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Instruction for Authors

The Journal of the Dental Association of Thailand

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

» Categories of the Articles «

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

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

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

» Manuscript Submission «

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

» Scope of Article «

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

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

2. For Thai article, use font of Cordia New Style
size 14 in a standard A4 paper (21.2 x 29.7 cm) with 2.5 cm
margin on a four sides. The manuscript should be typewritten

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

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

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

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

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

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

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

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

Editorial Staff of JDAT

The Dental Association of Thailand

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

1. Title Page

The first page of the article should contain the
following information

- Category of the manuscript

- Article title

- Authors’ names and affiliated institutions

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

2. Abstract

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

3. Text

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

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

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

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

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

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

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

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

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

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

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

- Authors

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

- Institutional authors

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

- No author

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

- Authors being writers

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

- Authors being both writer and editor

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

- Books with authors for each separate chapter

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

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

- Institutional authors

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

- Conference proceedings

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

- Conference paper

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

- Documents from scientific or technical reports

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

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

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

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

- Online only article (without doi)

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

- Patent

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

- Petty patent

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

» Preparation of the Review articles and Case reports «

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

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

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

» Copyright «

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

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

The price of addition color printing is extra charged
10000 bath/article (vat included).

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

» Updated January, 2021 «
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Clear Aligner: Effectiveness, Limitations and Considerations
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'Department of Orthodontics, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

Abstract

Clear aligner has been an alternative appliance in orthodontic treatment to conventional fixed appliances

in adult and teen patients. There are advantages in terms of hygiene, comfort and esthetics, however, clinician

expertise and patient compliance are critical for satisfactory treatment results. Lower incisor intrusion, mandibular

arch expansion and upper molar distalization are the predictable movements with clear aligner while extrusion and

rotation are the movements that require auxiliaries and additional technique to reach the designated position. To achieve

the best treatment results, clinicians must consider movement limitations, considerations and recoommendations for

clear aligner therapy.

Keywords : Clear aligner, Effectiveness, Fixed appliance, Orthodontic treatment
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Introduction

Increasing demand for adult orthodontic treatment
has resulted in clear aligners gaining popularity as a treatment
option. Clear aligners offer a better experience in terms of
hygiene, comfort, esthetics, number of visits and duration
compared with conventional fixed appliances.' Thus,
clinicians consider them as an alternative to conventional
fixed appliances.

Clear aligner was first used in orthodontics as a
tooth positioner by Kesling” in 1946. In 1993, Sheridan’

suggested using a clear aligner with interproximal reduction

to create tooth movement. However, each clear aligner
needed to be manually set up to achieve tooth movement
until Invisalign was launched in 1998 (System for incrementally
moving teeth with clear aligner. Santa Clara, California Align
Technology; 1998) using computer-aided design (CAD) and
a computer-aided manufacturing (CAM) process known
as stereolithography to produce the appliances.
Initially, clear aligner could only be used to correct
simple malocclusions.” However, as the com pany invested

in research and development, the limitations of Invisalign

Kanpittaya et al.,, 2021 231



have been reduced by company innovations such as
material innovation, various types of attachments, and
the amount of movement per aligner, as well as clinicians
gaining expertise in using the appliance.

This review summarizes the effectiveness of clear
aligners for different types of tooth movement and the

clinical limitations of the appliance.

Clear aligner biomechanics

The mechanism of tooth movement using a clear
aligner is classified into two systems.” There is the shape
driven system (displacement system), where the shape
of the plastic aligner is changed incrementally into each
upcoming stage of tooth alignment to move each tooth

into the designated position (Fig. 1).

Figure 1 Shape driven system: tooth displacement as changing of aligner’s shape

Each tooth is moved based on the plastic aligner’s
shape. This system can only control simple movements,
such as tipping or slight rotation. There is also the force
driven system, in which the aligner’s plastic is shaped
using digital treatment plan software in which the clinician
can set the parameters of tooth movement by the aligner
combined with other attachments to apply force to the
tooth (Fig. 2a., 2b.).

(a) (b)

Figure 2 Force driven system : (a) movement from force application:
Plastic indentation create force (arrow) to torque root
lingually, (b) Force driven system: movement from force
application: Tooth extrusion from force (arrow) applied

on attachment surface

This system allows for more complicated movement,
such as root movement. Biomechanically, aligners produce
a pushing force from the plastic to the tooth surfaces or
attachments. In contrast, conventional fixed appliances
generate a pulling force by ligating the wire and brackets
using an elastomeric ring. The predictability of movement
with two armamentariums is different because of dissimilar
force application concept. Aligners cannot generate a pulling
force because they disengage from the tooth. Tipping and
intrusion are the most easily accomplished movements
for clear aligners.’

Plastic is not as rigid as metal wires and brackets
so that the aligner may distort when placed on malaligned
teeth. Moreover, the plastic edge of the aligner cannot
deliver force at the gingival level.’ In contrast, force is
always applied directly on the occlusal part resulting in
intrusion, which is an undesirable movement. Attachments
and other auxiliaries are recommended to make specific
movements possible. (Fig. 2b.)

Effectiveness of tooth movement
Intrusion/Extrusion
Movement in the vertical plane is challenging

when using clear aligners. Kravitz et al.” reported a 41 %
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accuracy for anterior intrusion and 30 % for extrusion.
Khosravi et al.® demonstrated good deep bite management
with Invisalign appliances; however, the result occurred
predominantly due to incisor proclination and relative
intrusion, not true intrusion. In contrast, an open bite was
successfully treated using incisor extrusion with attachments
and posterior intrusion.’

A subsequent study’ reported a higher accuracy
for lower incisors intrusion at 73 %. The improved results
could be from a new aligner material called SmartTrack
(available after 2013) that the manufacturer claims to
give a more gentle and constant force, together with the
routine incorporation of overcorrection in the clinicians’
digital treatment plan.’

To improve the accuracy of vertical movement, the
use of horizontal attachments on premolars for retention,
bite ramps, or vertical elastics, is recommended. Besides,
additional aligners or overbite overcorrection should be
used to achieve accurate results."

Arch expansion

Two studies demonstrated that maxillary arch
expansion using clear aligners occurred via tooth tipping
rather than bodily movement'"** with the lowest bodily
expansion efficiency found on the maxillary first molar
(37 %)."” The amount of transverse change decreased from
anterior to posterior due to multiple factors, such as cortical
bone thickness, soft tissue resistance, masticating force,
and root anatomy. Moreover, the mechanical efficiency
of the force delivered from an aligner decreases from the
anterior to posterior region, which might be another concern
for effective expansion.”

In the mandible, the accuracy of overall arch ex-
pansion is 88 %." The highest accuracy of bodily movement
measurement at the gingival level was found at the
premolar and the lowest at the canine. There was no
statistical difference between the digital plan prediction
and the clinical outcome, which indicated that transverse
movement in the mandibular region with clear aligner was
predictable.'" However, the authors suggested that the

mandible achieved higher accuracy for expansion because

the amount of change required in treatment planning was
lower compared to the maxilla.

Crossbite elastics may be used to obtain a better
transverse tooth relationship. Overcorrection of maxillary
arch expansion is recommended to be prescribed into the
digital plan for predictable bodily movement, especially
in the posterior region."" Moreover, appropriate attachments
for buccal root torque is important for bodily movement
control during arch expansion.

Rotation

Tooth rotation is another challenging movement
for clear aligners. Studies demonstrated low accuracy when
derotating canines and premolars, 36 % and 40 % respectively,
which had round clinical crowns, while higher accuracy
was found at the incisors.""* Interproximal reduction, proper
attachment design and staging (@mount of movement per
aligner) improve rotation accuracy since tooth movement
with clear aligner requires sufficient tooth surface area
to engage with and enough space with an optimum rate
of movement to achieve the predicted rotation.”" In
contrast, in poor compliant patients, attachments in an
unfitted aligner may create a counter moment which leads
to rotation in the opposite direction. That is the reason why
a study showed poor compliance caused a lower mean
accuracy of premolar derotation in tooth surface with
attachment rather than without attachment.” However
attachment selection is a clinician-based decision. For
canine derotation, the accuracy of movement is significantly
reduced for rotation greater than 15°."” Proper staging
for premolar derotation is <1.5° per aligner.’

Molar distalization

Molar distalization, translational movement, with
clear aligners is predictable. Simon et al. reported 87 %
accuracy for molar distalization of >1.5 mm on upper molars
without using Class Il elastics for anchorage.” The accuracy of
molar distalization was similar in the attachment-supported
group compared with the no attachment group."” These
findings agreed with those of another study. Using Class I
elastics and attachments, upper first molars could be

distalized 2.25 mm without tipping.”® Class Il elastics were
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recommended as anchorage preservation during distalization
to prevent anterior tooth proclination. Rectangular and
vertical attachments were needed on the buccal surface
of distalizing molars to create moment resisting undesirable
tipping movements."’

Molar distalization is a common strategy to
correct Class Il malocclusion without extraction in an adult
whose further growth is not anticipated. When using this
protocol in hyperdivergent patients, the vertical dimension
must be controlled to prevent increasing the lower facial
height, which may cause mandibular clockwise rotation
and worsen the desired result. Clear aligner is an effective
appliance for molar distalization in hyperdivergent patients
because there is no significant crown tipping and no significant
change in vertical facial height."

Premolar extraction site closure

In first premolar extraction cases using clear aligners,
tooth movement predictability of upper first molars and
upper central incisors were studied. At the maxillary first
molars, greater mesial tipping, mesial translation, and intrusion
were found than predicted‘18 However, at the centralincisors,
less retraction, greater lingual crown torque, and extrusion

were found than predicted." The predicted tooth move-

Table 1 Clear aligner effectiveness and recommendations

ments were not achieved due to anchorage loss. Anchorage
tooth preparation was recommended to reach the anticipated
tooth movement. Distal crown tipping of the first molars
with attachments should be prescribed to maintain the
normal angulation and bodily tooth movement.'® Power
ridges, attachments, and greater labial crown torque should
be planned in aligner fabrication software to obtain the
optimal clinical incisal torque at the end.

The study showed no significant difference in
alignment, marginal ridges, occlusal relations, overjet,
interproximal contacts, and root angulation in the final
result in an extraction case compared with conventional
fixed appliances."” Although significant differences were
found at the occlusal contacts and buccolingual inclination
between systems, these were not clinically meaningful.
Moreover, good root angulation was well managed with
the appropriate attachments. The overall results indicated
that with good control, clear aligner is as effective as fixed
appliances to treat class | extraction cases."”

The effectiveness of clear aligner and recom-
mendation for each type of tooth movements are

summarized in Table 1.

Movement accuracy

Recommendations

Intrusion”*°

- 73% lower incisors intrusion

- SmartTrack material

- Overcorrection

Extrusion” "

- 30% incisor extrusion

- Extrusion attachment

Arch expansion'"*?

lary first molar

- 37% bodily buccal expansion for maxil-

- Preset for sufficient buccal root torque
- Overcorrection

- Crosshite elastics

- 88% overall mandibular arch expansion

Rotation®'*"

- 36% canine rotation

- 40% premolar rotation

- Interproximal reduction
- Attachments
- Staging with derotation <1.5° per aligner

- Total rotation <15°
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Table 1 Clear aligner effectiveness and recommendations (cont.)

Movement accuracy

Recommendations

Molar distalization'***¢""

- 87% upper molar distalization

- Vertical rectangular attachment on

distalized molar with Class Il elastics

Premolar extraction site closure

18,19

- No significant difference in alignment,
marginal ridges, occlusal relations, overjet,
interproximal contacts, and root angulation
compared with braces.

- Significant difference in occlusal contacts

and buccolingual inclination compared

- Preset with distal tipping of upper first
molars
- Power ridges, attachment, and greater

labial crown torque for incisors

with braces.

Treatment duration

Treatment with clear aligners occurs more rapidly
compared to treatment with fixed appliances.””*" Additional
aligners can be prescribed for finishing and detailing the
treatment results. Patients who choose clear aligners did
so based on esthetics and a shorter treatment time. Many
patients rejected extended treatment time to complete
difficult tooth movement.” In addition to total treatment
duration, clear aligner treatment time is shorter compared
with fixed appliances in the number of visits, the number of
emergency visits, chairtime per visit, and total chairtime.”
However malocclusion improvement from fixed appliances is
better than clear aligner as shown with PAR index (quantitative
index to assess an orthodontic outcome).” Pretreatment
PAR score of fixed appliances is higher than of clear aligners
while post-treatment score is lower which represents the
ability of fixed appliances in achieving better clinical results.
Considerations

Clear aligner is an effective alternative for orthodontic
treatment. Because it is a removable appliance, patient
compliance (proper placement and removal, adequate
wearing time) is a crucial factor to achieve the designed
tooth movement. Alteration of tooth morphology, such as
tooth fracture or new restorations, will result in unfitted
aligners thus re-scanning or PVS impression is required.
Posterior open bite is a common side effect of clear aligner

therapy which is caused by multiple factors that include

anterior interferences due to inadequate anterior intrusion,
posterior teeth intrusion from aligner thickness”, inadequate
anterior lingual root torque during anterior retraction, crown
tipping during posterior teeth expansion or speedy arch
length reduction. Adequate crown torque and anterior
intrusion can help prevent a posterior open bite. Posterior
vertical elastic or reducing aligner wearing time can simply
correct the issue. Tooth movement in a clear aligner is
limited only inside the plastic frame, if there is not enough
space for alignment or if the tooth is moving slower than
the aligner’s shape, the tooth will be intruded. Therefore,
proper staging of tooth movement and space preparation
can prevent a posterior open bite from concurrent movement

of the tooth and the aligner.

Conclusion

Clear aligner has gained popularity as a treatment
option for adult treatment. The studies showed the
effectiveness of clear aligner for distalization of upper
molar, expansion of lower molar and intrusion of lower
incisor. Limitation of movement stated on incisor extrusion,
canine derotation, bodily expansion of upper molar and
premolar derotation. Effectiveness and limitation were
affected by the quality of the aligner material, clinician
expertise, clinician-technician communication, the attitude
and cooperation of the patient. All of the considerations

are important in achieving successful clinical results.
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Effects of Head and Neck Radiotherapy on the Oral Cavity and Direct Restorative
Materials
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Abstract

Many intraoral complications that result from high-energy electromagnetic waves of radiation can occur in
patients undergoing head and neck cancer therapy. Information about the impact of radiation therapy on the oral
cavity and restorative materials is important and enables patient assessments, evaluations, and management as well
as treatment planning. Therefore, this article aims to highlight the current understanding and management of dental
needs in patients after radiation therapy. This report discusses radiation-induced mucositis, salivary gland hypofunction,

alveolar bone changes, trismus, dentition breakdown, and radiation caries. Moreover, the impact of radiotherapy

on the properties and clinical efficacy of restorative materials are included in this report.
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Introduction

Head and neck cancer is one of the most common
cancers in Thailand. According to a report of the National
Cancer Registry and findings from local and international
publications, head and neck cancer is among the top ten
leading types of cancers in the Thai population. The risk
factors associated with head and neck cancer include
tobacco use, alcohol consumption, human papillomavirus
(HPV) infection and Epstein-Barr virus (EBV) infection.'
Surgical resection, chemotherapy, radiation therapy, and
immunotherapy, either as a single modality or combination,

are used for head and neck cancer treatment.’

Radiation treatment (radiotherapy or irradiation)
uses high-energy particles (e.g., electrons and protons)
or electromagnetic waves (photon beams such as X-rays or
gamma rays) to destroy cancer cells. Dividing cancer cells
are more sensitive to radiation than normal tissue such as
the salivary gland, or the spinal cord.* The radiobiological
effect of radiation is mainly related to DNA damage and
occurs by two mechanisms. First, ionizing radiation directly
interacts with nuclear DNA, causing damage to the nucleotide
bases, single-strand breaks (SSBs), and double-strand breaks

(DSBs); these are known as direct effects. Moreover,
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radiation induces the ionization of water (75 % of cell
components and other molecules), leading to an increased

production of free radicals within the cells, which further

Radiation
Direct effect

damages the DNA; this is known as an indirect effect, as

shown in Figure 1.

Indirect effect

Radiation

Figure 1 The direct and indirect effects of radiotherapy (modified from Ito A et al., 2006)

The destruction of DNA interferes with the cellular
ability to pass on genetic information, replicate and repair,
resulting in cell death.”®

Radiotherapy can be categorized by the type
of delivery as external radiation (teletherapy), internal
radiation (brachytherapy), and systemic radiation. Teletherapy
refers to radiation treatment given by an external radiation
source at a distance from the body. Teletherapy is the most
common type of radiotherapy used in cancer treatment,
especially for head and neck cancers. Brachytherapy is
a cancer treatment that places radioactive material directly
inside or close to the tumor. This approach is suitable for
treating a smaller area with a higher dose and requires a
shorter treatment time than teletherapy. Systemic radiation
refers to the use of radiation in a liquid form, which is injected
into a vein or swallowed by the patient into the body to
target the tumor.’

There are many oral adverse effects of head and
neck radiotherapy, such as sore mouth (oral mucositis),
ulceration, intraoral infection, dry mouth (xerostomia),
taste change (dysgeusia), radiation caries, stiff jaw (trismus),
progressive periodontal attachment loss, and osteoradio-
necrosis (ORN). These conditions affect the quality of life

of a patient. The degree and progression of the complications

are related to the irradiated dose, volume of normal tissues
and maturity of affected cells. This review summarizes the
radiation-induced effects on oral structures.

