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Instruction for Authors

The Journal of the Dental Association of Thailand,
supported by the Dental Association 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 A4 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 Ad paper (21.2 x 29.7 cm) with 2.5 cm
margin on a four sides. The manuscript should be typewritten

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

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

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

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

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

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

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

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

Editorial Staff of JDAT

The Dental Association of Thailand

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

1. Title Page

The first page of the article should contain the
following information

- Category of the manuscript

- Article title

- Authors’ names and affiliated institutions

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

2. Abstract

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

3. Text

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

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

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

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

- Results: Results are presentation of the discovery
of experiment or researches. It should be categorized and
related to the objectives of the articles. The results can be
presented in various forms such as words, tables, graphs of
illustrations etc. Avoid repeating the results both 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 study.
It should indicate the new discovery and/or important issues
including the conclusion from the study. New suggestion
problems and informed in the discussion and indicate the
ways to make good use of the results.

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

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

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

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

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

- Authors

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

- Institutional authors

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

- No author

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

- Authors being writers

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

- Authors being both writer and editor

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

- Books with authors for each separate chapter

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

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

- Institutional authors

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

- Conference proceedings

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

- Conference paper

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

- Documents from scientific or technical reports

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

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

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

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

- Online only article (without doi)

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

- Patent

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

- Petty patent

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

» Preparation of the Review articles and Case reports «

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

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

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

» Copyright «

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

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

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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Contemporary Trends in Dental Local Anaesthesia: A Review of Literature

Thippayarat Thongim®, Lee Kian Khoo', Bishwa Prakash Bhattarai®, Nattisa Niyomtham?’

Verasak Pairuchvej', Natthamet Wongsirichat2
'Department of Oral & Maxillofacial Surgery, Faculty of Dentistry, Mahidol University, Bangkok, Thailand
International College of Dentistry, Walailak University, Bangkok, Thailand

Abstract

Local anaesthesia is widely used to mitigate pain and discomfort in a variety of dental procedures. Dental local
anaesthetics must be carefully used like any other drugs. Dentists should have basic knowledge and understanding
of local anaesthetics before using these drugs. Despite their safety and effectiveness, local anaesthetics can produce
unwanted adverse effects if used carelessly. Thus, there should be judicious use of local anaesthetic in dental
procedures, especially in medically-compromised patients. This article aims to review the general characteristics
of local anaesthetics, mechanism of action, physiologic properties, metabolism, and elimination mechanisms, the

maximum recommended doses, and the roles of vasoconstrictors that are added to the dental local anaesthetics.

Keywords: Anaesthesia, Epinephrine, Local Anaesthetic, Mechanism, Pharmacology, Vasoconstrictor
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Introduction

Dental local anesthesia is commonly used in a
variety of dental procedures to alleviate pain and discomfort.
Good management of pain is a critical component of care
for patients who undergo dental treatment. Local anesthesia
causes the reversible loss of pain sensation in a specific
area of the body." It has been used and has been improving
for more than a century.

Various local anaesthetic agent like lidocaine,
articaine, and mepivacaine used in dentoalveolar surgery

has shown effective pain management.”* Haas & Gaffen

84 JDENT ASSOC THAI VOL.71 NO.2 April - June 2021

reported that nowadays, the local anesthetic agents are
generally considered safe to use in dentistry, and there is
a minimal incidence of the adverse reactions associated
with the drug administration.> Local anesthetics differ
in their potency and pharmacological components and
the selection of dental local anesthesia is usually guided
by the type of dental remedy and the desired duration
of anesthesia."

There are a number of dental local anesthetics

that provide a prompt onset and sufficient duration of



anesthesia.”” Sisk reported that all the present-day local
anesthetics have the vasodilation property.’® Therefore,
vasoconstrictors or vasopressors have been added into
the dental local anesthetic solutions for several beneficial
effects such as improving the quality and lengthening
the duration of anesthesia.'***

Even though the dental local anesthetic is regarded
as safe and effective, this drug can provide some undesirable
adverse reactions. A previous study revealed that the
adverse reactions of anesthetic agents are not related to
their actions but arise due to inappropriate drug ad-
ministration.” Some local or systemic adverse reactions
can occur from a large dose of local anesthetic.”® This
review article summarizes contemporary knowledge in
dental local anesthesia.

General characteristics of local anesthetic

Local anesthetic has been long used in the dental
patient remedy for more than 100 years. It can cause a
reversible absence of pain sensation, with the ability to
block the impulse conduction distal to the nerve
axon."" Dental local anesthetics are generally classified
according to their molecular structures, the anesthesia
onset, the potency, and the anesthesia duration." The local
anesthetics commonly have specific elementary features.

The dental local anesthetics consist of the
following three principal components: 1) lipophilic
aromatic ring, 2) intermediate amide or ester linkage,
and 3) terminal amine.”'"" These three components
provide different clinical properties to the dental local
anesthetic.”"’ Dental local anesthetic can be categorized
into two major chemical classes based on the intermediate
ester- or amide-based linkages."”'® Currently, all local
anesthetics available in the dental cartridges are usually
affiliated with the amide group, namely, articaine, lidocaine,
bupivacaine, prilocaine, and mepivacaine. The ester group
such as procaine is not currently available in the dental
cartridge. However, benzocaine which is ester-based is
still available as the topical anesthetic.”

Local anesthetic mechanism of action
Local anesthetics provide reversible blockage

to the nerve impulse conduction.'***** Covino reported

that the nerve impulse depends on the concentration of
the electrolyte in the nerve cytoplasm and extracellular
fluid, with the cell membrane permeability of sodium
and potassium ions.*

Typical depolarization can produce the changes
of nerve membrane to allow sodium ions crossing through
the specified sodium channels that lead to the transmission
of the action potential along the neuron." The interruption
of the nerve impulse conduction by local anesthetic occurs
by inhibiting the sodium ions entry through the specified
sodium channels or ionophores within the nerve membranes.
This impedes the momentary surge of sodium ions that
generate the action potential.'"*"

The sodium channels usually exist in a resting state.
During this condition, sodium ions cannot enter the cell.
When the nerve is excited, the channels open allowing the
diffusion or entry of the sodium ions into the cell thereby
instigating depolarization. Then the sodium channels become
inactivated following a rapid change in the membrane
potential, which inhibits the additional influx of the ions.
The active transport mechanisms move sodium ions
outside of the cell. The sodium channels change into the
normal resting state following this repolarization.">"’

It should be noted that local anesthesia bind and
inhibit the sodium channel from a site that is not directly
accessible from outside the cell, preventing the transient
of sodiumions influx that is associated with membrane
depolarization (Modified from Becker et al.*?).

The article by Becker and Reed publicized that
local anesthetic molecules bind more to their receptors
located in the sodium channels during their activation and
inactivation than when they are in their resting stage.”
The relation between inhibition of local anesthetic and a
nerve fiber sensitivity is determined by axonal diameter,
myelination, and anatomical and physiological factors.
Among the same type of nerve fibers, the small fibers are
generally more sensitive to local anesthetic than the large
fibers due to the greater amount of sodium channels
inhibited by the local anesthetic agent."*'" Consequently,
the sensitivity of the small autonomic fibers is the highest

followed by sensory fibers and motorfibers respectively.
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The branches of trigeminal nerves that are
commonly anesthetized for dental procedures consist
exclusively of the small sensory fibers that differ in terms
of their diameters and impulse conduction rates. The
fibers that transmit pain impulses are more sensitive than
those carrying pressure and proprioception. Therefore,
the patient may interpret the sensation of pressure as
pain during dental procedures."”

Physiological activity of local anesthetic
1. Lipid solubility and anesthetic potency

A direct relation exists between the potency

of a local anesthetic and its lipid solubility as the nerve

membrane is primarily made of lipids."**>'*

previous
study by Tetzlaff revealed that the hydrophobic nerve
membrane can relate between lipid solubility and anesthetic
potency." Higher lipid solubility of the drug enables it to
penetrate a nerve faster resulting in a blockade of more
sodium channels. With a greater lipid solubility, the potency
of local anesthetic is improved.”*'®"’ Becker and Reed in
their review mentioned that the anesthetic potency depends
on the concentrations of local anesthetics, which typically
range from 0.5% to 4%." Moreover, the lipid solubility is
also determined from an aromatic ring and its aliphatic
replacements, as well as an addition of the tertiary amine,
such as bupivacaine with a higher lipid solubility has more
potency than articaine. Consequently, this reason forms
the basis for formulating bupivacaine at 0.5% con-
centration (5mg/mL)."""**
2. lonization and onset time

All local anesthetics exist in the solution partly
as the nonionized lipid-soluble form (B) and the ionized
water-soluble form (BH+).'*""*"* The nonionized form can
diffuse through the neural membranes and occlude the
sodium channels.'™'*** An article by Patel and Sadoughi®
reported that the nonionized form also has a faster onset
owing to its greater diffusion rate.

The pKa of the local anesthetic and the pH of
the injection site influence the proportions of ionized
and nonionized forms. pKa is defined as the pH at which

the proportions of the ionized and the nonionized forms
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are the same."” The local anesthetic with a pKa closest
to the physiological pH (7.4) will have a greater portion
of the nonionized lipid-soluble form that diffuses more
readily through the neural sheath (epineurium) and
passes through the neuronal membrane promoting the
rapid onset of action.'"”

The previous study by Patel and Sadoughi® also
showed that the decrease in pH can shift an equilibrium
toward the ionized form causing a delay in the onset of
local anesthetic action. This can describe slower onset
and decreased effectiveness of local anesthetics in the
inflamed tissue, which has an acidic milieu due to a lower
pH.">* Only benzocaine among the local anesthetics
has a pKa lower than the physiological pH (7.4). Previous
reviews by Eappen & Datta and Tetzlaff reported that at
any pH higher than pKa, the proportion of non-ionized
form of the anesthetic will be lesser.'*"’

Lipid solubility is another factor that affects the
onset of local anesthetic action. Though pKa appears
to be the most important factor related to the onset
time, local anesthetics such as lidocaine, mepivacaine,
and prilocaine have rapid onset time despite having a
low pKa.'"*® A study by Eappen et al. reported that the
higher concentrations or the greater total dose of the drug
also speed the time of local anesthetic onset. Hence, at
similar concentrations, chloroprocaine would have a slower
onset than lidocaine, but increasing the concentration
of chloroprocaine can offset this insufficiency.'

3. Protein binding property and anaesthesia duration

Many previous reviews showed that the protein
binding property is related to the anaesthesia duration."'"*
The local anesthetic agent can also reversibly bind to
plasma proteins in blood circulation.”"* Previous works by
Eappen et al. and Patel et al. reported that the greater
number of local anesthetic molecules that bind to
plasma proteins at the sodium channel, the longer the
duration of anaesthesia of that anesthetic.'®* Previous
research by Giovannitti mentioned that protein forms
the major constituent of the sodium channels and their

receptor sites and the protein-bound molecules attach



to the active site. Moreover, protein binding can produce
a drug reservoir and become available as the unbound
drug. This drug can also get removed from the active site
by the vascular uptake."" So, greater protein binding can
produce an extended anaesthesia duration. Poor protein-
bound anesthetics such as procaine are weakly associated
with the nerve membrane and have an extremely short
anaesthesia duration. However, the tightly protein-bound
ones (e.g. bupivacaine) are strongly attached with the
nerve membrane and have a long anaesthesia duration.”
The duration of anaesthesia is also determined by the
lipid solubility of anaesthesia. Local anesthetics with
greater lipid solubility have a long anaesthesia duration,
due to a slower diffusion to the bloodstream.'’
4. Vasodilatation property

Local anesthetics (except cocaine) exert a two-
phased effect on the vascular smooth muscles. At lower
concentrations, local anesthetics produce vasoconstriction,
while at higher concentrations they create vasodilation.
Vasodilation occurs through relaxation of the smooth
muscle fibers at the peripheral arterioles.” Vasodilation
property is also a factor affecting the anaesthesia duration.
Because the drug s quickly diffused away from the anesthetic
site, it will have a very short anaesthesia duration when
used without a vasoconstrictor."** Patel and Sadoughi
also reported that the greater vasodilation property of
local anesthetic agents enables a faster absorption but
imparts a shorter anaesthesia duration.”” The local anesthetics
are varying in their vasodilation ability. Some local anesthetics
such as lidocaine, when used without any vasoconstrictors
can provide greater vasodilation property and resultin a
short anaesthesia duration than others, such as mepivacaine
and bupivacaine.”** Many previous studies showed that
vasopressors, such as epinephrine and levonordefrin, are
added to the anesthetic solutions so that vasodilation
can be compensated and the quality of anaesthesia can
be improved.">***
Local anesthetic metabolism and elimination

Becker and Reed reported that the intermediate

linkage of local anaesthesia is useful for the classification

of these drugs and also useful to determine their pattern
of elimination.”” An amide group of local anesthetics is
biotransformed by enzymes in the liver, while an ester
group is predominantly hydrolyzed by plasma pseudo-
cholinesterase (plasma cholinesterase) in the blood-
stream.">">"’

Para-aminobenzoic acid (PABA), a byproduct with
an allergic potential, is formed during the metabolism
of the ester group of local anesthesia.''*'" Genetic
disorders such as pseudocholinesterase deficiency can
slow the metabolism rate of ester-based anesthetics
and increase the risk for a toxic overdose."!" Nowadays
no ester local anesthetics are available in the dental
cartridges, except benzocaine that is used as a dental
topical anesthesia."”

Amide-type local anesthetics are not metabolized
by pseudocholinesterase. Thus, incidences of allergic
reactions with these agents are seldom reported.'° The
metabolic rate of amides is consistently slower than the
ester types. The rate of amides metabolism is determined
by the hepatic circulation and function. Decreased liver
function or hepatic circulation can prolong the metabo-
lism of these amides leading to higher blood levels and
predisposing to systemic toxicity.'""’

Giovannitti et al. mentioned that the intermediate
chain of articaine qualifies it as an amide-type of local
anaesthesia, but its aromatic ring possesses an ester side
chain that can undergo partial metabolism by nonspecific
plasma esterases.'""” The half-life of articaine is shorter
than other amides local anesthetics, which reduces the risk
of toxicity of this drug. Furthermore, as the lack of adequate
pseudocholinesterase does not affect the metabolism
of articaine, the risk of systemic toxicity in the patient
is also reduced.'

Maximum recommended doses of local anesthetic

The doses of local anesthetics are expressed in
terms of milligrams per body weight, as mg/kg or as mg/b."
The existing information about the dose of local anesthetics
is usually not evidence-based; it is usually shown as the

total maximum dose for preventing an excessive administration
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and toxicity.”** A study of Rosenberg et al. revealed that
the recommended dose is individualized based on the
characteristics of a patient, such as age, weight, the dental
procedure to be performed, and the type of local anesthetics
to be used.”

