17 629 3.037

6 The procedure is lengthy Propose 57 6.33 2.911 0.236 82 6.22 2.902<0.001***
and is complicated. No 42 7.02 2.763 17 859 1.543

7 AT requires a high level Propose 57 9.51 0889 0.580 82 944 0904 0.545
of surgical skill for No 42 940 0.964 17 959 1.004

atraumatic extraction and
preparation of the recipient

site to fit donor tooth.
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Table 3. (Next Page)

No. Facts Groups Unguided Guided
n Mean SD p-value n Mean SD p-value

8 After transplantation, Propose 57 891 1.672 0.960 82 887 1.639 0470
the patient has to follow No 42 893 1.520 17 918 1.425
up frequently.

9 Success rates and Propose 57 7.53 1.691 0.001*** 82 7.34 1.604 0.002***
survival rates of the No 42 6.10 2.218 17 488 2.713
transplanted tooth are
more than 90%.

10 After transplantation, Propose 57 595 2682 0.007*** 82 545 2.663 0.335
the donor tooth has a No 42 450 2412 17 476 2.635

chance to revascularize
without using a root canal

treatment.

Note(s): *** indicates p < 0.05 (independent T-test)

Table 4. Logistic Regression Models for The Association Between Variables and Dentist’s

Decision to Propose AT in Unguided Scenario.

Variables
(Unguided)

Dentist’s decision to propose AT (Propose)

Crude odds ratio (95% CI)

Adjusted odds ratio (95% CI)

Postgraduate experience

< 7 years

> 7 years

1
0.574 (0.247-1.336)

1
0.289 (0.080-1.046)

Field of expertise

General Dentistry

Oral and Maxillofacial Surgery

Others

1
8.867 (2.052-38.305)**
1.568 (0.592-4.154)

1
5.588 (0.976-33.132)
2.199 (0.622-7.780)

Dentist’s experience of AT

Seen No 1 1

Yes 3.200 (1.368-7.484)** 1.034 (0.313-3.418)
Propose No 1 1

Yes 9.829 (3.872-24.951)*** 9.592 (2.927-31.432)***
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Table 4. (Next Page)

Variables

Dentist’s decision to propose AT (Propose)

(Unguided)

Crude odds ratio (95% CI)

Adjusted odds ratio (95% CI)

Knowledge about

Fact No.1 Indication Score < 8 1 1

Score 2 8 4.431(2.017-11.570)*** 4.035 (1.262-12.901)*
Fact No.5 Costs Score < 8 1 1

Score 2 8  2.000(0.883-4.532) 1.391(0.448-4.319)
Fact No.9 Outcome Score < 8 1 1

Score 2 8 4.730(1.951-11.468)*** 1.171(0.278-4.940)
Fact No.10 Benefit Score < 8 1 1

Score 2 8 3.415(1.150-10.139)**

1.345(0.221-8.166)

Note(s): *** indicates p < 0.001; ** indicates p < 0.01; * indicates p < 0.05; Cl: confidence interval

Fact No.1 ‘Both incomplete and complete root formation can be transplanted.’

Fact No.5 ‘AT costs less than dental implants.’

Fact No.9 ‘Success rates and survival rates of the transplanted tooth are more than 90%.’

Fact No.10 ‘After transplantation, the donor tooth has a chance to revascularize without using a root

canal treatment.’

Further multivariate analysis revealed that
dentists who have previously proposed AT were
9.592 times more likely (95% C.I., 2.927-31.432)
to propose AT as a possible treatment in the
scenario. dentists  who

unguided Similarly,

provided scores higher than 8 on the 10-point
Likert scale of fact no. 1 were found to be 4.035
times more likely (95% C.l., 1.262-12.901) to
propose AT than those who provided lower

scores.

34



SWU Dent J. Vol.16 No.2 2023

Table 5. Logistic Regression Models for The Association Between Variables and Dentist’s

Decision to Propose AT in the Guided Scenario.

Variables

Dentist’s decision to propose AT

(Guided)

Crude odds ratio (95% CI)

Adjusted odds ratio (95% CI)

Field of expertise

General Dentistry
Oral and Maxillofacial Surgery
Others

7.000 (0.769-63.723)
1.433 (0.453-4.536)

1
2.834 (0.203-39.590)
2.448 (0.516-11.605)

Dentist’s experience of AT

Seen No 1

Yes 2.177 (0.703-6.737) 0.465 (0.089-2.442)
Propose No 1

Yes 27.733 (3.501-219.706)** 27.967 (2.754-284.040)**

Knowledge about

Fact No.5 Costs Score < 8 1

Score > 8  2.476 (0.853-7.185) 2.454 (0.627-9.600)
Fact No.6 Procedure Score < 8 1

Score > 8  2.943 (0.943-9.039) 2.175 (0.540-8.771)
Fact No.8 Frequently Score < 8 1

Score > 8  0.401 (0.107-1.496) 0.413 (0.065-2.615)
Fact No.9 Outcome Score < 8 1

Score > 8 7.875 (1.692-36.647)**

5.637 (0.883-35.983)

Note(s): *** indicates p < 0.001; ** indicates p < 0.01; * indicates p < 0.05; Cl: confidence interval

Fact No.5 ‘AT costs less than dental implants.’

Fact No.6 ‘The procedure is lengthy and is complicated.’

Fact No.8 ‘After transplantation, the patient has to follow up frequently.’

Fact No.9 ‘Success rates and survival rates of the transplanted tooth are more than 90%.’

In the guided scenario, multiple logistic
regression revealed several significant likelihoods.
Dentists who indicated that they have proposed
AT to patients, were 27.967 times more likely
(95% C.l., 2.754-284.040) to propose AT in this

scenario.

Discussion

A vast array of literature supports the fact
that certain dentist-related (i.e., field of expertise,
experience, and environment), patient-related
(i.e., affordability, and behavior), and treatment-
related factors(i.e., outcome, and procedure)

influence a dentist’s decision to propose treatment
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options for a patient (44-49). As can be seen in the
results section of this study, tooth autotransplantation
is no exception to this given that several factors
were identified to produce statistically significant
likelihoods relating to the dentist’s decision.

Priming respondents had a clear effect
on respondents’ decisions to propose AT as a
possible treatment. These 4 divisions (Table1)
are useful as they allow for more granular
consideration of tendencies and trends in
responses.

Group 1 respondents provided indication
that the case scenario was a suitable candidate
for AT only after being guided and reminded of
AT as a possible treatment. This provides further
stock to the assumption that this group may
have been largely unaware of AT and were made
aware through the priming process.

Sharply contrasting with the above Group
1 is Group 2, which despite priming, selected to
not propose this option due to concerns about
experience and confidence in performing this
procedure. Despite their opposition to proposing
AT, as can be inferred from the aforementioned
reasoning, it is clear that experience and confidence
were of greatest concern to this group.

Group 3, despite comprising only 3
individuals, unanimously selected to change their
responses to not propose AT after being guided.
The authors of this study assume that this was
due to questionnaire fatigue or even possibly a
misapprehension in the prompt of the guided
case study. The reasons provided for this decision
were based on reasoning similar to that provided
in Group 2 which was concerned with experience.

The final major group, Group 4, correctly
selected to propose AT in both the unguided

and guided case scenarios, and the main reasons

adopted in this group oriented around the donor
tooth assessment. This should be adopted in
future educational promotions so that more
dentists are aware of when a patient has an
appropriate donor tooth.

From the results of the Chi-square analysis,
it was revealed that a significant proportion
of respondents with backgrounds in oral and
maxillofacial surgery (OMFS) consistently proposed
AT as one of the treatment options. These
respondents have garnered sufficient experience
in closely observing and employing this treatment
and are therefore more confident in their ability
to successfully manage AT in the dental school
setting employed in this study. Having proposed
AT prior to the case study was the only significant
variable observed in both the unguided and
guided case scenarios. This may indicate that
experience with AT is an important factor, as
if an individual has proposed or performed a
procedure before and is informed that this
procedure is an applicable treatment option, it
is more likely that they will do so in subsequent
cases.

Brigitte et al. (50) findings support
this observation, and found that dentists with
specializations in respective fields are more
likely to propose treatment options consistent
with their field of specialization. Similar research
conducted by Junges, et al. (49) recommended
that dentists’ decision-making process may not
have incorporated evidence present in the case,
but was more closely associated with factors
such as professional expertise and patients’
preferences. Put simply, their findings indicate
that different areas of specialization corresponded
to different considerations of factors regarding

decision making. Further support of these
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findings is found in studies conducted by
Zitzmann et al. (45,49) and Cosyn et al. (48).
Both studies posit strong correlations between
dentist-related factors such as experience and
specialization with the dentist’'s decision to
propose treatment options.

On the other hand, research conducted
by Lang-Hua et al. (51) found an opposing
tendency in a group of specialists who had
undertaken training in dental implants, such that
postgraduate practitioners with implant training
were three times more likely not to propose
dental implants. The authors posit that this
tendency may be due to familiarity with various
better alternative methods of treatment, thus
comprising dentist-related factors.

Such conclusions were apparent in studies
conducted by Kronstorm et al. (44,45), whose
findings indicate that dentist-related factors had
little bearing on the dentist’s decision to propose
fixed and removable partial dentures in a cohort
of Swedish dentists. This discrepancy among
findings may stem from several factors, as the
discussed cohorts may have varying levels of
preference and experience with different treatments
(33). Form this, it is possible that the decision to
propose AT may be more susceptible to dentist-
related factors, (e.g., specialization, experience,
etc.), when compared with other treatments.

In the unguided case, dentists with experience
in proposing AT were nearly ten times more likely
to propose AT, and this likelihood tripled once
guided. As one of the central questions this
study seeks to engage relates to dentists’ abilities
to provide comprehensive treatment options
to patients, this particular finding may indicate
that further training and awareness around this
treatment option may stand to benefit both

practitioners and patients alike.

In the unguided regression analysis,
respondents who responded correctly to fact
no. 1 were over 4 times more likely to propose
AT. This did not carry over to the regression
analysis. After being guided, respondents knew
that AT was a possible treatment. In addition, no
knowledge-related factors were significantly
associated with the decision to propose this
treatment in the guided scenario.

Ultimately, the results of this study
indicate that the dentist’'s knowledge, experience,
and confidence significantly affect their decision
to propose AT. Therefore, it is reasonable to
conclude that when presented with low instances
of this treatment, faculty may need to consider
methods of increasing dentists’ knowledge,
experience, and confidence in AT. One way to
do so could be to create media about AT for
dentists. As was observed, knowledge pertaining
to AT was deficiency in some participants.
Specifically, questions probing knowledge of
success rates, indications, and benefits of the
treatment were found to be closely associated
with the decisions to propose or not to propose
AT. This indicates that these topics are germane
concerns which may still be misunderstood by a
significant proportion of the cohort.

In addition, given that a statistical
significance was observed between unguided
and guided decisions to propose, a screening
checklist concerning the applicability of AT can
be a desirable method to increase the likelihood
that AT will be proposed in appropriate cases.

The results of this study indicate that AT
was not a last resort choice for many practitioners;
in fact, it was proposed as a treatment option
in 20% of all responses. This recommends that
the low prevalence of cases in this faculty may

be due to other factors aside from dentists not
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proposing this treatment. To examine this, further
studies ought to consider additional factors in
order to identify true causal factors. Such factors
may include the patient’s decision-making process,
as well as consideration of the total number of
applicable cases.

This study was limited by several factors.
First, this was a study concerned with addressing
the low prevalence of AT procedures observed in
the Faculty of Dentistry, Chulalongkorn University.
As the faculty comprises a wide range of
specialists and facilities, and so as to avoid
institutional biases (52), only practicing dentists
from the faculty were invited to respond. Due to
this restricted sampling technique, it is possible
that differences between the sample and the
general population of dentists may exist.

Furthermore, this study may have been
limited in adopting an unguided-guided approach
to elucidate changes in proposal style. As the
names of the authors of this research were
made known to practicing faculty members, it is
possible that some respondents may have known
that AT was a central topic of the survey before
being guided. This, in turn, may have inflated the
number of responses choosing to propose AT in
unguided responses.

A final limitation stems from the mean age
of respondents, which was found to be 30.84
years. As this research considered all treatments
of AT from the past 10 years, it is possible
that the respondents may not provide an ideal
representation of the collected data as the
majority would not have been practicing dentists
capable of making proposals during the time

period under investigation.

Conclusion

Despite scarce research considering this
topic, the results of this study indicate that the
dentist’s experience with AT, one of dentist-
related factors, is significantly associated with
the dentist’s decision to propose AT. Especially,
dentists who have proposed AT to patients were
more likely to propose AT than who haven’t
proposed. Hence, dentist is an important part
for increasing number of AT cases. To lessen the
extent to which AT is disregarded or misunderstood,
future educational initiatives should incorporate
more experiential and observational opportunities
for dental students and post-graduate professionals.
To increase dentist’s experience in proposing AT
will enhance and develop to incorporate better
treatment options for patients in appropriate
settings and increase the likelihood of dentist’s

proposing AT.
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Oral Health Promotion Program in 0-2 years Old Children

Pattraporn Hasadisevee* Jarinee Pasittanon** Kanjana Khamjun***
Siwapron Bupphahorm****

Abstract

Objectives: To exercise the effectiveness of oral health promotion programs in children
aged 0-2 years old and association with dental caries

Methods: A quasi-experimental study was carried out among 105 , 0-2 years old children.
The oral health promotion program consisted of 1) hands-on toothbrushing and 2) strengthening
community action. Data on toothbrushing behavior, plaque score, and dental caries status of
the children were collected at baseline and after program implementation. The chi-square test,
Wilcoxon Signed Rank test, and binary logistic regression analysis were used to analyze the data.

Results: At baseline, the data from 87 children who have erupted tooth shows that parents’
toothbrushing was 72.4% and brushing twice a day was 31.0%. The average plaque score was
1.02 £ 0.70 and, the dmft was 1.21 + 2.61. After 10-12 months of program implementation, the
data from 105 children who received the program shows that parents’ toothbrushing was 95.2%
and brushing twice a day was 64.8%. The average plaque score was 0.79 + 0.53 and, the dmft
was 2.90 = 4.43. The differences average plaque score between baseline and after program
implementation showed that significantly decreased (p-value < 0.05). Furthermore, the results
show that the program could prevent transitional dental status from sound to sound surface by
91.4% (6,606 surfaces) and promote early caries lesion to sound surface by 57.3% (110 surfaces).
Moreover, age and bedtime bottle feeding were associated with dental caries (p-value < 0.05).

Conclusion: This oral health promotion program tends to increase oral health care among
children, such as toothbrushing every day and brushing twice a day by parents, resulting in better
children’s oral hygiene.