In total, 65 reports were included in this study.
There were seven reports about radiation therapy and 32
reports about oral adverse effects such as trismus, alveolar
bone changing, salivary hypofunction, dentition breakdown.
There were 16 reports used in discussion about the effect
of radiation on restorative material and bonding performance.
In addition, there were ten reports used in discussion about
oral management.

Aselection of 65 electronic searches were conducted
for scientific reports that discussed the effect of head
and neck radiation therapy on oral tissue structures and
restoration materials based on in vivo and in vitro studies
without any restrictions on publication year. Medline,
PubMed, and Google Scholar were screened. The following
keywords were used: head and neck cancer, radiation,
radiotherapy, oral effect and complication. The search
process was repeated in each database.
Radiation-induced mucositis

Mucositis is an acute side effect of head and neck
radiotherapy and usually occurs approximately three weeks

after the start of treatment.® Common symptoms reported
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by patients include pain, burning sensations and swallowing
discomfort. The mucous membrane or mucosa consists
of an epithelial cell layer overlying the connective tissue,
which is more susceptible to radiotherapy because of its
rapid cellular division. Therefore, epithelial cell loss and
reduced cell renewal induced by radiotherapy cause mucosal
atrophy, ulceration and mucositis.”
Radiation-induced xerostomia/dry mouth/salivary gland
hypofunction

Saliva is an exocrine solution consisting of 99 %
water and 1 % of a variety of electrolytes and proteins.
Ninety percent of saliva is secreted from three pairs of
major salivary elands: parotid, submandibular, and sublingual
glands. The average total flow of saliva ranges from 1-1.5 L per
day. In unstimulated situations, the percentage contributions
to salivary flow are as follows: 20 % from the parotid glands,
65 9% from the submandibular glands, 7-8 % from the sublingual
glands, and less than 10 % from the minor salivary glands.
In simulated situations, the parotid gland is responsible
for more than 50 % of the secretions.™ Saliva plays a role
in maintaining oral health and is involved in protection,
digestion, lubrication, facilitating oral processing, maintaining
a neutral pH, and preventing tooth demineralization.''
Radiation causes damage to salivary gland cells, resulting

in salivary fibrosis, a reduced salivary flow rate, altered salivary
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composition, and xerostomia. There are two mechanisms
of radiotherapy-induced salivary gland hypofunction. The
first mechanism is the direct effect on the DNA of acinar
cells of the salivary gland, leading to cell death. The second
mechanism is the radiation-induced changes in microvascular
endothelial cells within the salivary gland. lonizing radiation
increases the permeability of endothelial cells, leading to
interstitial edema. High pressure in the interstitial area causes
compression of the gland’s channels and progressive ductal
obstruction. Because radiation induces hypocellularity,
hypovascularity, and hypoxia, the salivary glands become
atrophied and fibrotic."** As a result, oral dryness (xerostomia)
occurs as an early symptom of radiation therapy and lasts
for several months. The severity of radiation-induced salivary
hypofunction depends on the irradiated dose and volume
of salivary gland tissues."

In an attempt to increase tumor control and decrease
toxicity from cancer therapy, advanced radiotherapy
technology, such as intensity-modulated radiotherapy
(IMRT), has been developed. IMRT is a treatment planning
algorithm that maximizes dose conformity to tumors and
minimizes unnecessary dose to surrounding normal tissues.
In' head and neck irradiation, IMRT allows for a decreased dose
to the parotid gland compared to conventional techniques,

as shown in Figure 2.
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Figure 2 Radiation dose distribution with the conventional radiation technique (a) and intensity-modulated radiotherapy (IMRT)

technique (b). Radiation doses of 50 Gy (green line) and 70 Gy (blue line) to the microscopic (subclinical) and gross tumor
volumes, respectively. The recommended median dose to the parotid glands is <30 Gy (orange line), and these ¢lands are

better spared by the use of the IMRT technique
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Clinical studies involving nasopharyngeal carcinoma
patients reported that the xerostomia rate was significantly
reduced with IMRT treatment compared to with conventional
techniques (39 % versus 82 %), leading to an improved
xerostomia rate and better quality of life for patients.'**®
Currently, IMRT is considered a standard radiotherapy technique
for nasopharyngeal carcinoma and is widely accepted in
other types of head and neck cancers."
Radiation-induced alveolar bone changes and osteo-
radionecrosis

Radiation treatment has detrimental effects on
osteocytes and the microvascular system. The severity of
the bone response depends on the maturity status of the
bone and radiation dose. If the bone is affected in the early
dividing stage, growth retardation occurs.'" Three common
terms of radiation-induced changes in the irradiated bone
are bone loss (atrophy), radiation osteitis, and ORN.” Radiation-

induced microvascular impairment contributes to the

— mandibular cana
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hypocellular, hypovascular, and hypoxic conditions of bone
tissues. Alterations in the remodeling cycle also lead to
bone loss and loss of healing potential. However, the effects
of radiation on the remodeling process are still controversial.
Some studies have reported that radiation directly disturbs
proliferation and damages osteoblast cells, which are
responsible for the bone forming process.'*”" In contrast,
some reported that osteoclasts were more sensitive to
radiation than osteoblasts.”” Wright et al. demonstrated
that irradiated bone had increased osteoclast cell volume
but there was no difference in osteoblast volume compared
to non irradiated control bone at one-week post radiotherapy.
The radiation-induced proliferation of osteoclasts is responsible
for the bone matrix resorbing process, leading to bone atrophy.”

ORN is a term describing the death of exposed
bone that results from radiation-induced failure of the

healing process, as shown in Figure 3.

Figure 3 Shows the Cone beam computed tomography (CBCT) images of ill-defined bone destruction. The patient had a history of

radiation therapy for nasopharyngeal cancer and sequestrectomy of osteoradionecrosis at the right posterior region of the

mandible: axial view (a), coronal view (b), sagittal view (c), and 3D volume rendering view (d)
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This complication occurs more commonly in the
mandible than in the maxilla due to the poorer blood supply
and higher bone density of the mandibular bone.** ORN
can occur with or without infection or injury.” Orofacial
fistulas, pain, ulceration and necrotic bone exposure for
longer than three months are clinical symptoms of ORN.
There are many risk factors associated with ORN progression.
Local risk factors include the tumor site, tumor stage, radiation
field, radiation dose, poor oral hygiene, and trauma (such as
dental extraction, implant placement, biopsy, and periodontal
surgery before or after radiotherapy). Systemic factors

associated with the development of ORN are advanced

(b) N

age, smoking, alcohol consumption, immunodeficiency, and
the underlying medical conditions of the patient.”****

The alteration of alveolar bone after radiotherapy
depends on the severity of bone destruction. Radiograph
images can show a widening periodontal ligament followed
by bone sclerosis, periodontal disease-like bone loss, and bone
resorption. ' The widening of the periodontal ligament (PDL)
space is commonly observed within three years after radiation,
espedially in patients who receive radiation doses greater than
45 Gy. The difference between radiation-induced widening of
the PDL with resorption and periodontal disease or periapical

infection is the epicenter position, as shown in Figure 4.

() \x .

Figure 4 Periapical radiograph of the combination of bone sclerosis and bone destruction around the teeth and alveolar crest and

the widening of the PDL space in patients who had a history of radiation therapy for cancer in the base of the tongue (a).

The periapical film of patients with periapical disease in the anterior maxillary teeth due to accidental trauma showing a

radiolucent and widening PDL at the apex of the root (b). In another case, the periapical film of a patient with periodontal

disease in the right lateral maxillary teeth due to traumatic occlusion showed horizontal bone loss of the alveolar crest (c)

Periodontal disease causes alveolar crest bone
resorption, whereas periapical disease shows lesions at the
apex of the root. When there are radiation effects, radiographs
show no definite initiating point with no clinical manifestation

of periodontal or periapical disease.”

Radiation-induced trismus

Trismus refers to restricted mouth opening due
to a tonic contraction of the mastication muscle.” Trismus
is a complication of head and neck radiation therapy. The

prevalence of trismus after radiotherapy is dependent
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on the radiation dose and treatment technique.”® A study
by Bensadoun reported that the prevalence of trismusin
the conventional radiotherapy group was 25.2 %, while
it was 5 % in the IMRT group. In a study of patients who
received both radiotherapy and chemotherapy, it was
found that the trismus prevalence was 30.7 %. Greater
radiation doses, especially those exceeding 60 Gy, may be
related to the higher severity and prevalence of trismus.”*
Radiotherapy may have detrimental effects on the masticatory
muscle which can lead to the abnormal proliferation of
fibroblasts, which causes fibrosis of the skin and muscle.
Impaired mandibular motion significantly affects quality
of life. Limited mouth opening results in difficulties with
eating and speaking, and compromises oral hygiene. There
are various methods for treating and managing trismus,

such as drugs, devices, exercise and physiotherapy.™

Moreover, radiotherapy of the head and neck
muscle affects not only the masticatory muscle but also
the neck muscle. High-dose radiation induces neck muscle
spasms with or without pain. The motions associated
with head turning, lifting and yawning may be affected.”
Therefore, the tightness of the neck muscles may disturb
the motions needed for teeth brushing, which affects the
oral hygiene of the patient.

Radiation-induced dentition breakdown and radiation
caries

Radiotherapy increases the likelihood of dentition
breakdown, especially in the cervical area, cuspal region,
incisal edge, and loading area. Tooth destruction originates
from an enamel microcrack and then progresses to localized
enamel delamination, generalized delamination and dentin

exposure, as shown in Figure 5.

PALATAL

OCCLUSAL

Figure 5 Tooth destruction in the cuspal region in patients who had undergone head and neck radiation therapy

The severity of dentition breakdown depends on
the radiation dose.” Radiation-induced alterations to the
microstructures of enamel and dentin were demonstrated
by a reduction in microhardness and elastic modulus.”**
In contrast to a previous study, Brauer et al. did not find
a significant dose-response relationship between radiation
dose and elastic modulus and hardness.” In an in vivo studly,
there were significant differences in optical retardation
values of birefringence at the cervical region of enamel
between teeth extracted from irradiated head and neck
cancer patients versus those extracted from the control group.

Irradiated teeth presented slight morphologic alterations

in enamel with evident interprismatic space, cracks in
the dentinal structure, dentinal tubule obstructions, and
increased destruction of the collagen network with fragmented
fibers on scanning microscope images.”*" Furthermore,
several studies reported the effects of radiation on the
organic matrix of tooth structure. Reed et al. reported that
radiation decreased the protein/mineral ratio of dentin
and increased the stiffness of the tooth structure.” In
contrast, Springer et al. found no direct effects of radiation
on the collagen and extracellular matrix of dental tissue.”
Collagen and protein-based organic matrix is a major

component of the dentin-enamel junction (DEJ), which is
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referred to as a boundary structure between enamel and
dentin. An in vivo study revealed that radiation induced
activation of the MMP collagenase enzyme, leading to
collagen destruction in the DEJ.”** Both DEJ destruction
and increased stiffness of the tooth structure cause enamel
delamination and dentin exposure.

After radiation treatment, dental caries rapidly
occur and progress. This is a multifactorial condition that
is related to radiation effects and includes hyposalivation,
postradiation microbial changes, dentition impairment,
and oral pain. As previously mentioned, saliva is a necessary
substance that has buffering, cleansing and protective
abilities and can reduce the progression of caries and maintain
oral health." Hyposalivation due to radiation therapy plays
a major role in caries development. The critical pH of dentin
is higher than that of enamel (approximately 6.7 and 5.5,
respectively). Therefore, the effects of radiation-induced
alterations to tooth microstructures, enamel delamination,
and dentin exposure promote more susceptibility to dental
caries in irradiated patients.

Radiation effects on direct restorative dental materials

Restorative dental materials are substances that
are used to reconstruct or enhance the patient’s teeth. The
direct restorative materials include amalgam, glass ionomer
cement and resin composite.

Amalgam is a material that has a strong buffering
capacity and antibacterial effect.”” It requires cavity
preparation for mechanical retention. There are no reports
about the adverse effects of radiation on the properties
of amalgam. However, artifacts from amalgam restoration
adversely affect the image quality of computed tomography
scans (CT scans), leading to little information for the radiation
treatment planning process. Moreover, amalgam results in
an inaccurate dose calculation to the tumor and nearby
normal tissues. Therefore, it has been suggested that resin
composite should be used before radiation treatment
instead of amalgam filling.”

Glass ionomer cement is a fluoride-releasing
material that has a buffering capacity and antibacterial

effect. This material marginally inhibited caries in the clinic

in a two-year observation of xerostomic irradiated head
and neck cancer patients.** Glass ionomer cement easily
loses anatomical form and marginal adaptation.* Although
glass ionomer cement has a chemical bond to the tooth
structure, material dislodgement has been reported.”
There was no clarification on how irradiation can effect the
retention loss of glass ionomer cement. Yesilyurt C et al.
examined the FTIR spectroscopy on irradiated and non-
irradiated set glass ionomer cement specimens and
reported that the irradiation did not have any effect on
material structure.” However, Reed et al. explained that
the irradiation altered the dentin microstructure.” So, it
might be assumed that the altered substrate is the reason
for the retention loss of glass ionomer cements.

Resin composite is the material of choice for a
minimal intervention concept that does not require extra
tooth preparation during the restoration procedure. Radiation
can cause minimal chemical changes to resin composites.*
However, there are many reports showing that radiotherapy
does not have a significantly negative effect on the mechanical
properties of resin composites.*”** With no buffering capacity
or antimicrobial effect, resin composites led to a higher
susceptibility to marginal caries than glass ionomer cement
during a two-year observation.**** The effects of radiation
on the bond strength properties of resin composites are
controversial. Several in vitro studies showed a lower
bond strength in irradiated teeth, especially with the etch-

***1n contrast, Da cunha et al.

and-rinse adhesive system.
reported no significant radiation effect on the bond strength
in irradiated teeth.”® Moreover, an in vivo irradiation study
by Galetti et al. showed no significant difference in bond
strength between the irradiated and control groups.”
Radiotherapy showed no negative effects when restoration
was performed prior to the radiation procedure.”>*
Intraoral management in radiotherapy patients
The adverse effects of radiotherapy result in
diminished long-term quality of life for patients. Oral mucositis
and hyposalivation can impair the ability of patients to
swallow, speak, and sleep. Oral biological changes and

infection are often experienced by irradiated head and
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neck cancer patients. Moreover, radiation effects on tooth
microstructure induce dentition breakdown. Therefore,
dental caries commonly occur in xerostomic patients and
rapidly progresses. Post radiotherapy patients are classified
in the high or extremely high-risk group for caries.***' Com-
prehensive care with an emphasis on preventive treatment
is essential for these patients. Routine monitoring every
three months, neutral fluoride, and chlorhexidine solution
are recommended to prevent and reduce caries risk in
irradiated patients.****** Xerostomia is a long-term late
effect because radiotherapy causes irreversible damage to
the salivary glands. Pharmacologic treatment with sialagogues
shows no significant improvement in the saliva flow rate,
but sialagogues lead to subjective quality of life improvements.”
Palliative treatment with saliva substitutes such as gels,
sprays, oils, and mucin substances can reduce the symptoms
of dry mouth.* Because of the critical pH of dentin, the use
of oral moisturizers with a pH of 6.7 or higher is helpful
in preventing dentin demineralization.” The reduction in
alveolar bone healing ability due to radiation effects leads
to a higher incidence of ORN; therefore, patients should
pay attention to potential oral infections and avoid any
procedures that cause injury to irradiated bone. Additionally,
radiation-induced alveolar bone alterations can be seen
on radiographs and lead to misdiagnosis and inappropriate
treatment. In this regard, information about the radiation
treatment field and dose is helpful for an accurate inter
pretation of the imaging results and proper management.
Oral and dental management for post radiotherapy patients
requires a multidisciplinary approach to improve long-term

quality of life.

Conclusions

Patients undergoing radiation therapy for head
and neck malignancies are prone to a variety of intraoral
complications, including mucositis, xerostomia, dry mouth,
salivary gland hypofunction, alveolar bone changes,
osteoradionecrosis, dentition breakdown, radiation caries
and effects on restorative materials. Strategies for preventing

and treating these complications may be required.
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Abstract

SAR-CoV2 pandemic alarmingly introduce concerns of airborne infection control in dental clinic. Dentistry
has been categorized as the highest risk group among other health care personals to expose to airborne diseases.
Dental treatment has to be done in proximity contact, performing operation in the oral cavity of the patient together
with aerosol generating devices. Standard precautions those had been routinely implement as infection control
protocol alone were not sufficient for preventing the spread of diseases via droplets and airborne in dental clinics.
Droplet and airborne precautions must be additionally implemented. This review will summarize droplets and airborne
precautions and strategies to control diseases those transmit via droplets or airborne in dental clinic in order to raise

concerns and provide the highest safety for dental staffs and the patients.
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Table 1 Element of standard precautions in dental clinic'’ (cont.)
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Figure 2 Prevention of diseases transmitted via contact, droplet and
airborne routes according to the concept of transmission-
based precautions

#1579 2 lsafingaiiaAguasi1nsnis Transmission-based precautions sAUs N 9 AldlunsmivaunIsansaveslsa’

Table 2 Important infectious diseases and transmission-based precautions need to contain diseases transmission™®

Tsn Contact Droplet Airborne Duration of Precautions
Precautions Precautions Precautions
uwaRnoraaaRiiby 1nflda v NA NA RonTEEYATINEINS
(Clostidium deficile)
133 (Herpes simplex) v NA NA JUNTUHATZWAILAZANEELAR
dwinlugnugania NA v NA iU MpauninasmeanlsalunsdifUleiauduunnies
Idwinlvg) 2009 (HIN1) v v v 7 YufuanBufiennts wieauniienisagme
#a (Maesles, Rubeola) NA NA \ 4 fundanusingiiu videaundazmennlsalunsdiioe
niifuiuunnTog
Methicillin-resistant \ NA NA gilaiidennas

Staphylococcus aureus
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Table 2 Important infectious diseases and transmission-based precautions need to contain diseases transmission* (cont.)