A review by Haas explained that the toxicity of
a local anesthetic drug depends on various factors including
the injection site, the injection speed, and the presence
of vasopressor in the anesthetic solution.”” Malamed and
Haas mentioned that the calculation of maximum re-
commended doses of should always be decreased for
children, medically compromised patients, debilitated
patients, or elderly patients.""” The liver function alteration,
the plasma protein binding, the blood volume, and other
important physiologic functions can influence the local
anesthetics’ distribution and biotransformation in the
body.' The calculated dose of local anesthetics should
be decreased for all at-risk persons. However, no formula
can determine the total dose reduction for the patients
atrisk. Cox et al. stated that the maximum recommended
dose of local anaesthesia should specifically define the
type of local anesthetics, the type of injection, and the
factor of body weight, age, and systemic diseases in the
patient.”
Vasoconstrictors

Many previous studies reported that the local
anesthetic provides several benefits by the addition of
vasoconstrictor.”'*** Vasopressor or vasoconstrictor
produces blood vessel constriction by activating alpha-1(0L1)
adrenergic receptors thereby limiting the blood flow at
the area of injection, retaining anesthesia for the dental
operation, and delaying anesthetic absorption.”""* As a
result, the vasoconstrictors can increase the safety of dental
local anesthetics by decreasing the systemic toxicity of
local anesthetic and reducing absorption into the systemic
circulation.”* Many studies have reported that the slower
absorption of local anesthetic drug minimizes the chances
of systemic toxicity but extends the anesthesia duration.”">**
Furthermore, the vasoconstrictor addition can improve

the quality of neural blockade and decrease bleeding at
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the operation.*"'*** Two vasoconstrictors (epinephrine
and levonordefrin) are generally added in dental local
anesthetics.'*"

There are approximately equal numbers of QU
and B receptors in the tissues, but due to greater sensitivity
of the B receptors to epinephrine, the B—effects will normally
predominate.’ In submucosal vessels containing only B
receptors, epinephrine can produce local vasoconstriction.
While in systemic arteries containing much higher numbers
of BZ receptors than Ol receptors, even a low concentration
of epinephrine can produce vasodilation and influence
the diastolic blood pressure.”"”

Low doses of epinephrine, such as in dental
anesthetic, can increase heart rate, cardiac output, and
peripheral vasodilation." Various drugs like nonselective
beta blockers, tricyclic antidepressants have potential
interactions through common receptors as epinephrine. '’
Epinephrine with a half-life of 1 to 3 minutes is available
in dental local anesthesia at the concentrations of 1: 50,000
(0.02 mg/mL), or 1: 100,000 (0.01 mg/mL), or 1: 200,000
(0.005 mg/mL). When administered intravenously, its
action is terminated mainly through reuptake by adrenergic
nerves. Escaped epinephrine is quickly inactivated by the
enzymes in blood circulation. Therefore, only a minor
proportion of approximately 1% epinephrine is unchanged
and excreted in the urine." From a previous article by
Becker and Reed,’” 0.3 mg or 300 g of epinephrine can
initiate allergic reactions.

Adverse effects of epinephrine include tachycardia,
tremor, palpitations, arrhythmia, anxiety, headache, and
hypertension.' Consequently, patients with cardiovascular
disease should consider a minimal dosage of epinephrine.
In cardiovascular disease patients or patients under medications
that interact with epinephrine, the doses of epinephrine
should be kept below 0.04 mg."” Epinephrine has a short
duration of action (approximately ten minutes), thus the
supplemental anesthesia containing epinephrine can be
provided by the dentist when required. If multiple operations
are required, the injection time should be extended. For

lessening the systemic effects of vasoconstrictors in the



dental field, the dentist should aspirate before every
dental-injection.”

2. Levonordefrin or Neo-Cobefrin is commonly available
in a concentration of 1:20,000. This concentration should be
considered analogous with 1:100,000 epinephrine.”” The
structure of levonordefrin resembles norepinephrine than
epinephrine and also lacks the affinity for BZ receptors.
Epinephrine causes tachycardia, increases systolic blood
pressure but decreases diastolic blood pressure. However,
norepinephrine increases systolic, diastolic, and mean
arterial pressures producing reflex bradycardia.’

Levonordefrin is advised as a substitute for
cardiovascular patients since it does not increase heart rate.
Nevertheless, the previous article by Becker and Reed
advocated failing in the consideration of undesirable
influence on blood pressure.” After local anesthetic with
1:20000 levonordefrin infiltration injection, they have
equivalent efficacy for constriction of submucosal vessels.””

The amount of vasoconstrictor in local anesthetics
is important especially in excessively anxious or cardiovascular
disease patients. Minimum amount of vasoconstrictor
should be used in patients who are on medications that
interact with these vasoconstrictors."" Epinephrine is most
effective among the vasoconstrictors and the most
commonly used sympathomimetic amine for dental
local anesthesia.”*

Allergic Reactions

Although local anesthetics show rare allergic
reactions, it has been known to be associated with the
contents of the dental cartridge. Local anaesthetic cartridges
consist of chemical agents like sodium metabisulphite as
antioxidants for preventing vasopressor deterioration and
methyl paraben preservative.

Contact dermatitis, generalized urticaria and/
or anaphylaxis, angioedema are common allergic drug
reactions. Allergies to bisulfites may develop a severe
response like bronchospasm particularly in patients with
asthma. Therefore, the history of a patient with a known

previous allergic reaction during dental or medical

treatment related to local anesthesia is very important.
Consultation and allergy testing should be considered
if any uncertainty remains about the history.

If there is uncertainty regarding the history
of allergic reactions, these drugs should not be used.
Elective dental treatment should be delayed if possible
to rule out the cause. In case of severe pain and infection,
oral analgesics and antibiotics respectively can be given as
temporary measures. A histamine blocker like diphen-
hydramine hydrochloride can be used with anaesthetic
solution considering its burning sensation during injection
as an undesirable side effect. If the documented history
of a sulfite allergy is present then, local anesthetic solution
without a vasopressor should be used. If the allergy is
limited to ester anesthetics, an amide group of drugs should
be used. It should not contain a paraben preservative, which
is closely related to the esters. Various manufacturers have
started developing local anesthetic cartridges without
methylparaben. In case of immediate anaphylaxis reaction,
emergency administration of epinephrine with 0.01 mg/kg
(maximum dose of 0.5 mg) IM or IV followed by positioning
of patient, supplemental oxygen, and volume resuscitation
with IV fluids should be done.” Adverse reaction to local
anaesthesia are often related to epinephrine, psychogenic
factors, and other drugs. The toxic effect of LA may occasionally

be misdiagnosed as an LA allergy.

Discussion

The dental local anesthetics currently offered in
cartridges mostly belong to the amide group (articaine,
lidocaine, and mepivacaine), and are selected based on
their potency, onset, and duration.”® The maximum re-
commended dosage and the medical history of the patient
should be considered when using a local anesthetic. The
physiologic activity of local anesthetic represents differences
in the rate of onset and the duration of anesthesia. Thus,
the selection of local anesthetics should depend on the
anticipated duration of the dental procedure and the

duration of the anesthesia required.
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All local anesthetics are different in terms of
anesthetic efficacy. Among the different anesthetics, the
most widely used is lidocaine, which is the standard agent
for comparison with other local anesthetics."****' Many

previous studies”®”

showed mepivacaine has the same
anesthetic efficacy as lidocaine. The study of Cohen et al.*®
mentioned that 3 % mepivacaine is as effective as 2 %
lidocaine in achieving pulpal anesthesia in the inflamed
mandibular molars after inferior alveolar nerve block. Porto
et al.”’ compared 2 % lidocaine and 2 % mepivacaine
with equal concentration of epinephrine for mandibular
third molar surgery. The results were that both anesthetics
had similar anesthesia time and produced profound anesthesia
for procedures that lasted up to one hour. There were also
no significant differences between these two local anesthetics
in the postsurgical pain.

Several clinical studies”*** have compared
articaine with other local anesthetics and shown similar
or better anesthetic efficiency of articaine. The previous
study of Arrow™ showed no significant difference in the
success of the local analgesia when 4 % articaine with 1:
100,000 epinephrine and 2 % lignocaine with 1: 80,000
epinephrine, administered either as an inferior alveolar
nerve block or buccal infiltration for restorative treatments
in mandibular posterior teeth in pediatric population
were compared.

In the study of the inferior alveolar nerve anesthesia
for the surgical removal of impacted mandibular third molars,
the previous studies by Rebolledo et al. and Kambalimath
et al. compared 4 % articaine and 2 % lidocaine with 1:
100,000 epinephrine for their anesthetic efficacies. These
articles reported that 4 % articaine had better anesthetic
potential and anesthesia duration than 2 % lidocaine.
However, the anesthetic efficacy of the solutions was
similar.”** Also, a previous study by Boonsiriseth et al.*
showed that the 4 % articaine attains anesthesia onset earlier
than 4 % lidocaine (higher concentration than conventional
lidocaine). However, there were also no clinically significant
differences between these two local anesthetics. Anaesthetic

delivery technique has also been found to be an important

90 JDENT ASSOC THAI VOL.71 NO.2 April - June 2021

factor in terms of effectiveness and pain perception. Computer
controlled Intraosseous anaesthetic technique when compared
to convention inferior alveolar nerve block has resulted in
less pain during anesthesia induction with enough depth
of anaesthesia in impacted tooth surgery.”

Even though local anesthetics are very safe and
effective for pain management during dental procedures,
every local anesthetic can create undesirable adverse effects.
The adverse effects of local anesthetic can manifest as
systemic or local reactions. The symptoms of systemic
reactions from local anesthetics include dizziness, tremors,
convulsions, tachycardia, seizures, hypotension, drowsiness,
respiratory depression, and loss of consciousness.'"**
These symptoms are the consequences of toxicity due to
intravascular injection or overdoses of the local anesthetics.”
Additionally, paresthesia from the toxic effect of high con-
centration local anesthetic may also occur.

In distinction, a previous study of Baroni et al.**
assessed the toxic effects of articaine and lidocaine in
the mental nerve of rats. Damages to the nerve that could
elicit paresthesia were not noticed. Although we have many
types of anesthetics for dental usage, more research focusing
on the efficacy and safety of the local anesthetics is required.

A vasoconstrictor (epinephrine) has been added
into the local anesthetic for increasing the quality of local
anesthesia. On the other hand, the dental local anesthetics
without a vasoconstrictor (3 % mepivacaine) may be selected
for short dental procedures. Epinephrine is most commonly
used in dental local anesthesia."'*"> Many previous studies
support the safety and efficacy of the addition of vaso-
constrictors within the local anesthesia.”'*****

Bader et al.” in their review reported that the use
of epinephrine in local anesthetic caused minimal but not
significant increase in systolic and diastolic blood pressure
without any adverse outcomes in patients with uncontrolled
hypertension. This concept was supported by the study
of Niwa et al.* which reported that a low dose of epinephrine
present in local dental anesthetic is safe for use in patients
with mild cardiovascular disease. Vasoconstrictors, especially

epinephrine can be used with the local anesthetic agent



for dental remedy, but the dose should be minimized for
the medically compromised patients, especially patients
with cardiovascular disease.

In conclusion, local anesthetics commonly
used in dental science are very safe and are effective
drugs for intraoperative and postoperative pain control.
Dentists should have knowledge and a comprehensive
understanding of local anesthetic to enhance the care of
patients. While the local anesthetics are safe and have
established usage, all local anesthetics have undesirable
adverse reactions or side effects. Hence, the selection of
these drugs should be based on the required duration
of anesthesia, the assessment of the patient’s general
health, and the properties of the local anesthetics. The
most reasonable practice could be administering the
optimal doses rather than the maximum doses of local
anesthetics after assessing the health of the patient. If
the systemic health status of the patient is a concern,
a reassessment of vital signs after the administration of

local anesthetics should be done.
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Linear Dimensional Changes of Acrylic Resin Denture Bases After Using Denture
Cleansers: Conventional and Injection-molding Techniques

Somchai Pongkornkumpon', Chaivut Prunkngarmpun®, Subin Puasiri'
lDepar*tment of Prosthodontics, Faculty of Dentistry, Khon Kaen University, Khon Kaen, Thailand

Abstract

The purposes of this study were to compare the linear dimensional change of specimens processed by the
conventional compression and injection techniques before and after immersion in denture cleansers to simulate
180 days of use. There were two groups of material; heat and lvoBase hybrid. Each material was divided into four
groups; before immersion, immersion in tap water, Polident, and 5% vinegar diluted with tap water 1:6 (n=8). The linear
dimensional change was measured using a stereo microscope machine. The independent sample t-test demonstrated
that the linear dimensional change of the lvoBase hybrid with injection technique was significantly lower than that
of the heat-polymerized acrylic resin with compression technique. Nevertheless, the result of one way ANOVA
illustrated insignificant differences in the linear dimensional change after denture cleansers immersion. It can be
concluded that the IvoBase hybrid with injection molding technique had a lower linear dimensional change than
that of the heat-polymerized with conventional compression technique regardless of denture cleanser immersion.

Diluted vinegar is an alternative product that can be used as a long-term routine denture cleanser agent like Polident.
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Introduction

Polymethyl methacrylate (PMMA) is the most
common denture base material owing to its many ad-
vantages, including superior esthetic, adequate strength,
low water sorption, low solubility, lack of toxicity, and
ease to repair and construction.' For denture fabrication,

compression molding with heat curing in a water bath is

the widely used conventional method. However, there are
inaccuracies of a denture base material including dimensional
change and shrinkage during processing. These adverse
effects associated with the compression molding technique
affect the movement of the artificial teeth position and

enlarge the space between the denture base and underlying
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mucosa. It can lead to occlusal problems and compromising
dentures fit.>*

Therefore, composition and processing methods
of acrylic resin have been developed to enhance the
physical and chemical properties of denture bases. In
1942, Pryor introduced the injection molding technique
to overcome the adverse effects of compression molding
method.*” Continuous injection molding technique can
get rid of the resin flash between the upper and lower flasks
and permits control of the direction of the polymerization
process by changing the flask design.®” Moreover, the
polymerization shrinkage is compensated by the continual
flow of material from the feeding sprue.’

Recently, a new injection machine (lvoBase Injector,
Ivoclar Vivadent, Schaan, Liechtenstein) has been launched.
This machine is “all-in-one” which allows full automation
including controlled injection and polymerization process.
newly improved polymethyl methacrylate (IvoBase hybrid)
coordinated with the system.”'

Regardless of the material and construction
method of the removable prosthesis, all denture wearers
are advised to maintain good oral and denture hygiene.
Nevertheless, they are chiefly older people who have limited
ability to clean dentures. The previous study revealed that
most denture patients have poor oral hygiene, poor denture
cleanliness, and wear dentures at night. It can produce
denture-related stomatitis."