Keywords: Oral health promotion, Toothbrushing, Early childhood caries, Children
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**Samet Tai Subdistrict Administrative Organization, 111 Moo 4, Samet Tai Subdistrict, Bang Khla District, Chachoengsao
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Table 1. Parent brushed child’s teeth behaviors before and after Oral Health Promotion Program.

Oral care behaviors Baseline Follow-up X2 p-value
(n = 87) (n = 105)
n % n %
Brushing habits : Yes 64 73.6 103 98.1 2316 < 0.001*
: No 23 26.4 2 1.9
Parent brush 63 724 100 95.2
Children brush by themselves 1 1.2 3 2.8
Wipe gauze 12 13.8 1 1.0
Never brush 11 12.6 1 1.0
Frequency by parent : twice a day 27 31.0 68 64.8 21.65 < 0.001*
: < twice aday 60 69.0 37 35.2
Brushing twice a day 27 31.0 68 64.8
Brushing once a day 16 18.4 21 20.0
Brushing occasionally 20 23.0 11 104
Never brush 24 276 5 4.8
Using fluoride toothpaste : Yes 51 58.6 1083 98.1 44.25 < 0.001*
: No 36 414 2 1.9
Amount of fluoride toothpaste
A smear or rice-sized 35 40.2 71 67.6
A pea-sized 14 16.1 30 28.6
Total of toothbrush sized 2 2.3 2 1.9
Brushing posture :
12 o’clock , child head on lap
Yes 18 20.7 92 87.6 8710 < 0.001*
No 69 79.3 13 12.4
Brushing posture :
parents holding children’s limbs
Yes 10 115 52 49.5 3147 < 0.001*
No 77 88.5 53 515
wiping bubble while brushing
Yes 15 17.2 42 40.0 11.81 0.001*
No 72 82.8 63 60.0
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Table 2. Mean Numbers of Decayed, Missing, and Filled Teeth (dmft) and Surfaces (dmfs),

Children’s plaque score before and after Oral Health Promotion Program.

Baseline Follow-up 10-12 months p-value
Mean * SD Mean = SD increment
Mean * SD
Caries (n=105)
dmft 1.21 + 2.61 290 * 4.43 1.90 + 3.28 -
dmfs 2.74 + 6.65 6.37 £10.82 410 + 7.46 -
dmft + ECLs 3.10 £ 4.26 553 +5.29 278 + 4.11 -
dmfs + ECLs 4.80 + 825 9.11 £ 11.75 513 + 8.19 -
Plague score (n = 68)
1 year old 0.91 + 0.72 0.76 + 0.53 - 0.269 @
2 years old 1.37 £ 0.52 0.88 + 0.56 - 0.040*2
Total 1.02 + 0.70 0.79 £ 0.53 - 0.043*2

@ Wilcoxon Singed Rank test
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Table 3. Incidence and incidence density of caries-affected children/surfaces at 10-12 months

follow up.

Caries free to caries

ECLs to caries

N (surfaces)

No. of new caries-affected surfaces (%)

Surface-months of observation

Incidence density for risk of caries of a tooth

surface (IDs)/100 surface-month at risk

7,225

619 (8.6)

68,450
0.90

192

36 (18.7)

1,825
1.97

ECLs = Early carious lesions
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Table 4. Transitional change from sound surface and ECLs to caries according to surface type,

tooth type and children age at 10-12 months follow up.

Transitional from Number of Transitional change
Surface Caries free ECLs Cavitated
n (%) n (%) n (%)
Sound surface 7,225 6,606 (91.4) 251 (3.5) 368 (5.1)
Tooth surface
Buccal 1,490 1,217 (81.7) 218 (14.5) 57 (3.8)
Lingual 1,724 1,616 (93.7) 21 (1.2) 87 (5.1)
Proximal 3,441 3,270 (95.0) 13 (0.4) 158 (4.6)
Occlusal 570 503 (88.2) 1(0.2) 66 (11.6)
Tooth type
Incisor 2,945 2,590 (88.0) 128 (4.3) 227 (7.7)
Canine 1,425 1,347 (94.5) 54 (3.8) 24 (1.7)
Molar 2,855 2,669 (93.5) 69 (2.4) 117 (4.1)
Child’s age
< 1 year old 1,309 1,233 (94.2) 41 (3.1) 35 (2.7)
1 year old 4,178 3,860 (92.4) 148 (3.5) 170 (4.1)
2 years old 1,738 1,513 (87.1) 62 (3.6) 163 (9.3)
ECLs surface 192 110 (57.3) 46 (24.0) 36 (18.7)
Tooth surface
Buccal 165 98 (59.4) 39 (23.6) 28 (17.0)
Lingual 20 5 (25.0) 7 (35.0) 8 (40.0)
Proximal 6 6 (100) 0 0
Occlusal 1 1 (100) 0 0
Tooth type
Incisor 116 70 (60.4) 23 (19.8) 23 (19.8)
Canine 24 12 (50.0) 9 (37.5) 3 (12.5)
Molar 52 28 (53.9) 14 (26.9) 10 (19.2)
Child’s age
< 1 year old 2 2 (100) 0 0
1 year old 89 52 (58.4) 17 (19.1) 20 (22.5)
2 years old 101 56 (55.5) 29 (28.7) 16 (15.8)

ECLs = Early carious lesions
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Table 5. Association between factors and cavitated and early carious lesion according to 10-12

months.
Factor Follow up (N = 105) Crude OR Adjust OR
Caries Caries free 95% CI p-value 95% CI p-value
Child’s age
2 years old 67 (84.8) 12 (15.2) 4.09 0.005* 7.71 0.001*
(1.52-11.03) (2.20-26.97)
0-1 year old 15 (57.7) 11 (42.3) 1 1
Parents
Grandmother, 27 (84.4) 5 (15.6) 1.77 0.31 1.01 0.98
grandfather, aunt (0.59 - 5.27) (0.29-3.60)
Father mother 55 (75.3) 18 (24.7) 1 1
Parents’ brushing behaviors
Less than twice a day 32 (86.5) 5 (13.5) 0.43 0.13 0.42 0.18
(0.15 - 1.29) (0.12-1.50)
Twice a day 50 (73.5) 18 (26.5) 1 1
Plaque score (N=96)
Yes 64 (80.0) 16 (20.0) 3.11 0.04* 3.16 0.08
(1.006 - 9.63) (0.87-11.43)
No 9 (56.3) 7 (43.8) 1 1
Bottle feeding behaviors
Baby bottle at night 41 (83.7) 8 (16.3) 1.88 0.20 3.54 0.04*
(0.72-4.90) (1.06-11.83)
never 41 (732) 15 (26.8) 1 1
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Effect of Opaquer on Masking Ability of Translucent Zirconia
with Different Thickness

Santiphab Kengtanyakich* Pacharapong Poompanich** Pimpitcha Suwanruksa**
Warinthorn Mekhanavakul** Ratchanon Chongwilas** Chaimongkon Peampring***

Abstract

Objective: To evaluate the effect of translucent zirconia thickness and application of opaquer
on the ability to mask metal substructure

Materials and methods: 42 stainless steel plates (15 mm diameter, 1 mm thickness) were
prepared and half of them were painted with opaquer and remaining were left with no opaquer.
Zirconia disks (5Y-TZP) with different thickness (1.0, 1.5 and 2.0 mm) were cemented to stainless
steel plates using translucent resin cement. Thus, specimens were divided into 6 groups (n = 7). A
2-mm-thick zirconia disk was cemented on the A2 shade acrylic substrate to serve as a control.
Masking ability was performed by evaluating color difference using spectrophotometer. Statistical
significant difference was detected by Two-way ANOVA and Tukey HSD (significance level of 0.05).

Results: In group of no opaquer applied, there was no color difference among zirconia with
different thickness. In group with opaquer applied, the 1.0-mm-zirconia group thickness showed
a significant difference in color differences compared to group of 1.5 mm (p = 0.02) and 2 mm
(p = 0.033). All experimental groups showed higher values of color different compared to a clinical
acceptable value.

Conclusion: The zirconia thickness of 1 mm with application of opaquer showed a significant
difference in color differences compared to others. However, every thickness of zirconia used in this

study exhibited poor masking ability regardless of application of opaquer.

Keywords: Masking ability, Translucent zirconia, Opaquer

*Prosthodontics Section, Department of Restorative Dentistry, Faculty of Dentistry, Naresuan University, Phitsanulok, 65000,
Thailand.

** Faculty of Dentistry, Prince of Songkla University, Hatyai, Songkhla, 90110, Thailand.

***Department of Prosthetic Dentistry, Faculty of Dentistry, Prince of Songkla University, Hatyai, Songkhla, 90110, Thailand.
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Table 2. Mean * SD of color different values (AE).
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Table 3. Mean * SD results of the color coordinates (L*, a* and b*).
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Mental Health and Related Factors in Undergraduate Dental
Students

Nutthawadee Engsomboon* Suteera Techatanawat*

Abstract

Objective: To study the mental health status of dental students at Srinakharinwirot University
and evaluate the relationship with personal factors.

Materials and Methods: This survey research was done in 188 dental students studying
in the 1St to 6! year of the undergraduate dental program. These students were recruited using
proportionate stratified random sampling. All subjects completed the questionnaire comprising 2
parts: general information including personal factors and the the Thai General Health Question-
naire-30 (Thai GHQ-30) after mid-term examination in the academic year 2020. The relationship
between the mental health status and personal data were analyzed using the chi-square test and
logistic regression analysis.

Result: 53.2% of all subjects had normal mental health status while others (46.8%) were
prone to have abnormal mental health. College years, preclinical and clinical years stratification,
family relationship, family income and parental health problems were significantly related with mental
health status (p < 0.05). Logistic regression analysis showed preclinical and clinical years stratification
and parental health problem could predict the mental health status. Clinical dental students were
3.36 times to have mental health disorders compared to pre-clinical dental students (p < 0.001) and
students whose parents having health problems were 4.45 times to have mental health problem than
those without parental health problem (p = 0.016).

Conclusions: 53.2% of recruited dental students had normal mental health whereas 46.8%
of them were prone to have abnormal mental health according to Thai GHQ-30. Factors that could

predict the mental health were pre-clinic and clinical years stratification and parental health problems.

Keywords: Dental student, Mental health status, Thai General Health Questionnaire (GHQ-30)

* Department of general dentistry, Faculty of Dentistry, Srinakharinwirot University, 114 Sukhumvit 23, Bangkok 10110, Thailand.
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Fig 1. Data collection process.
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Table 1. Characteristics of the recruited dental students in this study (n = 188).

faudsfidnen FIUIU(AN) Sowaz
WA
gldl 61 32.5
VN 127 67.6
Hdimsdnen
1 34 18.1
2 34 18.1
3 33 17.6
4 30 16.0
5 26 13.8
6 31 16.5
TsAdszana
Taidt 160 85.1
g
NPNNURLINUNA 139 73.9
ANIINIA 49 26.1
Aldfene
NN 173 92.0
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A5799 1 (i)
Table 1. (next)

faulsidnun FIUIU(AN) Sonaz

ANuENRUSTUIRDY

Axn 80 42,6
A 92 48.9
wald 15 8.0
TxApwf 1 0.5
ey

ENgfal 29 154
Junag 124 66.0
oy 34 18.1
{aidl 1 05

LE19INNINTTHAUSHIDNWIINEAY

dhdwasniane 36 19.2
dhsasuasonnena 105 55.9
lairpeidnsn 47 25.0
anuwalaluane

owala 145 77

ANNTNNUS luATEUAS

Axn 93 495
f 80 426
wald 12 6.4
lairned 3 16
Buq 0 0

seldvasnsavuns

LNENWD 181 96.3

tlymganwassgnasas

]

kY 68 36.2
ANTHINNIA

Unf 100 53.2
Funldufnalnd 88 46.8
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Fig 2. The bar graph depicted the proportion of dental students with a tendency to have

mental health problems classified by college years (n = 188).
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a1eNi 2 AnuanuspaviledbiwianIzgInAIRTsifaiuauwndfisnsiessiainlasuals
(N = 188)
Table 2. Relationship between personal factors and mental health status of the recruited dental

students using chi-square test (N = 188).

AMIETINMNIA (Fa8aL)

fMuusiidnen Uni # fduualdnfauns ## Chi-square p-value
LWA 1.231 0.267
18 36(36) 25(28.4)
AN 64(64) 63(71.6)
Huiimsdnen 21.419 0.001*
1 25(25) 9(10.2)
2 24(24) 10(11.4)
3 19(19) 14(15.9)
4 14(14) 16(18.2)
5 9(9) 17(19.3)
6 9(9) 22(25)
T 17,515 0.000*
WIARALN 68(68) 33(37.5)
ARdN 32(32) 55(62.5)
Tsauszdnda 0.604 0.437
g 87(87) 73(83)
piigLun 0.416 0.519
nIvnWLazINUN 72(72) 67(76.1)
FAINNNIR 28(28) 21(23.9)
Algfane 3.800 0.150
LNENWD 95(95) 78(88.6)
ANNFNWUSAUIRDY 5.715 0.126
fxn 46(46) 34(38.6)
B 49(49) 43(48.9)
wald 4(4) 11(12.5)
Tairpad 1(1) 0(0)
Suuieu 7.580 0.056
AN 19(19) 10(11.4)
Junany 69(69) 55(62.5)
tiay 12(12) 22(25)
Taidl 0(0) 1(1.1)
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A5197i 2 (a)
Table 2. (next)

Mmeganwan (5apag)

AulsnAne

fduualdndauns ##

Unf # Chi-square p-value
dhsamfanssalunue 0.495 0.781
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owala 80 (80) 62 (70.5)
ANNFNAUS luATauAs? 15,574 0.004*
ANIN 60 (60) 33 (37.5)
A 37 (37) 43 (48.9)
wald 33 9 (10.2)
Tarpof 0 (0) 3 (3.4)
selavasasauni 4.420 0.036*
LiNENWD 99 (99) 82 (93.2)
tamgrnwaasginases 9.571 0.002*
Y 26 (26) 42 (47.7)

“AlpdAunaia p < 0.05
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savnasey  leefAnunuwndduadtndlona
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annosladafn (n = 188)

Table 3. Relationships of personal factors and mental health status of the recruited dental

students using the binary logistic regression (n = 188).
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Comparison between Silver Diamine Fluoride and Fluoride
Varnish on their Ability to Reduce Streptococcus mutans Levels
and Caries Progression among Thai Preschool Children

Russarin Suthiratanasopob* Yuwadee Asvanund** Kemthong Mitrakul**

Abstract

Objective: To compare the effectiveness of silver diamine fluoride (SDF) and sodium fluoride
(NaF) varnish in stopping caries progression and effects on S. mutans level.