1sA Contact Droplet Airborne Duration of Precautions
Precautions Precautions Precautions
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ARnEBIReUNAUYBISTUUNSAY pasATEEEaMieo N s van 10 Jundsnludfilduaglyl

‘Vi’]EﬂQLLUUEuLLi\‘i (Severe Acute

Respiratory Syndrome)

U51nge1n15vesssuumaiumela

198a1e (Smallpox, Variola) v NA v undrasiavganue (3-4 §Uav)
Julsadanvisonavioy NA NA v qunigtaagldfunsinmiiissanamuazennism
(Tuberculosis) weainfiitusazarlimudomaameiindeiu 3 ads
8gndla (Varicella Zoster, Chicken \ NA v quniseelsnIzuiasANEziin

Pox)

: Wldanmsnsiiimun
NA: Not applicable

wmsnsmstasiumsindeveslsaiiuwsifanisanialy
AAUNIIUANSSH (Infection control protocols for airborne
diseases in dental clinic)**
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® Symptoms ® Gown iodine ® Hand-free * UV air disinfection
® Travel History * Safety goggles ® Chlorhexidine * Diluted time between Patient
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Figure 3 Layers of protection protocols to prevent airborne diseases transmission in dental clinic
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Layers protection
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* Environmental
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Figure 4  Providing multiple layers of protection will help alleviation
the risk of airborne infection in both dental personnel
and patients. The layers of protection include triages
(Red), Correct use of PPE (Green), Source control of dental
aerosols (Yellow) and Environmental management with

proper engineering-controlled ventilation (Blue)
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Figure 5 Comparing the efficiency of aerosols capture from the source with shower and bowl. The increase in distance from the

source, the reduce in efficiency of aerosols capture
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Table 4 Minimum requirement of outside air to be used safely to fill inside building”
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Table 4 Minimum requirement of outside air to be used safely to fill inside building” (cont.)
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Figure 6 Risk mitigation of COVID-19 transmission in dental clinic by swiss cheese model. Even the utilizing of multiple layers of protection

to alleviate the risk, every single protocol has defect, still the risks were not completely gone. Strengthen every single protocol

is therefore important to mitigation the risks
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Primary Lip and Nose Repair Technique after Using 2 Sides of Korat NAM in
Unilateral Complete Cleft Lip and Palate Patient: A 5 Years Follow Up Case Report
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Abstract

In new born cleft lip and palate treatment, it is now gained wide acceptance and evidence the good result
both at lip and nose appearance by using a non-surgical nasoalveolar molding technique in presurgical phase treatment.
This technique is comprised in two parts appliances, obturator for maxillary alveolar bone segment aligning combined
with nasal molding part. By this appliance, the cleft space is significantly reduced and alar cartilage is more uprighted.
With a smaller cleft, there is less tension when the surgeon closes the cleft space. The treatment result is better than
in case without using this appliance. Moreover, surgical technique and maintain the treatment result after surgery
are also an importance role of considerations. The objective of these case report is to demonstrate how to treat
unilateral cleft lip and palate patient by modified using 2 sides of Korat Nam combined with a modify surgical

technique use at Nakhonratchasima Hospital Cleft Center.

Keywords: 2 sides Korat Nam, Primary repair cleft lip and nose, Unilateral cleft lip and palate
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Abstract

The purpose of this study was to evaluate the efficiency of different functional monomers in three self-adhesive
resin cements on bond strength to base metal alloy. Three self-adhesive resin cements [Maxcem elite (MC), Panavia
SA luting plus (SA), G-Cem (GQ)] and one primer [Clearfil ceramic primer plus (P)] were used in this study. Sixty base
metal alloy discs (10 mm diameter, 4 mm thick) were prepared and embedded in dental gypsum. All specimens
were sandblasted with 50 um of alumina for 10 seconds under 3 bar pressure and 10 mm distance. The samples
were randomly divided into six groups (N=10 each) according to different resin cements and either with or without
primer application: Group1 (MC), Group2 (SA), Group3 (GC), Groupd (P+MC), Group5 (P+SA) and Group6 (P+GC). A
silicone template (2 mm diameter, 4 mm high) was placed on the top of base metal alloy surface. The resin cement
was filled into the mold and then light-cured for 40 seconds. All bonded specimens were kept in distilled water at
37°C for 24 hours and subjected to shear bond strength measurement using a universal testing machine at a crosshead
speed of 0.5 mm/min. The data were statistically analyzed using two-way ANOVA and Tukey’s test (0L=0.05). The
shear bond strengths of Group 1 to Group 6 were 8.15+1.26, 14.74+2.51, 15.08+1.47, 20.83+1.63, 21.57+1.93 and
20.69+2.41 MPa, respectively. The bond strengths of Group 4-6 were significantly higher than those of Group 1-3
(p<0.05). However, Group 1 showed the lowest bond strength (p<0.05) and significantly different from Group 2
and 3. In conclusion, MDP/4MET-containing self-adhesive resin cement showed increased bonding values in base
metal alloy interface. The shear bond strength of self-adhesive resin cement was also positively affected by prior

application of primer.

Keywords: Bond strength, Self-adhesive resin cement, Functional monomer, Base metal alloy
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Material

Composition

Maxcem elite (Kerr Corporation, California, USA)
Shade: Clear
Lot: 7056081

GPDM, methacrylate ester monomers, proprietary self-curing redox
activator, camphorquinone, fluoraluminosilicate glass filler,barium
glass filler, silica, activators, stabilizers

Panavia SA luting plus (Kuraray Noritake Dental Inc.,
Okayama, Japan)

Shade: Translucent

Lot: 4C0173

10-MDP, Bis-GMA, TEGDMA, hydrophobic aromatic dimethacrylate,
hydrophobic aliphatic dimethacrylate dl-camphorquinone, benzoyl
peroxide, initiator, silanated barium glass filler, silanated colloidal
silica, accelerators, pigments, surface treated sodium fluoride

G-cem (GC Corporation, Tokyo, Japan)
Shade: Translucent
Lot: 1905072

4-MET, phosphoric acid ester monomer, UDMA, water, dimethacrylate,
silica powder, stabilizers, initiator, glass filler, calcium hydroxide,

pigments

Clearfil ceramic primer plus (Kuraray Noritake Dental Inc.,
Okayama, Japan)
Lot: 9G0048

Ethanol, 10-MDP, 3-trimethoxysilylpropyl methacrylate

Abbreviations: GPDM; glycerol phosphate dimethacrylate, 10-MDP; 10-methacryloyloxydecy! dihydrogen phosphate, Bis-GMA; bisphenol A-glycidy!
methacrylate, TEGDMA; triethylene glycol dimethacrylate, 4-MET; 4-methacryloyloxyethy! trimellitic acid, UDMA; urethane dimethacrylate
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Figure 1 Schematic of shear bond strength test
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Table 2 Mean shear bond strength, standard deviation, and percentage of failure mode

Mean bond strength

Mode of failure (%)

Group
and standard deviation Adhesive Mixed Cohesive
1. (MO) 8.15+1.26" 100 0 0
2.(SA) 14.74+251° 100 0 0
3.(GO) 15.08+1.47° 100 0 0
4. (P+MQ) 20.83+1.63° 80 20 0
5. (P+SA) 21.57+1.93° 70 30 0
6. (P+GQ) 20.69+2.41° 80 20 0

The value with the same superscript letters indicates no statistically sienificant difference
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Pain induced by orthodontic force upregulates Transient Receptor Potential
subtype 1 and Substance P expressions
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WeAnwanwugremsunTudsuismunesiwvudisailaasss 1(Transient receptor potential vanilloid

subtype 1, TRPV1) luiwaduszammueadulszamad 5 uazaruduiusvosinunuBuiwdmesinmudoaniaassd
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Abstract

To evaluate the characteristics of TRPV1 receptor in trigeminal ganglion neurons and the interaction of TRPV1
with SP after orthodontic force application. Twenty five 8-week-old Wistar rats were applied continuous orthodontic
force (50 g) on both maxillary first molars at 12 hours, 24 hours, 3 days, and 7 days. Control group received any no
intervention. Rat grimace scale scores (RGS scores) was used to measure orthodontic pain. The relationship of TRPV1

with SP was evaluated using double immunofluorescence staining. Application of orthodontic force increased the
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RGS score at 24 hours and 3 days, compared to control group. Cell size measurements showed that TRPV1 expressing
trigeminal neurons is derived from of small and medium diameter. Moreover, the percentages of TRPV1- and SP-
positive cells relative to the total number of cells and the percentages of trigeminal neurons co-expressing TRPV1/SP
significantly increased at 24 hours and 3 days. Correlation coefficients indicated RGS scores correlated positively
with the levels of TRPV1. TRPV1 was also correlated positively with the levels of SP. Orthodontic force activates

orthodontic pain via stimulation of expressed TRPV1, which induce SP releasing. TRPV1 serves as one of important

therapeutic target to decrease orthodontic pain.

Keywords : Nociceptors, Tooth movement, Trigeminal neuron
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Figure 1 A. Timeline of the experiment. B. Coil-springs were inserted between the incisors and maxillary first molars the springs were

activated to exert 50 ¢ force. C. Representative analysis area of the maxillary branch of the trigeminal ganglion (white rectangle)
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Figure 3 Line graph showing rat grimace scale score following
the application of orthodontic force
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Figure 4 A. Images of trigeminal neurons stained for TRPV1 (Top panel), SP (middle panel) and merged images (Bottom panel). B. Bar

graph of the percentage of TRPV1 positive cells and SP positive cells relative to total cells. C. Bar graph of the percentage
of TRPV1/SP co-expressing cells
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Osteoconductivity Evaluation of 3-Dimensional Dual-leached Polycaprolactone
Scaffold

Pratchayaporn Aksorn', Daneeya Chaikiawkeaw?, Panunn Sastravaha', Pitt Supaphol’, Prasit Pavasant®
1Depar‘tment of Oral and Maxillofacial Surgery, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

“The Center of Excellence in Regenerative Dentistry (CERD), Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand

*The Petroleum and Petrochemical College, Chulalongkorn University, Bangkok, Thailand

Abstract

Recently, the dual-leached polycaprolactone (DL-PCL) scaffold for bone tissue engineering had been
fabricated using sodium salt and polyethylene glycol as porogens. This novel scaffold showed good porous inter-
connectivity and did not have any cytotoxicity as judged by SEM analysis and MTT assay. The purpose of this study
was to evaluate the in vitro biocompatibility and osteogenic conductive potential of this DL-PCL scaffold on the bone
formation in vivo. Periodontal ligament stem cells were seeded on the DL-PCL scaffold for 16 hours and the morphology
of cells on the scaffold was assessed by SEM analysis. The expression of osteogenic related genes was also determined
by real-time reverse transcription polymerase chain reaction (RT-PCR). The ability of the DL-PCL scaffold to support
new bone formation was examined in a rat calvarial defect model. The total IgG from blood serum was measured
after scaffold implantation at two, four and eight weeks. The amount and quality of new bone formation were monitored
by micro-computed tomography and histological analysis, respectively. The results showed that periodontal ligament
stem cells attached and spread on the DL-PCL scaffold and expressed the markers of osteogenic differentiation
including ALP, RUNX2 and OSX. There were no significant changes in the level of serum IgG after the scaffolds were
implanted. Micro-computed tomography and histological analysis in a rat calvarial model showed a significantly greater

amount of new bone formation. These results indicated the ability of DL-PCL for the use of bone tissue engineering.
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Introduction

Large bone defects resulting from tumor resection,
trauma, non-union of fractures, and congenital malformations
are common clinical problems in maxillofacial surgery.
Several methods have been used for bone reconstruction
in the maxillofacial region to solve the previously mentioned
problems, which include autogenous bone grafts, allografts,
alloplasts and xenografts.”” Autogenous bone graft has
been the gold standard of bone replacement for many years
because it provides osteogenic cells as well as essential
osteoinductive factors needed for bone healing and
regeneration. However, this practice is limited by donor-site
morbidity and the limited amount of bone that can be
obtained. These limitations have inspired a search for
innovative techniques for bone bioengineering and
developing more suitable biomaterials.>”

The concept of tissue engineering can be defined
as the use of a combination of cells, engineering material
or scaffold to support the growth and differentiation of
cells and the proper biochemical factors to improve or
replace biological functions.®’ The main principle for bone
tissue engineering strategy is to use an osteoconductive
porous scaffold in combination with osteogenic cells or
osteoinductive biochemical factors that can improve or
replace the biological function of the bone.®® The scaffold
is the first requirement needed to facilitate the tissue
integration into the bone defect; a three-dimensional (3D)
porous scaffold will function as a template for cell attachment,
proliferation and differentiation of bone cells.”"

Several natural and synthetic polymers have been
used to fabricate tissue engineering scaffolds. Aliphatic
polyesters such as polycaprolactone (PCL), polylactic
acid (PLA), polyglycolic acid and related copolymers are
most extensively used in biodegradable scaffolds. PCL is
a semicrystalline polyester that is degraded by the hydrolysis
of its ester linkages under physiological conditions, such
as in the human body. This polymer has received FDA
approval and is currently used in clinical practice. Its excellent
mechanical, slow biodegradation rate and biocompatibility

characteristics were previously highligshted. Moreover, it

is significantly less expensive, readily available in large
quantities and can be molded into porous structures to
allow for osteoconduction.'*"

During the past year, many techniques have
been applied for making porous scaffolds. These include
solvent casting combined with particulate leaching, freeze
drying, electrospinning, phase separation, melt molding,
and combinations of these techniques. Solvent casting
combined with particulate leaching is a technique that
results in highly porous structures."

In our previous research', a three dimensional PCL
scaffold was fabricated using a modified solvent casting,
particulate leaching. By using both sodium chloride and
polyethylene glycol (PEG) powders as porogens, a newly
synthesized dual-leached (DL) PCL scaffold has been
fabricated. The in vitro analysis reported that this DL-PCL
scaffold exhibited highly interconnected pore networks,
equally distributed pores, and a relatively uniform pore
size of 378-435 um, further leading to high water absorption
capacity of the materials tested. An indirect cytotoxicity
evaluation using mouse calvaria-derived preosteoblastic
cells (MC3T3-E1) revealed that the scaffolds were not
harmful to the cells. The cells cultured on DL-PCL scaffolds
also yielded better mineral deposition values compared
to the original PCL scaffold. However, the effectiveness of
this scaffold to promote new bone formation is still unclear.

The purpose of this work was to evaluate the
potential of the DL-PCL scaffold as bone scaffolding
material. The scaffold was assessed in vitro in terms of
the ability of the scaffolds to support the adhesion and
differentiation, as judged by the expression of osteogenic
related genes by primary human periodontal lisament
(PDL) cells. Finally, the scaffolds were assessed in vivo based
on the calvarial defect model in rats. The interaction
between scaffold and immune response was assessed by
the serum IgG of rats. Bone regeneration in the calvarial
defects was evaluated by micro-computed tomography
(micro-CT) and histological analysis four weeks and eight

weeks after implantation.
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Materials and Methods

Materials

PCL (Molecular weight (MV) 80,000 ¢/mol) was
purchased from Sigma-Aldrich (St. Louis, MO), and PEG
(MW 200, 600, and 1,000 ¢/mol) was purchased from Merck
(Germany). Chloroform (Labscan Asia, Thailand) was used
as a solvent for these polyesters, whereas sodium chloride
(NaCl; Ajax Finechem, Australia) was used as a porogen.
Preparation of 3D DL-PCL scaffolds

The three-dimensional scaffolds were fabricated
as previously reported.” Briefly, polymer solution was
prepared by mixing a PCL pellet with PEG (PCL/PEG = 1/1
(w/w)) and chloroform at a concentration of 28% (w/v).
The solution was then stirred at room temperature for
two to three hours. Next, NaCl particles ranging in diameter
from 400 to 500 um (polymer/NaCl = 1/30 (w/w)) were
added. The mixture was packed into petri dishes, creating
cylindrical scaffolds that were 10 cm in diameter and 0.5 mm
in thickness. Scaffolds were placed in a ventilation hood
overnight to allow for solvent evaporation. After evaporation,
the porogens were leached out by immersing the scaffold
in deionized (DI) water for 48 hours, with repeated changes
of the DI water every eight hours. The scaffolds were
then air-dried for 24 hours and vacuum-dried overnight.
Isolation and culture of the primary human periodontal
ligament cells

Human PDL cells were isolated from periodontal
liscament tissues obtained from the third molars extracted
for orthodontic reasons. The protocol was approved by
the Human Ethical Committee from the Faculty of Dentistry,
Chulalongkorn University (HREC-DCU-2012-079). All patients
gave informed consent. Third molars from three healthy
young individuals without systemic and oral infection, age
between 18-25 years old, were obtained. The periodontal
ligament tissue from the middle one-third was scraped off
with a surgical blade. The tissue explants were cultured
in Growth Medium [GM; Dulbecco Modified Eagle medium
(DMEM) supplemented with 10% FBS, 1% L-Glutamine,

0,5 mg/ml gentamicin and 3 mg/ml amphotericin B] and

grew at 37°C humidified atmosphere with 5% O, The
medium and all the supplements were obtained from
Gibco (Life Technologies Corporation, Grand Island, NY).
After the outgrowing cells reached confluence, cells were
subcultured at the ratio 1:3 and cells at the 3rd-5th passages
were used for the experiments.