In order to prevent denture stomatitis, maintaining
oral health with an appropriate denture cleaning routine
is essential. The most effective procedure to eliminate
biofilm are mechanical methods. However, chemical
denture cleansers are also efficient in reducing biofilm
formation, including Candida albicans."” Unfortunately,
the use of a denture cleansing tablet is troublesome
because of its high cost, its limited market access, and
its insufficient instruction and information provided to
the patients.”

Vinegar is an alternative denture cleansing agent.
It consists of 5-20% of acetic acid, water, and other substances.

Its good points are it is cheap, easily available, and has anti-
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microbial potential. In vitro experiments have already
shown that acetic acid induces programmed cell death
in Candida albicans.™*

Daily use of denture cleansers can degrade
denture base materials if not used following the manu-
facturers’ instructions. Many studies have been done
to evaluate the effect of commercial denture cleansers
on the physical properties of acrylic resin.'*" However,
previous studies have not evaluated the effect of vinegar
on linear dimensional change of denture base acrylic resin.

Therefore, the objectives of this study were to
compare the linear dimensional change between heat-
polymerized acrylic resin and the IvoBase hybrid and
to investigate the effect of soaking in denture cleansers
for 180 days.

Materials and methods

1. Specimen fabrication

Rectangular metal molds were fabricated with
an inside space 24 mm in length, 16 mm in width, and
3 mm in thickness; with a rectangular groove of a depth
of 0.4 mm at the floor of the mold (Fig. 1A). There were
two channels on both sides for the injection molding
technique (Fig. 1B). The center of the mold had two screw
holes that penetrate through the floor of the mold. Thereby,
a screwdriver can turn the screws from under the mold to
push the specimen out (Fig. 1A). The mold was covered
by a metal lid during the processing procedure (Fig. 1B).

Rectangular metal molds were invested into the
lower half flasks in both the conventional compression
and the injection molding techniques (Fig. 1C, 1E). Then,
the metal lids were closed off on metal molds before the
upper half flasks were proceeded (Fig. 1D, 1F).

For the heat-polymerized acrylic resins (Meliodent®,
Hareaus Kulzer Ltd., Berkshire, UK), it was mixed according
to the manufacturer’s instructions. At the dough stage, it
was placed into the lower half flask. Then, the upper half
flask was pressed slowly in a manual dental laboratory
press. The flask was opened and the excess resin flash

was cut off twice. The flask was closed and pressed in the



dental laboratory press for one hour. Then, the acrylic
resin was cured in the dental acrylic curing unit at 74°C
for eight hours and left to cool at room temperature
before deflasking for four hours.

For the IvoBase hybrid (lvoclar Vivadent AG,
Schaan, Liechtenstein) system, the monomer and polymer
were mixed in the capsule according to the manufacturer’s
instructions. Then, the flask with the capsule was inserted

into the injector. The IvoBase hybrid program and the

“RMR” (Residual Monomer Reduction) function were
selected. This program had a polymerization time of
45 minutes. Then, the flask was cooled under running
water for 15 minutes before deflasking.

Inclusion criteria were specimens without any
porosity on their entire surface and without any fracture
of projection that duplicated the groove of the metal

mold. The specimens were kept in distilled water at

37°C for two days before testing.

Figure 1 (A) Rectangular steel mold had space inside with a rectangular groove at the bottom of the mold. (B) A metal lid covers

the mold and shows the channel for injection molding technique. (C) Lower half flask of conventional compression technique.

(D) Upper half flask of conventional compression technique. (E) Lower half flask of injection molding technique. (F) Upper

half flask of injection molding technique
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2. Denture cleansers immersion

Sixty-four specimens of the heat polymerized
acrylic resin and the IvoBase hybrid were divided into
eight groups (n = 8). One group of each type was tested
for the linear dimensional change before immersion in
denture cleansers (the control group). The other three
groups of each type were tested after immersion in tap
water, Polident, or diluted vinegar (Fig. 2). Diluted vinegar
was prepared by diluting 5 % vinegar with tap water at a
ratio of 1:6.

In each group, eight specimens were immersed
simultaneously in the same container which were filled
with their respective denture cleansing material. All
groups were immersed for five minutes and rinsed under
running water for one minute. The denture cleansing
materials were changed for every immersion cycle. One
cycle of this method was assumed as one day of cleansing
by the patient. The procedure of immersion was repeated
for 180 cycles continuously. Therefore, it was supposed

that the specimens were immersed for 180 days.

| All specimen groups |

| Before immersion |

| After immersion |

| Heat (HB) | |IvoBase(IB]|

| Heat Tap (HT)

| | IvoBase Tap (IT) |

| Heat Polident (HP)

| |IvoBase Polident (IP) |

| Heat Vinegar (HV)

| | IvoBase Vinegar (IV) |

Figure 2 All specimens groups and those abbreviations are shown in this diagram

3. Test procedure

Four intersections at the four corners of the
specimens were determined as the reference points (A,
B, C, and D) (Fig. 3). A stereo-microscope (Nikon Measurescope

20, Nikon microscopes, Tokyo, Japan) was used to measure

the distance between the inner corner of the intersection
of each reference point; AB, BC, CD, and DA (where AB is
the distance from A to B and so on). Then, the measurements

of AC and BD were calculated.”

Figure 3 (A) Four reference points on the specimen. (B) Inner corner of intersection

The dimensional stability of acrylic resin specimens
was calculated by using an algebraic norm (||I«_")||). It is

an absolute indication of the overall dimensions of the
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four reference points. The algebraic norm is the square

root of the sum of squares of the individual dimension.

VIl = VABZ + BCZ + CDZ + DAZ + ACZ + BD?




Then, the dimensional stability of the original
metal molds for specimen fabrication (V1) was compared
with that of the specimens (V2). Therefore, the differences
were determined as the linear dimensional change (|V1—V2|).5

The independent samples t-test, the one way
ANOVA test, and multiple comparison test were used
(SPSS 19.0, SPSS Inc., Chicago, USA) to verify the significant
difference at P-value 0.05.

Data on the linear dimensional change were
statistically analyzed. For the test of normality, the Shapiro-
Wilk test was used and showed that there were normal
distributions. The homogeneity of variance was tested
by the Levene statistic and showed that there were no
significant differences. Then, the parametric ANOVA test
was used, and multiple comparisons were performed by
the Bonferroni test (P>0.05).

the heat polymerized acrylic resin with the compression
technique and the IvoBase hybrid with the injection
technique before denture cleanser immersion

The linear dimensional change of the IvoBase hybrid
(0.0402+0.0143 mm) was significantly lower than that of
the heat polymerized acrylic resin (0.0761+0.0099 mm)
regardless of denture cleanser immersion (p<0.001) (Fig. 4).

0.1

mHB
ms

Linear dimensional change (mm)
o
o
(5]

o L

Figure 4 Means and standard deviations of linear dimensional
change of heat polymerized acrylic resin and IvoBase
hybrid before denture cleansers immersion. Values with

different letters are significantly different

2. Comparison of the linear dimensional change of
the heat polymerized acrylic resin with compression
technique before and after 180 days of denture

cleansers immersion in 180 days

For the heat polymerized acrylic resin, HB had the
highest linear dimensional change (0.0761+0.0099 mm)
followed by HP (0.0745+0.0109 mm), HT (0.0730+0.0098
mm), and HV (0.0661+0.0085 mm) respectively. However,
the result of one way ANOVA demonstrated that the
linear dimensional change was not statistically different
between groups (p=0.213) (Fig. 5).

0.1

0.09
0.08

A A

I n T A
007 | T mHB
006 - T
005 -
004 _ mHP
003 - HY
002 -
001 -

0

Figure 5 Means and standard deviations of linear dimensional

Linear dimensional change (mm)

change of heat polymerized acrylic resin before and after
denture cleansers immersion. Values with same letters

are insignificantly different
3. Comparison of the linear dimensional change of the
IvoBase hybrid with injection technique before and
after 180 days of denture cleansers immersion

For the IvoBase hybrid, IP had the highest linear
dimensional change (0.0416+0.0081 mm) followed by
IB (0.0402+0.0143 mm), IV (0.0316+0.0102 mm), and IT
(0.0294+0.0091 mm) respectively. Nevertheless, the result
of one way ANOVA illustrated that the linear dimensional
change was not statistically different between groups
(p=0.072) (Fig. 6).

0.1

0.09

0.08

0.07 mB
0.06

mT
0.05

A
A
f A
0.04 | A T P
0.03 - mv
002 -
0.01 -
0

Figure 6 Means and standard deviations of linear dimensional

Linear dimensional change (mm)

change of the IvoBase hybrid before and after denture
cleansers immersion. Values with same letters are

insignificantly different
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Discussion

In this experimental study, the linear dimensional
change of the heat polymerized acrylic resin with the com-
pression molding technique and the IvoBase hybrid with
the injection molding technique was compared, as well as
the effect of denture cleansers immersion on this property
of the heat polymerized acrylic resin and the lvoBase hybrid
was evaluated.

Based on the results of this study, the null hy-
potheses were partially rejected due to statistical analysis
that showed a significant difference in the linear dimensional
change between the heat polymerized acrylic resin with
the compression molding technique and the IvoBase hybrid
with the injection molding technique before denture
cleansers immersion. However, there were insignificant
differences in the linear dimensional change of both the
heat polymerized acrylic resin and the IvoBase hybrid
after being immersed in those denture cleansers.

The conventional compression technique has
been used normally for the fabrication of a denture base
because of its simplicity and it is considered to be the gold
standard. Nevertheless, shrinkage of the denture base has
been reported in this technique due to polymerization
during the process. Therefore, to prevent the issue of
denture adaptation, the injection molding has developed
technology to solve this problem, so polymerization
shrinkage was compensated by continuous pressure of
the injector.'®

The dimensional change of the denture base has
been examined by using a variety of methods such as
vernier calipers, gauges, comparators, micrometers, and
radiography.” Furthermore, many factors affect the dimensional
change of the acrylic resin denture base which was difficult
to control™ such as the size and the shape,” the denture
thickness,” and the presence of teeth.” In this experimental
study, the rectangular specimens were used for controlling
the shape, size, and thickness of the specimens. Thus, the

results of the dimensional change could be directly
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attributed to the acrylic resins and processing methods
which were not influenced by other factors.”***

The results of this study found that the linear
dimensional change of the IvoBase hybrid with the
injection molding technique was significantly less than
that of the heat polymerized acrylic resin with the
compression method regardless of denture cleansers
immersion. This result supports the contention that the
injection processing technique has less inherent processing
shrinkage. The chemical composition of this material or
the technique conditions, in which the dry heat and continuous
application of pressure applied to the flask may be digitally
controlled during the processing procedure.” Furthermore,
the injection molding technique has less measuring errors
according to a well-prepared capsule package of monomer
and polymer.” Sykora’ reported that the higher dimensional
accuracy of the injection-molding technique, in comparison
to the conventional method, may be related to the smaller
resin particles compared to the conventional acrylic resin,
lower polymerization temperature, the absence of resin
film formation between the two halves of the flask, and
the absence of displacement of the two halves of the
flask during resin packing.

These results were consistent with the results
of Anderson et al.,”” who reported that the injection
molding has less polymerization shrinkage than the
compression processed resin. Furthermore, Nogueira et al’
demonstrated that the injection molding technique
produced a significantly smaller incisal pin opening, had
more accuracy, reduced vertical changes, and decreased
occlusal adjustment in the laboratory over the compression
molding technique. Similarly, the studies of Murphy et al,””
and Gharechahi et al.,” also concluded that the SR-Ivocap
injection system exhibited less polymerization shrinkage
than the conventional press-pack system. Therefore, from
present and previous reports it would seem that the

injection molding procedure has the advantage, when



comparing dimensional change and stability, over the
conventional method.

Chemical denture cleansers are essential for
maintaining the prosthesis and oral health. It was found
to be a better and recommended method especially in
patients with poor dexterity and older people with dementia.”
However, it should not adversely affect the properties of
the denture base material itself with prolonged use.”’

Concerning the effect of denture cleansers, this
study found that denture cleansers did not significantly
affect the linear dimension changes of both the heat
polymerized acrylic resin and the IvoBase hybrid after
180 days of being immersed in denture cleansers. This
may be due to the correct use of concentration and the
duration of immersion according to the manufacturers’
recommendations. Furthermore, the linear dimensional
change of both resins were likely to improve after being
immersed in tap water and vinegar while immersion in
the Polident cleanser was similar to the control group
(before immersion).

Dimensional change in acrylic resin is common.
The first unavoidable dimensional change in all acrylic
resin prosthesis is shrinkage that occurs during processing
and finishing. The second change is an expansion which
occurs when the dentures are either stored in water or
is inserted in the mouth then oral fluids are absorbed.”
A previous study had reported that water storage of
acrylic denture bases resulted in expansion due to water
sorption. Water sorption forces the macromolecules
apart so the plasticizing effect of water allows stress to
be released which results in acrylic expansion.”” This
expansion compensates for the polymerization shrinkage
of acrylic resin.” In this study, the experimental groups
were immersed in denture cleansing material that
consisted of water for 180 cycles, so the dimensional
change of experimental groups were improved due to
the longer duration of water sorption.

Although this study revealed that Polident did
not alter the dimensional change of acrylic resins, there

is still controversy about other properties in relation to

its long-term use. Shah et al.,” found that the flexural
strength significantly decreased by using Polident for six
months. Furthermore, Peracini et al.,” also reported a
significant difference in the flexural strength of acrylic resin
after using chemical denture cleansers for six months.
However, Sharma et al.,”’ presented that Fittydent denture
cleansing tablets did not affect the flexural strength and
the surface roughness of the heat cured acrylic resin after
three months of immersion. Furthermore, Sato et al.,*
found that insignificant differences in flexural strength and
color alteration of the heat-polymerized denture base
resins after one month of soaking cycles in denture cleansing
materials.

Household vinegar, used as an inexpensive chemical
cleansing material, had low toxicity and antimicrobial
effects. Basson et al., in 1992 reported the effectiveness
of undiluted vinegar solution killing adherent microor-
ganisms." Moreover, Yodsuwan et al., in 2009 found a
significant difference in the reduction of the colonies
of Candida albicans in acrylic resins after one minute
of soaking in 5 % vinegar diluted with tap water 1:6.*
Furthermore, Hashizume et al.,” displayed the low
cytotoxicity and biocompatibility of low concentration
vinegar that was safe for denture cleansing material.
Sharma et al.,”’ reported that undiluted vinegar did not
affect the flexural strength and surface roughness of the
heat cured denture base resins after 90 days of immersion.
Also, Patankar et al.,'” found that 50 % of vinegar was
statistically insignificant, the tensile strength and color
change of heat cured acrylic resin after 30 days of stimulation.
This corresponds to the present study that 5 % vinegar
diluted with tap water 1:6 did not alter the dimensional
change of acrylic resins after 180 days of immersion.