Materials and Methods: Ninety-one children aged 2-5 years old were selected and divided
into 3 groups: 29 in Group 1-treated with 38% SDF, 31 in Group 2-treated with 5% NaF varnish
and 31 in Group 3-control group. Dental caries was assessed using ICDAS scoring system. Supra
gingiva plaque was collected at 1, 3 and 6 months visits. DNA was extracted and performed real-
time PCR to quantify amount of S. mutans.

Results: At 6 months, 69 subjects were remained, 22 in Group 1 and 3, 25 in Group 2. Mean
age was 4.2 £ 0.96 years. Only in Group 1, S. mutans levels were different between baseline to 3
months (p = 0.031), and 3 months to 6 months (p = 0.035). At 1-, 3- and 6-month examination, total
number of arrested surface scores in Group 1 was higher than Group 2 and 3 at all follow-up visits
(p < 0.001). Arrested surface scores at anterior and posterior teeth in Group 1 were higher than in
Group 2 and 3 at 3- and 6-month follow-up visits (p < 0.001). The progression rate of current caries
lesions in Group 1 was lower than in Group 2 and 3 at the 6 months examination (p < 0.001).

Conclusion: S. mutans levels in SDF group were different between baseline to 3 months,

and 3 to 6 months. SDF was more effective than NaF in stop caries progression.

Keywords: Early Childhood Caries, S. mutans, Silver Diamine Fluoride, Fluoride Varnish, Arrested
Caries, ICDAS System
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Introduction

Early childhood caries (ECC) is one of
common childhood diseases. In Southeast Asia
and Thailand, the prevalence of ECC among
children aged 2 years and 3-5 years were 47%
and 50%, respectively (1, 2). Untreated dental
caries and poor access to dental care are major
public health problems, especially in Thailand.

ECC is a multifactorial disease resulting
from an interaction between acidogenic bacteria,
sucrose and host susceptibility (3). In the oral
cavity there exist biofilm or dental plaque. It is
a dynamic environment, and the microorganism
population in biofilm can shift between healthy
and pathological stages when a factor such as
sugar is enhanced (3, 4). Other contributing
factors including the parent’s demographic,
feedings habits, oral hygiene care and sugar
containing snacks consumption were also
associated with ECC (5-7).

S. mutans is a causative pathogen of
dental caries and commonly isolated from dental
plaque (3, 5-8). Important products of S. mutans
are water-insoluble polymers or glucan which
serve as glue in the adhesion and colonization
process on teeth surfaces. The important virulence
factors of S. mutans that enhance its cariogenic
property is its extracellular glucosyl transferases
(Gtfs) expression which can synthesize intracellular
polysaccharide (IPS) that supports acid production
continuously in the presence of a low exogenous
substrate (3,7). Recent studies in Thai children
found that S. mutans in plague were detected
higher in children with ECC (5,6). For more effective
prevention or stop the deeper of dental caries
lesions, it is worth to inhibit S. mutans ability

mentioned above.

Fluoride varnish is a non-aqueous form of
topical fluoride which is composed of an active
ingredient - 5% sodium fluoride (NaF) containing
22,600 ppm fluoride (9). Systematic review of
randomized controlled clinical trials over 2 years
duration evaluated the effect of caries prevention
of fluoride varnish when applied by dental
professional and reported a preventive effect of
30% in permanent teeth that recently erupted
when compared to untreated controls (9). The
meta-analysis of the 13 clinical trials showed that
when treat permanent teeth with fluoride varnish
had an average 43% reduction in dmft scores (9).
The American Dental Association (ADA) recommends
using fluoride varnish for dental caries prevention
in moderate and high-risk patients of any age
group (10).

Recently, Silver diamine fluoride (SDF)
has been used to stop caries progression of
current lesions in ECC. This intervention is non-
invasive and easy to perform (11). The fluoride
in SDF enhances remineralization. Moreover, the
silver ions are antibacterial which can inhibit the
growth of biofilms (11,12). However, the study
comparing the effectiveness between fluoride
varnish and SDF in both reducing S. mutans and
arrested caries is still limited.

This study aims to compare the level of
S. mutans quantitatively in plaque samples using
real-time PCR between groups applied with 5%
NaF and 38% SDF in preschool children at 1-,
3-, 6- month follow-ups, and the caries arrested
rate between the two groups. The hypothesis is
that the levels of S. mutans and caries arrested
rates between these two groups should be

different.
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Materials and Methods

This cross-sectional study was approved
by the Human Institutional Review Board of the
Faculty of Dentistry and the Faculty of Pharmacy,
Mahidol University (MU-DT/PY-IRB 2019/047.
3107). Based on Sample size calculations from
previous study using the software package Primer
of Biostatistics (McGraw-Hill, NY, USA). With
type | error =5%, Type Il error =20%, power=
80%, the minimum of 20 children in each group

was enough for statistical achievement (8).

Subject selection

Subjects consisted of Thai children aged
2 to 5 years old. They were recruited from child
development centers or schools in Prachuap Khiri
khan province, Thailand. Total subjects were 91
children. Inclusion criteria were: Healthy children
with no allergy to silver particles. If they had a
history of systemic disease or used antibiotics
within 1 month prior to examination, had a history
of allergy to fluoride or silver, or colophony
agents, or received topical fluoride 3 months
prior to the enrollment and children with presence
of spontaneous pain from dental caries or signs
of pulpal infection, were excluded. Study subjects
were divided into three groups using block
randomization: 29 subjects in Group 1-treated
with 38% SDF (Topamine, Dentalife, Australia),
31 subjects in Group 2-treated with 5% NaF
varnish (Duraphat, Colgate Palmolive, USA) and
31 subjects in Group 3-the control group received
no treatment.

At the beginning of the study, parents/
caregivers filled in a questionnaire about
demographic data and oral health related behavior
and attended an oral health instruction session.

All children received supervised oral hygiene

instruction, a toothbrush and dentifrice for home
use (1,000 ppm fluoridated toothpaste). Standardized
oral hygiene practice was explained to all children

and reinforced at every visit.

Clinical examination

One examiner who is in a residency training
program in pediatric dentistry performed a clinical
examination at public schools using World Health
Organization CPI periodontal probes, a dental
mouth mirror with adequate illumination in a
dental mobile unit using ICDAS Il criteria. Dental
caries status was recorded on a 0 and 2-5 scale
by surface (five surfaces were buccal, lingual,
mesial, distal and occlusal in each posterior
tooth, and four surfaces were labial, lingual,
mesial and distal in each anterior tooth). The
ICDAS system based on ICDAS Il criteria for
caries status was assessed by recording all
surfaces of primary teeth (score 0-5)(13). The
score 1 was not recorded because this code
is only detected after prolonged air drying. As
air drying was not available because clinical
examination were performed at public schools.
The caries activity status was diagnosed as
active lesions if the lesion presented with the
tactile sensation of a rough surface while gently
drawing the probe across the lesion, with or
without plague stagnation. Smooth and hard
surfaces that could not be penetrated easily were
classified as arrested lesions. Participants were
examined at their time of entry into the study
(baseline) and at follow-up visits at 1-, 3-and 6
months. No radiographs were taken. Approximately
5% of study participants were reexamined to
determine inter-examiner reproducibility. Oral
hygiene status was measured using a modified

debris index for primary dentition (13-16).
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Plaque sample collection

All children were instructed to brush their
teeth under parental supervision at 8.00 PM the
night before plaque collection day. No food or
drink before sample collection. Collected pooled
overnight supra gingiva plaque using a sterile
toothpick and released in 1 ml of TE buffer and
immediately transported on ice to the Laboratory

and stored at -20°C until DNA extraction process.

DNA extraction

DNA was extracted based on enzymatic
lysis using a commercial kit (Flavogen, Taiwan)
as previously described (5). In brief, 20 pl of
Proteinase K was added, 400 pl of FABG buffer
and 20 pl of a lysozyme mixture (lysozyme 20
mg/ml and mutanolysin (Sigma Aldrich, USA) in
1:10 proteinase K) and vortex. Incubated at 60 °C
for 1 h.; 200 pl ethanol was added and centrifuged
at 11,000 rpm for 30 s. The solution was transferred
into a spin column and centrifuged for 1 min.
The supernatant was discarded, 500 pl of W1
buffer was added and centrifuged for 1 min.
The supernatant was discarded. Then 750 plI of
wash buffer was added and centrifuged for 1
min. The next step was adding 50 pl of elution
buffer, left at room temperature for 3 min, before
a final centrifuge for 2 min. The extracted DNA
concentration and purity was measured using a
spectrophotometer at 260 nm/280 nm (Nanodrop
2000C Thermo Scientific, Delaware, USA).

Culture condition and standard strain

S. mutans ATCC 25175 was used as the
standard strain. It was grown anaerobically (5%
CO») in BHI (Brain Heart Infusion) broth at 37°C
for 24-48 hrs. Extracted genomic DNA and ten-
fold serial dilution starting from 108-102 CFU/ml

was done.

Quantitative Real-time PCR

Using specific primers for detecting S. mutans
(forward primer SM 1: 5’-GGTCAGGAAAGTCTG-
GAGTAAAAGGCTA-3’ and reverse primer SM 2:
5-GCGTTAGCTCCGGCACTAAGCC-3’), the reaction
mixture (total volume of 20 pl) contained (varied
from 2 to 9.1 pl) of water, 10 ul of 2X KAPA
SYBRR FAST gPCR Master Mix, 0.4 pl of 10
MM forward and reverse primer, and (varied from
0.1 to 7.2) ul of bacteria DNA. The thermocycler
(C1000™ Thermal cycler and CFX 96 Real-time
System) was set for 40 cycles. Each cycle
consisted of enzyme activation at 95 °C for 3
min, denaturing at 95 °C for 3 seconds, annealing
at 60 °C for 20 seconds. Melting curves were
generated from 60 °C to 95°C and read every
0.5 °C for 5 seconds (5). The amount of S. mutans
from plague sample was compared with the
standard curve generated from the standard
strain (S. mutans ATCC 25175).

Agarose gel electrophoresis
Stained 2% agarose gel (UltraPure Agarose,
ThermoFisher Scientific, USA) with ethidium

bromide and direct visualized PCR products.

Treatment procedure

Treatment procedures were conducted by
a dentist who was not involved in the examination
process. In Group 1, steps of 38% SDF application:
Any food debris and plaque were removed from
the cavities lesions by wiping with gauze, no
caries was removed. Isolated the decayed teeth
and kept dry with cotton rolls and gauze. Placed
one drop of SDF in a plastic dappen dish and
applied onto the carious tooth surfaces with a
micro-applicator for 1 minute. Removed excess

by gentle blotting using a cotton pellet. Instructed
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children to avoid drinking, eating or rinsing in the
next 30 minutes after the application. In group
2, steps of 5% NaF varnish application: Any
food debris and plaque were removed from the
tooth surfaces thoroughly by wiping with gauze.
Isolated the decayed teeth and kept dry with
cotton rolls or gauze. A thin coat of 5% NaF
varnish using a suitable brush to all surfaces of
the teeth (buccal, lingual, occlusal and proximal)
was applied. The children were instructed to do
not rinse, drink or eat for 2 hours and refrain

from brushing in the same day.

Follow-up periods

Follow-up examinations were performed
at 1, 3 and 6 months by the same examiner.
These parameters were recorded at each follow-up
visit: Plague index, carious lesion activity (deeper
or wider) and status of caries (new carious lesions
presence or not). Observed black stain on each
lesion clinically. If there was an iliness associated
with SDF treatment (nausea, vomiting, generalized
discomfort) or an adverse effect of SDF application
such as tooth or gingival pain, gingival swelling
or gingival bleaching, informed parents to contact
the class teacher immediately. The applications
were repeated at 3 months of follow-up for both
groups in the same manner. Plaque sample
collections using the above-mentioned techniques
were repeated at 1, 3 and 6 months of follow-up

in all study groups.

Statistical analysis

Intra-examiner reproducibility in dental
caries detection was measured by Cohen’s Kappa
statistic. Descriptive statistics were used to
summarize the demographics data, oral hygiene
habits, fluoride toothpaste usage, sugary snack

habits, parents’ education and family income and

socioeconomic status. Chi-square test was used
to test the differences between the treatment
groups. The pattern evaluation of the sample
distribution was tested by Shapiro-wink test
showing the data were nonparametric, a Kruskal-
Wallis test was performed to assess the differences
among the three treatment groups including the
children’s mean age, dmfs, dmft scores and
S. mutans levels. This was followed by a Friedman
test to assess the differences among the follow-up
periods. According to the numbers of surfaces of
carious lesion from the baseline data compared
after 1-, 3- and 6 months follow-up, they were
tested by McNemar’s test. The level of statistical
significance was set at 95% confidence level
(p < 0.05). Performed all statistical analysis with
SPSS 18.0 software (Microsoft Corporation. CA,
USA).

Results

Three hundred and forty-eight children
were screened and 91 children fulfilled the inclusion
criteria. Mean age of all participants was 4.2 + 0.96
years. The number of children in Group 1 (38%
SDF), Group 2 (5% NaF), and Group 3 (control
group) were 29, 31 and 31, respectively. One
dentist examined all the children (intra-examiner
reproducibility level = very good) (Cohen’s Kappa
statistic > 0.9). At 6 months follow up visit, 69
subjects were remained in the study, 22 subjects
in Group 1 and 3, 25 subjects in Group 2. Thirty-
nine and 30 subjects were male and female,
respectively. Mean (+ standard deviation) age of
study subjects in Group 1, 2, and 3 were 4.18 (+ 0.91),
4,08 (+ 0.9), and 4.36 (+ 1.1) years, respectively.
An overall dropout rate of 24.2% due to loss of
follow-up and received dental treatment during

the follow-up period (Fig 1).
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Gender, age, plaque index, decayed missing
and filled teeth (dmft) scores were not different
among the three groups (Table 1). Demographic
background and oral health habits were not

different among three groups. Most of the children

received prolonged milk feeding for over 18 months
(68%) and brushed their teeth by themselves
(38%) with fluoride toothpaste (94%) twice a
day (87%). Most of them had cariogenic snacks

between meals more than 2 times/day (86%).

Assessed for eligibility (n= 348)

Child development center under supervision of
Prachuap Khiri Khan Town municipality and

Prachuap Khiri Khan municipality School

Excluded (n= 257)

t Not meeting inclusion criteria (n=67)

Signs of pulpal infection (n=173)
Developmental defect (n=7)

Mixed dentition (n=10)

Block randomization (n = 91)

Baseline examination and plaque sample collection

Allocated to intervention

Group 1: 38% SDF
(n=29)

All received intervention

Group 2: 5% fluoride varnish
(n=231)

All received intervention

Group 3: Control
(n=231)

Oral hygiene instruction

1 month follow up

Oral examination and plague collection

3 months follow up
Oral examination and plague collection

Received intervention by group

6 months follow up

Oral examination and plaque collection

!