Reverse-transcription polymerase chain reaction

Human PDL cells were seeded in 12-well at a density
of 100,000 cells/well and grew for two days in either growth
medium (GM) or osteogenic media [OM; GM supplemented
with ascorbic acid (50 mg/ml) and B—glycerophosphate
(10 mM)]. The same density of cells was also seeded in
DL-PCL scaffold and cultured in OM medium for two days.
The scaffolds were prepared in circular shape (5 mm in
diameter and 1 mm thickness). Total cellular RNA was
extracted with TRI Reagent (Roche Diagnostics) according
to the manufacturer’s instructions. The RNA pellet was
washed with 70% ethanol, air dried, and reconstituted
in RNase free water.

Each RNA sample (1 pg) was converted to cDNA
by avian myeloblastosis virus (AMV) reverse transcriptase
(Promega, WI) for 1.5 hours at 42°C. Subsequently, semi-
quantitative PCR was performed. Cycling conditions were
set at 95°C for 30 seconds followed by 40 cycles of 95°C
for three seconds and 60°C for 30 seconds. The amount
of PCR product was calculated based on the quantitation
cycle and normalization to the expression of glyceraldehyde
3-phosphate dehydrogenase (GAPDH) gene. The primers
were prepared following the reported sequences from
GenBank. The oligonucleotide sequences of the primers
for alkaline phosphatase (ALP: forward 5 CGA GAT ACA
AGC ACT CCC ACT TC 3, reverse 5’ CTG TTC AGC TCG
TAC TGC ATG TC 3’), runt-related transcription factor 2
(RUNX2: forward 5’ ATG ATG ACA CTG CCACCT CTGA 3,
reverse 5° GGC TGG ATA GTG CAT TCG TG 3’), osterix
(OSX: forward 5" GCC AGA AGC TGT GAA ACC TC 3’,
and reverse 5° GCT GCA AGC TCT CCA TAA CC 3’) and
GAPDH (forward 5’-TGA AGG TCG GAG TCA ACG GAT-3’
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and reverse 5’-TCA CAC CCATGA CGA ACATGG-3’). The
real-time PCR was performed in a LightCycler instrument
(Roche Diagnostics, USA) using the LightCycler 480SYBR
Green-l Master Kit according to the manufacturer’s
recommendations.
Morphological observation of cultured cells

Cells were seeded in the DL-PCL scaffold as
described above for 16 hours in GM and fixed with 2.5%
glutaraldehyde solution (Sigma, USA) for 30 min. The samples
were extensively washed with PBS and dehydrated in
ethanol solutions of increasing concentration (30, 50, 70, 90,
and 100%) for approximately two minutes at each concentration.
The specimens were dried in 100% hexamethyldisilazane
(HMDS; Sigma, USA) for five minutes and air-dried after
removal of the HMDS. Once completely dry, the specimens
were mounted on an SEM stub, coated with gold, and
observed under SEM (JSM-5200, JEOL model, Tokyo)
Rat calvarial defect model

The experiment was carried out on six-week-old
wistar rats. The protocol was approved by the Animal Care
and Use Ethical Committee, Faculty of Medicine, Chulalongkorn
University (Animal Use Protocol No. 1773019). Bilateral
circular calvarial defects (5 mm in diameter) were created
under general anesthesia with xylazine and ketamine
intraperitoneal injection. A total of ten rats were used and
divided into two groups; for the DL-PCL group (n=5), the
defect was implanted with DL-PCL scaffold and for the
SHAM group (n=5), the defect was left empty. The wound
was closed with a 4-0 nylon suture. The DL-PCL scaffolds
were prepared as a circular disk as described above in
the culture section.
Quantitative analysis of immunoglobulin G (IgG) with
enzyme-linked immunosorbent assay (ELISA)

Whole blood was collected via rat tail before

performing the implantation (0 week), two, four and eight

weeks after implantation. The blood centrifugation is made
with 10,000 rpm to separate the red blood cells. Then,
quantitative detection of rat IgG was done using the Rat
IgG ELISA Kit (abcam, MA, USA) with a spectrophotometer
at 450 nm. Serum IgG was compared between the SHAM
and the DL-PCL groups.

Micro-Computed Tomography (Micro-CT)

Bone formation in the calvarial defect at 4 and 8
weeks were analyzed using micro-CT imaging. After being
euthanized using pentobarbital intraperitoneal injection,
the calvarial bones were carefully excised, cleaned and
fixed immediately with 10% (v/v) formaldehyde for 24
hours and kept in PBS. Then, the samples were assessed
using 35 SCANCO MEDICAL Micro-CT (70 kVp, 114 pA, 8 W
with 15 pm Voxel; SCANCO, Switzerland) for bone mineral
density and bone morphology in the defect area. The
analyses were performed using 3D analysis software
from Scanco Medical (SCANCO Medical AG, Switzerland).
Histological examination

After micro-CT analysis, the specimens were
dehydrated in graded ethanol solutions, embedded
in paraffin, coronal sectioned (5 pm in thickness), and
stained with Masson’s Trichrome to demonstrate osteon
and cellular detail. The digital images of the sections
were obtained by a visual slide microscope (Mirax desk,

Carl Zeiss, Germany).

Statistical Analysis

Statistical analysis was performed using the
independent t-test for mineral density of micro-CT data.
Differences at p<0.05 were considered statistically significant.
All statistical analyses were performed using Statistical
Package for the Social Science (SPSS) Statistics software

package version 22 (IBM, New York, USA).
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Scaffold + Cells
Figure 1 (A) SEM images at 250x (a) and 500x (b) magnification illustrating the microstructures of the DL-PCL scaffold. Representative
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SEM images illustrating the morphology of PDL cells cultured for 16 hours on DL-PCL scaffolds (c and d with the magnification

of 2000x and 5000x, respectively). Note the well spread cells (*) on the surface of the scaffold. White arrow showed the

border of cells that extended over the attached cells. (B) Graph showed the results from real-time RT-PCR analysis to examine

the expression of osteogenic markers ALP, RUNX2, and OSX cultured for 2 days. In growth medium (GM) or osteogenic
medium (OM) and in DL-PCL scaffold using OM medium (DL-PCL) * indicated the significance when compared to GM, # indicated

the significance when compared to OM at p < 0.5

Cell adhesion and differentiation

The biocompatibility of DL-PCL scaffold was
evaluated in terms of its ability to support cell attachment
and differentiation. Fig. 1(A) shows SEM images of DL-PCL
with and without PDL cells. Cells were seeded onto the
DL-PCL scaffolds for 16 hours and then processed by SEM
analysis. The image of the DL-PCL 3D-scaffold showed
good interconnected porosity and the appearance of a
polymeric network (Fig.1A; a and b). The figure also showed
well-spread PDL cells after 16 hours seeded on the
scaffold. The majority of cells showed evidence of the
extension and expansion over the area of the scaffolds.
Comparison of osteogenic gene expression by RT-PCR
analysis

The osteogenic differentiation was monitored
based on the expression of three key osteogenic related
genes including ALP an early marker of osteogenic differen-
tiation, RUNX2 and OSX, the key transcription factors

that induced osteogenic differentiation. The results in

Fig.1B showed upregulation of ALP, RUNX2 and OSX
mRNAs expression in cells cultured with OM medium
for two days compared to the cells cultures in GM. The
results also indicated that cell culture on the DL-PCL
scaffold showed the increased expression of these
three genes compared to those in the OM medium as
analysed by real-time RT-PCR.
Quantitative analysis of IgG levels in rat

The scaffold was implanted in the rat calvarial
defect model. Fig. 2 showed the schematic of calvarial
defects and the implant of the scaffold in the defects.
The defects were created with 5 mm diameter trephine
bur within the temporal bone. The defects were left empty
(SHAM) or filled with the DL-PCL scaffold for up to 8 weeks.
To evaluate the specificimmune response, the amount of
total IgG from the serum was measured. The results did
not show any significant differences between the level
of serum IgG in both the SHAM and the DL-PCL groups at

all time points (0-8 weeks).
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Figure 2 Graph showed the level of serum IgG of the rat in the SHAM
and DL-PCL groups. No significant difference was detected

In vivo bone formation of DL-PCL scaffolds in rat
calvarial model
The amount of new bone formation in the defect

was assessed by micro-CT analysis after four and eight
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weeks of implantation. Quantification of bone volume/
total volume (BV/TV) showed the amount of new bone
formation at four and eight weeks of DL-PCL group was
significantly higher than the SHAM group (P<0.05) [Fig. 3].

Histological analysis of specimens at four and
eight weeks after implantation were shown in Fig. 4. At
four weeks, the DL-PCL group was found to have an
increase in the amount of collagen, osteoid formation
and vascularization inside the scaffold. At eight weeks,
woven bone structures, osteocytes and lacunae structures
were prominent and the newly formed bone in the center
of the defect was seen. In contrast, the defects in the SHAM
group were filled with loose connective tissue and minimal

mineralization at either time point.

% of New bone formation

Sham m Scaffold

Figure 3 (A) Picture from micro-CT analysis showed the amount of new bone formation compared between SHAM and DL-PCL groups

after 4 and 8 weeks implantation. (B) Graph showed the quantitative amount of new bone formation as calculated by

bone volume/total defect volume (BV/TV). * indlicated the significance when compared to SHAM at p < 0.5
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Figure 4 Decalcified histological sections of rat calvarial at 4 and 8 weeks in the SHAM and the DL-PCL groups. a and b showed the

section from SHAM after 4 and 8 weeks, respectively. Fibrous tissue was found in the center of the defect. New bone formation
could be observed at the edge of the defect. c and d showed the section from the DL-PCL group at 4 and 8 weeks, respectively.
New bone formation could be observed within the implanted scaffold. Black bars represented 1 mm

Discussion

The data from this present study showed the
ability of three-dimensional DL-PCL scaffold to support
cell adhesion and differentiation both in vitro and in vivo.
The use of PCL scaffold for bone tissue engineering had
been report in several studies, however, the majority of
bone grew outside the scaffold.”'® On the contrary, using
our fabrication method, i.e., improve the connectivity
between porous, can find the ossification centre that
occurred within the scaffold, indicating the enhance ability
of the scaffold to support the de novo bone formation.

In terms of cell adhesion, the SEM showed the
well spreading of PDL cells on DL-PCL scaffold within
16 hours. The flatten of the cells on the surface of the
scaffold indicated the good biocompatibility of the
scaffold. This may be due to not only the high porosity
and highly interconnected pore networks of the scaffold
that allowed the cells to penetrate the scaffold'""* but
also to the architecture of the scaffold that is similar to

the fibrous network.

Not only supporting cell adhesion, cell culture on
the DL-PCL scaffold could undergo osteogenic differentiation
as judeed by the increased expression of ALP, RUNX2 and
OSX. ALP is the enzyme that provides to increase the local
concentration of inorganic phosphate, a mineralization
promoter, and to decrease the concentration of extracellular
pyrophosphate, an inhibitor of mineral formation." ALP
has been considered to be one of the markers that represent
the osteogenic differentiation.”” RUNX2 and OSX are the
key transcription factors that regulate osteogenic differen-
tiation.””” An increase of these two genes have been
considered as cell undergoes osteogenic differentiation.
The higher level of expression of ALP and OSX in cells cultured
on the DL-PCL with the OM group compared to cells
cultured with OM alone suggested the possibility that the
DL-PCL architecture might help promote the cells differen-
tiation. Similar to the present results, Chuenjitkuntaworn
et al.”, reported the significant increase in the expression

of type | collagen and osteocalcin mRNAs for the primary
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human bone cells cultured on the PCL/HAp and the PCL
scaffolds fabricated by combined solvent casting and particulate
leaching techniques using sucrose as the porogen.

The ability to support bone cell adhesion and
differentiation of DL-PCL scaffold is the key issue determining
the success in new bone formation. In order to explore the
potential of clinical applications, an in vivo study of the
scaffold to repair a calvarial defect was performed. The
interaction between the scaffold and specific-immune
response was analyzed through the serum IgG of rats.
Increased serum IgG level at four and eight weeks post-
operatively from baseline was probably due to surgical
trauma which lead to endogenous upregulation of 1gG.**
There was no significant difference when comparing the
IsG levels the of SHAM and DL-PCL groups at all time
points, suggesting that B-lymphocyte activity or adaptive
immune response was in a range expected for the calvarial
defect. Furthermore, an histological analysis saw no foreign
body reaction around DL-PCL scaffolds. Thus, the DL-PCL
scaffold may become the biocompatible option for tissue
engineering. Similarly, Nisbet et al.” reported the extent
of microglial and astrocytic responses following the im-
plantation of an electrospun PCL scaffold on the rat brain.
The inflammatory microglia peaked at around four days
and persisted for 28 days. Astrocytes displayed a similar
pattern of activation. However, 60 days after implantation,
there were no scars or foreign body reactions detected
surrounding the scaffolds.

Finally, bone regeneration in the calvarial defects
of rats was assessed. During the operation, good retention
of the DL-PCL scaffolds on the implant site was observed.
This may be due to ample drainage of the exudate through
the pore structure of the scaffold prevents the accumulation
of exudate beneath the scaffold, which may dislodge the
scaffold due to the pressure build-up.” From a histological
view, new blood vessels with red blood cells were formed
in the groups receiving DL-PCL scaffold implantation. This
suggests the regeneration of vascularized bone tissue by
the scaffold. Vascularization is critical for bone regeneration

and persistence of newly formed bone tissue mass.”

Furthermore, micro-CT data demonstrated a significant
increase in BV/TV in the defects of the DL-PCL group at
four and eight weeks post-surgery and from histological
analysis, the degradation of scaffold and the newly
formed bone in the center of the defect in the DL-PCL
group at eight weeks after implantation were identified.
Interestingly, the appearance of new bone area both at
the center and edge of the DL-PCL scaffold group made
them significantly increased bone volume greater than the
SHAM group and indicate the excellent osteoconductivity
of the DL-PCL scaffolds, when implanted in vivo. This
ability might come from the highly interconnected pore
networks of the scaffolds to facilitate cells ingrowth'®as
well as the fibrous like structure of the scaffold.
Regarding the degradation rate of PCL, there was
a report showing that the degradation time for the PCL
scaffold ranged between 21 days to two years. " Generally,
a scaffold was designed to allow the seeded cells to
proliferate and secrete extracellular matrix, therefore the
gradual degradation of the scaffold will provide space
for new cell growth." In addition, the water absorption ability
of the DL-PCL scaffold may facilitate specific adsorption
of serum proteins that could help regulate the adhesion

221 Consider the amount of

and proliferation of the cells.
scaffold left in the affected area between four and eight
weeks; approximately half of the scaffold already had
degraded. Therefore, the degradation of the scaffold
should be within three to six months, which would be the
reasonable time frame in craniomaxillofacial applications.”

In conclusion, this study suggests that the DL-PCL
scaffold was suitable for bone defect repair in a critical
size rat calvarial defect model. The novel DL-PCL scaffold
could serve as a carrier for repairing bone defects. This scaffold
has enormous potential to develop as material for bone
tissue engineering applications. Further experimental and

clinical studies should be conducted to confirm these results.
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Prevalence of Maxillary Sinus Septum and Investigation of Morphology in
Thai Population by Cone-beam Computed Tomography; Comparative Study
between Dentate Partial Edentate and Edentate
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Abstract

The aim of this study was to investigate and compare the maxillary sinus septa and morphology in the Thai
population by using cone-beam computed tomography (CBCT) between dentate, partially edentate and edentate
patients. CBCT scans from 300 Thai patients: 209 females and 91 males with a mean age of 49.22 years old, were
retrospectively collected from the hospital database of the Faculty of Dentistry, Chulalongkorn University, Bangkok,
Thailand. All CBCT images were viewed and evaluated on Infinitt® software. The evaluation of maxillary sinus septa
(type, maxillary sinus wall, location, completion) was performed by two observers. Sixty CBCT scans were randomly
selected for re-evaluation after four weeks. Patients’ demographic data were recorded. Descriptive analysis of the
data was done. A total of 567 maxillary sinuses were included in this study and 241 septa were found. The majority of
dentate (60%), partial edentate (59.63%) and edentate (85.71%) groups were found without septa in maxillary
sinus. The correlation between dentition and septa was not found. Most septa were located on the medial wall of the
maxillary sinus (85.06%), and commonly found in the region of the first and second molars (41.49%). Most maxillary
sinuses contained only one septum (88.38%). The septa is mostly attached to the walls of the maxillary sinus (73.03%).
Almost 43% (42.74%), of the three-wall-septa attached to the floor, lateral wall and medial wall of the maxillary sinus.
The major orientation of the septa was not parallel to sagittal, coronal or horizontal planes (48.96%). The majority of
septa completely separated sinus compartments (83.83%). Maxillary sinus septa are common anatomical structures
that showed at around 60 - 85% among dentate, partial edentate and edentate patients of the Thai population in this
study. They are most often found in the first or second molar region on the floor of the maxillary sinus. These findings

are useful information for dentists to prevent possible complications during sinus augmentation procedures.
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Introduction

Maxillary sinus is a pyramidal shaped cavity
extending anteriorly to the canine and premolar area and
inferiorly to the first molar region. The size of the sinus
increases with age, starting from an insignificant size to an
average of 25-35 mm in width, 36-45 mm in height and
38-45 mm in length.' The blood supply comes from the
infra-orbital artery, the posterior superior alveolar artery
and the greater palatine artery.” Some anastomoses of the
posterior superior alveolar artery and the greater palatine
artery can be found at the lateral antral walls. These arteries
also supply the Schneiderian membrane of the maxillary
sinus.” Following tooth extraction, there is a dimensional
change of the edentulous area® In the posterior maxillary
region, there is not only a deficiency in the width and height
of the alveolar ridge, but also there is usually the pneuma-
tization of the maxillary sinus which was found to be varied
according to tooth type and region. Research showed pneu-
matization occurs in an area without previous pneumatization.
Moreover, previous pneumatization did not favor more
pneumatization after tooth extraction.’ Septa is contained
inside some of the maxillary sinuses. Maxillary septa were
first described by Underwood in 1910." These septa normally
arise from between adjacent teeth and can be found to
originate from the floor, the wall or the roof of the sinus.