According to the results of this study, Polident
and diluted vinegar did not affect the linear dimensional
change of the resins so they can be used as routine chemical
denture cleansers agent for long-term use.

In this experimental study, we focused on the
simple rectangular specimens. In the clinical situation,

however, other factors need to be taken into account
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such as shape, size, thickness, the presence of artificial
teeth, and distortion when the denture is deflasked that
influences the dimensional change of the complete
denture. Furthermore, the effect of these denture
cleansing solutions on other properties of acrylic resins

should also be investigated.

Conclusions

Within the limitations of the study, the following
conclusions were drawn:

- With regards to the materials and techniques
on the linear dimensional change of denture base resin
fabrication, the IlvoBase hybrid with the injection molding
technigue showed a lower linear dimensional change
than that of the heat polymerized acrylic resin with the
conventional compression technique.

- Polident and 5 % vinegar diluted with tap water
1:6 can be used as a routine chemical denture cleanser
for long-term use which does not affect the linear dimensional

change of acrylic resins.
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Abstract

The color of anterior teeth is usually different in nature. Therefore, knowing the color differences of these
teeth is useful in cosmetic dentistry. The aim of this study was to analyze the CIE L*a*b* color coordinates, the color
differences, and tooth shade among the maxillary central incisor, the lateral incisor, the canine, and the premolar
in a group of 181 Thai participants (75 males and 106 females) aged 18 to 30 years old who were recruited for this
study. The color coordinate of L*, a*, b*, and tooth shade according to the VITA 3D-Master shade guide of the maxillary
anterior teeth and the premolar were measured by a spectrophotometer. The color coordinates were analyzed by
one-way ANOVA and Scheffe multiple comparisons. The lightness difference (JAL*|), redness-greenness difference
(jaa%)), blueness-yellowness difference (|Ab*|), and the total color difference (AE* ) among the central incisor, the
lateral incisor, the canine, and the premolar were calculated and analyzed by the Kruskal-Wallis test. Both male and
female participants presented similar results. AE* between the maxillary canine and the central incisor was the
highest. The central incisor was the lightest, followed by the lateral incisor and the premolar. The canine showed
more red and yellow colors followed by the premolar and the lateral incisor. The |Ab*| was greater than the |AL¥|
and |Aa*| in all groups except for a group of the canine/premolar. It can be concluded that the color differences
between all maxillary anterior teeth and the premolar were mainly due to the influence of the color yellow. The
higher the lightness, the lower the red and yellow colors will be found. The most common shades are 2M2 for the

central and the lateral incisor, 2M3 for the canine and the premolar in young Thai adults.
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Introduction

Tooth color is a factor affecting esthetic dentistry.
Assessing tooth color can be done by comparing with a
shade guide or using a color measuring device." A spectro-
photometer is a color measuring device. It can specify
color values with higher accuracy and more precision
than shade matching.”” Currently, it has been developed
to be smaller, and can be used clinically. A chairside
spectrophotometer is reliable and accurate enough for
daily clinical work in order to assess tooth color.”* This
device can measure the tooth color that is reported as
the color coordinate of L*, a*, b*, chroma, hue, and values.
It can also report the measured color in the popular shade
guide such as the VITA classical or the VITA 3D-Master.” The
Commission Internationale de ’Eclairage (CIE) developed
a system called the CIE L*a*b* that describes colors in three
dimensions. L*is the lightness from the darkest (0) to brightest
(100), a* is a color from green (-) to red (+) and b* is a color
from blue (-) to yellow (+). The numeric value of L*a* b*
can be converted to a color arranged in a sphere.® The two
color differences can be calculated from AL*, Aa*, Ab*
values and presented as AE*ab.7 The higher the value of
AE* the greater the color difference is demonstrated.

The natural color creation of the visible teeth in
a full mouth restoration is an integral part of the esthetic.
The color of each tooth is not usually uniform in nature.
Therefore, a natural appearance of these teeth can be
created with different colors. A study in Romania found
that the central incisor was the most light, followed by
the canine and the molar. The molar was the most chromatic
with the highest a* and b* values.® A study in Kosovo also
reported that the L* value of the maxillary central incisor
was the highest, followed by the lateral incisor, and the
canine. On the other hand, the a*, b* values of the canine
were found to be the greatest, followed by the lateral
incisor, and the central incisor.’”

Age is an important factor affecting tooth color.
Falcone et al.” reported in the United States that the AE*
of the maxillary central incisor and the canine decreased

with age due to changes of the central incisor. Hassel et al.™*

found that the maxillary central incisor changed more during
middle age than in old age. Rodrigues et al." studied the
color of the maxillary central incisor and the mandibular
central incisor in India, and found that teeth became
significantly darker with age. The study showed no shade
difference in both genders. Eiffler et al. ® evaluated the color of
the maxillary anterior teeth and the premolars in Germany,
and also found that gender did not affect the tooth color.

Tjan et al.™ revealed that displaying the six
maxillary anterior teeth and premolars was one of the
characteristics of the typical smile. They showed that
48.6% of the teeth displaying in a smile were six anterior
teeth and first premolar. Many studies had found a clear
different color between the maxillary central incisors and
the canines.””™ Unfortunately, there is limited information
about the color differences among all the maxillary anterior
teeth and the premolar. In addition, most of the data from
those studies were done with Caucasian people, and there
is very little information about Asians. The objective of
this study was to investigate and compare the differences
of L* a*, b*, AL*, Aa*, Ab¥, AE*ab, and tooth shade among
the maxillary central incisor, the lateral incisor, the canine,

and the premolar in young Thai people.

Materials and methods

This study has been approved by the ethics
committee of Faculty of Dentistry, Prince of Songkla University
(No. EC6101-08-J-LR). Informed consent was obtained before
starting, and 181 participants (75 males and 106 females)
were recruited for this study. They included students,
faculties and employees of Prince of Songkla University
between the ages of 18-30 years old. A questionnaire
consisting of gender, age and dental history was used for
the first step screening according to inclusion and exclusion
criteria. Oral examination was then taken, and the teeth
were cleaned with a No. 3 pumice by only one examiner
for further screening. All the participants, without a history
of orthodontic treatment, must have their maxillary central

incisor, their lateral incisor, their canine, and their first or
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second premolar in their mouth without any pathology
at the buccal surface of the teeth. The exclusion criteria
were used for participants who presented the appearance
of the teeth as follows: caries; unpolished stains; discoloration
that could be clearly detected by the eyes; history of root
canal treatment; bleaching; restoration including filling,
veneer, crown; primary abutment for removable partial
denture; tooth wear; tooth abnormalities such as fluorosis,
amelogenesis imperfecta, dentinogenesis imperfecta or
tetracycline teeth.

The tooth surface was dried with gauze before
measuring. Five consecutive measurements of each tooth
were made using a spectrophotometer (Vita Easyshade
Advance 4.0, VITA Zahnfabrik H Rauter GmbH and Co. KG,
Bad Sackingen, Germany). The measuring device was calibrated
with the calibration block provided by the manufacturer
before carrying out any measurement. While taking
measurements, the tip of the measuring device was in
contact with the middle third of the buccal surface of each
tooth at right angles. The tip was covered with disposable
plastic for cross infection control, and all measurements
were taken by the same examiner.

L*, a* b* and tooth shade (according to VITA
3D-Master) of the maxillary central incisor, the lateral
incisor, the canine, and the first premolar (or the second
premolar in case of losing the first premolar) were obtained

from the spectrophotometer. The values of L¥, a*, b*

Table 1 Mean (standard deviation) of L*, a*, b*

were taken from the mean of three middle data from five.
Tooth shade was taken from the most frequency of the
five measurements. For comparison, the teeth in each
participant were matched and the shade differences were
recorded as AL*:L*I—L*Z, Aa*:a*1—a*2, and Ab*:b*1—b*2.
AlL AL*, Aa*, Ab* were adjusted to absolute data (JAL¥|,
|Aa*|, and |Ab¥]). Color differences (AE* ) between teeth
were calculated using the equation: AE* = [(AL¥Y +
(Aa*) + (Ab*Y]”?. Normal distribution was evaluated by
the Kolmogorov-Smirnov test, and the homogeneity of
variance was assessed by Levene’s test. L*, a*, b* in each
tooth type and gender were compared and analyzed
with One-way ANOVA and Scheffe multiple comparison.
AE* between teeth in the same participant and between
gender were analyzed with the Kruskal-Wallis test and
the Mann-Whitney U test. The |AL¥|, |Aa¥|, and |Ab¥|
were compared and analyzed like AE* . The level of
significance was set at P < 0.05. The frequency of tooth
shade according to the VITA 3D-Master was counted and

compared as a percentage.

The average ages and standard deviations were
20.85 + 1.82 years old and 20.72 + 1.66 years old for
male and female, respectively. The mean and standard
deviation values of L*, a*, and b* color coordinates of

each tooth are presented in Table 1.

MEAN (SD)
MALE FEMALE
L* Central Incisor 83.03 (2.65)" 83.33 (2.48)"
Lateral Incisor 81.58 (2.75)° 82.06 (2.68)°
Canine 78.72 (2.42)° 78.98 (2.47)°
Premolar 80.03 (2.92) 80.23 (2.77)°
a* Central Incisor -1.23 (0.70)° -1.29 (0.62)°
Lateral Incisor -0.48 (0.80)° -0.66 (0.75)°
Canine 0.66 (0.76)" 0.68 (0.74)"
Premolar 0.42 (0.87)" 0.37 (0.97)°
b* Central Incisor 17.49 (3.90) 16.72 (3.61)°
Lateral Incisor 21.80 (3.69)° 20.81 (3.38)°

Canine

Premolar

26.75 (3.15)"
25.18 (3.51)"

(
25.93 (3.13)"
24.89 (3.86)"

SD = Standard deviation

Data in the same group columns with distinct superscript letters indicate statistically significant differences (P<0.05)
Data in the same row show no statistically significant differences (P>0.05)
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Both males and females showed similar results
without statistically significant differences. The most lightness
value was found for the central incisor followed by the
lateral incisor and the premolar while the least lightness
value was the canine. The highest a* and b* values were
found in the canine followed by the premolar and the
lateral incisor while the lowest a* and b* values were the

central incisor. However, the b* coordinate of the canine

MALE

2 Central incisor
92+ < Lateral incisor
90— + Canine
2 Premolar -]

L*

and the premolar in both genders and the a* coordinate
of the canine and the premolar in males were not significantly
different (P > 0.05). Figure 1 presents all data of L*, a*, b*
color coordinates. In general, most of the central incisors
were the farthest from the canines and the premolars.

The median and interquartile range values of

|AL¥|, |Aa¥|, |Ab*| are presented in Table 2.

FEMALE
o Central incisor
92— < Lateral incisor
00— + Ganine
2 Premolar @ a

3 a5 30 o

Figure 1 3D scatter of L*, a* b* color coordinates of maxillary central incisor, lateral incisor, canine, and premolar separated by

male and female

Table 2 Median (interquartile range) of absolute AL* Aa*, Ab* between each individual tooth comparison

MALE FEMALE

|AL*] |Aa*| |Ab¥| |AL*| |Aa¥| |Ab¥|
Central incisor : Lateral incisor ~ 1.83 (1.96)>°  0.80 (0.63)>°  4.13(3.26)*  1.43(2.08)*  0.67(0.60)>°  4.33 (2.89)*
Central incisor: Canine 4.60 (3.27)*° 1.93(0.94  9.10(5.030*  4.35(3.00*°  1.93(1.03)*°  9.35(4.78)""
Central incisor: Premolar 3.47 (3.03Y°° 160 (1.16)*  7.93(3.93) 330 (291)*°  1.52(1.22)%  8.12(5.70)"
Lateral incisor: Canine 263 (3.07°° 100090  4.60(3.63)* 283 (234"  1.23(1.07)°°  4.98 (4.31)*
Lateral incisor: Premolar 1.77 (3.04)°° 080 (0955 353437  2.13(2600°  1.02(1.21)°  4.44 (545>

Canine: Premolar 1.80 (2.13)°* 0.40 (0.66)*"

1.83(2.27)°  1.57(2.09*  055(0.65°°  1.92 (2.44)-*

Data followed by distinct superscript letters (uppercase in the columns and lowercase in the rows) indicate statistically significant differences (P<0.05)

All matched teeth showed similar results in both
genders. The most different color coordinates were |Ab¥|
followed by |AL*| and |Aa*| in all groups. However, |Ab*| and

|AL*| in a group of canines and premolars showed no

statistically significant differences. Boxplots of |AL¥|, |Aa¥|,
|Ab¥| are presented in figure 2. |AL¥|, |Aa¥|, |Ab*| in the group

of central incisors and canines were the highest.
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Figure 2 Boxplots of |AL¥, [Aa*, |[Ab¥| between central incisor and lateral incisor (A), central incisor and canine (B), central incisor
and premolar (C), lateral incisor and canine (D), lateral incisor and premolar (E), canine and premolar (F) separated by
male and female

Table 3 Mean (SD) and median (IOR) of AE* between each individual tooth comparison

MALE FEMALE

MEAN (SD) MEDIAN (IQR) MEAN (SD) MEDIAN (IQR)
Central Incisor: Lateral Incisor 5.05 (2.17) 4.74 (3.32)° 4.89 (1.97) 4.77 (2.53)°
Central Incisor: Canine 10.61 (3.32) 10.95 (5.11)" 10.67 (3.32) 10.49 (5.30)"
Central Incisor: Premolar 8.96 (3.23) 8.89 (4.32)" 9.44 (3.80) 9.28 (5.21)"
Lateral Incisor: Canine 6.29 (2.56) 5.73 (3.45)° 6.54 (2.69) 6.31 (3.75)°
Lateral Incisor: Premolar 5.03 (2.43) 4.86 (3.48)° 5.78 (2.84) 5.50 (4.68)°
Canine: Premolar 3.28 (1.62) 2.90 (2.38)° 3.51 (2.05) 3.23 (2.71)°

SD = Standard deviation, IQR = Interquartile range
Data in the columns with distinct superscript letters indicate statistically significant differences (P<0.05)
Data in the same row show no statistically significant differences (P>0.05)
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Table 3 presents the mean, standard deviation,
median, and interquartile range of AE* . Both the male
and female participants showed similar results. A group
of central incisors and canines showed the most color
difference followed by central incisors and premolars,
lateral incisors and canines, lateral incisors and premolars,
central incisors and lateral incisors. A group of canines
and premolars showed the smallest color differences.

Boxplots of AE* are presented in figure 3.