!

|

Analyzed n = 22
(265 carious lesions)
Failed to follow-up
- Moved/loss follow up
visit (n = 6)

- Presence tooth
abscess (n=1)

Analyzed n = 25
(251 carious lesions)
Failed to follow-up

- Moved/loss follow up
visit (n = 6)

Fig 1. Flowchart of the study.

Analyzed n = 22
(272 carious lesions)
Failed to follow-up

- Moved/loss follow up
visit (n =7)

- Presence tooth
abscess (n=1)

- Received dental
treatment (n = 1)
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Table 1. Characteristics of the study subjects (n = 69).

Variables Group 1: Group 2: Group 3: p-value
38% SDF 5% NaF Control

Participants, n (%) 22 (31.9) 25 (36.2) 22 (31.9)
Gender, n (%)
Boy 14 (63.6) 13 (52) 12 (54.5) 0.706°
Girl 8 (36.4) 12 (48) 10 (45.5)
Age*, n (%) 418 = 0.91 4.08 + 0.90 436 £ 1.1  0.6002
Clinical parameter, Mean + SD
Tdmfs 6.09 + 5.63 5.44 + 525 6.05 + 508 0.7812
2dmft 414 + 2.98 3.16 + 2.48 3.64 £ 2.34 0.5602
SPlague index 1.23 £ 0.41 1.09 £ 0.31 110 £ 035 05372

aKruskal-Wallis test; °Pearson chi square test

TMean dmfs + SD = 5.84 + 5.25, 2Mean dmft + SD = 3.62 + 2.60,

SMean plaque index + SD = 1.14 * 0.36

dmfs: total number of surfaces that are decayed (D), missing (M), or filled (F) in an individual; dmft: total

number of teeth that are decayed (D), missing (M), or filled (F) in an individual; NaF: fluoride varnish;

SD: standard deviation; SDF: silver diamine fluoride

Quantitative Real-time PCR

The specificity and sensitivity of S. mutans
primers were tested and reported in a previous
study (16). At baseline, S. mutans levels were
not different among the three groups. After the
interventions, there were no significant differences
among the treatment groups at the 1-, 3- and
6-month follow-up visits. S. mutans level was
highest in group 3 (control group) and lowest
in group 1 treated with SDF, with no statistically
significant differences (Table 2). Table 3 shows
the difference in mean level of S. mutans between
each follow-up period. No significant differences

were showed among the three groups. However,

in Group 1 the difference of S. mutans levels
between baseline and 1 month follow-up indicated
a decrease to 6.30 x 10° DNA copies; as well, the
difference of S. mutans levels between 3 months
and 6 months was a decrease to 3.03 x 10%
DNA copies. From baseline to 3 months and 6
months, the S. mutans level had increased. The
different levels of S. mutans in the SDF group
were significantly different between baseline to 3
months, and 3 months to 6 months (p = 0.035).
In Group 2 and Group 3, the different levels of
S. mutans in each follow-up period showed an

increase, but with no significant differences.
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Table 2. Quantitative levels of S. mutans at baseline, 1-, 3- and 6-month follow-up examinations.

Sample collecting time Group 1: 38% SDF  Group 2: 5% NaF

Median (min,max) Median (min,max)

Group 3: control  p-value

Median (min,max)

Baseline (T0) 2.83x10% 321x10%

3.78x10* 0.8982

(9.37x10°,1.95x10°) (7.04x10°,3.03x10°) (4.29x10°,5.09x10°)

Follow up 1 month (T1) 2.77x10* 2.77x10%

4.03x10* 0.329%

(6.36x10°,6.04x10%) (7.04x10%,4.48x10°%) (1.02x10%8.24x10°)

Follow up 3 months (T2) 4.73x10* 3.95x10*

4.09x10* 0.875%

(4.69x103,4.99x10°) (6.40x103,8.29x10°) (5.36x103,2.20x10°)

Follow up 6 months (T3) 3.72x10* 411x10%

421x10* 0.506%

(5.79x103,2.88x10°) (1.29x104,5.52x10°%) (7.89x103.4.13x10°)

p-value 0.173° 0.206°

0.585°

@Kruskal-Wallis test; PEriedman’s two way analysis; SDF: silver diamine fluoride; NaF: fluoride varnish

min: the minimum amount of S. mutans at the sample collection time; max: the maximum amount of

S. mutans at the sample collection time

Table 3. Difference of quantitative levels of S. mutans between baseline, 1-, 3- and 6-month

follow-up examinations.

Sample collecting time Group 1: 38% SDF Group 2: 5% NaF
Mean (SD) Mean (SD)

Group 3: control p-value?
Mean (SD)

Baseline -1 month (T1-T0)  -6.30x103(2.72x10% 2.05x103(4.13x10%
Baseline — 3 months (T2-T0) 3.74x10%(1.04x10°) 4.64x10%(1.22x10%)
Baseline — 6 months (T3-T0) 7.10x10%(6.10x10%) 2.21x10°(1.10x106)
3 months - 6 months (T3-T2) -3.03x10%(6.20x10%) 1.74x10%(1.12x10)
p—valueb Amount of S. mutans 0.150°
betweenT2-TO was
significant (p = 0.031)
Amount of S. mutans
between T3-T2 was

significant (p = 0.035)

2.41x10%(1.76x10% 0.798
7.82x10%(3.65x10%) 0.566
2.83x10°(8.93x10°%)  0.330
2.05x10°(8.30x10°%)  0.141

0.990°

Kruskal-Wallis test; PFriedman’s two way analysis; SDF: silver diamine fluoride; NaF: fluoride varnish;

SD: standard deviation
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Table 4 shows that the overall arrested
carious surfaces of Groups 1, 2 and 3 were
71.3%, 26.4% and 16.7% at 3 months and 78.5%,
252% and 26.6% at 6 months, respectively. At
the 1-, 3- and 6-month examination, the mean
number of arrested carious tooth surfaces
among the three groups were significant different
(p < 0.001). The total number of arrested carious
surfaces in Group 1 was higher than in Group 2
and 3 significantly at all follow-up visits. In Group
1, the caries arrest rate at 6 months (78.5%)
was significantly higher than at 3 months. The
proportion of caries arresting rates at anterior
teeth and posterior teeth in Groups 1 were higher

than in Group 2 and 3 at the 3- and 6-month

follow-ups (p < 0.001) significantly. In addition,
the proportion of caries arresting rates of the
anterior teeth were higher than the posterior
teeth in the SDF group at the 3- and 6-month
follow-ups (p < 0.001) (Table 5). As shown in
Table 6, the progression rates of current car-
ies lesions of Groups 1, 2 and 3 were 1.3%,
1.9% and 3.4% at 3 months; and 2.1%, 3.5% and
5.1% at 6 months, respectively. At the 6-month
examination, the progression rates of current
caries lesions among the three groups were
statistically significant different (p < 0.001). The
progression rate of current caries lesions in
Group 1 was lower than in Group 2 and Group 3

at the 6 months examination significantly.

Table 4. Caries arrest rates of active carious tooth surfaces at baseline,1-, 3- and 6-month

follow-up examinations.

Sample Group 1: 38% SDF

Group 2: 5% NaF

Group 3: control p-value

collecting  Active Arrested Active

Arrested

Active Arrested

time surface(%) surface(%) surface(%) surface(%) surface(%) surface(%)

1month 51 (23.6) 165 (76.4) 196 (79.7)
3 months 75 (28.7) 186 (71.3) 181 (73.6)
6 months 56 (21.5) 205 (78.5) 184 (74.8)
p-value <0001 <0.001* <0.001"

50 (20.3)

65 (26.4)

62 (25.2)

200 (80.6) 48 (19.4) < 0.001* Gp1-Gp3:<0.001*
Gp2-Gp3:0.787
Gp1-Gp2:<0.001*

219 (83.3) 44 (16.7) < 0.001* Gp1-Gp3:<0.001*
Gp2-Gp3:0.008
Gp1-Gp2:<0.001*

193 (73.4) 70 (26.6) < 0.001* Gp1-Gp3:<0.001*
Gp2-Gp3:0.716

Gp1-Gp2:<0.001*

Pearson chi square; All each follow-up examination, *significantly different at (p < 0.05)

Gp: group; SDF: silver diamine fluoride; NaF: fluoride varnish
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Table 5. Caries arrest rates by tooth position at baseline ,1-, 3- and 6-month follow-up.

Examination time/ |Group 1: 38% SDF| Group 2: 5% NaF |Group 3: control p-value
teeth position Active |Arrested| Active |Arrested | Active |Arrested
surface | surface | surface | surface |surface | surface
(%) (%) (%) (%) (%) (%)
1 month | Anterior teeth | 18(15.7) | 97(84.3) | 116(87.9) | 16(12.1) | 88(81.5) | 20(18.5) |<0.001*| Gp1-Gp3:<0.001*
Gp2-Gp3:0.167
Gp1-Gp2:<0.001*
Posterior teeth | 33(32.7) | 68(67.3) | 80(70.2) | 34(29.8) | 112(80) | 28(20) |<0.001*|Gp1-Gp3:<0.001*
Gp2-Gp3:0.070
Gp1-Gp2:<0.001*
3 months | Anterior teeth | 17(12.2) |122(87.8)| 105(79.5) | 27(20.5) |95(81.9) | 21(18.1) |<0.001*|Gp1-Gp3:<0.001*
Gp2-Gp3:0.640
Gp1-Gp2:<0.001*
Posterior teeth | 58(47.5) | 64(52.5) | 76(66.7) | 38(33.3) |124(84.4) 23(15.6) |<0.001*|Gp1-Gp3:<0.001*
Gp2-Gp3:0.001*
Gp1-Gp2:0.003
6 months | Anterior teeth | 6(4.3) |133(95.7)/109(82.6) | 23(17.4) | 80(69) | 36(31) |<0.001*|Gp1-Gp3:<0.001*
Gp2-Gp3:0.012
Gp1-Gp2:<0.001*
Posterior teeth| 50(41) | 72(59) | 75(65.8) | 39(34.2) |113(76.9) 34(23.1) |<0.001*|Gp1-Gp3:<0.001*
Gp2-Gp3:0.048
Gp1-Gp2:<0.001*
p-value | Anterior teeth <0.001* <0.001* <0.001*
Posterior teeth <0.001* <0.001* <0.001*

Pearson chi square test, *significantly different at (p < 0.05)

Gp=group, SDF=Silver Diamine Fluoride, NaF=Fluoride varnish
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Table 6. Progression rates at baseline,1-, 3- and 6-month follow-up.

*

Examnination Progression surfaces, n/N (%) p-value
time Group 1:38% SDF Group 2:5% NaF Group 3:control
1 month 7/1760 (0.4) 17/2200 (0.8) 25/1848 (1.4) 0.007 Gp1-Gp3: 0.002

3 months 26/1936 (1.3) 42/2200 (1.9)
6 months 41/1936 (2.1) 78/2200 (3.5)
p-value < 0.001* < 0.001*

Gp2-Gp3: 0.070
Gp1-Gp2: 0.131

65/1936 (3.4) < 0.001* Gp1-Gp3: < 0.001*
Gp2-Gp3: 0.003
Gp1-Gp2: 0.153

99/1936 (5.1) < 0.001* Gp1-Gp3: < 0.001*
Gp2-Gp3: 0.013
Gp1-Gp2: 0.006

< 0.001*

Pearson chi square test, *significantly different at (p < 0.05)

Gp: group; SDF: silver diamine fluoride; NaF: fluoride varnish

Discussion

SDF and fluoride varnish are one of
non-invasive method for caries management,
especially in young children because of their
limited cooperation. Data from in vitro studies
has shown good evidence of the microbicidal
efficacy of SDF on dentin caries lesions resulting
in stopping the caries progression of current
lesions (7,17,18). However, in vivo studies published
on the antimicrobial efficacy of SDF were found
limited. In this study, microbial quantification
data were collected from supra gingival plaque,
which is different from previous studies that
collected plaque from carious dentin (18). Previous
results showed that there was no difference in
S. mutans levels between saliva and dental
plaque (5,19). Our results showed that S. mutans
levels were not significantly different among
three treatment groups. Despite S. mutans levels

in all three groups not significantly different in

all the follow-up periods, it was interesting that
S. mutans levels was decreased after the first
and second applications of the SDF in this study.
Likewise, in previous study, S. mutans levels
decreased after the application of SDF (20).
However, their results found that even though
S. mutans levels had decreased but other bacteria
such as Veillonellasp., Lactobacillus sp., Rothia sp.,
and Streptococcus sobrinus tended to increased
(20). SDF has shown intense antibacterial effects
on certain cariogenic biofilms in mono-cariogenic
species biofilm or multi-cariogenic species biofilm
(20). However, those studies was evaluated the
amount of S. mutans from dentine caries not
supra gingiva plaque. As far as recent knowledge,
S. mutans played a crucial role in caries initiation
and progression but caries process is dynamic
and some studies suggested that other species
were found associated with initial and deep caries

and might be able to detect while S. mutans was
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absence (21). Also, the area of sample collection
might affect the results. Further studies in
quantitatively measure other cariogenic bacteria
levels are recommended in the future. However, in
this study the effect of SDF in lowering S. mutans
was not found but its effect on caries progression
inhibition was obvious. Various mechanisms of
action have been proposed to explain SDF’s
caries-arresting efficiency. Some researchers
suggested that SDF hardens a caries lesion by
regaining calcium and phosphate from saliva, and it
reduces dentine collagen degradation by inhibiting
collagenases like MMPs and cathepsins (20).

It was previously found that S. mutans
levels in active caries were higher than those
in arrested caries (20). Previous clinical study
showed that SDF had higher antibacterial activity
in infected soft dentin than chlorhexidine (22).
Conversely, after fluoride varnish application,
S. mutans levels decreased only after the first
application, and had risen up at the 3- and 6
month follow-ups. There was no difference in
S. mutans levels between each follow-up visit
between the fluoride varnish application group
and the control group. This was similar to previous
studies that showed no reduction of S. mutans
in dental plaque after fluoride varnish application
(23-25).