Nowaday, an osseointegrated dental implant has
become readily available for replacing missing teeth. The
treatment procedure includes osteotomy of the edentulous
areaforplacement of adentalimplant. The common complication
found in a dental implant procedure is inadequate bone
both in width and height. In order to achieve optimum bone
height and width for dental implant placement, a bone
augmentation procedure is required. Sinus floor elevation
and augmentation is one of the widely used procedures
to obtain bone height in the maxillary posterior region.
This procedure was first described by Tatum in 1986.° The
sinus wall is opened at the antral wall and the Schneiderian

membrane is lifted to create spaces in between for bone

grafting materials. During the step of exposing the maxillary
sinus, perforation of the sinus membrane may occur. This
complication is usually associated with the presence of
amaxillary sinus septum.” Furthermore, there were other
intraoperative or postoperative sinus complications such
as excessive bleeding, infection, wound dehiscence, sinusitis
or loss of bone graft.” Therefore, it is necessary to investigate
the maxillary sinus septa morphology and pathology by
radiographic images prior to the procedure.

Patients with a complete or partial edentulous
area are more likely to get dental implant treatment. As
aresult, the anatomical complication during sinus augmentation
surgery will be frequently found in these patients. The
correlation between the status of dentition in the posterior
maxilla and the presence of sinus septa were not found in
the Caucasian population™ nor in the Taiwanese population.'
However, this type of data is not available in the Thai population.

Panoramic radiography and cone-beam computed
tomography (CBCT) are generally used in dental practice for
a preoperative evaluation before placing dental implants.*?
Due to the image geometry and superimposition of anatomical
structures, panoramic radiograph may lead to false-positive
and false-negative findings in the visualization of septain
almost half of the case studies. False diagnosis of finding
maxillary sinus may occur if only panoramic radiography
is used.">'* CBCT is therefore recommended to obtain a
precise preoperative evaluation and three-dimensional
visualization of the maxillary sinus.

When using CBCT to investigate maxillary sinus
morphology, various orientations and locations of the
sinus septa were found in different group populations.**°
Nevertheless, there has been no published research
on 3D information of maxillary sinus morphology in the
Thai population. Therefore, the aim of this study was to
investigate the maxillary sinus septum and morphology
between dentate, partial edentate and edentate in Thai

population by using CBCT.
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Materials and Methods

Study design and patient selection

The study protocol was reviewed and approved
by the ethics committee of the Faculty of Dentistry,
Chulalongkorn University (No.064/2019). CBCT images from
1 January 2017- 31 December 2018 were retrospectively
collected from the hospital database at the Radiology
clinic, Faculty of Dentistry, Chulalongkorn University,
Bangkok, Thailand. AL CBCT images were screened based
on the inclusion and exclusion criteria. CBCT images with
a minimum 8x8 mm field of view to cover at least one
complete maxillary sinus were included. The exclusion
criteria are patients who had a history of surgical intervention
or trauma to the maxillary sinus, pathology of the maxillary
sinus and the maxillary posterior teeth involving the
maxillary sinus (Fig. 1), insufficient image quality. Moreover,
the sinuses that exhibited mucosal thickening of more
than 4 mm were excluded.

A total of 300 cases were selected with 209
females and 91 males. From these samples, 567 maxillary
sinuses (399 sinuses from females and 168 sinuses from
males) were included. The maxillary sinuses were divided
into three groups (dentate, partial edentate and edentate).
Dentate patients include patients with all the teeth present

in the selected field of view, partial edentate included

LAO (OUT) CAU 90

patients with some missing teeth and edentate included
patients with no teeth in the field of view. The age group
ranged in four groups: 0-20 years old, 21-40 years old,
41-60 years old and more than 60 years old.
Radiographic and analysis

AW CBCT images were viewed and evaluated on
the picture archiving and communication system (PACS)
software (Infinitt® software, Infinitt Healthcare Co. Ltd.,
Seoul, Korea). The parameters regarding patient’s data
(age, sex, status of dentition of the investigated side:
dentate, partial edentulous, edentulous), maxillary sinus
septum of more than 2.5 mm in height, type of septa
(sagittal, coronal, axial, others) (Fig. 2), the maxillary sinus
wall that the septum originated from (floor, roof, medial,
lateral, anterior, posterior), the number of septa in the
sinus, the location of the septa (anterior: premolar,
middle: first and second molar, posterior: third molar)
(Fig. 3) and the completion of the sinus (complete: cross
one wall to the opposing wall, incomplete) were reviewed
from the software by two observers. Prior to the observation,
a calibration session to be familiar with the software and
the collecting data was performed. Twenty percent of the
included CBCT scans were randomly re-evaluated after

four weeks.

Figure 1 An axial CBCT image showed an example of a non-investigated left sinus due to pathology
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Figure 2 Types of maxillary sinus septa: (a) A sagittal CBCT image showed an example of a complete coronal septum in the left

maxillary sinus (b) A coronal CBCT image showed an example of a complete axial septum in the left and right maxillary

sinus (c) A coronal CBCT image showed an example of a complete sagittal septum in the left maxillary sinus (d) A sagittal

CBCT image showed an example of a complete other septum in the left maxillary sinus
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Figure 3 Locations of septa: (a) A sagittal CBCT image showed an example of sinus septa in the anterior region in the left maxillary

sinus. (b) A sagittal CBCT image showed an example of sinus septa in the middle region in the left maxillary sinus. (c) A

sagittal CBCT image showed an example of sinus septa in the posterior region in the left maxillary sinus

Statistical analysis

IBM SPSS Statistics software version 22.0 (IBM,
Armonk, NY, USA) was used to perform statistical analysis.
Descriptive analysis and the frequency of maxillary sinus
septa was performed. Any correlation regarding age, dentition,
type, location and the present of the sinus septa was
calculated using Pearson chi-square tests. Cohen’s kappa
statistic was performed to evaluate interobserver agreement.

The significant level was set at p<0.05.

In this study of 300 patients, 209 patients were
females (69.67%) and 91 were males (30.33%) with an
average age of 49.22 years old. From these patients, 162
(54%) had at least one septum, and 64 (24%) of the 267
bilateral sinus scan showed septa in both sides. In the
567 maxillary sinuses evaluated, a total of 241 septa were
present, and 226 sinuses presented with at least one septum

(39.9%). The frequency of sinus presented with at least
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one septum for the left and right sides were 38.8% (n = 111)
and 40.9% (n = 115), respectively. This finding was statistically
significant (p<0.001). Of the total evaluated sinuses, 37.6%
(n = 213) had one septum, 2.3% (n = 13) had more than
one septum (Table 1).

The samples were categorized into three groups
according to the types of dentition on the side that
maxillary sinus was investigated. The number of maxillary
sinuses with absence and presence of septum in the
dentate, the partial edentate and the edentate groups
are presented in Table 1. Of the 290 sinuses with dentate
(100%), 270 sinuses with partially edentulous (100%) and
seven sinuses with completely edentulous (100%), the
frequency of sinus presented with at least one septum
were 116 sinuses (40%), 109 sinuses (40.37%) and one

sinus (14.29%) respectively (Table 3).

Regarding the distribution of sinus septa in relation
to the status of the dentition in the left posterior maxilla,
septa were present in 49.5% of dentate regions, 50.5% of
partially edentulous, and 0% of completely edentulous.
For the right posterior maxilla, septa were present in 53%
of dentate regions, 46.1% of partially edentulous, and 0.9%
of completely edentulous. No significant difference was
found for the frequency of septa based on the type of
dentition (p=0.358 and p=0.788 for the left and right sides,
respectively). When comparing between male and female,
no statistically significant difference was found (p=0.590).
The frequencies of septa in males and females were 51.3%
and 55%, respectively (Table 2). Patients were assigned into
four age groups. There was also no significant difference
in the frequency of septa in relation to the age of a patient
(p=0.392) (Table 4).

Table 1 Frequency sinus septa with regards to types of dentition and sex

Total sinus Number of maxillary sinus
" Age Total sinus
Dentition By dentition Sex No Septum
range (y) by sex (%) 1 (%) More than 1 (%)
(%) (%)
Dentate 290 (51.1) F 10.24 - 84.45 (43.95) 198 (34.9) 113 (19.9) 79 (13.9) 6 (1.1)
M 11.57 - 70.85 (36.25) 92 (16.2) 61(10.8) 29 (5.1) 2(0.3)
Partial 270 (47.6) F 14.06 - 87.19 (57.21) 196 (34.6) 121 (21.3) 70 (12.4) 5(0.9)
edentate M 22.51 - 85.18 (56.07) 74 (13.0) 40 (7.0) 34 (6.0) 0
Edentate 7(1.2) F 62.36-64.33 (62.93) 5(0.9) 4(0.7) 1(0.2) 0
M 69.91 - 69.91 (69.91) 2(0.3) 2(0.3) 0 0
Total 567 (100) 341 (60.1) 213 (37.6) 13 (2.3)

Table 2 Frequency of patients who have sinus septa with regards to sex

Sex Total patients by sex Number of patients who have septa (%)
Male 91 47(51.6)
Female 209 115(55)

Table 3 Frequency of the maxillary sinus with regards to the number of septa by the dentition

Dentition Total sinus (%) Number of maxillary sinus (%)

No septum 21
Dentate 290 (100) 174 (60) 116 (40)
Partial edentate 270 (100) 161 (59.63) 109 (40.37)
Edentate 7 (100) 6 (85.71) 1(14.29)
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Table 4 Frequency of sinus septa with regards to age group

Age group
Total
0-20 years old 21-40 years old 41-60 years old More than 60 years old
No Septa 10 40 42 46 138
Septa 7 38 52 65 162
Total 17 78 94 111 300

Types, morphology and locations of maxillary sinus septa

Of the 241 included septa, the most common
orientation of septa was coronal (44%; n = 106), followed
by axial (4.1%; n = 10) and sagittal (2.9%; n = 7). More than
one-third of the septa (49%; n = 118) could not be classified
as coronal, sagittal, or axial and were designated as “other”.
The most frequently found origin of septa was medial
(29.5%; n = 205), followed by floor (24.8%; n = 172), lateral

(24.1%; n =167), roof (8.4%; n = 58), anterior (7.8%; n = 54)
and posterior (5.5%; n = 38) (Figure 4). The majority of septa
were found in the region of the first or second maxillary
molars (41.5%; n = 100), 32.8% (n = 79) were located in the
retromolar (posterior) area, and 25.7% (n = 62) were in
the premolar area. Of the 241 septa identified, 83.8% (n

= 202) were complete and 16.2% (n = 39) were incomplete.

Number of Septa (%)
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Figure 4 Frequency of sinus septa with regards to origin
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The differences in the orientation of the septa
in relation to the type of dentition (dentate, partially
edentate and edentate) were not statistically significant
(p=0.571 and p=0.588 for the left and right sides, respectively).
The differences in the location of the septa in relation
to the type of dentition were not statistically significant
(p=0.685 and p=0.614 for the left and right sides, respectively).

In addition, the differences in the completion of the septa

Table 5 Intraobserver reliability (Cohen’s kappa values)

in relation to the type of dentition were not statistically
significant (p=0.833 and p=0.490 for the left and right sides,
respectively).
Observer reliability

The kappa values for both observers were excellent,
ranging from 0.983 to 1.00. Substantial interobserver reliability
for the type of septa (classified into coronal, sagittal, axial and

others) was observed (Cohen’s kappa value = 0.983) (Table 5).

Measurement Reliability test Values
Presence of septa Cohen’s kappa coefficient 1.000
Dentition Cohen’s kappa coefficient 1.000
Type of septa Cohen’s kappa coefficient 0.983
Septa completion Cohen’s kappa coefficient 1.000
Septa location Cohen’s kappa coefficient 1.000
Number of septa Intraclass correlation coefficient 1.000

Discussion

This study aimed to investigate the maxillary
sinus septa and morphology in the Thai population by
using CBCT scans from 300 Thai patients collected from
the hospital database of the Faculty of Dentistry. In this
investigation, 54 % of the patients had at least one septum
and 39.9 % of the sinuses had at least one septum. These
findings were lower than results reported by Bornstein et al”,
with septa present in 66.5 % of the patients; 56.5 % of
the sinuses, using a similar threshold of 2.5 mm height of
sinus septum as our study. However, a systematic review
by Pommer, et al which included at least 2-4 mm height
of sinus septum demonstrated that septa presentin 28.4 %
of the sinuses.'® Different methods have been used to
investigate the maxillary sinus septa and morphology in
previous studies such as panoramic radiographs, computed
tomographic imaging and direct assessment in sinus surgery
patients and cadaveric heads.””*' Gandhi and others conducted
a study of cadaveric heads with at least 2.5 mm in height
as a minimal height of maxillary sinus septa and found

that 28.1 % of the maxillary sinuses have sinus septa.”

Lee and colleagues conducted a study using CBCT
images for posterior maxilla with at least 2.5 mm in height
as a minimal height of maxillary sinus septa found that
24.6 % of the maxillary sinuses and in 27 % of the total
patients have maxillary sinus septa.”’ Park et al. and others
conduct a study using CT scans with at least 3 mm in
height as a minimal height of maxillary sinus septa found
that frequency of 37 % of patients and 27.7 % of maxillary
sinuses have sinus septa.”’ From the study of Park et al,
they reported a higher percentage of maxillary sinus
septa even with a higher threshold than Lee et al. and
Gandhi et al. but the frequency was still lower than the
current study’’ (9,10). The higher threshold may explain
the lower frequency of sinus septa compared to the results
of this study.

The results of this study was similar to a study
conducted by Koymen et al.”* Dental CT images were used
to assess 410 sinus segments, it was found that 35.4 %
of maxillary sinus had sinus septa.” Another study by Qian

et al. used reconstructed CBCT images of 1,012 sinuses
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with at least 2.5 mm in height. It was revealed that the
prevalence of septa was 48.2 % based on the number
of patients and 32.6 % based on sinuses." In this study,
there were no significant differences between the frequency
of septa and sex or age and type of dentition (dentate,
partially edentulous, edentulous) of the patients. These
findings were similar to previous reports.'”"! However,
Pommer et al. showed that there was a significant difference
of septa between edentulous and dentate ridges. The authors
explained that there might be a recruitment bias because
radiographic images were collected from a specific patient
group who were referred for implant treatment.’

The current study revealed that the most common
orientation of septa was coronal plane (44 %). These results
were in concordance with the study published by Bornstein
etal'. In this report, the most frequently found origin of
septa was the medial wall (29.5 9%). In contrast, Bornstein
et al. showed that most septa were located on the floor
of the maxillary sinus (58.6 %). This might be because of
the pyramidal shape of the maxillary sinus; therefore, it
was hard to identify the exact boundaries between each

wall”

. The first or second maxillary molars region was the
area that the majority of the septa was found (41.5 %) and
most of the septa were complete (83.8 %). The results
also agree with what was reported by Bornstein et al."’
During a lateral window sinus augmentation procedure,
the operator has to perform an osteotomy at the lateral
of the maxillary sinus. Our study showed a second frequently
found origin of septa at the floor and the lateral of the
maxillary sinus, therefore, this area should be operated
with caution. Sinus perforation is the main complication
found during the sinus augmentation procedure especially
when replacing a single tooth.”” Moreover, the most frequent
sinus orientation found in our study was in the coronal
plane which is perpendicular to the osteotomy site of the
sinus augmentation procedure. Without prior information
from CBCT, dentists could create a sinus membrane
perforation when opening the wall of the sinus.

Prior studies reported data from mostly a Caucasian

population, some reports from South Korea and Taiwan

showed prevalence of maxillary septa in the East Asian
population.'**** However, a prevalence of the sinus septa
in the South East Asian population was not described
previously. Further studies with a larger sample size among
a South East Asians population is needed.

Regarding how the number of maxillary sinus septa
correlates to sex, our study showed 51.6 % of male and
55 % of female were presented with sinus septa. However,
in the Taiwanese population, men have more chances
to have septa than women."" In a study of edentulous
patients, age did not correlate with the presence of sinus
septa.” Our report showed similar results to the study
by Orhan, et al in a Turkish population where significant
difference was not found among age groups.”

The limitations in this research are all radiographic
images come from a patient group who were referred for
any specific reason such as implant or investigate sinus
anomaly so there might be a recruitment bias and some
radiographic images have only one side so in this research,
we can’t collect data of left and right side equally. Moreover,
due to the small sample size of the edentate group, our
report showed 85.7 % without sinus septa while 14.3 % or
one person was found with septa. A larger group of edentulous
patients is needed to evaluate the significance of edentulous
to the presence of sinus septa. Nevertheless, based on the
findings of this study, the reliability of CBCT image analysis
was very high. The clinical applications can be drawn from
this research that CBCT is recommended for investigation

of maxillary sinus before a sinus augmentation procedure.