The top three frequency shades according to
the VITA 3D-Master shade guide are shown in figure 4.
The most frequency shades were 2M2, 1M1, 2L1.5 for
the central incisor; 2M2, 2M3, 2L.1.5 for the lateral incisor;
2M3, 3M3, 2M2 for the canine in males and 2M3, 2R2.5,
2M2 for the canine in females; 2M3, 2M2, 2R2.5 for the
premolar in males and 2M3, 2M2, 3M3 for the premolar

in females.

N CT 3 ;
13 =
—_—{ T ] MALE
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Figure 3 Boxplots of AE *ab between central incisor and lateral incisor (A), central incisor and canine (B), central incisor and premolar

(C), lateral incisor and canine (D), lateral incisor and premolar (E), canine and premolar (F) separated by male and female
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Figure 4 Bar charts present the top three frequencies of Vita 3D-Master shade found in maxillary central incisors, lateral incisors,

canines and premolars
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Discussion

Although the center of the tooth surface is the
suitable site for color measurement because the translucency
of enamel at the incisal site is affected by the backeround,
and the cervical site is affected by the pink gingival tissue,”
placing the tip of measuring device on the same position of
the tooth surface is practically impossible. In our pilot study,
some outliers were found from repeated measurements.
Therefore, multiple measurements were designed and the
maximum and minimum values of L*, a*, b* were discarded.
Instead of using an average of five measurements, only the
three middle data were averaged to reduce the outlier effect.

In this current study, it was found that both males
and females provided consistent tooth color information.
Although the number of males was less than females, the
data were sufficient for the normal distribution and the
homogeneity of variance for the all color coordinates.
Nevertheless, this sample size may not be sufficient for
the values of [AL*, |[Aa*|, |Ab*|, and AE* to be analyzed
with parametric statistics. These values were obtained by
calculating the difference of L*, a*, b* values of the two
teeth in the same person. Therefore, the variance of the
data was higher from those calculations, and some groups
failed to achieve normal distribution.

The values of AL¥*, Aa*, Ab* affect the color
differences from the equation of AR All values are squared
in the equation which shows that only the range of differences
are considered regardless of the direction of differences.
This study analyzed the absolute values of AL¥*, Aa*, Ab*
in order to compare the range of differences. Figures 2 and
3 show that the AE*ab value corresponded to the value
of |Ab*| more than others. Therefore, it can be said that
the color difference between these teeth was mainly due
to the influence of yellow, following by AL*. The mean color
difference between the maxillary central incisor and the
canine of both males and females in the current study
was higher than that of the previous study in Romania
(AE* =9.13) and in the Turkish study (AE* = 8.1)."

The central incisor was the lightest, followed by

the lateral incisor, and the premolar. The canine showed
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the most darkness. However, the teeth with a high a* value
also had a high b* value, but there was less lightness. The
sequence of teeth according to a* and b* values appeared
to be opposite to the lightness. In general, the canine and
the premolar had more red and yellow tones (more a*
and b* values) followed by the lateral incisor, but the
central incisor showed the least colors (table 1). However,
no significant differences were found between canines
and premolars in all color coordinates except for the a *
value in females, indicating that the canine was redder
than premolars in females.

The maximum values of AL*, Aa*, Ab* were
found between central incisors and canines, and resulted
in the greatest difference in color. A study in Kosovo
showed that the lightness, a*, and b* values of maxillary
central incisors, lateral incisors and canines were similar
to the results of this current study.” Lee'" studied the six
maxillary and mandibular anterior teeth of Koreans, and
reported that tooth color coordinates were related to
each other. The L* value was negatively related to the
a* and b* values. The color coordinate of a* had a positive
correlation with b*. Lighter teeth were less chromatic
both in the a* and b* coordinates. However, a study in
Turkey used a colorimeter to evaluate the color, and it
was found that all the maxillary anterior teeth had a lower
L * and a higher a * values compared to this study."® A study
of centralincisors and canines in Romania found that the
a * and b * values were close to this study, but the L *
values were higher.’ Eiffler et al.”* found that the maxillary
canine were brighter than the premolar in the older group
(73-75 years of age). Gbmez-Polo et al.'® reported that
maxillary central incisors become darker, yellower and
more reddish with increasing age. The L* coordinate is
more strongly related to tooth color in aging than a* and b*.

The VITA Classical and VITA 3D-Master are the
most popular shade guides. However, it has been shown
that the VITA 3D-Master is better suited to natural teeth
than the VITA Classical.” " It contains shade tabs that are

uniformly arranged in the color space of natural tooth



and significantly improves repeatability of measuring tooth
shade compared to a traditional shade guide for general
practitioners.””* Therefore, the color of the VITA 3D-Master
was chosen and presented in this study. In this study, the
most common shades found in males and females were
similar and could be divided into two groups; 2M2 for
central incisors and lateral incisors, 2M3 for canines and
premolars. However, the three most common shades of
the central incisor and the premolar were more dispersed
than the canine and the lateral incisor. A former study from
Romanian (aged 21-29 years) reported the most common
shades of incisors and canines were 1M1 and 2M3, respectively.®
Their incisor was brighter than the incisor in this studly.
According to the VITA Classical shade guide, a study in Turkey
(aged 15-70 years) showed the most common shades as
A2 for the central and lateral incisor and B3 for the canine .**
The buccal surface of the premolar was more
curved than the anterior teeth. It was impossible to place
the tip of the measuring tool completely close to the tooth
surface. Edge loss effect might occur on the premolar
causing the L * value to be lower than it should be.” The
other limitation of this study was that most of the volunteers
(87.8%) were in southern Thailand. Although all of them
were Thai, people in other parts of Thailand may show
different results. Therefore, further studies in other regions
of Thailand should be investigated in the future.
Studying tooth color in different ages may produce
different results. Many studies showed that teeth become
darker and yellower as people get older.”* Therefore,
comparing the tooth color obtained from various studies
should consider this point. The study in young adults gives
information before tooth color changes with age. Tooth
color at this age is useful as the reference because the tooth
color is the brightest and whitest. The results of this study
are helpful for dentists and dental technicians to select
different colors of the anterior teeth and create natural-
looking restorations. Restoring the entire anterior teeth and
premolar to the same color is completely unnatural and
should not be done, especially in full-mouth rehabilitation.

When a full mouth restoration is required and the shades

of the entire teeth have to be completely redefined, it is
appropriate to employ the shade according to the tooth

position.

Conclusions

Within the limitation of this study, it can be concluded
that the maxillary central incisor and the canine were the
most different in color while the canine and the premolar
were the least different. The color difference between the
maxillary anterior teeth and the premolar were mainly
due to the influence of yellow, followed by lightness. The
higher the lightness, the lower the red and yellow color
will be found among the maxillary anterior teeth and the
premolar. The most common shades are 2M2 for the central
and lateral incisor and 2M3 for the canine and premolar in

young Thais.
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Effect of Temperature on Cyclic Fatigue Resistance of R-phase Technology
and Conventionally Produced Nickel-titanium Alloys
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Abstract

This study evaluated the effect of temperature on the cyclic fatisue resistance of nickel-titanium rotary
files produced by conventional and R-phase technology and to determine the austenite finishing temperature of
these nickel-titanium alloys. The cyclic fatigue resistance of K3 and K3XF files was determined at room and body
temperatures using a model in which the canal shape was similar to that of the file. The austenite finishing temperatures
of the K3 and K3XF files were also investigated. The cyclic fatigue resistance of the conventional or R-phase technology
alloys was significantly reduced at body temperature. The cyclic fatigue resistance of the R-phase technology alloy
was approximately 2-fold higher compared with the conventional alloy in both temperatures. The austenite finishing
temperature of each alloy was lower than body temperature. A cooling strategy may increase the files” cyclic fatigue

resistance which benefits shaping challenging curve canals.
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Introduction

The goal of endodontic treatment is to prevent
and intercept periapical pathosis. Root canal treatment
aims to reduce the intraradicular microbes as much as
possible and seal the root canal system to establish an
appropriate environment for periapical healing. Mechanical
instrumentation significantly eradicates intraradicular
microbes'” and enhances antimicrobial irrigation flow.”
Endodontic instruments have been developed to facilitate

root canal preparation.

Nickel-titanium (Ni-Ti) alloys were first used as
root canal files in 1980.° These files are widely used due to
their superior properties compared with stainless steel files,
e.qg. flexibility to maintain the original curve of the root
canal*®, less errors and preparation time.” Ni-Ti alloy has three
microstructure phases: austenite, martensite, and R-phase.

Austenite, which has a B2 cubic crystal structure,
is quite strong and hard. In contrast, martensite, which has

a monoclinic B’19 structure, is soft, ductile, and flexible.
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R-phase is the intermediate phase between the austenite
and the martensite phases, and has a rhombohedral
structure. A Ni-Ti rotary file is more flexible when it is in
its martensitic microstructure compared with the austenitic
microstructure.” Furthermore, the martensitic microstructure
in Ni-Ti alloys results in high cyclic fatigue resistance.®
Manufacturers have developed Ni-Ti rotary files
to be in martensitic microstructure in clinical situations using
heat-treatment procedures. Heat treatment is the process
of heating the alloy to a specific recovery temperature
to improve the alloy’s physical properties and increase the
transformation temperature, thus, increasing flexibility.”*°
Heat treatment can be done pre- or post-machining.
The austenitic and martensitic microstructure
ratio is temperature-dependent. When the temperature
rises, more austenitic and less martensitic microstructure is
present and vice versa.'' Complete austenitic microstructure
is present when the alloy is heated beyond a specific
temperature known as its austenite finishing temperature
(Af temperature).' Previous studies demonstrated that
increased temperature tended to decrease cyclic fatigue
resistance, including conventional Ni-Ti or heat treated
Ni-Ti alloys, such as R-phase, CM wire, and blue and gold
wire."”*" To shape a challenging curved canal, high cyclic
fatigue resistance of the Ni-Ti rotary file is mandatory for
successful root canal preparation without file separation.
K3XF (SybronEndo) is made using R-phase-technology.
The Ni-Ti file receives a proprietary thermal treatment
after grinding. This treatment modifies the crystalline defects
that occur during grinding and increases file flexibility."*®
Previous studies demonstrated that thermal-treated
R-phase Ni-Ti files (K& or K3XF) had a higher cyclic fatigue
resistance compared with its prototype (K3), which is
produced using conventional Ni-Ti alloy.'®"” However, these
studies were performed at room temperature. Later studies
investigated the cyclic fatigue resistance of K3XF and K3
files at different temperatures. However, the cyclic fatigue
testing model did not resemble the file dimension."*"’
Currently, there are no reports on the cyclic fatigue resistance

of R-phase using different temperatures and an appropriate
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model. The aim of this study was to evaluate the effect
of temperature on the cyclic fatigue resistance of Ni-Ti rotary
files produced from conventional or R-phase technology
alloys at simulated room and body temperature using an
accurate simulated curved canal and determine the Af
temperature of these Ni-Ti alloys. The null hypothesis was
that the cyclic fatigue resistance at room and body
temperature is not different in either the conventional or

R-phase technology produced alloys.

Materials and Methods

Cyclic fatigue resistance testing

The sample size for each group was calculated
using the equation for testing three independent means
as previously described.”” The type 1 error and type 2
error was 0.05 and 0.2, respectively. This calculation
indicated that the minimum sample size for each group
was six. We added 66 % more samples to compensate for
sampling error and increase the level of precision. Thus, the
number of samples for quantitative data in each group was
ten. Twenty #50 (0.06 taper) K3XF [SybronEndo, Orange,
CAJ and K3 [SybronEndo, Orange, CA] files were evaluated
using a dental operating microscope [OPMI PROERGO, Zeiss,
Germany] to confirm that the files had no visible defects.
Files with a defect were discarded and replaced with a
new file.

The cyclic fatigue resistance of each file was tested
using a steel artificial curved canal model with a 60° curvature
angle and 5 mm radius of curvature. The shape and taper
of the artificial canal that resembled the file dimension
was produced by a 3D printing machine [CNC Milling sister
SD543, MNP, Malaysial. The rotary file was scanned and a
three-dimensional blueprint was created. The steel block
was then precisely milled based on the blueprint. The
artificial canal depth was one third deeper than the file
diameter for its entire length to prevent the file from dislodging
and faced with tempered glass for file stability while rotating
in the canal and for directly visualizing file fracture.

Ten files of each type were randomized into two

groups that were tested at room temperature (20°+1°C)



or simulated body temperature (37°C+1°C). The model
was set in a water-controlled temperature glass container.
Two thermometers were used to confirm the accuracy of
the experimental temperatures; one was set at the top
of the container, while the other was set at the bottom.
The files were activated in the cyclic fatigue testing model
using a torque-control motor [VDW Silver Reciproc motor,
VDW] at 300 rpm and were recorded using a dental operating
microscope video camera until each file fractured. The
number of cycles to failure (NCF) was calculated by multiplying
the time to failure in seconds by five (cycles per second).
The mean and standard deviation of the NCF in each group
was also calculated. The data was tested for a normal
distribution using the Kolmogorov-Smirnov test. The
differences between within and between alloy groups
were assessed with the Mann-Whitney U test. Significance
was set at a 95% confidence level.
Differential scanning calorimetry (DSC) analysis
Two new K3 and K3XF files were cut into 2 mm
samples using a slow-speed diamond saw with water
coolant [Isomet 1000; Buehler, Lake Bluff, IL, USA]. The
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samples were placed in a differential scanning calorimeter
[model DSC822°, METTLE TOLEDO, Langacher, Switzerland].
Nitrogen purge gas at a flow rate of 50 mL/min was used.
The samples were heated from ambient temperature to
100°C then cooled to -150°C at a rate of -10°C/minute
followed immediately by a heating cycle at 10°C/minute
up to 100°C. The heating and cooling cycles were repeated
three times. The data were automatically plotted as a DSC
graph. The Af temperature was measured by drawing the
intersection of a tangent line to the right side of the endo-

thermic peak for total heat flow with the adjacent base line ™.

The mean K3XF and K3 files” NCF and standard
deviations (SD) were determined (Fig. 1). The mean K3XF
file NCF was significantly higher compared with the K3 file
NCF at both temperatures. Within the same alloy type,
the mean NCF at body temperature was significantly lower
than at room temperature.

Transformation temperature
The DSC plots for both files are presented in (Fig. 2).

alloy K3XF

m20°C m37°C

Figure 1 The number of cycles to failure (NCF) of different NiTi rotary files at different temperatures. The sign * indicate statistically

differences between different groups
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Figure 2 (A.) Differential scanning calorimetry plot of K3 (B.) Differential scanning calorimetry plot of K3XF

The K3 files exhibited a classic phase transformation
plot with a single endothermic peak (Fig. 2A). Conversely,
the K3XF files exhibited two endothermic peaks; the first
peak represented the transformation from the martensitic
phase to the R-phase and the second peak represented
the transformation from R-phase to the austenitic phase
(Fig. 2B). The Af temperature of the K3 and K3XF files
was 18°C and 25°C, respectively.