Systematic review shows that there is a
high level of evidences for the potential of SDF
for arresting carious lesion or stopping the caries
lesions progression (16,26-28). This study’s report
includes interventions for arresting either non-
cavitated or cavitated caries lesions in the
primary teeth. In this study, in the group receiving
38% SDF application, subjects demonstrated

significantly higher caries arresting rates than

the other two groups. After 6 months, the caries
arresting rate of those receiving the application
of SDF was significantly higher (78.5%) than those
receiving the application of 5% NaF varnish or
the control group (25.2% and 26.6%, respectively).
The effectiveness at arresting dental caries by
SDF application after 6 months, in this study, was
similar to previous studies results (23,27,29,30).
In this study, when increased the frequency of
fluoride application to every 3 months, the results
showed an increase in the proportion of active
caries that had become arrested or stop
progression, increasing from 71.3% to 78.5% in
the SDF treatment group, and from 20.3% to
25.3% in the 5% NaF varnish group. This is in the
same direction with the recommendation, that
high caries risk children should receive higher
frequencies of the topical fluoride application
(31,32). Although, there is no recommendation
for the SDF application, in order to achieve the
highest efficacy, more frequent applications of
SDF have been reported (33). When SDF was
applied every 6 months, the caries arresting rate
was 91% but it dropped down to 79% when it
was applied every 12 months (34). Moreover,
Fung and colleagues reported a 67% arrest rate
when applied annually and 76% with biannual
application (33).

In addition, this study demonstrated the
variability in caries arresting rates depending on
tooth position. In previous studies, they reported
that lesions at anterior teeth had a higher chance
of becoming arrested or stopped progression
compared to posterior teeth (28,34). Similarly, in
this study most of the anterior teeth with treated
caries lesions that were active at baseline became

arrested (95.7%) more than the posterior teeth
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(59%) at 6 months follow-up. The arrested rates
of anterior teeth in this study were higher than
previously reported (33). Their study was done in
deciduous incisors at 24 months and reported a
percentage of efficacy of 73.8 and 86.1% when
applied annually and semiannually, respectively.
The finding is consistent with several previous
studies (28, 34). The caries arrest outcome in
this study was evaluated earlier than other clinical
studies of SDF to treat dental caries. Even so,
children who received SDF treatment showed
significantly high surfaces of arrested caries at
6 months.

None of the children in this study reported
adverse side effects during the study period.
However, SDF failure cases were found in one
posterior tooth with cavitated lesions (ICDAS 5)
with the abscess on the buccal gingiva without
any symptom. Posterior teeth seem to be difficult
to brush and clean, especially in a deep cavitated
lesion that is easily accumulated by food debris
(33). The most notable undesirable side-effect
after SDF treatment is the black discoloration
of carious dentin, but no complaints came from
the parents concerning the color of the arrested
lesions. Black discoloration and hardening of
caries lesions were found not only in children
receiving SDF but also in children receiving NaF
varnish and in the control group. Fluoride varnish
is safe, with a reasonably effective rate of 30-
40% for preventing carious lesions development
and non-cavitated lesions progression on both
coronal and root surfaces (37). There is no
evidence indicating that fluoride varnish is an
effective treatment for cavitated lesions passing
the dentin passing dentin layer of teeth. While
fluoride varnish is effective on non-cavitated

lesions, SDF is an effective tool against cavitated

lesions that pass the dentin layer of teeth, with a
success rate of 60-80% after one time application.
Fluoride varnish is recommended for new carious
lesions prevention when used on sound tooth
surfaces and for the management of white-spot
lesions which still non-cavitated lesions on the
enamel layer of teeth (37). However, non-cavitated
lesions may progress to cavitated lesions. At this
stage, the use of SDF is more appropriate than
fluoride varnish to stop caries progression before
the presence of irreversible pulpitis.

Even though the outcome in reducing the
level of S. mutans in this study was not clear
at showing the antimicrobial effect of fluoride
agents as a definitive conclusion, the clinical
values from this study show the short-term
effectiveness of SDF in arresting or stop the
progression of caries (36). SDF was more effective
in arrest or stop the progression of caries than
the fluoride varnish and the control group. From
our study, we suggest SDF for uncooperative
children with high caries risk, existing multiple
cavitated carious lesions which may not all be
treated in one visit, or experiencing difficulty
accessing dental care. In addition, SDF can be
applied in a community setting, which is a simple
method to stop the progression of cavitated
dental caries in outreach community health
services (36).

The limitation of the study was no
radiographs were obtained because the study
was done in a community setting. Teeth were
selected based on clinical examination using a
visual-tactile examination, which may have failed
to assess the proximal caries or cavities between
two teeth to the pulp in some cases. This might
explain one child who presented an abscess in

an SDF-treated tooth. A larger sample size and
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longer follow-up period are recommended to
clearly show the efficacy of antimicrobial fluoride
application. Further research continues to be
undertaken on SDF with regards to developing
an optimal treatment strategy of SDF to arrest
caries, and especially to establish evidence-based
guidelines of SDF in high risk caries. Moreover, it
would be more value to follow up the new caries
lesions between SDF and fluoride varnish groups
in future study.

In conclusion, the present study shows
that different levels of S. mutans in the SDF
group were significantly different between baseline
to 3 months, and 3 months to 6 months. SDF
was more effective than the fluoride varnish or
control groups at 6 months in arresting or stop
the progression of current dental carious lesions.
With 2 applications within 6 months, 38% SDF
can arrest almost 80% of dental caries in

preschool children.
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Association hetween Bifidobacterium, Fusobacterium nucleatum
and Type of Root Canal Infections in Primary Teeth and Clinical
Symptom: A Quantitative Real-Time PCR Analysis

Panthita Piyasoonthorn* Kemthong Mitrakul**

Abstract

Objective: To quantify levels of Bifidobacterium and Fusobacterium nucleatum in two types
of primary teeth root canal which are irreversible pulpitis and pulp necrosis and to analyze the
association between these bacteria, clinical symptoms and radiographic findings.

Materials and Methods: Subjects were chosen from patients aged 2-10 years old who came
to the Pediatric Dental Clinic, Faculty of Dentistry, Mahidol University and needed pulpectomy treatment
for this cross-sectional study. Pulpal diagnosis based on the American Academy of Pediatric
Dentistry. Recorded clinical signs and symptoms including pre-operative radiographs before treatment.
Collected fluid inside root canals using paper points by aseptic technique. Performed DNA extraction
and quantitative real-time PCR using fluorescent dye (SYBR green) using specific primers to identified
Bifidobacterium and F. nucleatum.

Results: Total of 134 primary teeth was selected. Subjects consisted of 70 males (52%) and
64 females (48%). Mean (x standard deviation) age was 5.25 + 1.37 years old. Sixty eight samples
were diagnosed with irreversible pulpitis (51%) and 66 with pulp necrosis (49%). Amounts of total
bacteria (p < 0.001), F. nucleatum (p = 0.025) and Bifidobacterium (p = 0.183) in the pulp necrosis
group were higher than in the irreversible pulpitis group. The ratio of Bifidobacterium to total bacteria
was higher in irreversible pulpitis group (p = 0.016). There was a correlation between levels of F.
nucleatum and swelling at gingiva area present clinically.

Conclusion: Levels of total bacteria and F. nucleatum were significantly higher in pulp

necrosis group. F. nucleatum was correlated with swelling at gingiva area present clinically.

Keywords: Root canal infection, Pulpectomy, Primary teeth, Real-Time PCR, F. nucleatum,

Bifidobacterium
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Introduction

Early childhood caries (ECC) is an advanced
progressive demineralization of the tooth in children
younger than 6 years old due to the imbalance
or homeostasis of dental plagque or biofim is
disrupted and pathological microorganisms start
prevailing and eventually overgrowth the healthy
microorganisms resulting in demineralization to
develop (1,2). It is one of the most prevalent
biofilm-dependent diseases in childhood which
cause pain and infection in preschool children,
result in extensive carious lesions and destruction
of primary teeth and reduce quality of life (1).

Dental biofilm on occlusal surfaces of
primary teeth is associated with progression of
carious lesions (3). When dental caries progresses
deeper, bacteria which located in deep carious
lesion of biofilms are directly involved in inducing
damage and consequential infect dental pulp
tissue. Eventually, the microorganisms that initially
occupy the pulp chamber and root canal lumen
invade the entire root canal system (3). Root
canal infection is a common consequence of
dental caries. Without proper treatment, pulpitis
becomes irreversible and finally turn into pulp
necrosis (4). Studies have identified bacteria
isolated from advanced carious lesions and dental
pulp after caries exposure in primary teeth. Their
results showed that the microbiota of the carious
exposed pulp and irreversible pulpitis were similar
to those of deep carious lesions (5-8). The dominant
bacteria detected in pulpitis were S. mutans and
Bifidobacterium, Fusobacterium nucleatum, and

Veillonella (5, 8).

Bifidobacterium is anaerobic, gram-positive,
rod-shaped and one of the probiotic bacteria
detected in the gastrointestinal tracts of humans
and animals (9). It is acidogenic and able to produce
a final pH below 4.2 that causes extensive
demineralization of tooth surfaces (10). Recent
finding showed that Bifidobacterium are present
in human oral cavities and associated with early
childhood caries (ECC) (11-14). A previous study
in Thai children reported that Bifidobacterium
levels were significantly higher in the supra gingival
plague of ECC children when compared with
caries-free children (11). Interestingly, a study
previously found that Bifidobacterium was detected
higher in dental pulp than in the carious lesions
of severe early childhood caries (S-ECC) children
(5).

Fusobacterium nucleatum is gram-negative,
rod-shaped, non-spore-forming, non-motile, obligate
anaerobic bacteria that colonise in the oral cavity
(15). It has been isolated from primary endodontic
infections in permanent teeth from adults and it
is the most prevalent species found in root canal
infections (16-18). Previous studies reported that
F. nucleatum is associated with the clinical condition
and reflects the persistent instance of endodontic
infection in primary teeth (19,20). It is predominant
in teeth with apical abscesses and related to the
degree of patient pain (20). Studies showed that
F. nucleatum was found at a high prevalence
(97%) in pulp necrosis of the primary teeth
(21,22). However, there is still limited knowledge
of bacteria involved in pulp infections in primary
teeth especially in Thai children. Further study to
quantitatively identify root canal infection related
bacteria would be beneficial and help to more
understanding the role of bacteria in pulp infections

in the root canals of primary teeth.
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Quantitative real-time PCR provides an
accurate result and is a sensitive method for the
detection and quantification of bacterial species
(23). This study aimed to quantitatively identify
Bifidobacterium and F. nucleatum in two groups
of infected root canals of primary teeth between
teeth diagnosed as irreversible pulpitis and pulp
necrosis in Thai children using real-time PCR,
and analyze the relationship between these
bacteria, clinical signs and symptoms and
radiographic findings. The hypothesis is that the
levels of Bifidobacterium and F. nucleatum in
irreversible pulpitis and pulp necrosis groups

should be different.

Materials and Methods

This cross-sectional study protocol was
approved by the Ethical Institutional Review
Board, Faculty of Dentistry and the Faculty
of Pharmacy, Mahidol University (COA. 2018/
009.2301).

Subject selection

Based on previous studies with a = 0.05
and power of 80%, using the software package
Primer of Biostatistics (McGraw-Hill, NY, USA)
(9). Sample size calculations determined that
a minimum of 69 children in each group was
enough to achieve statistical difference (9). A
Total of 134 primary molar teeth from 138 Thai
children aged 2 to 10 years old were selected in
the study. All subjects were chosen from patients
who came to the pediatric dental clinic, Faculty
of Dentistry, Mahidol University, Bangkok, Thailand
and needed pulpectomy treatment. Consent forms
were signed. Sixty eight samples were diagnosed

with irreversible pulpitis and 66 with pulp necrosis.

Clinical examination, inclusion and exclusion
criteria

All subjects had normal physical growth,
no systemic disease and cooperated during dental
treatment. A clinical examination was performed
by 2 Pediatric dental residents. They were calibrated
for clinical examination (kappa co-efficiency = 0.80).
Oral examination was performed following the
American Academy of Pediatric Dentistry (AAPD)
guideline. The diagnosis of a pulpal and periapical
condition was based on the AAPD guideline (24).
Clinical signs and symptoms of infected primary
teeth included pain history, swelling and pathologic
mobility (grade I, ll). Recorded the presence of
abscess or sinus tract, the presence or absence
of tenderness to percussion and tooth mobility.
The roots should exhibit minimal or no resorption.
For the diagnosis, tooth that has; 1. History of
pain; Intense, lingering pain to temperature
changes, spontaneous pain, diffuse or referred
pain 2. Clinical examination; deep caries, response
to thermal stimuli, hypersensitive to cold, excessive
hemorrhage that is not controlled with a damp
cotton pellet applied for several minutes 3.
Radiographic examination; no evidence found of
osseous changes was diagnosed as lIrreversible
pulpitis. For tooth that has; 1. History of pain; a
few months ago, or no history of pain 2. Clinical
examination; deep caries that can be found on
pulpal exposure, no response to thermal stimuli,
pain on percussion if PDL (periodontal ligament)
around apical region is inflamed 3. Radiographic
examination; radiographic change and periapical
lesions can be found was diagnosed as Pulp
necrosis. Pre-operative radiographs were taken
before pulpectomy treatment in order to assess

furcation involvement or periapical radiolucency,
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pathologic external root resorption and internal
root resorption. If the tooth was unrestorable,
or root resorption was more than 2/3 of root
length, or the degree of tooth mobility was more
than grade Il, or showed a significant gingival
recession or periodontal pockets deeper than 4
mm, they were excluded. Subjects who had any
systemic disease(s), taking any kind of antibiotics,
had professional fluoride application or any dental
treatment within 2 months prior to the sample

collection period were excluded.

Sample collection

Samples were collected using a strictly
asepsis technigue (25). The tooth was cleaned
with pumice and isolated with a rubber dam and
the surrounding field was sterilized with iodine
solution (Italmar (Thailand) Co., Ltd). A sterile
bur with sterile normal saline for the coolant
was used to access the root canal. A #15 K-file
(Maillefer, Ballaigues, Switzerland) was inserted
to a level approximately 1 mm short of the tooth
apex, and a discrete filing motion was applied.
Afterward, two sequential paper points (Denjoy
Dental Co., Ltd, P.R. China) were placed at the
same level and left in the wet canal for 60 seconds
in order to soak up the fluid in the canal. Then,
the paper points were transferred to tubes
containing 1.0 ml of TE buffer. All samples were
immediately transported to the Oral Biology
Laboratory (Department of Oral Microbiology,
Faculty of Dentistry, Mahidol University, Bangkok,
Thailand) on ice and stored at -20°C until the

DNA extraction process.

DNA extraction

DNA was extracted based on enzymatic
lysis using a commercial kit (Flavogen, Pingtung,
Taiwan) as previously described (11). The extracted
DNA concentration and purity was measured
using a spectrophotometer at 260 nm/280 nm
(Nanodrop 2000C Thermo Scientific, Delaware,
USA).

Culture condition and standard strains

Two bacterial strains were used as standard
strains. Bifidobacterium longum (subspecies 51139)
was purchased from BIOTEC (National Center
for Genetic Engineering and Biotechnology,
Bangkok, Thailand) and cultured on BL agar. F.
nucleatum (ATCC 25586) was cultured on Brain
Heart Infusion agar. Both strains were incubated
at 37°C for 24-48 hours in anaerobic conditions
(5% CO2). Genomic DNA was extracted from the
overnight culture as described above. A ten-fold
serial dilution, starting from 108-102 CFU/ml,

was performed.