Conclusions

Maxillary sinus septa are common anatomical
structures and in this study, the Thai population are most
often found in the first or second molar region which
originated from the medial wall of the maxillary sinus. They
are usually completed and parallel to the coronal plane.
The majority of the population who have septa showed more
than one wall septa. These findings are useful information
for dentists to prevent possible complications during

sinus augmentation procedures.
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Abstract

Photovoice is an activity used in Participatory Action Research. It helps lead to an awareness of social
problems. The group of novices at the Phrapariyattidhamma school consists mostly of marginalized youths who are
socially pressured into participating in smoking. As a consequence, smoking-related problems ensue. This research
involved 13 group-leaders, consisting of 11 of the novitiate’s leaders and 2 of their teachers, all of whom were either
studying or working at the Phrapariyattidhamma school in the province of Chiang Mai. This research took place between
October of 2020 and April of 2021. The goal was to promote awareness of these problems among the novitiate’s
leaders at that school. We incorporated focus groups and participant observations by way of the photovoice. The

results revealed that photovoice correctly identified smoking-related problems in temples, schools and communities.
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Accordingly the novitiate leaders learned to recognize problems related to smoking, particularly health-related problems
for smokers, the negative effects of second-hand smoke and the various other deleterious economic effects. These
realizations led to a non-smoking campaign being organized by the leaders group. After the campaign 30.8% of the
novice students had quit smoking, and a further 26.9% had reduced their daily intake. Furthermore, no new smokers
were created, nor were recidivists noted. In summation: the photovoice method as applied here increased awareness

of smoking-related problems amongst the novitiate leaders, caused the creation of a non-smoking campaign, and

either a reduction or cessation of smoking amongst the novice students themselves ensued.
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Table 1 Smoking behavior of novice student before and after campaign (n=49)

Survey

Smoking behavior

Never Smoke

Used to smoke Smoke until now

Before campaign 21 (42.9%)

After campaign 21 (42.9%)

2 (4.1%) 26 (53.1%)

10 (20.4%) 18 (36.7%)
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Table 2 Smoking behavior of novice student after campaign (in smoking group before campaign; n=26)

Smoking behavior

Amount (%)

Quit smoking
Decrease smoking
Non-change smoking

Increase smoking

8(30.8%)
7(26.9%)
11(42.3%)

0(0.0%)
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Abstract

This project aimed to develop an integrated model to foster dietary behavior and executive function skills
among preschool children in Wangthong District, Phitsanulok Province through community based participatory research
process. A partnership between school, health care workers, and researchers used multiple methods to examine the
context and environmental health risks in the community. A school health program was also implemented through this
collaboration. An action working group was established to facilitate structured involvement of partners in the design,
implementation, and evaluation phase of the project. Results of this project were emerging concerted activities as
follows: (a) environmental modifications to promote positive dietary behavior practices; (b) assessment of development

and problem behaviors of executive function in children and subsequently determining the potential solutions; (c)
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promoting healthy dietary behavior and executive function skills in the classroom setting; (d) cultivating parent involvement
to facilitate improved child care; (e) storytelling through parents with their children to influence positive dietary behavior
and executive function skills; and (f) developing additional activities towards betterment of dietary behavior and executive
function skills. Despite the brief duration and limitations of the project, the newly nurtured partnerships, emerging
concerted activities, and unforeseen community support were fundamental to forge organizational participation

focused towards growth and addressing other health-related issues.

Keywords: Community based participatory research, Dietary behavior, Early childhood, Executive function skills
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Table 1 General characteristic of children and parents
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Table 1 General characteristic of children and parents (cont.)
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Table 2 Output from partnership process
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Table 3 Summary of output from participatory planning (AIC) process
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Table 4 Example of practice-experience activities

fanssu “lUdeuauasen”

a e Y@y
NANIIAY wguaﬂun%au

Inguszash

1. Winausavengunsallunisviludeals
(A1udldaw)

2. iinanansoveningiuuaztuneulunsyinlideld
(AU, EUALTUNS)

3. nannsalfaunsalldegugnseuazaendy
(adnlasnzoq)

4. PNENITOUBNAMAIYEIEN TR
(AuAnldanu danguniuan)

Qe

YUADU/NTSUIUNT

(34

o

Ui Sodmas “egg song”

°

Tudau

1. wuzihingivuazaunsallunsviiluiden

2. venduneuuaraBansvilEiFen

3. WinvlSeamuduneu GBuasiievn)

sﬂxua':;ﬂ ﬂgLLa:LﬁﬂaummLﬁaqﬁuqmﬁwmaaawsawwws
(PRIl Gavgunuhn)

Inguszash

1. ansnsadudterhluldnuld

2. ansndsdnlninseslumsidondeoims

3. iinannsamuauensuallunmsiadulalunmadendedud omns

4. Winanso3Buasionh My wassidunsidenteemsiiusslen
Fumou/NTTUIUMS

futh

1. Winuazagimiuviesrndessamdednuieaiuaus/ewns

2. WinuazagaunuiAeIiumadesaes Tneasldmany “fvuw/
g1mserlsvng”

Huseu

1. aguasdindmiuaietonnadumsidontovun/ensitiasande
2. Winuazagidenensiaulonuay 1 agns

3. Fnuagagiafuaumnifoaturesiiom laglisma “wdinqRernomns
wilslloiselovinazliiusslend” “iidenFutsemuemsilsiselow
wifnezlsiu”

fuagl Winuaeastamtumuumdumsidendeomsiifiusslon
wuazen fauAanses lidudunsie simmunzey

0) msUfudsudunndeuisetoninaiuaing
NYANTIUNTUSLNAIMS lagnisvenusuilounases
sofruungunseulansulidnihulsadou lnemalsadou
fimsdnvuy waldl wazundalidnsuussu uasverusiile

sndneulUsenlulsaseu

(%4 P ¥
ftgoh oL N
INAANEE LT 1o roor

s

- BuidnfiAd Fasods

- o dou dou  HnAR

lagiwsluthudosioslarinis
©c.o - uguveamsuatn
~ 5 S
t iBs -Guugnauiviasey

#onuetholousestaies

- sonduld
-Salizews 2ewu dou winby “
- wnseluiie \

0
- dousnsvounenufond,usld . “
\* - shudn walddauileilinuinn ~'

o {

www.rlg-ef.com

JU 1 daegnFeauladiililufonysy

Figure 1 Example of online media in project
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Table 5 Results of questionnaires from “family reading activities”
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Comparison of Andrographis paniculata and Chlorhexidine Mouthwash on
Anti-plaque, Anti-gingivitis and Side Effects

Jananya Plianrungsi' and Promphakkon Kulthanaamondhita'

'Department of Oral Diagnostic Science, College of Dental Medicine, Rangsit University, Pathum Thani, Thailand

Abstract

The purpose of this study was to evaluate the effects of Andrographis paniculata (Ap) mouthwash com-
pared with chlorhexidine (chx) mouthwash on anti-plaque, anti-gingivitis, tooth staining, and burning sensation. This
study was a double-blind, randomized two group experiments. Thirty-four healthy volunteers were enrolled in this
study. Participants were assigned into two groups and mouthwash was given according to the group. Gingival index,
plaque index, stain index and visual analog scale for burning sensation were recorded at baseline and three weeks
after the experiment. Then, participants were switched between groups and the data were recorded. The results had
shown that the baseline data were not significantly different between the groups. Both mouthwashes can reduce
the gingival index but were not significantly different from baseline and between the groups. Both mouthwashes can
significantly reduce plaque index but were not statistically significant between the groups. Chx significantly caused
more staining on the teeth compared to Ap and the burning sensation reflected as VAS score was significantly lower
in Ap. It can be concluded that Ap mouthwash can effectively reduce plaque accumulation, produce less staining
and discomfort. This herbal mouthwash can be used as an adjunctive to mechanical oral hygiene procedures and

as an alternative to chlorhexidine mouthwash.
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Introduction

Dental plaque removal is an important issue in
oral health promotion. Dental plaque is the mass of bacteria
that starts accumulating on the surface of a tooth as a sticky
biofilm. Plaque deposition brings about the inflammatory
changes on the periodontium that can lead to the destruction
of periodontal tissues and loss of periodontal attachment.

If adequate control measures are not undertaken, the

gradual build-up of plaque over time will lead to tooth
decay and gingival diseases.’

Gingivitis is one of the most common oral diseases
which can occur with every individual.”> Normally, the
mechanical and chemical plaque controls are used to
remove the plaque. Chemical plaque control like mouthwash

is widely used for adjunctive therapy. The most widely
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prescribed anti-plaque and anti-gingivitis chemical agent is
chlorhexidine gluconate (chx) containing mouthwashes.”
Chx has been reported to be the gold standard antiplaque
and antigingivitis agent and its effects in combination with
or without mechanical plaque control measures havebeen
widely discussed in the literature.”” However, the long-term
use of chlorhexidine gluconate mouthwash has been
found to be associated with several side effects including
teeth discoloration, staining, and a burning sensation,
mucous membrane irritation, and taste disturbance.**'**

Nowadays, people pay more attention to natural
products, including herbal mouthwash due to its low
toxicity, ease of availability and lack of microbial resistance
of herbal agents. Bamboo, Triphala, pomegranate mouthwash
has been studied for a long time and advantages of these
herbs are verified by much evidence.”"’

Andrographis paniculata (Ap) is an alternative
choice due to its properties. Ap has been used in the
treatment of various diseases, such as cancer, diabetes,
high blood pressure, ulcer, leprosy, bronchitis, skin diseases,
flatulence, colic, influenza, dysentery, dyspepsia and malaria
for centuries in Asia, America and Africa.’ It also has been
used in the treatment of oral diseases such as oral cancer
in which dehydroandrographolide of Ap inhibits cell migration
and the invasion of cancer cells."” Inhibitory activity against
P. gingivalis has also been found in Ap combined with a
95% ethanol extract which can aid in the treatment of
periodontal diseases.”” Furthermore, subgingivally
delivered Ap gel had been investigated and found to
aid in adjunctive chronic periodontitis treatment and
to improve the periodontal conditions in periodontitis
patients during the maintenance phase.”*

Myseptic Mybacin® is a commercially available
mouthwash that contains Ap extracts, water, alcohol and
other essential oils. The manufacturer claims it can be
used as an adjunctive mouthwash to help prevent dental
plaque build-up, the development of gingivitis and to
improve halitosis.

A previous study by our group” found that both

chx and Ap mouthwash were able to reduce the gingival

index but are not significantly different from baseline
and between the groups. Therefore, to overcome the
bias and limitations in the previous study, this study was
developed to further evaluate the effect of these mouthwashes
in reducing the severity of gingivitis and also evaluate the
side effects caused by both mouthwashes.

In addition, existing evidence in support of
mouthwash formulation containing Ap as a single active
ingredient against plaque and gingivitis is still limited,
and studies that so far investigated the effectiveness of
Ap had many methodological limitations.

Therefore, the aim of this study was to compare
the commercially available Ap mouthwash and the
commercially available chx mouthwash on anti-plaque,

anti-gingivitis, tooth staining, and burning sensation.

Materials and methods

1. The recruitment of participants

The study recruited 40 healthy participants
from dental students at the College of Dental Medicine,
Rangsit University among the age group of 18-30 years
old. The study was approved by the Ethics Committee of
Rangsit University (RSUERB2020-015) and the participants
were included in the study after signing informed consent
and voluntarily agreeing to participate in this project.
Inclusion criteria

- Healthy participants aged between 18-30 years old

- Dental students of College of Dental Medicine,

Rangsit University

- BOP > 10%

- Probing depth < 3 mm

- No clinical attachment loss

- No radiographic bone loss

- Periodontal diagnosis as localized or generalized

dental plaque induced gingivitis (AAP/EFP 2018)

Exclusion criteria

- Pregnancy and lactation

- Gingival enlargement

- Requiring daily medication

- Allergy to any component used in this study
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- Any fixed or removable orthodontic appliances
or prosthesis
- Physical and mental retardation that can
interfere with oral hygiene
- Alcoholism
- Severe malalighment teeth
- Smoking
- Participants had received periodontal therapy
or antibiotics within 6 months prior to the study
- Tooth loss due to periodontal disease
The participants were randomly divided into the
following two groups of 20 patients each: Group A were
given commercially available 0.12% Chx mouthwash
(Mybacin®) and Group B were given commercially available
Ap mouthwash (Myseptic Mybacin®).
2. Data collection
Two calibrated examiners held all of the examinations
and were trained and well calibrated. The intra and inter-
examiner reliability was calculated. Cohen’s kappa coefficient
(k) for intra and inter-examiner reliability was 0.81 and
0.79 respectively. The data collection processes were in
total of five visits as shown by the flow chart in Figure 1.
First visit
All participants received oral prophylaxis using
Gracey curettes and sickle scaler by the operators and
were approved by an instructor at the Oral Diagnosis Clinic,
College of Dental Medicine, Rangsit University. Oral hygiene
instructions using the modified Bass brushing technique were
given. The participants received the same dental hygiene
set comprised of a toothbrush (soft-bristled brushes)
and tube of toothpaste (Colgate®) to use until the end
of study. Normal saline solution (NSS) was given to the
participants and they were instructed to rinse 15 ml twice
daily immediately after tooth brushing during this period.
Second visit
One week after the first visit, the participants were
requested to return all the bottles at this visit to evaluate
the compliance. Clinical examination using mouth mirror,
explorer and William probes comprising of Silness & Loe

plaque index (PI)”', Lée & Silness Gingival index (GI)*®,

modified Lobene stain index (SI)*” and visual analog scale
(VAS)” for burning sensation were performed by the same
examiners. The participants were randomly divided into
two groups, A for Chx mouthwash and B for Ap mouthwash.
All of the mouthwashes were packed in similar colored
bottles but labeled differently and were administered to
the participants by the examiners. The participants were
also unaware of which mouthwashe they had been given
and were asked to rinse with 15 ml of mouthwash for 30
seconds immediately after toothbrushing in the morning
and before bedtime.
Third visit

Three weeks after the second visit, participants
were recalled for a second measurement by the same
examiners. Again, the participants were requested to return
all the bottles at this visit to evaluate the compliance.
Clinical examinations comprising of PI, GlI, SI and VAS
were performed. Oral prophylaxis using Gracey curettes
and sickle scaler was done to set the clinical parameter
to zero. Normal saline solution (NSS) was given to the
participants and they were instructed to rinse 15 ml twice
daily immediately after tooth brushing during this period.
Fourth visit

One week after the third visit, once again the
compliance of the participants were measured by the
return of all the bottles and participants were recalled for
a third measurement by the same examiners. Clinical
examinations comprising of PI, GI, Sl and VAS were performed.
Mouthwashes were administered by switching types of
mouthwash between groups. Participants were asked to
rinse with 15 ml of mouthwash for 30 seconds immediately
after toothbrushing in the morning and before bedtime.
Fifth visit

Three weeks after a fourth visit, participants
were recalled for the final measurement by the same
examiners. Once again, the participants were requested
to return all of the bottles at this visit to evaluate for
compliance. Clinical examinations comprising PI, Gl, SI
and VAS were performed. Oral prophylaxis using Gracey

curettes and sickle scaler was done.
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First visit

Oral prophylaxis, oral hygiene instruction and distribute NSS

40 subjects

l 1 week

Second visit
Measure PI, Gl, SI and VAS

-

Group A 20 subjects

Chx mouthwash

l

Divide into 2 groups \

Group B 20 subjects

Ap mouthwash

l

i 3 weeks

Third visit Measure PI, GI, S| and VAS
Oral prophylaxis
i 1 week
Fourth visit Measure PI, Gl, SI and VAS
X switch mouthwashes
between groups
Group A 20 subjects Group B 20 subjects
Ap mouthwash Chx mouthwash
i 3 weeks
Fifth visit Measure PI, Gl, SI and VAS

Oral prophylaxis

Figure 1 Study desien flowchart

3. Data analysis

The statistical software SPSS version 25.0 (SPSS Inc.,
Chicago, IL, USA) was used for data analysis. The normal
distributions of the clinical measurements were assessed
using the Shapiro-Wilk test. For the clinical measurements,
the descriptive analysis of PI, G, Sl and VAS is presented
as mean + SD and median (min, max). After investigating
the normal distribution of the data, the Pl and Gl scores
were not normally distributed so the mean Pl and Gl scores
between groups were examined using the Mann-Whitney
U test and the differences of mean within a group were
assessed by the Wilcoxon signed rank test. Whereas, the
Sland VAS scores were normally distributed so the mean

Sland VAS scores between groups were examined using

the independent t test and the differences within the
groups were assessed by a paired t test. Significant

differences were defined as p<0.05.

This study was approved by the Research Ethics
Office of Rangsit University (RSUERB2020-015) and all the
participants signed the informed consent before starting
the study. Of the 40 participants, six were excluded from
the study due to loss of follow up. Thus 34 participants
completed the study, 17 participants in the Chx group
and 17 participants in Ap group. The mean age of the
participants was 22.09 + 2.24 years old. There were more

females than males (Table 1).
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Table 1 Demographic data at the participant level. Data reported as mean + SD

Characteristics

Number of participants

Age: mean + S.D.