Discussion

This study investigated the effect of temperature

on the cyclic failure resistance and Af temperature of two
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different Ni-Ti alloys. The results indicated that the fatigue
resistance at body temperature was approximately 50 %
lower than that at room temperature for both alloys.
Based on these findings, the null hypothesis was rejected.
It was also found that the Af temperature of the K3XF
files was higher compared with the K3 files.

The reduced K3XF file’s cyclic fatigue resistance
at body temperature resulted from its Af temperature,
which was between room and body temperatures. Thus,
these files were mainly in the austenite phase at body
temperature. This phase made the files less flexible and

easier to fracture. Our results agreed with a previous study'’



that exhibited a significant difference in NCF between
temperatures. In contrast, Shen et al." found similar cyclic
fatigue reduction results, however the difference was not
significant. Both of these previous studies tested different
types of files using only one artificial canal model. Therefore,
the disparate results may be due to the differences between
the simulated models.

The K3 files had an Af temperature that was
lower than room and body temperatures. However, the
cyclic fatigue resistance of these files was lower at body
temperature. These results agreed with other conventionally
produced Ni-Ti alloys from different manufacturers®.
Interestingly, a previous study using micro-x-ray diffraction
and scanning electron microscopy demonstrated that
some martensitic microstructure was found when Ni-Ti
files were above its Af temperature.”” These results may
explain our findings. This stable martensitic microstructure
did not undergo transformation and might gradually turn to
austenitic microstructure when heated from room temperature
to body temperature.

Previous studies found that K3XF files had a
higher cyclic fatigue resistance compared with K3 files at
room temperature.'®"’ These findings can be explained by
the reduced lattice defects and microstructure internal
stress resulting from thermal treatment. Therefore, generating
plastic deformation is more difficult.”* Thus, thermal treatment
of an alloy produces a high cyclic fatigue resistance file.

Many studies demonstrated that file design,
such as cross-section, shape, and taper, influenced cyclic
fatigue resistance.”* Thus, when comparing two file systems
with different geometric designs, the results are difficult
to interpret and does not allow for identifying the true
factors that influenced the results or whether they were
caused by taper, size, or alloy differences. In this study, K3
files were compared with K3XF files because they share
the same geometry, cross-section, taper, and diameter.
Every factor was controlled. The only different factor was
the alloy used in the manufacturing process. Thus, we can
conclude that the different cyclic fatisue resistances

resulted from either the different alloys or temperatures.

In previous studies, the cyclic fatigue testing models varied,
such as a curved metal tube”, rotating between concave
and convex-tempered steel rods™, rotating against a sloped
plane”, and rotating between two cylinder pins.”® The
disadvantage of these models was the uncontrolled trajectory
of the file because the model was not tapered similarly
to the tested file.” Thus, the best available model was a
metal artificial canal that corresponded with the file’s shape,
taper, and size that constrained the file in a precise trajectory.
Using only one model to test different files resulted in imprecise
file trajectories. Some files likely loosely fit the canal, while
others fit more accurately. The radius of curvature of different
files will be under or overstated based on the file trajectories.
Moreover, a file that fits loosely inside the model may
exhibit a greater or lesser degree of curvature depending
on its flexibility. These differences explain why we cannot
compare the results of the same file with the same degree
and radius of curvature tested using different model designs
between studies. The present study used a steel artificial
canal that was precisely constructed with 3D printing
technology. Therefore, it was the most reliable cyclic
fatigue testing model available for comparative assessment.
Specific model designs are required when testing files
with different designs. Thus, comparing the different file
systems requires a precise model for each file.

Previous studies did not evaluate the effect of
environmental temperature on the cyclic fatigue resistance
of K3 and K3XF files.""” Although two studies evaluated
the files at body temperature, these studies used only
one model that did not closely resemble the files” dimensions
and tested files with different geometries.'*"" Thus, cyclic
fatigue resistance studies using an artificial canal fit to the
file’s shape conducted at body temperature might be a
better reference for clinical application.

To date, there is no conclusion on real clinical
root canal temperature. Hemptinne et al.” investigated
irrigating solution temperature in a root canal at every
second while irrigating with room temperature sodium
hypochlorite (NaOCl) solution (19.4°C) and preheated
NaOCl solution (66°C). The result showed that irrigating
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solution temperature in the root canal always turned to
approximately 35°C after increasing or decreasing the
temperature within a period of time. It could be assumed
that root canal temperature is approximately the same and
close to body temperature. In a clinical situation, while
the rotary file works in a root canal, it cuts dentin and has
friction against the canal wall. The temperature of the
instrument definitely increased more or less.

Single-use of file was recommended by most of
the manufacturers. However, reusing files is common in
developing countries because of economic factors. Under-
standing the true potential of alloy will help clinicians to
choose the instrument with high performance which can
reduce error in their practice. Furthermore, Arens et al.”
found 0.9 % fracture incidence in new files that were used
for the first time. Thus, choosing instruments that are produced
by novel alloy may benefit in safety not only for reusing
files but also reduce risk in new files that are intended to
shape the extremely challenged canal which generates
intense cyclic fatigue to the instrument.

Previous studies'*"’

,including the present study,
found that body temperature decreased the cyclic
fatigue resistance of the files. We recommend that the
clinician choose the higher Af temperature NiTi rotary file
especially the one in which its Af is higher than body
temperature. This will minimize the chance of fracture
while using it in a root canal from its martensitic properties.
Cooling the environment temperature increased the
cyclic fatigue resistance of most of the Ni-Ti alloys. Future
studies should evaluate using a cooling strategy, which might
increase the files’ cyclic fatigue resistance in challenging

shaped canals.

Conclusion

The cyclic fatigue resistance of the conventional
or R-phase technology alloys was significantly reduced
at body temperature. The cyclic fatigue resistance of the
R-phase technology alloy was approximately two-fold
higher compared with the conventional alloy in both
temperatures. The austenite finishing temperature of

each alloy was lower than body temperature.
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Abstract

The objective of this split-mouth randomized controlled trial was to compare clinical retention rate of Thailand
innovative clear sealant (LAS-clear) and imported sealant (Delton clear: Dentsply International, Inc., USA). This study
was comprised 120 pairs of contralateral first permanent molars of 64 children aged 6-9 years old. The retention
of the sealant was investigated at 6- and 12- month post-treatment with evaluation criteria: 1) total retention, 2)
partial loss, and 3) total loss. The data were collected and analyzed using McNemar’s test at p = 0.05. Our results

demonstrated that the retention on occlusal surface of LAS-clear group has the total retention at 81.0% and 71.1%
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at 6- and 12-month post-treatment, respectively, while that of Delton clear group was 80.0% and 66.3% at 6- and

12-month follow-up, respectively. No significant difference between the two groups at 6- and 12- month follow up was

observed (p = 1.0 and 0.54, respectively). In conclusion, the retention rate of Thailand innovation LAS-clear is equal

to Delton clear sealant at 12 months follow-up.
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Figure 2 Flow chart of participants in this study

Subjects assessed for eligibility criteria (N = 212 subjects)

Enrollment

Randomized (split mouth design)

Included children (N = 64 subjects)

First permanent molars (n = 240)

Excluded (Total n = 148):

® Not meeting inclusion criteria
(n=141)

® Declined to participate (n = 5)

® Non-cooperative (n = 2)

Allocation

Baseline
First permanent molars

(n = 240)

Group: LAS-clear
First permanent molars

(n = 120)

Group: Delton clear
First permanent molars

(n = 120)

Lost to follow-up (n = 40):

n = 18 (Moving to another
school)

n = 22 (Resealant with opaque

sealant by unknown reason)

Lost to follow-up (n = 20):

n = 9 (Moving to another school)
n = 10 (Resealant with opaque
sealant by unknown reason)

n = 1 (excluded due to the
contralateral tooth had resealant

with opaque sealant)

Lost to follow-up (n = 20):
n = 9 (Moving to another school)
n = 11 (Resealant with opaque

sealant by unknown reason)

6 month-follow up

Analyzed (n = 200)

Group: LAS-clear
Analyzed (n = 100)

Group: Delton clear

Analyzed (n = 100)

Lost to follow-up (n = 34):

n = 10 (Moving to another
school)

n = 24 (Resealant with opaque

sealant by unknown reason)

Lost to follow-up (n = 17):

n = 5 (Moving to another school)
n = 10 (Resealant with opaque
sealant by unknown reason)

n = 2 (excluded due to the
contralateral tooth had resealant

with opaque sealant)

Lost to follow-up (n = 17):
n = 5 (Moving to another school)
n = 12 (Resealant with opaque

sealant by unknown reason)

12 month-follow up
Analyzed (n = 166)

Group: LAS-clear
Analyzed (n = 83)

Group: Delton clear

Analyzed (n = 83)
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Table 2 Retention of LAS-clear and Delton clear on occlusal surface at 6 and 12 months

6 month-follow up

Retention
Total Total retention Partial retention Total loss p-value
(n; %) 95% ClI (n; %) 95% Cl (n; %) 95% Cl
LAS-clear 100 81; 81.0% 73.5-88.4 18; 18.0% 10.8 - 24.8 1;1.0% 0-34
Delton clear 100 80; 80.0% 72.1-87.6 20; 20.0% 12.4 - 27.9 0; 0% 0 H
12 month-follow up
Retention
Total Total retention Partial retention Total loss p-value
(n; %) 95% ClI (n; %) 95% Cl (n; %) 95% Cl
LAS-clear 83 59; 71.1% 61.4 - 80.5 20; 24.1% 15.2-333 4; 4.8% 1.1-100
Delton clear 83 55; 66.3% 56.1-77.2 28; 33.7% 22.8 -43.9 0; 0% 0 oo

p-value were calculated using McNemar’s test, *statistically significant at p<0.05 level
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711987 6 UaY 12 oy

Table 3 Retention on buccal or palatal surface of LAS-clear and Delton clear at 6 and 12 months

6 month-follow up

Total retention Partial retention Total loss
Total p-value
(n; %) 95% CI (n; %) 95% CI (n; %) 95% CI
LAS-clear 100 64; 64.0% 54.6 - 73.5 22, 22.0% 13.9 - 30.5 14; 14.0% 8.0-21.2
0.86
Delton clear 100 62; 62.0% 520-714 22; 22.0% 13.9 - 30.1 16; 16.0% 9.0 -23.6
12 month-follow up
Total retention Partial retention Total loss
Total p-value
(n; %) 95% Cl (n; %) 95% Cl (n; %) 95% Cl
LAS-clear 83 43; 51.8% 40.7 - 62.8 23; 27.7% 18.0 - 37.4 17; 20.5% 123 -29.1
0.71
Delton clear 83 40; 48.2% 37.0 - 585 23, 27.7% 17.9 - 38.0 20; 24.1% 14.9 - 33.8

p-value were calculated using McNemar’s test, *statistically significant at p<0.05 level
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Abstract

The c-Fos expression, found in nuclei of neurons, was associated with nociception after many types of noxious
stimuli and introduced as a marker of pain. In case of teeth injuries, another detection method of pain sensation in
animal models can be inferred from weight loss as an indirect pain measurement of feeding behavior, resulting from
pain. The aim of this study was to detect pulpal pain via bodyweight combine with c-Fos expression in the rat model.
Ten male Sprague-Dawley rats were nurtured and recorded their pre-operative weights for 1 week. All rats were randomly

divided into control and experimental groups. The lower left first mandibular molar was drilled 0.5 mm. in the control
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group while the pulp was exposed in the experimental group and all rats were parented and recorded their post-
operative weights for 1 week. Then, all rats were euthanized and the brain tissues and the teeth were collected.
The number of Fos immunoreactive (IR) neurons from the ipsilateral and contralateral brain were detected by
immunohistochemistry. The difference of pre- and post-operative increasing weight was analyzed by t-test. Pulpitis
was histologically diagnosed. The Fos-IR neurons were significantly higher in the ipsilateral trigeminal nucleus in the
experimental group, compared to the control group. In all rats, the post-operative increasing weights increased
slower than pre-operative increasing weights and the difference of pre- and post-increasing operative weight of the
experimental group was significantly lower than that of the control group. The histologic findings of first molar rats
showed normally dental pulp morphology in the control group while the pulp of exposure group exhibited an area
of necrosis, enlarged blood vessels and chronic inflammatory cell infiltration. Thus, bodyweight changing can be easily
used as an indirect pain measurement of pulpal pain. The methods developed are also useful in pain assessment

in animal models.
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Figure 1 The weight changing of rats (n=5 in each group)
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Table 1 The mean of weight gain ratio and the difference of pre- and post- operative weight gain

Group N Pre-operative weight Post-operative weight The difference of pre- and

gain (g/day) gain (g/day) post- operative weight gain
Non-exposed pulp 5 9.23 £ 1.03 7.75 £ 0.80 -1.47 +0.16%
Exposed pulp 5 10.79 + 0.38 733+ 1.14 -3.46 + 1.03*

* The mean difference is significant at the 0.05 level
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Figure 2 C-fos immunoreactive neurons (black arrows) in ipsilateral trigeminal nucleus at magnification 10x. ( a = non-exposed pulp,

b = exposed pulp)
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Table 2 Mean and standard deviation of Fos-IR neurons

Fos-IR Non-exposed pulp Exposed pulp
neurons Ipsilateral Contralateral Ipsilateral Contralateral
Mean + S.D. 30.70+2.16 31.52+0.37 46.95+2.29% 34.97 + 2.50

* The mean difference is significant at the 0.05 level
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Figure 3 The histologic findings showed whole lower first molar rats in the non-exposed pulp group and the exposed pulp group at
magnification 10x (a,b), 20x (c,d) and 40x (e,f), respectively. In pulp of the exposed pulp group showed vasodilation (white

arrows), area of necrosis (asterisk) and inflammatory cells (black arrow)
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Abstract

This study evaluated oral health-related quality of life (OH-QoL) and factors related in Thai older people with
and without metabolic syndrome (MS). Participants were Thai older people and their data were collected. MS was
diagnosed; oral status and oral dryness were determined. OH-QoL was evaluated by the oral health impact profile
index (OHIP-14). Forty-four (62.0 %) participants with MS and 27 (38.0 %) healthy older people were recruited. The
age range of the participants was 60-86 years. Patients with MS had fewer sleeping hours than patients without MS
but had higher tooth diseases. (p=0.009 and p=0.022, respectively) Oral dryness was significantly higher in patients
with MS than in patients without MS. (p=0.007) A negative impact on the quality of life evaluated by OHIP-14 scoring
3-4 tended to be found more frequently in participants with MS. (p=0.041) An average score of each item in older
persons with MS was more prominent than that of the non-MS group. However, the total score for the assessment
of OH-QoL severity was a marginally significant difference. (p=0.055) The odds ratio for the response at OHIP-14
scoring 4 as predicted by waist circumference (WC), oral dryness and sleeping hours was 1.15 (95%Cl:1.04,1.27), 0.61
(95%C1:0.38,0.99) and 0.32 (95%Cl:0.14,0.71), respectively. Nevertheless, if the outcome for the response at OHIP-14
scoring 3-4 was determined, oral dryness factor disappeared. Therefore, older people with MS have an increasing

undesirably negative impact on OH-Qol, influenced by WC, oral dryness, and sleeping hours.
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Introduction

Metabolic syndrome (MS) is a group of disorders
that increase the risk of cardiovascular disease (CVD),
diabetes mellitus (DM) and other health problems. The
components of MS include central obesity, hyperglycemia,
raised blood pressure (BP), and dyslipidemia (DLP), i.e.
elevated levels of triglyceride (TG) but low levels of high-
density lipoprotein cholesterol (HDL-C).!