Conventional PCR

All extracted DNA samples were confirmed
with 16srRNA universal primers (Table 1).
Conventional PCR was performed as previously
described (11). Thermocycle (GeneAmp PCR
System 9600 PCR machine, PerkinElmer, CA, USA)
was set at 45 cycles. The procedure started
with preheating at 95°C for 10 minutes. Each
cycle consisted of a denaturing step at 95°C for
30 seconds, annealing at 52°C for 30 seconds,
extension at 72°C for 30 seconds, and incubation

for an additional extension at 72°C for 10 minutes.
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Quantitative Real-time PCR

Using specific primers (Table 1), the re-
action mixture (total volume of 20pl) contained
8.2ul of water, 10ul of 2X KAPA SYBR® FAST
gPCR Master Mix, 0.4yl of 10 yM forward and
reverse primer, and 1l of standard bacteria
DNA. The thermocycler (C1000™ Thermal cycler
and CFX 96 Real-time System) was set for 40
cycles. Each cycle consisted of enzyme activation
at 95°C for 3 minutes, denaturing at 95°C for
3 seconds, annealing for 20 seconds for
Bifidobacterium and F.nucleatum, respectively.
Melting curves were generated from 60°C to
95°C and read every 0.5°C for 5 seconds (11).

Agarose gel electrophoresis
Stained 2% agarose gel (UltraPure Agarose,
ThermoFisher Scientific, USA) with ethidium

bromide and direct visualized PCR products.

Statistical Analysis

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

carried out.

Results

A total of 134 primary teeth were included
in this study. Subjects consisted of 70 males
(52%) and 64 females (48%). Mean (x standard
deviation) age of the children was 5.25 + 1.37
years old. Sixty eight samples were diagnosed
with irreversible pulpitis (51%) and 66 with pulp
necrosis (49%).

There was a 100% (134/134) detection
rate using the 16srRNA universal primers. Both
Bifidobacterium and F. nucleatum were detected
at 99% (133/134). Mean levels (+ standard
deviation) of total bacteria, Bifidobacterium and
F. nucleatum in irreversible pulpitis group were
(3.47x10%£(14.20x10%),(1.11x109£(5.26x10%,
(0.54x10%+(22.23x10%), respectively. Meanlevels
(+standard deviation) of total bacteria, Bifidobacterium
and F. nucleatum in pulp necrosis group were
(2.06x106)+(3.68x106),(9.47x104)+(50.20x10%),
(2.03x10%+ (4.74x10%), respectively. There were a
significant difference of levels of total bacteria
(p = 0.001) and F. nucleatum (p = 0.025) between
two groups (Table 2). The ratio of Bifidobacterium
to total bacteria in irreversible pulpitis and
Pulp necrosis groups were (1.11x10%+(5.26x10%)/
(3.47x105)+(14.20x105and (9.47x104+(50.2x10%/
(2.06x100)+(3.68x108), respectively. The ratio
of F. nucleatum to total bacteria in irreversible
pulpitis and Pulp necrosis groups were (0.54x10%)
+(22.23x104)/(3.47x105)+(14.20x105)and
(2.03x10%)#(4.74x10%4)/(2.06x108)%(3.68x106),
respectively. The ratio of Bifidobacterium to total
bacteria in the irreversible pulpitis group was
significantly higher than in the pulp necrosis group
(p = 0.016) (Table 3). There was no correlation
between the levels of total bacteria and any

clinical signs and symptoms (Table 4). Likewise,
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there was no correlation between the levels of
Bifidobacterium and any clinical signs and
symptoms (Table 5). However, there was a
correlation between level of F. nucleatum and
swelling clinically (p = 0.04) (Table 6). Radiographic

evaluation in both groups included discontinuity

Table 1. Primers used in this study.

of lamina dura, widening periodontal ligament
(PDL) space, periapical radiolucency, furcation
involvement, root resorption and involvement of
permanent tooth bud. There was no correlation
between levels of total bacteria, Bifidobacterium

and F. nucleatum, nor any radiographic signs.

Primers Nucleotide sequence 5’ to 3’ Expected Annealing References
amplicon Temp
(bp) (°c)
Universal Forward 5-TGG AGC ATG TGG TTT 160 52 Sinsimer
BAC16S primer  AAT TCG A-3' et al., 2005 (39)
Reverse 5-TGC GGG ACT TAA CCC
primer AAC A-3'
Fusobacterium Forward F 5-CGC CCG TCA CAC 75 60 Amman
nucleatum primer CAC GAG A-3’ et al., 2013 (40)
Reverse 5-ACA CCC TCG GAA CAT
primer  CCC TCC TTA C-3'
Bifidobacterium Forward 5’-CTC CTG GAA ACG GGT 550 55 Matsuki

primer GG-3’ et al., 2004 (41)
Reverse 5-GGT GTT CTT CCC GAT
primer ATC TAC A-3

Table 2. Bacteria levels between 2 groups.

Bacteria Group Subject Bacteria levels (cells/ml) p-value!
(n) Mean
Total bacteria Irreversible pulpitis 68 3.47 x 10% £ 14.20 x 10° 0.001*
Pulp necrosis 66 2.06 x 108 + 3.68 x 106
Bifidobacterium Irreversible pulpitis 68 1.11 x 104 £ 5.26 x 104 0.183
Pulp necrosis 66 9.47 x 104 + 50.20 x 104
Fusobacterium Irreversible pulpitis 68 0.54 x 104 + 22.23 x 104 0.025*
nucleatum Pulp necrosis 66 2.03 x 104 + 4.74 x 104

1Mann—Whitney U test. * p-value < 0.05

104



SWU Dent J. Vol.16 No.2 2023

Table 3. The ratio of Bifidobacterium and Fusobacterium nucleatum to total bacteria between 2

groups.
The ratio of bacteria Bacteria levels (cells/ml) Subject p-value1
Bacteria Group Mean (n)
(%)
Bifidobacterium Irreversible pulpitis 1.11 x 104 £ 526 x 104/ 68 -
to total bacteria 3.47 x 105 + 14.20 x 10° (16%)
Pulp necrosis 9.47 x 104 + 50.2 x 10%/ 66
2.06 x 106 + 3.68 x 106 (11%)
Fusobacterium Irreversible pulpitis  0.54 x 104 + 22.23 x 104/ 68 0,689
nucleatum to total 3.47 x 10° £ 14.20 x 10° (6%)
bacteria Pulp necrosis 2.03 x 104 + 4.74 x 10%/ 66
2.06 x 106 + 3.68 x 106 (5%)

TMann-Whitney U test. * p-value < 0.05

Table 4. Association between level of total bacteria and clinical signs and symptoms.

Clinical signs and symptoms N Median p-valuel
(Pos, P75)

History of pain

Yes 115 5.84 X 10%(0.93 X 104, 120.23 X 10%) 0.175

No 19 2.08 X 104 (0.62 X 104, 9.03 X 10%

Pain from mastication

Yes 84 4.9 X 10% (0.86 X 104, 104.8 X 10%) 0.872

No 50 3.42 X 10% (0.98 X 104, 76.53 X 10%)

Pain from percussion

Yes 46 5.80 X 104 (0.94 X 104, 56.3 X 104%) 0.732

No 88 411 X 10% (0.82 X 104, 100.04 X 10%

Pain from palpation

Yes 41 3.41 X 10* (0.64 X 104, 81.82 X 10%) 0.628

No 93 5.84 X 10* (0.86 X 10%, 79.87 X 10%)

Sensitivity

Yes 9 0.94 X 10% (0.30 X 104, 5.95 X 10% 0.075

No 125 5.35 X 10* (0.97 X 104, 106.56 X 10%)

Swelling

Yes 15 9.47 X 10* (2.02 X 104, 515.23 X 10%) 0.094

No 119 3.5 X 10 (0.64 X 104 58.49 X 10%)
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Clinical signs and symptoms N Median p-valuel
(P25, P75)

Sinus tract

Yes 4 17.01 X 104 (2.7 X 104, 392.56 X 10%) 0.456
No 130 4.11 X 10% (0.91 X 104, 76.53 X 10%)

Tooth mobility

Yes 21 17.57 X 104 (1.50 X 10%, 153.89 X 10%) 0.264
No 113 3.79 X 104 (0.83 X 104, 46.16 X 10%)

1Mann—Whitney U test. * p-value < 0.05

Table 5. Association between level of Bifidobacterium and clinical signs and symptoms.

Clinical signs and symptoms N Median p-valuel
History of pain

Yes 115 677 (162, 5199) 0.106
No 19 263 (72, 1362)

Pain from mastication

Yes 84 440 (120, 4460) 0.370
No 50 754 (224, 5352)

Pain from percussion

Yes 46 565 (154, 8949) 0.530
No 88 620 (110, 3744)

Pain from palpation

Yes 41 478 (147, 5528) 0.815
No 93 706 (129, 4632)

Sensitivity

Yes 9 556 (135, 4796) 0.919
No 125 669 (147, 4837)

Swelling

Yes 15 1004 (677, 23564) 0.130
No 119 502 (123, 4276)

Sinus tract

Yes 4 4282 (1109, 224108) 0.219
No 130 563 (139, 4763)

Tooth mobility

Yes 21 320 (75, 5528) 0.468
No 113 627 (168, 4632)

TMann-Whitney U test. * p-value < 0.05
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Table 6. Association between level of F. nucleatum and clinical signs and symptoms.

Clinical signs and symptoms N Median p-valuel

History of pain
Yes 115 405 (26, 2766) 0.247
No 19 163 (9, 1328)

Pain from mastication
Yes 84 335 (25, 1941) 0.765
No 50 332 (24, 2660)

Pain from percussion
Yes 46 507 (27, 2896) 0.613
No 88 238 (22, 1941)

Pain from palpation

Yes 41 163 (26, 1071) 0.307
No 93 422 (23, 4308)

Sensitivity

Yes 9 297 (0.99, 1888) 0.348
No 125 355 (25, 2031)

Swelling

Yes 15 740 (297, 5721) 0.040*
No 119 229 (21, 1876)

Sinus tract

Yes 4 5008 (510, 29115) 0.123
No 130 270 (24, 1898)

Tooth mobility
Yes 21 405 (109, 1155) 0.495
No 113 242 (21, 2432)

TMann-Whitney U test. * p-value < 0.05
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Discussion

Results from this study demonstrated that
the total bacterial level from the pulp necrosis
group was significantly higher than the irreversible
pulpitis group. Similar to previous study which
showed that the number of bacterial cells included
anaerobic and facultative microorganisms were
higher in the pulp necrosis group than in the
irreversible pulpitis group (26). This was the first
quantitative analysis of Bifidobacterium in infected
root canals in primary teeth in Thai children.
Most of previous studies were done to analyze
the association between this bacteria and advanced
dental caries. Previous studies have suggested
that bacteria located in advanced dental caries
are directly involved in inducing damage and
consequent inflammation in the pulp tissue, and
Bifidobacterium is one of those bacteria that
are involved in pulpal inflammation and initiate
endodontic infection (5,7,27). Previous study
reported the bacteria associated with advanced
dental caries in adult permanent teeth were
Lactobacillus, Prevotella, Fusobacterium, and
Bifidobacterium (6). Another previous study
demonstrated bacteria involving in severe dental
caries in primary and permanent teeth in children
and young adults and the results reported high
level of Bifidobacterium in deep dentin caries (8).
Bifidobacterium was not only detected in deep
carious lesions but also in root canals infection
in permanent teeth (28,29). In addition, it was
found in the primary teeth with necrotic pulps
in children aged 4-7 years old together with
Streptococcus intermedius (30). In this study, a
higher level of Bifidobacterium was found in the
pulp necrosis group than in the irreversible pulpitis
group. Even though it was not significantly

different, it may imply that Bifidobacterium is

definitely involved in infected root canals in
primary teeth. In addition, in this study, results
showed that the ratio of Bifidobacterium to total
bacteria in the irreversible pulpitis group was
significantly higher than in the pulp necrosis
group. From previous study that collected samples
from pulp diagnosed apical periodontitis from
permanent teeth showed that Actinomyces,
Bifidobacterium, four different Lactobacillus,
Propionibacterium, and Streptococcus were mainly
detected (31). Bifidobacterium were shown to
have similar acidogenicity and aciduricity to
S. mutans and the ability to produce an acidic
environment, to resist low pH and to promote
biofilm formation when co-adhered with primary
colonizers (10). Haukioja and colleagues reported
that Bifidobacterium did not bind to saliva-coated
hydroxyapatite, but bound well to F. nucleatum-
coated surfaces, indicating the importance of
other oral bacteria in modulating the colonization
potential of the strains (32). This might be one of
the reasons that the detection of Bifidobacterium
was in the same direction as F. nucleatum.
However, this is the first study that quantitatively
detected Bifidobacterium level in pulp infection
of primary teeth, it is difficult to compare results
with previous study due to the limitation of this
kind of study. Further study is recommended to
confirm the role of Bifidobacterium in root canal
infection of primary teeth.

In this study, a high prevalence of
F. nucleatum was found (99%), which is in
agreement with previous studies (18,21,22).
Previous study reported that in pulp necrosis
with periradicular lesions from primary teeth, the
most prevalent bacteria was F. nucleatum (100%)
(18). Another study investigated the microbial

composition of 30 infected root canals in primary
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teeth, their results showed that F. nucleatum was
the most prevalent bacteria (97%) (21). However,
some studies showed a lower detection rate of
F. nucleatum. Fabris and colleagues investigated
primary teeth with 103 necrotic pulp (n = 103)
and fistula presented at gingiva area (n = 7)
using the PCR technique, their results showed
that F. nucleatum was detected at 25% (22).
Another study using Real-Time PCR technique to
evaluate microbiota in primary endodontic
infections in permanent teeth. Their results showed
that F. nucleatum was detected at 27% (33). In this
study, F. nucleatum levels in the irreversible
pulpitis group and the pulp necrosis group were
0.54x10% £ 22.23x10% and 2.03 x 104 + 4.74 x 104,
respectively. F. nucleatum was detected significantly
higher in the pulp necrosis group when compared
to the irreversible pulpitis group. Our result was
different from the previous study that was found
mean level of F. nucleatum were 15.38 x 10° and
5.59 x 10% in the irreversible pulpitis group and
pulp necrosis with sinus tract group in permanent
teeth, respectively (34). Their results showed the
higher levels of F. nucleatum in the irreversible
pulpitis group. Another study investigated amount
of F. nucleatum in pulpitis, they reported the
number of 4.2 x 105 (35). A different detection
rate among studies might be from the different
guideline of pulp diagnosis between permanent
and primary teeth and the technique used to
identify bacteria. In this study, there was a
correlation between levels of F. nucleatum and
swelling at the gingiva area clinically. Similarly,
several studies previously revealed that F. nucleatum
has been associated with clinical symptoms. In
permanent teeth, F. nucleatum was reported to
relate with a history of pain, tenderness to

percussion, gingiva swelling, fistula, purulent

exudate, and periapical radiolucency (36,37). In
addition, some studies in primary teeth showed
that F. nucleatum was detected higher in teeth
that were tender to percussion and where mobility
was present (25,37). Another study obtained
samples from 30 teeth in children with both primary
and permanent dentitions found a relationship
between F. nucleatum and hemorrhagic exudate,
purulent exudate, and periapical radiolucency (21).
F. nucleatum is a gram-negative bacteria. Previous
studies had reported that gram-negative bacteria
cell wall containing endotoxin which can stimulate
the release of bradykinin. It is a pain mediator
that associates with acute symptoms such as
pain (38). The apical part of root canal has low
oxygen tension and large availability of proteins
and glycoproteins which contributes to anaerobic
bacteria establishment. Most of them are strictly
anaerobic species, such as F. nucleatum,
Porphyromonas endodontalis, Tannerella forsythia
and Treponema denticola (38). This study might
not directly useful in the clinical outcome.
However, bacterial infection is the cause of
caries and pulp infection. Knowledge regarding
bacteria involving the pulp infection process
especially in primary teeth is very limited. This
study might fill some gap that missing in the
information regarding role of bacteria in pulp
infection in primary teeth.