34
22.09+2.24

Sex

Female

Male

23 (67%)
11 (33%)

1. Gingival index

The baseline gingival index (GI1) was not significantly
different between the Chx and the Ap mouthwash groups.
After finishing the experiment, the gingival index (GI2)

was not significantly different between the Chx and the
Ap mouthwash groups. Both mouthwashes slightly
decreased the gingival index but not significantly from
baseline (Table 2).

Table 2 Descriptive data and comparison of gingival index (Gl) between Chx and Ap mouthwash. Data reported as mean + SD and median

Clinical parameter Chlorhexidine Andrographis paniculata P-value
Mean + S.D. Median (min, max) Mean + S.D. Median (min, max)
Gl1 1.15 + 0.36 1.25(0.38, 1.75) 1.15 £ 0.28 1.19(0.64, 1.71) 0.787
Gl2 1.12 + 0.39 1.19 (0.25, 1.83) 1.09 + 0.25 1.08 (0.33, 1.58) 0.418

2. Plague index
There was no significant difference in the baseline
plaque index (PI1) between the Chx and the Ap mouthwash

groups. The plaque index at the end of the experimental

period (PI2) was significantly lower in both groups compared
with baseline. Whereas, the plaque index between
both groups after the experiment were not significantly
different from each other (Table 3).

Table 3 Descriptive data and comparison of plaque index (Pl) Chx and Ap mouthwash. Data reported as mean + SD and median (p<0.05).

Clinical parameter Chlorhexidine Andrographis paniculata P-value
Mean + S.D. Median (min, max) Mean + S.D. Median (min, max)
PI1 1.31 +£0.35 1.27(0.67, 2.13) . 1.30 + 0.35 1.36(0.42, 1.88) . 0.811
PI2 1.06 + 0.39 1.04(0.42, 1.96) } 1.15 + 0.36 1.15(0.54, 1.83) } 0.320

3. Stain index

No analysis was performed on the baseline stain
data because no participants presented with staining
after the first visit. The overall scores revealed that Chx
mouthwash significantly demonstrated more stain deposited

for both extent, intensity, and total of both. When analyzing

each area, only the gingival area significantly demonstrated
more extent and intensity of staining in the Chx mouthwash
compared to the Ap mouthwash. There was a trend
toward less proportions of the heavy stain intensity and
the total area but not statistically different from each other
(Table 4, Fig. 2 and Fig. 3).
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Table 4 Descriptive data and comparison of stain index (SI) between Chx and Ap mouthwash. Data reported as mean + SD and

median (p<0.05)

Clinical parameter Chlorhexidine Andrographis paniculata P-value

Stain index Mean + S.D. Median (min, max) Mean + S.D. Median (min, max)

Extent Gingival 0.20 + 0.28 0(0, 1) 0.04 +0.18 0(0, 1) 0.008*
Approximal 0.08 + 0.21 0(0, 1) 0.01 + 0.03 0(0, 0.17) 0.056
Body 0.04 + 0.15 0 (0, 0.83) 0.05 + 0.03 0(0, 0.17) 0.142
Total 0.32 + 0.52 0.17 (0, 2.67) 0.05 + 0.22 0 (0, 1.25) 0.009*

Intensity Gingival 0.19 + 0.25 0(0, 0.92) 0.04 + 0.16 0(0, 0.92) 0.005*
Approximal 0.09 + 0.25 0 (0, 1.33) 0.03 + 0.171 0(0, 1) 0.058
Body 0.04 + 0.13 0 (0, 0.67) 0.00 + 0.01 0 (0, 0.08) 0.170
Total 0.32 + 0.52 0.13 (0, 2.67) 0.05 +0.21 0(0, 1.17) 0.008*

Extent + intensity: Total 0.64 + 1.04 0.29 (0, 5.33) 0.11 £ 0.44 0(0, 2.42) 0.008*

Stain index
(extent average score per person)

0.4 *

0.2

Total extent

Extent gingival Extent approximal

Wcix Ma

Figure 2 Comparison of stain index (extent) between Chx and

Extent body

Ap mouthwash. Data reported as mean + SD (p<0.05)

Stain index
(intensity average score per person)

0.4

0.2 0.19

0.09

Intensity gingival Intensity approximal  Intensity body
Wox W

Figure 3 Comparison of stain index (intensity) between Chx and

Total Intensity

Ap mouthwash. Data reported as mean + SD (p<0.05)

4. Burning sensation

The VAS was used to represent the burning
sensation experienced by the participants. There was
more burning sensation observed in the Chx group.
Furthermore, the means of VAS between the two groups

were also significantly different (Fig. 4).

VAS
(average score per person)

*

6 1

VAS

B cHx I ar

Figure 4 Comparison of visual analog scale (VAS) of burning
sensation between Chx and Ap mouthwash. Data

reported as mean + SD (p<0.05)

Discussion

This study was further developed from the
previous study” to overcome the bias and limitations

with additional investigation that aims to compare both
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types of mouthwashes in reducing the severity of gingivitis
and its side effects. A previous study had shown that
there was no difference in the reduction of Gl between
both mouthwashes, so the investigations on PI, SI and
burning sensation were performed in order to evaluate
other aspects of gingivitis reduction, and in addition,
evaluate the side effects after using both mouthwashes.

This study was a double-blind, randomized two
group experiments evaluating the effect of Ap compared
with chx on the development of plaque and tooth staining,
decreasing the severity of gingivitis and burning sensation.
The results revealed that after 21 days, Ap significantly
reduced the plague accumulation comparable to chlorhexidine.
Moreover, Ap significantly generated lower staining on teeth
and less burning sensation was experienced by the participants
when compared with chx.

In this study, the gingival index after the experiments
which indicates the status of the gingival health revealed
no significant differences from the baseline in both groups.
Previous studies have shown that chx can improve the
gingival index towards better gingival health when used
concurrently with mechanical plaque control >**%*"%

Thawonrungroj et al. found that subgingivally
delivered Ap gel was able to significantly reduce the
gingival index in chronic periodontitis patients with mostly
moderate gingival inflammation when compared to scaling
and root planing alone.” A recent study by Kuphasuk
and Prommas® which studied the effect of subgingivally
delivered Ap gel during a supportive periodontal therapy
also support the ability of Ap inimproving the gingival health
in a chronic periodontitis patient as shown by the reduction
of the gingival index.

In comparison to our study, Ap mouthwash did
not significantly reduce the gingival index when compared
to baseline. This was due to the different types of the
gingival disease, different preparation of the agent, delivery
method and the initial status of the gingival health of
the participant which, in our study, were gquite mild to
moderate gingival inflammation. Most of the participants

presented very mild gingival inflammation that may not

show further improvement after the mouthwash was
used. Furthermore, oral prophylaxis procedures given
to the participants before the experiment could reduce
the gingival inflammation that resulted in no difference
in gingival inflammation between the two groups.

Moreover, concentration and preparations of Ap
may also have an effect on the outcome of this study.
Ap gel most widely used in the previous study contains
0.5625 mg/mL of Ap extracts.”** The concentration of
commercially available Ap mouthwash was not provided
by the manufacturer. However, the preparation in gel form
may provide better retention in the target area and also
provide the direct effect of the substance into the gingiva,
which in turn could provide better results in improving
gingival health. The use of mouthwash also required patient
compliances while the gel preparation can only be used
by professional application and applied during the recall
intervals. These differences may account for the different
results obtained from this studly.

Previous studies had investigated the possible
anti-inflammatory mechanism of Ap and found that
andrographolide, an active ingredient form Ap extracts,
was responsible for the anti-inflammatory property.
Overproduction of nitric oxide (NO) and prostaglandin-E2
(PGE2), inducible isoforms of nitric oxide synthase (iNOS)
and cyclooxygenase-2 (COX-2), plays a significant role in
the inflammatory processes. The methanol extract of Ap
and andrographolide incubated with macrophages have
been reported to inhibit LPS-stimulated NO production
in a concentration-dependent manner. Andrographolide
has also been reported to suppress IL-2 production and
T-cell proliferation in a mixed lymphocyte reaction and to
inhibit dendritic cell maturation and antigen presentation®.

Bacterial plagues have been proven to have arole
in the etiology of dental caries and periodontal diseases.
The use of mouthwashes as disinfectants can aids mechanical
methods to reduce plaques.® Chx as a gold standard appears
to be the most effective antimicrobial agent for the reduction
of plaque.””* Our study has shown that Ap mouthwash

can significantly reduce plaque accumulation and comparable
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with chx mouthwash. The results are also in agreement
with previous studies that showed significant effects of
Ap on plaque reduction when compared to baseline.””**

Several studies in the past have shown that herbal
and essential oil-containing mouthwash had similar
properties in plaque reduction when compared to
chlorhexidine. Charles et al.*’ found that at six months,
the essential oil and chlorhexidine mouthrinse produced
statistically significant Pl reductions compared with the
control and were not statistically significantly different from
each other with respect to plaque and gingivitis reduction.

Priya et al.*®

investigated the green tea mouthwash
compared to chlorhexidine mouthwash and observed
a significant decrease in Pl in both of the groups. These
results may support the use of Ap, an herbal medicine,
to be used as an adjunctive to chlorhexidine for chemical
plaque control.

Teeth staining and burning sensation are one of
the side effects when using chx mouthwash. The brown
deposition on the teeth can be esthetically unpleasing,
and coupled with an unpleasant sensation, may discourage
the patient to use the mouthwash and decrease the
compliance of the patient.*'*! Our study found that Ap
significantly caused less staining on the teeth when compared
to chx. Moreover, the patient reported outcome reflected
as a VAS score on the sensation perceived after the use of
both mouthwashes also indicates significantly better results
than chlorhexidine.

Yaghini et al.””, studied the effect of aloe vera-
green tea and matrica mouthwash compared to 0.2%
chlorhexidine mouthwash. The results showed that all
three mouthwashes can significantly reduce gingival index,
plaque index and bleeding on probing with matrica mouthwash
being the most potent in the gingival index and plaque index
reduction. In addition, both aloe vera-green tea and matrica
mouthwash produced significantly lower stains on the
teeth when compared to chlorhexidine.” A recent study by
Kamolnarumeth et al. which studied the effect of chx mixed

with hydrogen peroxide and compared to chlorhexidine

alone showed that 0.2% chlorhexidine significantly produced
more staining on the teeth and the side effects of burning
sensation were more pronounced in the chx only group.”
Both studies support the use of a different preparation or
alternatives to reduce the teeth staining and help improve
patient compliance.

Also, there were some limitations to the present
study. Most of the recruited participants were mild gingivitis
patients which may not reflect the general population
that may have more severe forms of gingival diseases.
Also, due to the time limits of the study, the washout period
between two mouthwashes was reduced to seven days.
Newcombe et al.*" studied the efficacy of oral hygiene
agents with concerns about the residual effect especially
in chx mouthwash. The results showed that the residual
effect of chx was different from other mouthwashes and
suggested that a longer washout period, such as 10 days,
is preferable. Previous studies that comparable mouthwashes,
especially with chx, also used a washout period of 14 days
or more. From this aspect, the shorter washout period in
our study could affect the results and a longer washout
period is mandatory in order to differentiate the effects
of each mouthwash.

Furthermore, the compliance of the participants,
one of the most critical parts of the study, were hard to
control. The amount of the dispensed mouthwash and
the duration that the participants used could also have
an impact. In this study, the participants were instructed
to use 15ml of mouthwashes for 30 seconds. Lang and
Brecx” suggested that the use of 10ml of chx mouthrinse
for 30-45 seconds were adequate for an optimal dose of
30 % of the applied chlorhexidine to be bound in the
oral cavity. A recent review by James et al.”” investigated
51 studies to evaluate the chx mouthrinse as an adjunctive
treatment for gingival health and found that most stud-
ies used 10-15ml of the solution for 30 seconds. This
suggests that the amount and duration of the mouthwash
used in our study were adequate and in compliance with

most of the previous studies.
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To determine the compliance of the participants,
they were instructed to bring their own bottle of mouthwash
to determine whether they had been using the mouthwash
regularly as instructed. Although the procedure may seem
promising, complete compliance cannot be ascertained
by this method. Moreover, the order of the mouthwash
that participants received could affect their compliance.
The group who received chx mouthwash as their first
mouthwash may experience the burning sensation and
unpleasant taste that might lead them to refrain from
continuing to use the mouthwash as instructed. In contrast,
the group that received Ap mouthwash first may have
better compliance. From this aspect, the results obtained

may be compromised

Conclusion

Within the limitations of the study, it can be
concluded that Ap mouthwash can effectively reduce
plague accumulation with less staining deposition and
burning sensation. The results support the use of Ap as an
adjunctive to mechanical oral hygiene procedures and as
an alternative to chlorhexidine for the antiplaque properties.
Since the number of studies about Ap mouthwash are still
limited, further research with a larger sample size is required

in order to support the use of this valuable medicinal plant.
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Model Fabrication for Practicing Manual Reduction of Temporomandibular

Joint Dislocation
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Abstract

Temporomandibular (TMJ) dislocation occurs when the mandibular condyle has displaced completely out
of glenoid fossa and anterosuperiorly to the articular eminence. This condition is considered an urgency since it
causes physical pain and mental trauma which is needed to be handled straight away. TMJ reduction, a technique
in which the dislocated jaw is pushed downward and backward into its normal position, is the standard treatment
for both acute and chronic TMJ dislocations. Accurate placement of the operator’s hand position and force direction
make the reduction more effective. The aims of the study were to fabricate the three-dimension (3D) model for
practicing accurate manual reduction of acute anterior TMJ dislocation and to assess the satisfaction of the model
simulation from unexperienced dental students. The 3D-TMJ dislocation model was fabricated, and redesigned based
on the usability principle by Oral and Maxillofacial surgeons until the final design was achieved. The satisfaction,
ease of use, proper posture, convenience to hold the jaw, and demonstration of the direction for jaw relocation
were assessed using the final prototype in unexperienced dental students. The results indicated that the overall
satisfactory level for the final prototype was moderate to high in the formative phase and the overall satisfactory
level was high in the summative phase. The 3D-TMJ dislocation model enabled the students to understand how
to properly adjust patient position, hand placement, and force direction. The 3D-TMJ dislocation model simulation
offers the opportunity for the students to practice their skills and to allow detailed feedback and assessment of

their performance.
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Introduction

Temporomandibular joint (TMJ) is a ginglymo- required."” The primary muscles of mastication are important
arthrodial joint. To understand TMJ function, consideration muscles that play a role in the mandibular movement.
of the relationship of glenoid fossa-articular eminence, The function of masseter and temporalis muscles is to
articular disc-disc ligaments, condyle, synovial membrane, elevate the mandible causing the mouth closed. The
capsule, accessory ligament, and muscles of mastication is function of medial pterygoid muscle is to elevate and
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protrude the mandible. Bilateral contraction of the lateral
pterygoids act to protrude the jaw. Lateral pterygoid muscle
with assistance of gravity and the digastric muscle also
open the jaw.” Anterior mandibular condylar dislocation
occurs when the mandibular condyle has displaced
completely out of glenoid fossa and anterosuperiorly to
the articular eminence.* TMJ dislocation incidence has
been reported to be between 3-7 % in the general population’
and has had an incidence about 3% of all dislocations
throughout the body.®
TMJ dislocation has been classified into 3 groups
depending on how long and the frequency it has occurred:
acute dislocation (most common), habitual or chronic recurrent
dislocation and long-standing or chronic persistent dislocation.”®
Acute dislocation can be managed with a manual
reduction, such as the Hippocratic, the wrist pivot’, combined
ipsilateral staggering' and the extraoral methods." However,
Hippocratic method is the most common technique which
has the highest success rate.'*** The operator should stand
in front of the patient and place their thumbs on the
posterior lower molars bilaterally, while other fingers wrap
laterally around the mandible. The operator subsequently
forces downward pressure on the lower molar region,
which direct the mandible downward and backward. The
other fingers pull upward on the mentum of the mandible.
This levering force will tend to rotate the mandible,
providing additional inferior and posterior movement of
the condyles. Once this occurs, the mandible will be reduced
as the condyle translates back into the glenoid fossa.'
Treatment of TMJ dislocation should be initiated
as soon as possible. Once dislocation has occurred, spasms
of the masseter and pterygoid muscles may be worsen
over time. The first reduction is the most effective. Multiple
attempts make subsequent reductions more difficult
because the patient will have more pain and muscular
spasm.’ Quite often, the ineffective treatment may be
attributable to the limited experience of the surgeons.
To make effective treatment, dental students are
required to develop their practical skills. Teaching using

media is one of the most important components in the

teaching and learning processes." The advantages of using
a 3D solid model are to allow the learners to examine a
model which may not be easy in the real object or patients,
and to handle and permit close-up practicing in a safe and
controlled environment. Moreover, instructional media
promotes critical thinking skills and connect theory to practice.”

Consequently, the opportunity to perform the
first reduction of TMJ dislocation can prepare dental students
and help them feel confident as well as improve the
development of practical skills. Therefore, practicing the
reduction of TMJ dislocation by using the 3D solid model
may improve the skill and confidence of dental students.
Thus, in this present study, the three-dimension (3D) model
for practicing accurate manual reduction of acute anterior
TMJ dislocation was fabricated and then the satisfaction
of the model simulation from unexperienced dental

students was assessed.

Materials and Methods

Design and setting

This study consisted of 3 parts. The first part
was the design and construction of the prototype. Then,
the formative usability test was performed in the second
part to improve the design of the prototype. The formative
evaluation was conducted with the intention of improving
the design, and the results were used for the redesign. This
step was repeated until the final prototype was achieved.
Lastly, the third part, the final prototype was used for the
summative usability test to confirm the effectiveness in
a larger number of participants.
Participants

The population of formative usability test
consisted of Oral and Maxillofacial surgeons who had
experience in the reduction of TMJ dislocation at least
3 times per year (n=5). The population of summative
usability test consisted of the 4" year dental students of
Prince of Songkla University, who had never performed
a manual reduction of TMJ dislocation (n=20).