There are particular studies of linking oral health
with MS.>* Chomkhakhai et al. reported oral health status
in Thai patients with MS.” Approximately half of the patients
with MS presented with dental caries, periodontitis, dry
mouth, oral mucosal changes; and approximately one
fourth had a high Candida level. In addition, 62.6 % of
MS patients were more than 60 years old and discussed
that the prevalence of MS and CVD were higher in Thai
older people.” Thanakun et al. found that MS was strongly
associated with severe periodontitis and MS with 4-5
components were higher associated with severe periodontitis
than MS with three components.’

Apart from studies concerning the relationship
between MS or pre-existing risks of MS and oral health,
several studies focus on health-related quality of life
(HR-Qol) and oral-health related quality of life (OH-QoL).
The associations of MS or MS components, comprising of
DM, obesity, HT and DLP, with low QoL have been reported.*’
However, the studies regarding the association between
MS component and OH-QolL are not widely mentioned.
The study of MS entity and OH-QoL was not established.
Allen et al. showed a moderate impact of DM on OH-QoL,
specifically dietary dissatisfaction.” Makhija et al. found
a statistically significant association of BMI with OH-QoL..”
Mehta reported edentulism, either partial or complete,
can affect not only oral health but the general health of
a person.'” Motallebnejad et al. showed older people had
an undesirable impact on OH-QoL."! Besides, some studies
demonstrate the relationship of oral mucosal dryness
that may occur in older people or other conditions with
MS or pre-existing risks.” ' Previous studies also exhibit that

dry mouth provokes a negative impact on OH-QoL."*™
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As aforementioned, half of the Thai patients
with MS were older people and had oral problems.”
Moreover, patients with a history of MS component usually
had impaired OH-QoL..* However, the study of OH-QoL
in older people with MS has not been presented. Therefore,
this study aims to evaluate OH-QoL in older Thai people
with MS and compare OH-QoL between older Thai people
with MS and without MS. The factors related to OH-QoL

in older Thai people with MS are determined.

Materials and Methods

Patient selection / Ethics approval

The participants screened in this study were 180
older Thai patients who came to the Geriatric Dentistry
and Maxillofacial Prosthetic Clinic of Maha Chakri Sirindhorn
Dental Hospital, Faculty of Dentistry, Mahidol University from
October 2019 to February 2020. The inclusion criteria were
older Thai people who were over 60 years old. All participants
had to provide a laboratory profile and have no history of
dental treatment within the prior six months. The results
must comprise the levels of HDL-C, TG and fasting plasma
glucose (FPG). The exclusion criteria were patients with a
history of radiotherapy in the head and neck regions, had
chemotherapeutic treatment during the previous three
months, or the presence of diseases of the salivary gland.

The study was approved by the Ethics Committee
of the Faculty of Dentistry, Mahidol University, and conformed
with the Declaration of Helsinki (MU-DT/PY-IRB 2019/
048.3107).
Assessment of patients’ data

Age, sex, occupation, marital status, education
level, living status, general and dental health care financial
status were obtained from interviews.
Assessment of general health

Participants with MS were diagnosed from remarkable
laboratory profile or a medical history of three or more of
the following criteria; 1) elevated TG: >150 mg/dL or on drug
treatment for elevated TG, 2) reduced HDL-C: <40 mg/dL

in men or <50 mg/dL in women or on drug treatment for



reduced HDL-C, 3) elevated BP: =130 mm Hg systolic BP
or 285 mm Hg diastolic BP or on antihypertensive drug
treatment in a patient with a history of HT, 4) elevated FPG:
>100 meg/dL or on drug treatment for elevated glucose,
5) increased WC: > 90 cm in men or >80 cm in women. '
The data of patients’ travel type (independent
or dependent), exercise behaviors (30-40 minutes per
exercise time; <3 times weekly and >3 times weekly),
sleeping time (hours), alcohol consumption (yes, former
or never), smoking, medical problems and drug use were
recorded. Height and weight were measured and calculated
to BMI. BMI is calculated by dividing weight (kilogram) with
height (meter) squared. For participants who are unable to
stand upright, height was asked from the participant or
the data of the ID card.
Assessment of oral health
The data, including the number of tooth diseases,
number of tooth loss and remaining teeth, the Periodontal
Screening and Recording Index (PSR) score, and oral mucosal
dryness, were examined by one investigator (NK).
Tooth diseases consisted of dental caries, broken
teeth, tooth wear, pulpal and periapical tissue diseases.
The number of tooth loss and remaining teeth were also
counted. Remaining teeth included sound teeth and
retained root. The third molar was omitted from the study.
Periodontal status was evaluated by the PSR index.
The method is based on the following three periodontal
disease indicators: gingival bleeding on probing, calculus
accumulation and probing depth. The mouth is divided
to six sextants (tooth 18-14,13-23,24-28,34-38,33-43 and
44-48). Each tooth is examined and marked from code
0 to code 4, but only the highest score of the sextant is
recorded. PSR code definitions are; code 0 showed absence
of any clinical signs, code 1 showed bleeding on probing,
code 2 showed supra and/or subgingival calculus and/or
defective margins, code 3 showed periodontal pocket
4-5.5 millimeter (mm.) in depth (coloured band on probe
partially visible), and code 4 showed periodontal pocket 6 mm.
in depth or more (colored band no longer visible).”” Sextants

with fewer than two teeth are scored with an ‘X’ and

are not considered in the overall evaluation.” PSR scores
of 3 in two or more sextants or a PSR score of 4 in any
sextant was diagnosed periodontitis. "’

Oral mucosal dryness was determined from the
Xerostomia Inventory (XI-11) questionnaire and the
Clinical Oral Dryness Scoring (CODS)."*"" Participants were
interviewed face to face following the questions by the
principal investigator (NK). The answer to each question
of XI-11 (Thai-version) showed the frequency of symptoms
in the preceding four weeks. The score of Likert-scale
response to XI-11 is in the range of 11-55, a higher total
score represented more xerostomia than a lower score.'®

Hyposalivation was examined and interpreted
using the CODS by one investigator (NK). Each feature
which is clinically presented from ten items has 1 score.
The total score is counted and valued from 1 to 10. A high
total score indicates increased severity of oral dryness."’
Assessment of oral health-related quality of life

OH-QolL was determined by Oral Health Impact
Profile (OHIP)-14 index developed by Slade.'® The OHIP-14
related QoL index-Thai version was validated by Chatalongkorn
in 2017 and used in this study." Participants were interviewed
face to face with the questions by the principal investigator
(NK). The answer to each question showed the frequency
of perception in the preceding four weeks. The OHIP-14
related QoL index consists of seven domains. Each domain
consisted of two questions. Responses of 14 items were
graded on a Likert-type scale ranging from 0 to 4; score
4 = “very often”, 3 = “fairly often”, 2 = “occasionally”,
1 = “hardly ever” and 0 = “never”."® For OHIP-14 related
QoL index analysis, two aspects were analyzed, which were
prevalence and severity. Prevalence is the percentage of
participants whose response scored 3-4 (fairly often/very
often) in at least one item.” Severity is the total score of
Likert-scale response to OHIP-14 related QoL index, with the
maximum score of 56.° A higher total score represented
a more negative impact on QoL than a lower score.

Statistical analyses were performed using the
SPSS software (IBM SPSS statistics version 26.0; SPSS Inc.)

Descriptive statistics were used for evaluation OH-QoL in
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older Thai people. Pearson’s chi-square test, Fisher’s Exact
Test, Spearman’s correlation and Mann-Whitney U test
were analyzed where appropriate. Multivariate analysis
was applied to determine the factors related to OH-QoL.
Scoring 3-4 or 4 which represent negative impact to QoL
were used as dependent variables. Significant factors from
clinical relevance or bivariate-statistical analysis were

put into the model as independent variables.

Characteristics of the study population

Forty-four participants (62.0 %) were diagnosed
with MS if they had three or more of the five components
from a remarkable laboratory profile or history of drug use.
Of these, twenty-four participants (33.8 %) had abnormal
laboratory profiles of being diagnosed with MS and using

drugs. Eleven (15.5 %) older people had an average
laboratory profile and were being treated for MS. Nine
(12.7 %) participants had abnormal laboratory profiles
probably diagnosed with MS and no history of using drugs.
There were 27 (38.0 %) non-MS participants whose laboratory
profiles have not met the criteria for MS diagnosis and
no history of any medicine.

Seventy-one participants were between 60-86
years of age. There were no statistical differences for age
and sex of the two studied groups. General health laboratory
profile used for the diagnosis of MS was significantly
different between the non-MS and the MS groups. The
average severity score of OHIP-14 related QoL index, which
impacted the quality of life, had a marginally significant
increase in participants with MS (p=0.055). (Table 1)

Table 1 Characteristics of the participants [median (first,third quartile) or n (%)] according to non-MS or MS

Participants (N=71)

p-value
Non-MS (n=27) MS (n=44)
Age 64.0 (62.0,68.0) 65.5 (62.0,69.0) 0.148
Sex
Male 11 (40.74%) 26 (59.09%) 0.150
Female 16 (59.26%) 18 (40.91%)
BMI (kg/m2) 23.1(21.2,24.8) 25.6 (23.9,29.1) < 0.001*
WC (cm)
Male 86.2 (78.5,90.9) 90.7 (85.5,98.5) 0.023*
Female 79.6 (74.2,83.6) 86.2 (82.8,89.4) 0.003*
FPG (mg/dL) 95 (91,109) 106 (98,118) 0.001%
HDL (mg/dL)
Male 57 (53,68) 50 (44,56) 0.005*
Female 68 (53,79) 49 (46,55) 0.001%
TG (mg/dL) 77 (59,110) 124 (92,173) < 0.001*
SBP (mmHg) 125 (111,129) 130 (123,141) 0.004*
DBP (mmHg) 74 (68,82) 81 (73,88) 0.051
Medication for DM
No 26 (96.30%) 34 (77.27%) 0.043*
Yes 1 (3.70%) 10 (22.73%)
Medication for DLP
No 23 (85.19%) 15 (34.09%) < 0.001*
Yes 4 (14.81%) 29 (65.91%)
Medication for HT
No 23 (85.19%) 19 (43.18%) < 0.001%
Yes 4 (14.81%) 25 (56.82%)
OHIP-14 severity score 1(0,3) 3(0,11) 0.055

* Significant level at p<0.05

138 J DENT ASSOC THAI VOL.71 NO.2 April - June 2021



There were no dissimilarities in education, finance, in which patients without MS had more sleeping hours
or personal habits of the two studied groups. However, than patients with MS (p=0.009). (Table 2)

sleeping hours were a predominantly significant variable

Table 2 Personal, family and social history of older participants with and without MS [median (first,third quartile) or n (%)]

Participants (N=71)

Non-MS (n=27) MS (n=44) prvalue
Education
Less than bachelor’s degree 5(18.52%) 13 (29.55%) 0.403
Bachelor’s degree or higher 22 (81.48%) 31 (70.45%)
Living
Alone 3(11.11%) 6 (13.64%) 1.000
Family 24 (88.89%) 38 (86.36%)
Health financial
Independent 6 (22.22%) 9 (20.45%) 0.927
Dependent 10 (37.04%) 15 (34.09%)
Welfare 11 (40.74%) 20 (45.45%)
Dental financial
Independent 15 (55.56%) 16 (36.36%) 0.285
Dependent 3(11.11%) 7 (15.91%)
Welfare 9 (33.33%) 21 (47.73%)
Travel
Independent 26 (96.30%) 42 (95.45%) 1.000
Dependent 1 (3.70%) 2 (4.55%)
Exercise
Less than 3 days/week 17 (62.96%) 30 (68.18%) 0.797
3 days or more/week 10 (37.04%) 14 (31.82%)
Alcohol consumption
Current 13 (48.15%) 17 (38.64%) 0.054
Former 2 (7.41%) 14 (31.82%)
Never 12 (44.44%) 13 (29.55%)
Smoking
Current and former 4(14.81%) 17 (38.64%) 0.070
Never 23 (85.19%) 27 (61.36%)
Sleeping hours 7.0 (6.0,7.5) 6.0 (5.0,7.0) 0.009*
* Significant level at p<0.05
Characteristics of oral condition
The number of tooth diseases shows a significant (p=0.054) in the number of missing teeth in the MS group.
difference between people with and without MS (p=0.022). Nevertheless, periodontal status or denture wearing were
Participants with MS had more tooth diseases than individuals not different between these two groups. (Table 3)

without MS. Also, there was a marginally significant increase
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Table 3 Characteristics of the oral condition of participants according to non-MS and MS [median (first,third quartile) or n (%)]

Participants (N=71)

Non-MS (n=27) MS (n=44) prvalue

Number of tooth disease 7(3,13) 12 (7,17) 0.022*
Missing tooth 2 (1,5) 5(1,8) 0.054
Periodontal status 0.127

Gingivitis 21 (77.78%) 26 (59.09%)

Periodontitis 6 (22.22%) 18 (40.91%)
Denture wear

Upper 3(11.11%) 5(11.36%) 1.000

Lower 1 (3.70%) 1 (2.72%) 1.000

Upper and Lower 2 (7.41%) 7 (15.91%) 0.467
Total XI-11 score 17 (15,21) 17 (15,22) 0.953
Total CODS 0(0,1) 1(0,4) 0.007*

* Significant level at p<0.05

Oral mucosal dryness

Xerostomia, represented by the total sum of XI-11
score in each patient, was not statistically distinctive between
the researched groups (p=0.953). However, oral mucosal
dryness determined by CODS was significantly higher in
patients with MS than in patients without MS (p=0.007) as

shown in Table 3.