In conclusion, total bacteria and levels of
F. nucleatum in the pulp necrosis group were
significantly higher than in the irreversible pulpitis
group. The ratio of Bifidobacterium to total bacteria
in the irreversible pulpitis group was significant
higher than in the pulp necrosis group. There
was a correlation between levels of F. nucleatum

and gingiva swelling clinically.
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The Effect of each Crude Extract from Streblus asper, Andrographis
paniculata and Curcuma longa in combination with Chlorhexidine
for Antimicrobial Activity against Streptococcus mutans

Paramaporn Chiewpattanakul Kaewmanee* Nanthapat Aiumtrakul**
Pattanan Sritaweesap*** Apichaya Soonthornpusit**** Jiraphak Jaturont*****
Benyada Theerautthavate******

Abstract

Objective: To study the antimicrobial activity against Streptococcus mutans of chlorhexidine
in combination with each crude extract from Streblus asper, Andrographis paniculata and Curcuma
longa.

Material and methods: Streblus asper, Andrographis paniculata and Curcuma longa were
extracted with 95% ethanol and each crude extract was studied for antimicrobial activity against
Streptococcus mutans. Then each crude extract from S. asper, A. paniculata and C. longa combining
with chlorhexidine in various concentrations was studied for antimicrobial activity against S. mutans
by using disc diffusion method.

Results: The crude extract from C. longa displayed the highest antimicrobial activities
against S. mutans in all concentrations, then S. asper and A. paniculata, respectively. The study
of chlorhexidine with each crude extract from S. asper, A. paniculata and C. longa showed that
chlorhexidine with S. asper concentration 1:4 and 1:2, 1:4 and 1:4, 1:16 and 1:2, 1:64 and 1:2 gave
the mean of inhibition zone diameters greater than or equal to the 0.12% chlorhexidine. Moreover
the chlorhexidine concentration 1:4 combined with A. paniculata concentration 1:2 exhibited the
higher mean of inhibition zone diameters than 0.12% chlorhexidine.

Conclusion: The crude extract from S. asper and A. paniculata when combining with
chlorhexidine in appropriate concentration, could inhibit S. mutans which as equals to 0.12%
chlorhexidine. Using crude extracts from S. asper concentration 1:2 in combination with the lowest
concentration of chlorhexidine (1:64), could show antimicrobial activities similar to 0.12% chlorhexidine,

which can reduce the use of chlorhexidine by 64 times.

Keywords: Streblus asper, Andrographis paniculate, Curcuma longa, Chlorhexidine, Streptococcus

mutans
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Fig 1. Shows the inhibition zone of Streptococcus mutans with chlorhexidine at
(1) initial concentration, (2) concentration 1:4, (3) concentration 1:16, (4) concentration 1:64,

(5) concentration 1:256 and (6) 95% ethanol.
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Fig 2. Graph shows mean diameters of inhibition zone various concentrations of chlorhexidine.
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Fig 3. Shows the inhibition zone of Streptococcus mutans with 3 crude herbal extracts,

(A) Streblus asper crude extract, (B) Andrographis paniculata crude extract,

(C) Curcuma longa crude extract, (1) crude herbal extract at initial concentration,

(2) crude herbal extract at concentration 1:2, (3) crude herbal extract at concentration 1:4,

(4) crude herbal extract at concentration 1:8, (5) chlorhexidine at initial concentration and
(6) 95% ethanol.
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Fig 4. Shows inhibition zone of Streptococcus mutans with crude extract from Streblus asper
combine with chlorhexidine, (A) chlorhexidine at concentration 1:4, (B) chlorhexidine at
concentration 1:16, (C) chlorhexidine at concentration 1:64, (D) chlorhexidine at concentration
1:256, (1) crude extracts from Streblus asper at concentration 1:2, (2) crude extracts from
Streblus asper at concentration 1:4, (3) crude extracts from Streblus asper at concentration

1:8, (4) chlorhexidine at initial concentration, (5) 95 % of ethanol.
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Fig 5. The graph shows the mean inhibitory zone diameters of chlorhexidine at initial concentration

and chlorhexidine combine with various concentrations of crude extract from Streblus asper.
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Fig 6. Shows inhibition zone of Streptococcus mutans with crude extract from Andrographis
paniculata combine with chlorhexidine, (A) chlorhexidine at concentration 1:4, (B) chlorhexidine
at concentration 1:16, (C) chlorhexidine at concentration 1:64, (D) chlorhexidine at concentration
1:256, (1) crude extracts from Andrographis paniculata at concentration 1:2, (2) crude extracts
from Andrographis paniculata at concentration 1:4, (3) crude extracts from Andrographis
paniculata at concentration 1:8, (4) chlorhexidine at initial concentration, (5) 95 % of ethanol.
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Fig 7. The graph shows the mean inhibitory zone diameters of chlorhexidine at initial concentration

and chlorhexidine combine with various concentrations of crude extract from Andrographis paniculata.
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Fig 8. Shows inhibition zone of Streptococcus mutans with crude extract from Curcuma longa
combine with chlorhexidine, (A) chlorhexidine at concentration 1:4,

(B) chlorhexidine at concentration 1:16, (C) chlorhexidine at concentration 1:64,

(D) chlorhexidine at concentration 1:256, (1) crude extracts from Curcuma longa at
concentration 1:2, (2) crude extracts from Curcuma longa at concentration 1:4,

(3) crude extracts from Curcuma longa at concentration 1:8,

(4) chlorhexidine at initial concentration, (5) 95 % of ethanol.
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Fig 9. The graph shows the mean inhibitory zone diameters of chlorhexidine at initial
concentration and chlorhexidine combine with various concentrations of crude extract from

Curcuma longa.
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Comparison Between Using Bovine-Derived Xenograft and
Biphasic Calcium Phosphate Graft for Interdental Bone and Gum
Augmentation

Tipaporn Ongsuwan*,** Narongsak Laosrisin**

Abstract

Objectives: The interdental papilla absence is caused by periodontitis and its healing after
treatment. The papillary preservation technique, gingival graft or bone augmentation, has been
used for its reconstruction, but the result is unpredictable. The aim of this study is to compare the
results of using bovine derived xenograft (BDX) and biphasic calcium phosphate (BCP) graft for the
reconstruction of interproximal area.

Methods: Total of 20 papillary absent sites were subjected to a microsurgical procedure with
a horizontal incision on the buccal aspect of the base of the papilla. Papilla tissue were elevated
upward. BDX or BCP grafts were augmented in 10 sites each. A piece of free gingival graft from
the tuberosity was sutured to cover the open access at the buccal site. The primary outcomes of
black triangle height (BTH) and relative bone level (RBL) were compared between BDX and BCP at
baseline, 1, 3 and 6 months postoperatively.

Results: The papillary height were increased in 4 sites in both the BDX and BCP groups.
The mean value of ABTH in the BCP group (-0.45 + 0.60 mm.) was more reduced than in the BDX
group (-0.20 £ 0.59 mm.) significantly (p = 0.005) after 6 months. There is no significant different
(p = 0.564) in the mean value of RBL between the BDX (1.11 £ 0.10 mm.) and BCP groups (1.62
+ 0.10 mm.) after 6 months.

Conclusions: The microsurgery using BDX or BCP graft with free gingival graft might be
the new interdental augmentation that can increase the interdental papillary height and new bone

formation.

Keywords: Periodontal regeneration, Papillary preservation technique, Interdental bone augmentation,

Bovine derived xenograft, Biphasic calcium phosphate graft

*Dental hospital, **Department of Conservative Dentistry and Prosthodontics, Faculty of Dentistry, Srinakharinwirot University,

114 Sukhumvit 23 Rd, Wattana, Bangkok, 10110, Thailand.
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Fig 1. Reference stent used for clinical measurements, (A) apex of gingiva at cervical area

(B) tip of interdental papilla (C) contact point (D) reference point.
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Fig 2. The diagram shows the sequence of workflows.
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Fig 3. Periodontal microsurgery instruments (A) mini blade (B) blade holder

(C and D) gingival retractor (E) tissue punch.
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Fig 4. Periodontal surgery for interdental bone augmentation, (A) Sulcular incision and
semilunar incision at base of interdental papilla (B) Reflect the full thickness flap and
placement of BDX or BCP and push incisally (C) Take FGG from tuberosity

(D) Placement of free gingival graft and sutured.
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Table 1. Periodontal clinical parameters at baseline.

BCP group BDX group
Number of site 10 10
Phenotype (thin : thick) 37 4:6
Tooth types (anterior : premolar) 8:2 8:2
Pl (mean  SD) 1.06 £ 0.52 1.05 £0.48
Gl (mean + SD) 0.68 + 0.37 0.65 + 0.48

BCP group unungaiivhdasysviusugnnazgnizwitvitulealdlumiauea@aunaame

BDX group ununguiihdasusiiusdugnnazsgnaznivilulasldnszaniandis  33swuganta

Abbreviations: Gl, gingival index; PI, plaque index

No differences between groups for any parameters [Phenotype and Tooth types: Chi-Square test

(p < 0.05), Pl and GI: Mann-Whitney test (p < 0.05)]
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Fig 5. Example of interdental papilla augmented with biphasic calcium phosphate graft (A-E)
and bovine derived xenograft (F-J): baseline (A,F) immediately after surgery (B,G) after surgery
1 month (C,H) 3 months (D,l) and 6 months (E,J).
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Table 2. Means of clinical periodontal parameters at baseline, immediately after surgery and 1,

3 and 6 months after surgery.

Clinical Baseline Immediately 1 month 3 months 6 months *p-value
parameters after surgery
PI
BCP group 1.06 + 0.52 - 096 £ 051 108060 126+053 0317
BDX group 1.05 + 0.48 - 100 + 046 103 £055 0.88 + 0.54
Gl
BCP group 0.68 + 0.37 - 0.70 £ 044 080 +0.44 093 £029 0.083
BDX group 0.65 + 0.48 - 0.65 £ 047 0.80 + 0.48 0.76 + 0.44
RPH (mm)
BCP group 520+ 114 420+ 148% 510161 500+ 133 480114 0317
BDX group 510 £ 099 370067 554134 520+132 485%125
BTH (mm)
BCP group 250 £ 071 1500972 230141 225+109 205%096 0.655
BDX group 240 +084 070067 200091 235+125 220095
RGM(mm)
BCP group 703 +118°A 703 +1.18~A 7.03 + 1.18A 7.03 + 1.18A 7.03 + 1.18~A 0.025
BDX group 6.05 + 0568 6.05+ 0568 6.05+ 0568 6.05 + 0568 6.05 + 0.568
Mobility
BCP group 0.70 + 0.42 - - 0.68 £ 041 065+ 047 0.083
BDX group 0.48 + 0.46 - - 0.55 £ 044 0.50  0.49

Abbreviations: BTH, black triangle height; Gl, gingival index; PI, plague index; RGM, relative gingival

margin; RPH, relative papillary height.

*Significant differences between group were analyzed using Friedman Two-Way ANOVA; p-value < 0.05.

Significant differences within group were analyzed using Friedman ANOVA;

p-value < 0.05.

Different uppercase letters represent different between groups.

Different lowercase letters represent different within group.
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Table 3. Difference of clinical periodontal parameters at immediately after surgery, 1, 3 and 6

months after surgery compared with baseline.

Clinical Baseline to Baseline to Baseline to Baseline to *p-value

parameters immediately 1 month 3 months 6 months
after surgery

A RPH(mm)
BCP group -1.00 £ 0.82A  -0.10 + 1.07B2  -020 + 0.79B2  -0.40 + 0.52B  0.001
BDX group -1.40 £ 0.70A 035+ 1.0682 010+ 0.88B2 -0.25 + 0.63Ba
A BTH(mm)
BCP group -1.00 £ 0.94A 020 +125B2  _025+ 0.80Ba -0.45 + 0.6082 0.005
BDX group -1.70 £ 0954  -0.40 + 1.20B2 005 + 0.90B2 -0.20 + 0.59Ba

*significant differences between group were analyzed using Friedman Two-Way ANOVA; p-value < 0.05.

Significant differences within group were analyzed using Friedman ANOVA; p-value < 0.05.

Different uppercase letters represent different between groups.

Different lowercase letters represent different within group.
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Fig 6. Radiographs show relative bone level after augmented with biphasic calcium phosphate

graft (A-C) and bovine derived xenograft (D-F) at baseline (A,D) immediately after surgery (B,E)

and 6 months (C,F).
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Table 4. Means of relative bone level at baseline, immediately and 6 months after surgery.

Clinical Baseline Immediately 6 months *p-value
parameters after surgery
RBL (mm)
BCP group 1.81 £ 0.07 0.55 + 0.072 1.62 £ 0.10 0.564
BDX group 2.01 £ 0.90 0.17 + 0.052 1.11 £ 0.100

Abbreviations: RBL, relative bone level (distance from the alveolar bone crest to the CEJ level)

Significant differences within group were analyzed using Friedman ANOVA; p-value < 0.05 and different

lowercase letters represent different within group.
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Gummy Smile: Etiology, Orthodontic Correction and Its Avoidance
Due to Orthodontic Treatment

Khanittha Thianchanachaiya* Neeranart Thirasupa*

Abstract

Gummy smile is the smile showing excessive gingival display which has an effect on
patients’ esthetics and self-confidence. Its etiology is divided into 2 major groups: patient factor and
orthodontic treatment factor, such as improper mechanics of anterior teeth retraction or intermaxillary
elastic traction. Gummy smile can be treated by either orthodontic treatment combined with
orthognathic surgery or camouflage treatment such as clear aligner appliance or fixed appliance
depending on the etiology and patients’ expectation. Unwell planned orthodontic tooth movement
is able to increase gingival display at smile which aggravates facial esthetics. Therefore, the
orthodontists should pay special attention to etiology and mechanics affecting the gingival display

and the avoidance of gummy smile owing to orthodontic treatment.