The project was approved by the Human Research

Ethics Community, Faculty of Dentistry, Prince of Songkla
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University. Each participant gave written informed consent
prior to the model testing.

Data collection

Outcome

The questionnaire regarding the use of this fabricated
model gave a satisfactory outcome. The formative usability
test questionnaires were given to experienced Oral and
Maxillofacial surgeons. This part was composed of general
information, experience of treating TMJ dislocation, and
satisfaction of using this fabricated model. The summative
evaluation questionnaires were given to dental students.
This part was composed of general information and
satisfaction of using the final prototype model.

Each item of the questionnaire was determined
to be low, moderate and high.

1) The model was easy to use: low meaning
unstable holding platform and difficult to prepare anterior
dislocation of TMJ, moderate meaning unstable holding
platform or difficult to prepare anterior dislocation of TMJ,
and high meaning stable holding platform and easy to
prepare anterior dislocation of TMJ.

2) The model allowed for proper posture: low
meaning the standing posture is not very comfortable such
as stoop down, moderate meaning the standing posture
is moderately comfortable, and high meaning the standing
posture of operation is very comfortable.

3) The model was convenient to hold the jaws for
reduction: low meaning the model was less comfortable
to hold, moderate meaning the model was moderately
comfortable to hold, and high meaning the model was
very comfortable to hold.

4) The model was able to demonstrate the direction
used for jaw relocation: low meaning the model was not
able to demonstrate the direction used for jaw relocation,
moderate meaning the model can show some direction
in which the jaw moves, and high meaning the model was
able to demonstrate the direction used for jaw relocation.

5) The model shows a realistic simulation for
jaw dislocation as in actual patients: low meaning the

model cannot represent the real patient in the practice,

moderate meaning the model resembles a real patient,
but cannot represent the actual patient in the practice,
and high meaning the model resembles a real patient and
can represent real patients in the practice.
Data collection procedure

The participants were invited to attend the three-
dimensional solid model testing. Each participant performed
a reduction of TMJ dislocation with model under the
supervision of one professors. Professor provided additional
information when necessary or if requested by participants.
After completion of the model testing, all participants
were asked to complete a questionnaire.
Prototype fabrication, formative and summative
assessments

Three prototypes were designed and constructed
by replica cast of the skull by making a polyester resin
cast from a silicone rubber mold of the skull from the
usability concepts.
Prototype 1

The first prototype was fabricated by using a
plastic container that fitted the original skull model and
leaved a space of at least 1 cm between the container
wall and the skull. RTV-2 silicone was the material used for
rubber mold mixture in a ratio of 100:2. The silicone mixture
was then gently poured from the top of the container to
avoid air bubbles and left to set for 24 hours. When the
silicone mold was firm and fully set, the container was
then removed using bur cutting and the skull model was
removed using blade cutting. The silicone mold was then
put back into the container to be casted using polyester
resin mixture in the 100:1 ratio for 1 minute. The polyester
resin mixture was gently pouring from the top of the
container to avoid air bubbles and left to set and harden
for 24 hours before removal from the silicone mold. Coil
springs size 7x51 mm representing the masseter and
temporalies muscles and coil springs size 7x38 mm
representing the medial pterygoid muscle were fixed to
the resin skull in the positions of masticatory muscle

attachments.
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Figure 1

The formative usability test was performed by
experienced Oral and Maxillofacial surgeons to improve
design of the prototype. Participants criticized the difficulty of
use because the model needed to be held by another person
during usage causing difficulty in force assertion and low
stability. Moreover, they mentioned that the resistance was too
low so it was too easy to relocate the jaw in the model. Some of
the participants suggested that it might be better if the model
could have more stable handle and a stiffer spring to create

more resistance against jaw reduction as in the real patients.

Prototype 1 was fabricated by polyester resin and coil spring without handle platform

Prototype 2

From the 1st formative comments, the second
prototype was redesigned to be a solid block without an
internal space, Additional micro-balloons were added for
strength enhancement. The screws were fixed in positions
of muscle attachments, consisting of the masseter, temporalis,
and lateral pterygoid muscles. Rubber bands were used
instead of coil springs and holding platform was designed
to be stabilized with table.

Figure 2 The second prototype with a non-adjustable platform handle

Then, the formative usability test was performed
by experienced Oral and Maxillofacial surgeons to improve
design of the prototype. Participants were satisfied with
the handle making the model more stable. The hand positions
used on the model were similar to those in real patients,

helping dentists understand the hand positions in jaw

reduction. All participants were highly satisfied with
simulation of force direction used for jaw reduction shown
by the model because the anatomy could be seen very
clearly and could help them direct a proper force direction.
The easy handling benefited the participants to feel the

mandibular movement. However, they criticized that
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mandible in the model could be touched and moved
directly unlike in real patients in which mandible is
covered by layers of soft tissues. As a consequence,
jaw reduction in the model was too easy.

Some surgeons suggested that it might be better
if the model could have a more realistic skin coverage
because the exact anatomy is not obvious in real patients
and the operator should not see condyles as clearly as

in the model.

Prototype 3

From the 2nd formative comments, the third,
final prototype was re-designed. It was fabricated by
polyester resin and rubber band with an improved
handle neck that locks tighter to the model and was
adjustable in both horizontal and vertical directions.

The mask was designed to simulate the facial skin and

was removable at will.

Figure 3 Final prototype with adjustable platform handle in both horizontal and vertical directions. The mask is designed to simulate

the facial skin and is removable at will

The formative usability test was performed by
experienced Oral and Maxillofacial surgeons to evaluate
design of the prototype. Participants commented about
the stability and location of the dislocation. The displaced
condyle usually came too anteriorly which caused the
coronoid process to end up anteriorly to the zygomatic
arch and the range of vertical adjustment was insufficient.
Tall operators had to stoop down to use the model. In
term of hand position shown on the model, they stated
that the posterior interocclusal space was too narrow
for proper finger placement on the occlusal surface of
the posterior teeth and the operator had to place their
fingers more anteriorly which is not the best position for
force application in jaw reduction. In term of simulation
of force direction used for jaw reduction shown by the
model, they detailed about the rubber mask being too

thick and stiff and was less likely to move along with

the mandible, making it more difficult to reduce the
mandible into place. All users affirmed that having a
removable mask was a good idea because it was much
easier to see the force direction of jaw reduction when
the mask was not on.

Some surgeons suggested that it might be
better if the mask was thinner and softer for a better
adaptation and unison to the mandible, so the operators

could better feel the mandibular movement.

Five experienced Oral and Maxillofacial surgeons
participated in the formative usability evaluation. The
demographic data of the experienced participants
were shown in Table 1. The satisfactory scores of the
3 prototypes from experienced Oral and Maxillofacial

surgeons were shown in Fig. 4.
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Table 1 Demographic characteristics of experienced Oral and Maxillofacial surgeons

Total participants, n 5
Sex, n

Female 2

Male 3
Age, years

Mean (Minimum, Maximum) 33.2 (29, 37)
Year of experience, years

Mean (Minimum, Maximum) 8.4 (5, 11)
Cases of TMJ dislocation per year, case

Mean (Minimum, Maximum) 3.4 (3, 4)
Success rate, percentage

Mean (Minimum, Maximum) 93 (80, 100)
Overall dislocated duration, percent

sudden case 20

referral case (<24 hours) 80
Percentage of surgeon based on number of attempts, percent

1 40

2 40

3 20

Number of surgeons based on position of operator, n

Anterior

Posterior

Prototype 3
Prototype 2
Prototype 1

Simulation of TMI Dislocation

Demeonstrate the direction for Prototype 3

jaw relocation Prototype 2
Prototype 1

Prototype 3
Convenient to hold the jaw Prototype 2
Prototype 1

Prototype 3
Pratotype 2
Prototype 1

Proper posture

Ease of use Prototype 3
Prototype 2

Prototype 1

=}

1

ra

3 4

Number of Oral and Maxillofacial surgeons

Figure 4 The satisfaction of Oral and Maxillofacial surgeons on 3D-TMJ dislocation model
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Summative usability test

The final prototype was used for the summative
usability test to confirm the effectiveness in unexperienced
students (Fig. 5). Most of them were highly satisfied with
the simulation of TMJ dislocation. The reason was that the
model was able to demonstrate force direction used for
jaw relocation more clearly than just lectures and they
were satisfied with the hand position shown on the model
which was similar to that in real patients. This helped dentists

understand the hand position in jaw relocation. Eleven

Demonstrate the direction for jaw relocation
Convenient to hold the jaw
Proper posture

Ease of use

out of 20 users complained that the rubber mask was too
thick and difficult to carry and therefore caused difficulty
in sensing the mandible. Four out of 20 people complained
about the stability and location of the dislocation because
the displaced condyle usually came too anteriorly.
Some of the students suggested that it might
be better if the dislocation could have a precise and
repeatable location, while the mask could be thinner

and softer for easier handling.

Satisfatory Score

Mild © Moderate mHigh

10 15 20

Number of Dental students

Figure 5 The satisfaction of unexperienced dental students on 3D-TM.J dislocation model

TMJ dislocation is considered an urgency which
is needed to be handled straight away. However, TMJ
dislocation is not a common event. Most dentists are not
familiar with the proper treatment and often fail to perform
jaw reduction correctly which might unintentionally
cause the condition to go worse, and therefore require a
more complex treatment.

This model was created to help dental students
understand better about TMJ anatomy and muscle force
directions in jaw reduction and condyle relocation. Student
should have the opportunity to practice with the model
before the real performance in real patients. The model
helps students understand how to properly adjust patient
position, hand placement, and force direction. The model
does not just improve clinical skill, but also help decrease
the number of procedural errors in the clinical setting.

In jaw reduction, force direction is more important

than force quantity because the difficulty of reduction

is different in each patient, making it impossible to determine
the exact quantity of force required for jaw reduction.
Therefore, this model was designed to focus more on the
understanding of force direction used in jaw reduction
rather than force quantity.

The results showed that the second prototype
was highly satisfied by the users in the simulation of force
direction and hand positions for jaw reduction which is
similar to circumstances in real patients because the anatomy
could be seen very clearly. This helps the students understand
better. However, users suggested that it might be better
if the model could have a more realistic facial skin cover
because the exact anatomy, including condyles, would
not be such obvious in real patients. Therefore, the third
prototype was designed with a removable skin cover for
the users to be able to try to reduce the naked mandible
and see the condylar movements, anatomical relationships,

occlusion, and force direction clearly. Then the users can
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put the skin mask back on before reducing the mandible
again with skin coverage to simulate the proper action
in real patients where the clear anatomical relationship
is not seen. However, the skin cover is made by a thick
stiff rubber, making it more difficult to reduce the mandible
into place and results in less satisfaction in force direction
and hand positions. This still needs to be improved further
to make the mask thinner and softer in order to adapt to
the mandible and move along as one unit.

A limitation to this model was that it was unable
to simulate the articular disc and ligament, which are
key anatomies of TMJ movement. As a result, users need
to be cautious about trauma to ligaments which may poses
the risk of disc displacement. However, the main purpose
of this model is for training of jaw reduction which is suitable
for acute anterior TMJ dislocation where the articular disc
is less important. Unlike cases of chronic dislocation where
the disc may be deformed and interferes with jaw relocation.
The manipulation in the model may not be the same as
in the actual patient due to neuromuscular involvement.
Pain or fear makes the patient more tensed. Moreover, the
model only simulates anterior bilateral TMJ dislocation.

A further study might be necessary in order to
investigate the effectiveness of the model on skill im-

provement of manual jaw reduction of TMJ dislocation.

Conclusion

The 3D-TMJ dislocation model offers the students
to understand how to properly adjust patient position,
hand placement, and force direction. The 3D-TMJ dislocation
model simulation offers the opportunity for the students
to practice their skills and allowing detailed feedback and

assessment of their performance.

Acknowledgement

The authors would like to thank the department of
Oral and Maxillofacial Surgery, Faculty of Dentistry at Prince
of Songkla University, all staff in the research unit center
for supporting all the research facilities and Mr. Tawat

Chanpokapaiboon for designing adjustable platform handle.

References

1. Papoutsis G, Papoutsi S, Klukowska-Rotzler J, Schaller B, Exadaktylos
AK. Temporomandibular joint dislocation: a retrospective study from
a Swiss urban emergency department. Open Access Emerg Med
2018;10:171-6.

2. Luyk NH, Larsen PE. The diagnosis and treatment of the dislocated
mandible. Am J Emerg Med 1989;7(3):329-35.

3. Varacallo M. Anatomy, Head and Neck, Temporomandibular Joint.
In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2021.
4. Caminiti MF, Weinberg S. Chronic mandibular dislocation: the role of
non-surgical and surgical treatment. J Can Dent Assoc 1998;64(7):484-91.
5. Kendell BD, Booth PW. Surgical correction of temporomandibular
dislocation. Atlas Oral Maxillofac Surg Clin North Am 1996;4(2):15-32.
6. Shorey CW, Campbell JH. Dislocation of the temporomandibular
joint. Oral Surg Oral Med Oral Pathol Oral Radiol 2000;89(6):662-8.
7. Rattan V, Rai S. Management of Long-standing Anteromedial
Temporomandibular Joint Dislocation. Asian J Oral Maxillofac Surg
2007;19(3):155-9.

8. Huang IY, Chen CM, Kao YH, Chen CM, Wu CW. Management of
long-standing mandibular dislocation. Int J Oral Maxillofac Surg
2011;40(8):810-4.

9. Lowery LE, Beeson MS, Lum KK. The wrist pivot method, a novel
technique for temporomandibular joint reduction. J Emerg Med
2004;27(2):167-70.

10. Shun TA, Wai WT, Chiu LC. A case series of closed reduction
for acute temporomandibular joint dislocation by a new approach.
Eur J Emerg Med 2006;13(2):72-5.

11. Chen YC, Chen CT, Lin CH, Chen YR. A safe and effective way
for reduction of temporomandibular joint dislocation. Ann Plast
Surg 2007;58(1):105-8.

12. Prechel U, Ottl P, Ahlers OM, Neff A. The Treatment of Tempo-
romandibular Joint Dislocation. Dtsch Arztebl Int 2018;115(5):59-64.
13. Akinbami BO. Evaluation of the mechanism and principles of
management of temporomandibular joint dislocation. Systematic review
of literature and a proposed new classification of temporomandibular
joint dislocation. Head Face Med 2011;7:10.

14. Mahajan G. Multimedia in teacher education: Perceptions &
uses. J Educ Pract 2012;3(1):5-13.

15. Cook DA, Hatala R, Brydges R, Zendejas B, Szostek JH, Wang AT,
et al. Technology-enhanced simulation for health professions education:
a systematic review and meta-analysis. J Am Med Assoc 2011,

306(9):978-88.

338 J DENT ASSOC THAI VOL.71 NO.4 October - December 2021



CONTINUING EDUCATION QUIZ

Journal of The Dental Association of Thailand

Year 2021 Volume 71 Issue 4 October - December 2021

Uszdnsnmuasilafduusanauamasinuialuaiuonidnisdudiuuddeiiussdauulanenauugiu
9303 AdEAT, nad ASSUNT’, leu S1sedatiudana’, Tunassal nszanemn’

' IVWUANTIUNDNS ANETiUAWIMEAEans W InedusTsuemans, Unusnd, semelne

“wrunviusnssughsuen lsmenuiassiumansiadunseiiesd, Unusnil, Usendlne

*aedvviunnssulseiug Inendeviununmedans uninedesedn, Unusnil, Usenelne

‘aedrviunnssulseiug AnTuRLITEAERS TaINIaIINgId nTInnEuAT Useinelng

1. mMsfafnveswanions@nisdudiuuniulassasisiuiinainnisiadauuule
n. WenasgaulanA (Micro-mechanical bond)
2.1158ARANIAAL (Chemical bond)
A. WINasTAUNTNIA (Macro-mechanical bond) wagn1sgafianiaail (Chemical bond)
1. Wanasgaugania (Micro-mechanical bond) wagn1sdainniaiadl (Chemical bond)

2. JalafaAsUaNTanTlenTuLDaNBUBLLES
n. INABU (GPDM) A. Wiu-LBUAN (10-MDP)
. Swum (4-MET) 4. 811 (HEMA)

'
=]

3. flaiduueateusweimlaiaudfiniuyeuin (Hydrophilicity) geiign

q
[

INALN (GPDM) A. Wswm (4-MET)

a a

n.
2. WU-LHUAN (10-MDP) 3. JaRduLe (Bis-GMA)

a. asdusznevlavedaverauiiuguivhlfAansBaiamaniifvansisiduueanouewesly
n. UsHnausnAIsuau
2. dusenlus
A. ANUVIVTLULIURN
1. autRealdvouth (Hydrophobicity)

5. Fagmeiuanssudelalianaunsaiinnisgafaniuaiiiugaiuonddvsduduunle
f. Iamwauﬁyug'm (Base metal alloy)
. lTangwaudan (Precious metal alloy)
A. woslawly (Zirconia)
3. aisulad@inananadwsadin (Lithium disilicate glass-ceramic)

n3an amedouvde Login Tu www.cdec.or.th Litesumanuuasiunziuy 3 wiefanssu
http://descdec.cda.or.th/CDECExam/ExamAns?EXAMKEY=94757