Key words: Gummy Smile, Gingival Display, Camouflage Treatment

*Department of Pedodontic and Preventive Dentistry, Faculty of Dentistry, Srinakharinwirot University, 114 Sukhumvit 23,
Wattana, Bangkok 10110, Thailand.
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Fig. 1 shows gingival display during broad smile in 3 levels when measures from lower border

of upper lip to gingival margin of central incisors.

(A) No gingival display at 0 mm

(B) 2 mm - gingival display (C) 4 mm - gingival display
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Fig. 2 shows gingival display and type of upper lip curvature shape during broad smile.

(A-C) shows 5-mm gingival display which measured from the inferior border of upper lip to

gingival margin of anterior central incisors. (A) Upward upper lip curvature,

(B) Straight upper lip curvature (C) Downward upper lip curvature.
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Fig. 3 (A-B) Tooth inclination caused by bowing effect that contributes to gummy smile.
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Fig. 4 Shows a straight wire passing through angulated canine position

and passes incisal to the incisors.
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Fig. 5 Shows the position of mini-screw located between root of canine and lateral incisor to

intrude upper anterior teeth and to correct gummy smile, including the application of intrusive

force by elastomeric chain attached from main archwire to mini-screw.
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Fig. 6 (A) Fabrication of hook on aligner by cutting palatal surface of aligner for elastic traction.

(B) Elastic traction pattern from fabricated hook at palatal aspect of aligner to mini-screw at

labial bone of premaxilla to avoid labial frenum irritation.
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Fig. 7 Shows main arch wire position at anterior segment and its correction that can prevent

anterior teeth extrusion (A, B) Stainless steel wires with step-up bends bypassing

the incisor brackets.
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Review Articles: A Focus on Gene-Related Tooth Development

Nuthamol Ampawa* Ranida Ampa* Nattapon Rotpenpian*

Abstract

Human teeth are vertebrate-specific structures involving many genes interacting in their
development, which can lead to anomalies occurring in the disturbance of these genes expression.
There is little summarized knowledge of gene related tooth development, therefore, this article
reviewed these genes during tooth development. Tooth development stages can be classified as
initiation, proliferation and morphogenesis, cell differentiation, hard tissue genesis, and root formation.
In the initiation stage of tooth development, there are LIM homobox genes such as Lhx6 and Lhx7
of activated mesenchymal cells at the oral region and DIx1-7 develop at the inter-arch within the
brachial region. Also, in this stage, Fgf8, Barx1, and DIx2 are expressed proximally overlying the
presumptive molar field. BMP4 regulates the expression of MSX1 and MSX 2 which are expressed
distally overlying the presumptive incisor filed. The Lymphoid Enhancer-binding factor (Lef1) from
dental mesenchyme activates cell proliferation, morphogenesis, and cytodifferentiation until dental
papilla and Sonic hedgehog (Shh) form. All of the proposed genes above cause tooth development

in the oral cavity.
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Introduction

The tooth is a special organ in humans.
The special organ of the tooth includes the
crown and root formation. Enamel, dentin, and
cementum are all hard tissues. All hard tissues
of all living animals in this world must compose
of a substance called “hydroxy apatite” (HA) (1).
HA is a complex hexagonal crystal. Ameloblasts,
odontoblasts, and cementoblasts can synthesize
HA, but they are all under the control of “Genes”
2).

The fundamental processes of genes are
to control and generate all organs. In the early
stages, genes play a role in the morphology
and transfer of offspring. The characteristic of
the DNA is a double helix. Deoxyribose is two
strands in this DNA structure. The group of bases
includes Cytocine (C), Glysine (G), Adenine (A),
and Thyamine (T) that adhere to the deoxyribose
(3). The arrangement of those bases is the key
to controlling genetic codes. One genetic code
contains three bases; therefore, the possible
genetic code of an equal 64 code (4).

Genes or DNA transfer the duplicated
genetic code to the messenger RNA which then
transfers it to the cytoplasm, which is called
transcription. Ribosome plays a role in amino
acid synthesis, which is called translation (5).
The polypeptides can be compared to stimulants,
which can activate the reactions in their own or
surrounding cells. The activated process is caused
by binding receptors, leading to cellular responses
(6). The cellular response contributes to cell
migration, proliferation, and differentiation which
can generate enamel and dentine, respectively

(7).

Stage of tooth development

Teeth are vertebrate-specific structures
that, like other organs, develop through a series
of sequential and reciprocal interactions between
the epithelium and mesenchyme (8). Mammalian
teeth are initiated from the oral ectoderm covering
the maxillary, frontonasal and mandibular processes
(9).

The tooth development is caused by two
different cells including ectoderm and ectomesenchyme.
The ectoderm can differentiate into ameloblasts,
causing enamel growth. Ectomesenchyme is a
central core consisting of mesenchyme derived
from lateral plate mesoderm invaded by neural
crest cells (10). The ectomesenchyme can
differentiate into odontoblasts, and cementoblasts,
causing dentin and cementum, respectively.
These ectodermal and ectomesenchymal cells
have interacted with each other to induce gene
expression for initiating the tooth development
(11)

The first branchial arch is populated
by neural crest cells from the caudal part of
the midbrain and rostral part of the hindbrain
(12). The first branchial arch is the origin of the
odontoblasts, dentin, pulp tissue, cementum, and
periodontal ligaments of teeth (13). Therefore,
tooth development is classified into 5 processes:
initiation, proliferation and morphogenesis, cell
differentiation, hard tissue genesis, and root

formation (14).

1. Initiation

The initiation phase is controlled by the
ectoderm. The odontogenic or dental epithelium
of the ectoderm has the potential to initiate tooth
buds (15). Disturbances in the initiation phase

will cause missing teeth or hypodontia.
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Moreover, several transcription factors
(TFs), growth factors (GFs), and extracellular
matrices (ECM) are expressed in the epithelium
and mesenchyme of the first brachial arch in
spatially and temporally regulated patterns (16).
TFs bind to specific sequences on DNA and help
to attract RNA polymerase to the start point of
transcription. GFs promote the growth, survival,
ECM

causes cell movement and cell proliferation (17).

proliferation, or differentiation of cells.

High levels of fibroblast growth factor
8 (Fgf8) signaling activate the mesenchymal
expression of the LIM homeobox genes, Lhx6
and Lhx7, in the oral (rostral) region (18,19). Fgf8
and endothelin (ET1) from the mandibular arch
ectoderm activate Goosecoid (GSC) expression
in the caudal mesenchymal region (20-22).

The jaw is therefore divided into a tooth-
forming Lhx-positive domain and a non-tooth-
forming Gsc-positive domain (23). Distal-less

genes might be involved in establishing inter-

Proximal

arch identity within the branchial region (24).
There are 6 members of this family: DIx-1, -2,
-3, -4, -5, and -6. These genes are arranged in
pairs, with each pair having a similar domain of
expression including DIx-1/2, DIx-3/4, and DIx-
5/6 (25). Fgf8 and Fgf9 are expressed proximally
overlying the presumptive molar field (26,27).
Bmp4 is expressed distally overlying the
presumptive incisor field (28). However, these
initial domains, which are set up in the epithelium,
remain unclear. Fgf8 induces Barx1 expression.
As well as, Barx1 induces DIx2 expression in the
underlying proximal mesenchyme (29). BMP4
positively regulates the expression of Msx1 and
Msx2 in the underlying distal mesenchyme (30),
and at the same time negatively regulates Barxi
expression. Moreover, the restriction of Barx1
and DIx2 occurs in the presumptive molar region
whilst the restriction of Msx1/2 occurs in the
presumptive incisor region (31). We summarized

in Fig 1.

Distal

Oral

Aboral

Fig. 1 Pattern of gene expression in the developing tooth (modified from Rhrich, F., & amp;

Aghoutan, H. Embryological development of human molars. Human Teeth - Key Skills and
Clinical lllustrations. 2020:1-16)
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2. Proliferation

The proliferation phase is where the
epithelium of the ectoderm divides and
penetrates the ectomesenchyme, causing the
enamel organ to grow. When the mesenchyme
is divided and aggregated under the enamel
organ, it causes dental papilla, odontogenic
mesenchyme, and genes related to the initiation
phase. The enamel organ and dental papilla can
promote the proliferation together. The enamel
organ is responsible for controlling the penetration
of the cell itself, whereas the dental papilla is
responsible for the direction of proliferation
(32,33).

3. Morphogenesis

Tooth morphogenesis is a complex multi-
factorial process where differential mitotic activities,
apoptosis as well as cell migration, and cell
adhesion may play an important role (34). The
interaction of the dental papilla and enamel
organ causes cap formation, followed by the
differentiation of the Internal Enamel Epithelium
(IEE) and Stratum Intermedium (SI). Cap formation
is achieved through folding along the mesiodistal
axis of the enamel organ and is orchestrated
by the enamel knot (35). An enamel knot is a
transient signaling center intimately involved with
the regulation of tooth shape or outline (36). The
morphogenesis of the epithelium during the cap
and bell stages involves rapid proliferation and
folding of the cells at the site of the tips of future
tooth cusps (7,37). Thus, FGFs are the key
regulators for the growth and folding of the
epithelium (38). FGF signaling combined with
areas of non-dividing epithelial cells (the enamel
knot) surrounded by areas of strongly proliferative

epithelia may play a central role in the folding of

dental epithelia (39). BMPs have been suggested
to play a role in the formation of periodic
patterning by inhibiting the spreading of FGF
signaling. FGFs and BMPs regulate the distance
between forming cusps (40,41).

In addition, in a wild-type mouse, Osr2
was expressed in a lingual-to-buccal gradient
across the jaw axis and restricted Bmp4-Msx1
pathway activity in the lingual region (42). In
Osr2 -/-, Bmp4-Msx1 activity is unrestricted and
propagates mesenchymal activation for tooth
induction in the lingual region, causing supernumerary
teeth (43). Therefore, Osr2 is an important
determinant for patterning the mammalian dentition

into a single row across the jaw (44,45).

4. Cell Differentiation

After a tooth germ’s shape is determined,
IEE and dental papilla can differentiate into
ameloblasts and odontoblasts, respectively (46).
An ameloblast can generate enamel, and an
odontoblast can generate dentin-pulp complex.
Differentiating IEE cells secrete some proteins,
together with GFs (eg. BMP-2, TGF-b1), to
induce the terminal differentiation of odontoblasts
(47,48). As odontoblasts differentiate, they secrete
organic matrices of dentin which is ultimately
mineralized (49). IDE cells continue their
differentiation into ameloblasts producing an
enamel matrix (50). Root formation is initiated
through further apical growth of the cervical loop
(51).

5. Hard Tissue Genesis

Hard tissue genesis is the last stage of
tooth development. This process is not correlated
with any odontogenic tissue (52). The ameloblast

and odontoblast can play a role themselves.
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Ameloblasts can synthesize the HA in the
hexagonal structure, causing the enamel structure
of the teeth to form (53,54). Odontoblasts can
generate a dentine-pulp complex (55). However,
some genes are related to hard tissue genesis.

The tooth buds do not undergo branching
morphogenesis like many other organs such as
glands and lungs but instead start to invaginate
at their tip, which leads to folding along the
anteroposterior (mesiodistal) axis of the bud
(31,56). The site at the tip of the tooth bud
where the folding of epithelium starts marks the
formation of the enamel knot (2,39).

Moreover, the Lymphoid Enhancer-binding
factor (Lef1) from dental mesenchyme activates
cell proliferation, morphogenesis, and cytodifferentiation
until it forms dental papilla and Sonic hedgehogs
(Shh) (57,58).

Known genes that are involved in and
are responsible for the regulation of the “Tooth
shape” can include Msx-1 and -2 and Alx-3
together for an incisor (31,39,59). For molars, we
can see many gene expressions of DIx-1 and -2
together with Barx-1 (60). If we knock Msx-1 or
-2 (genes for incisor) out of the dental papilla of
an incisor tooth and overexpress by the Barx-1
gene (a gene for molar), it will result in the
production of a molar (9,61).

For root development, epithelial cells of
the IEE and OEE proliferate from the cervical
loop of the enamel organ to form a double layer
of cells known as Hertwig’s epithelial root sheath
(HERS) (62). HERS extends around the dental

pulp until it encloses all but the basal portion
of the pulp (63). The rim of the root sheath, the
epithelial diaphragm, encloses the apical foramen.
The root sheath of multirooted teeth is formed as
a collar hanging from the enamel organ. HERS
extends around each apical foramen forming
many epithelial tubes (64). Once the HERS forms,
it rapidly initiates root dentinogenesis and then
becomes fragmented, forming discrete clusters
of epithelial cells known as the epithelial cell
rests of Malassez (ERM) (65,66). As the HERS
fragmented, ectomesenchymal cells of the dental
follicle penetrate opposing newly formed
root dentin. Root dentin induces the follicular
mesenchyme to form cementoblasts (67). Some
epithelial cells of HERS might undergo an
epithelial-mesenchymal transformation and
subsequently secrete a cementum matrix forming
acellular cementum. During root formation, HERS
acts as a barrier that establishes the root shape
and may mediate cementum formation (68,69).
Finally, the tooth germs that give rise to
the permanent incisors, canines, and premolars
form as a result of further proliferative activity
within the deciduous dental lamina (70). The
molars of the permanent dentition have no
deciduous predecessors, so their tooth germs
develop from the dental lamina that burrows
posteriorly beneath the lining epithelium of the
oral mucosa into the ectomesenchyme (11,59,71).
We summarized genes related to the tooth

development in figure 2.
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Fig 2. Summary of genes related to the tooth development (modified from Thesleff I. Current

understanding of the process of Tooth Formation: Transfer from the Laboratory to the clinic.
Australian Dental Journal. 2013;59:48-54.)

Conclusion

Human teeth are vertebrate-specific
structures involving many genes interacting in
their development, which could lead to anomalies
occurring, which may disturb these genes’
expression. The tooth development stages can
be classified into initiation, proliferation and
morphogenesis, cell differentiation, hard tissue
genesis, and root formation. Subsequently, this
article may provide the knowledge for further
study and forecasting the diseases in each stage
of tooth development. Nevertheless, the gene-
related tooth development still requires more

research studies.
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