There was a higher prevalence of xerostomia in
participants with MS compared to patients without MS (Fig. 1);
however, with varying frequency from never to very often.
Nevertheless, the second highest categorical summation
that represented more severe xerostomia was still of

the participants with MS. (Fig. 1)
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Figure 1 Percentage of participants according to the total sum of the XI-11 score and the mean score of XI-11 according to items
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Regarding CODS, though the highest percentage
of participants with score 0 or no signs of dry mouth were
participants with non-MS, the percentage of participants
with MS who revealed the signs of oral dryness varied from
1to 6 items. The results were higher than those of the non-MS

group. (Fig. 2) For the mean score of CODS, there was the

same trend as the percentage of CODS. Participants with
MS had a higher mean score of oral dryness than participants
without MS in all items except the last item (Debris on
palate) that did not reveal in both groups. (Fig. 2) These
results demonstrate that participants with MS had more

significant signs of dry mouth than participants without MS.
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Figure 2 Percentage of participants according to total score of CODS and mean score of CODS according to items

Oral health-related quality of life

The prevalence of OHIP-14 related QoL index
scoring 3-4 in the MS group was 19 (43.81 %), which was
higher than that of the non-MS group [5 (18.52 %)] (p=0.041).

(Table 4) Consequently, a negative impact on the quality
of life evaluated by OHIP-14 related QoL index tends to
be found more frequently in participants with MS, compared
with the ones without MS.

Table 4 The prevalence of participants [n (%)] whose response to OHIP-14 related QoL index at score 3 and 4 at least 1 item ac

cording to non-MS and MS

OHIP-14 Participants (N=71) p-value
Non-MS (n=27) MS (n=44)
score 3-4 5(18.52%) 19 (43.18%) 0.041*
score 0-2 22 (81.48%) 25 (56.82%)

* Sienificant level at p<0.05
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For the severity of OHIP-14 related QoL index,
when the sum score was divided to a different interval of
severity, it is demonstrated that the percentage of participants
with MS in every categorical score, except the lowest one
(score-range 0-4) were superior to non-MS. (Fig. 3) According
to 14 items, i.e. 7 domains of OHIP-14 related QoL index,

an average score of each item in the older persons with MS
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Psychological disability

was more prominent than that of the non-MS group. Thus,
the participants with MS had a more unpleasant quality
of life from oral health than participants without MS. For
domain 2 (physical pain), the average score was the highest
in both studied groups. If each item is considered, the highest

mean score was item 4 in MS and non-MS persons. (Fig. 3)
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Figure 3 Percentage of participants according to the OHIP-14 related QoL index total score, the average score of OHIP-14 related

Qol index according to 14 items and 7 domains

Association of OHIP-14 related QoL index with relevant
factors

After controlling for MS factor, the correlations
of the severity of the score of OHIP-14 related to the QoL
index with total XI-11 (r=0.482, p<0.001), number of missing
teeth (r=0.251, p=0.036) and sleeping hours (r=-0.283,
p=0.017) are depicted. (Fig. 4) Therefore, if participants
had a lot of xerostomia or a number of missing teeth, they
would have a greater impact on OH-Qol. On the other
hand, if participants had more sleeping hours, they would

have less impact on OH-QoL. Besides, the positive association
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of the total XI-11 score and the total CODS amount were
significantly presented. (Fig. 4)

Finally, the variables that were associated with
the outcome for the response at OHIP-14 related QoL
index scoring 3-4 (fairly often/very often) or scoring 4 (very
often) for at least one item, were assessed by logistic
regression analysis. (Table 5) The OR for the response
at OHIP-14 related QoL index scoring 4 as predicted by
WC, CODS and sleeping hours, after adjusting for all related
factors was 1.15 (95% Cl: 1.04, 1.27), 0.61 (95% Cl: 0.38,
0.99)and 0.32(95% Cl: 0.14, 0.71), respectively. (Table 5)
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Figure 4 Correlation of the severity of OHIP-14 related QoL index with the total XI-11 score, the number of missing teeth and sleeping
hours (Fig. 4 a,b,c); total XI with total CODS amount (Fig. 4d)

Nevertheless, if the outcome for the response
at OHIP-14 related QoL index scoring 3-4 (fairly often/very
often) was determined, only WC and sleeping hours were
the associated factors related to the unfavorable quality

of life. For every centimeter increase of WC, the chance

of unfavorable quality of life will increase 1.12 times (OR
1.12(95% Cl: 1.02, 1.22). Whereas every one hour increase
of sleep, the chance of an unfavorable quality of life will
decrease by 58% [OR 0.42 (95% Cl: 0.21, 0.81)]. (Table 5)

Table 5 Logistic regression analysis for OHIP-14 related QoL index and associated factors [odds ratio (95% confidence interval)] (n=71)

OHIP-14: scoring 4

OHIP-14: scoring 3-4

B OR (95% CI) p-value B OR (95% Cl) p-value
Age (years) 0.09 1.10 (0.95,1.27) 0.209 0.08 1.09 (0.96,1.24) 0.206
Sex (female) 0.21 1.23(0.19,7.94) 0.825 0.37 1.45(0.29,7.34) 0.652
WC (cm) 0.14 1.15(1.04,1.27) 0.007* 0.11 1.12(1.02,1.22) 0.015*
FPG (mg/dL) -0.00 0.99 (0.96,1.04) 0.927 0.01 1.01 (0.98,1.04) 0.531
HDL (mg/dL) -0.02 0.99 (0.93,1.04) 0.577 -0.01 0.99 (0.95,1.05) 0.848
TG (mg/dL) 0.00 1.00 (0.99,1.01) 0.729 0.00 1.00 (0.99,1.01) 0.972
SBP (mmHg) -0.01 0.99 (0.93,1.05) 0.634 -0.01 0.99 (0.94,1.05) 0.789
DBP (mmHg) 0.03 1.03(0.94,1.03) 0.557 0.01 1.01 (0.93,1.10) 0.796
CODS -0.50 0.61 (0.38,0.99) 0.044* -0.19 0.83(0.57,1.21) 0.331
Tooth disease -0.03 0.97 (0.86,1.09) 0.579 -0.07 0.93 (0.83,1.04) 0.215
Sleeping hours -1.14 0.32(0.14,0.71) 0.005% -0.88 0.42(0.21,0.81) 0.009*

* Significant level at p<0.05
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Discussion

To the best of our knowledge, this is the first study
to report that older Thai people with MS have an undesirable
Qol affected by oral health. Seventy-one older Thai people
aged over 60 years old were studied. The ratio of patients
with MS was 62 %, which is comparable to the prevalence
(69.1 %) of older people with MS in the study of Saad et al.
that used the same criteria.”’ The matching median age
of participants was revealed, 65.5 years in the MS group
and 64.0 years in the non-MS group, with no difference
between sexes. BMI, WC, FPG, TG and BP in the MS group
were higher than the non-MS group that can confirm the
exact recruitment of participants for the study. This is consistent
with another study that older people with MS had a significant
difference in these components.”

Personal data of the older participants in both
groups were not different except for sleeping hours, the
average duration of sleeping time at night. Sleeping hours
was the rigorous factor that was statistically significant in
allanalysis. Our result is consistent with the study of Magee
et al,, which looked at the relationships between QoL and
sleep duration in elderly Australians.”” They found that
short sleep (<6 hours) were significantly associated with
lower QoL. Although the present study recorded only sleeping
duration that was the one part of Sleep Quality Index,
Sato et al. also demonstrated that people with low QoL
determined by OHIP-14 related QoL questionnaire
exhibit poor sleep quality.”

Regarding the sleeping on MS component, some
studies have reported similar relationships. The study of
Grandner et al. showed that short sleep is associated
with HT, hyperlipidemia, DM, and obesity.” Among older
people, short sleep duration and poor sleep quality can
increase life dissatisfaction.”® The higher chance of irregular
sleeping hours may occur in unhealthy and older people
than healthy or less unhealthy people of a younger age.
Because the median sleeping hours in the participants
with negative impact and no impact on OH-Qol were 6

and 7, respectively in the current study, the assumption
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based on previous and the present studies is that the
favorable average sleeping duration of older people should
exceed seven hours.****** This period can probably
improve their QoL and OH-QoL. However, this study did
not record the use of medication for sleep such as hypnotic
or antidepressant drugs which are sometimes used by
older people. Future data on medication for sleep might
better indicate an association between sleeping and
HR-QoL or OH-QoL.

The number of tooth diseases in the MS group
was higher than those in the non-MS group. Medication for
MS induced hyposalivation might decrease the self cleansing
mechanism and enhance dental caries susceptibility.”**
This finding is similar with other studies.””** While the study
of Ojima et al. showed that the number of dental caries was
significantly related to an increase of MS, Timonen et al.
showed a weak association between dental caries and MS
that was similar with this study.””*® The different criteria
for tooth disease and the number of researched participants
might explain the dissimilar results. Generally, participants
with tooth disease may have a higher chance of pain that
impacts their QoL. It is parallel to the present study that
both eroups had the highest frequency of response in item
4 (uncomfortable to eat) and item 3 (pain) of OHIP-14
related QoL index that showed tooth disease might be
related factors on OH-QoL. Chomkhakhai found half of the
Thai patients with MS had periodontitis.” However, the
results of this study demonstrated that periodontal status
was not different between both groups, which is allied with
the previous study that found a weak association between
periodontitis and MS.” The number of participants and the
criteria of the periodontal examination might cause the
dissociation between periodontitis and MS in this study.
Further investigation has to be performed to clarify these
discrepancies.

The number of missing teeth between people
with and without MS in this study was almost different.

After controlling for MS, the positive correlation was found



between the OHIP-14 related QoL score and several missing
teeth. This study showed that an increase in missing teeth
led to a low OH-QoL. This result was similar to a previous
Thai study which disclosed that older Thai people with less
than 20 natural teeth or less than four posterior occluding
pairs had less OH-QoL than those with at least 20 natural
teeth or at least four posterior occluding pairs.” Nevertheless,
the conflicting results were reported.” The number of missing
teeth orremaining teeth had no impact on OH-QoL.* However,
the number of occluding pairs and the location of the
remaining teeth have a high impact on OH-QoL. Further
study with this controversial topic and necessity to prosthesis
wearing in a larger number of older people would be
clarified to evaluate the correlation with OH-QoL.
Assessment of dry mouth was performed by the
XI-11 questionnaire to determine xerostomia and by CODS
to indirectly evaluate hyposalivation. MS and non-MS
participants with xerostomia determined by the XI-11
questionnaire were not different. The average score of
the XI-11 was indistinguishable in both groups. Jager et al.
demonstrated that CODS was associated with a decrease
of both unstimulated and stimulated salivary flow as well
as Xl and Bother Index (BI).”” The current results show a
comparable pattern, which is the difference of CODS
score between both studied groups and the correlation
of CODS with xerostomia. Most participants without MS
had a total score of CODS at 0, and this was the highest
percentage. There was no participant with a total scoring
3-5in the non-MS group, whereas the MS group exhibited
a total score of 1-6. These actual results showed that
hyposalivation might be more predominant in participants
with MS than in people who don’t have MS. In the same
tendency, the total number of dry mouth signs was
greater in the MS than the non-MS group. Usually, older
people have a complex systemic disease and always use
polypharmacy. Drug-induced hyposalivation might occur
in this group.” One of these was antihypertensive drugs
such as calcium channel blockers or ACE inhibitors.” In this
study, participants with HT continuously used antihypertensive
drugs, such as amlodipine, manidipine, losartan that can
cause hyposalivation for people with MS. However, anxiolytics

and antidepressants which have an anticholinergic effect

and sometimes used by older people were not explored
in this study. The self-adaptation of participants with MS
might explain the different results between XI-11 and
CODS in the MS and the non-MS group. Individuals might
gradually adjust themselves to their dry mouth feeling
because of the gradual prolonged duration and vague
character. Jager et al. suggested that XI, Bl and CODS are
all able to differentiate between hyposalivation and
normal salivation because the participants in their study
became aware of dry mouth symptoms when salivary flow
drops below 0.1 mL/min.* Accordingly, they recommended
using CODS or a combination of CODS with Xl or Bl as a routine
clinical assessment to detect hyposalivation.”” Moreover,
participants with MS should beware of oral problems
such as dental caries, oral candidiasis or irritation from the
denture, as a result of hyposalivation even though there
are no symptoms. Worsening dry mouth resulting in poorer
OH-Qol were also demonstrated from previous studies.”**

The main finding found in the present study is
the significant difference in the prevalence of undesirable
impact on OH-QoL, which was more frequently found in
older participants with MS. Although the severity of OHIP-14
related QoL between both groups was insignificantly different
and most participants’ responses were inconsiderable
to QoL, with a score ranging between 0 and 3. OH-QoL in
older people with MS has never been studied. There were
some studies about HR-QoL in MS.**** A major finding in
the study by Tziallas et al. was that MS is significantly
correlated with impaired HR-QoL.** In contrast, a study
in Korea showed that MS was not significantly associated
with HR-QoL after adjusting for socio-demographic factors,
medical comorbidities and obesity.” The current study
showed that WC, indicating obeity, was the factor associated
with OH-Qol after adjusting for age, sex, general and oral
health. Although HR-QoL was QoL of whole health, this
explanation might be a possibility why participants with MS
tend to have poor OH-QoL, one part of QoL.

Regarding each item and domain of OHIP-14 related
QOL, the highest mean score in both groups were domain 2,
physical pain, which was determined by pain and feeling
uncomfortable while eating. Our results in the present

study are consistent with previous studies that revealed
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the most frequently experienced problems of older people
in Norway were aching in the mouth and discomfort while
eating food.™ It was not surprising that physical pain leads
to negative OH-QolL. Effective management of pain in
patients or prevention of oral problems in all people may
improve OH-QoL.

There were a few studies which focused on the
relationship between OH-QolL and older persons with the
components of MS.*" However, a study about the relationship
between OH-QolL and MS entities in older people has not
been done. Irani et al. reported that type 2 DM does not
impact on overall OH-Qol as measured by OHIP-49.37
They discussed that patients with DM are less concerned
about the impact of their periodontal condition than with
their other health issues that they must manage as part of
DM.”" In contrast to our study, there were significant differences
in OH-QolL between the MS and the non-MS group. The
reason might be influenced by multiple components of
MS, or a different studied measurement or age of participants.
WC is an indicator of central obesity, that increases the
risk of developing DM.” Participants with high levels of WC,
FPG and ageing, may have a greater chance of DM. Moreover,
Azogui-Lévy et al. reported that poor oral health in DM
patients had a negative impact on OH-QoL.” Accordingly,
the increasing of WC and FPG in the present study, which
might negatively influence OH-QoL can be assumed.
Because participants whose response to OHIP-14 related
Qol scoring 3-4 also had significantly higher levels of WC
and FPG than participants whose response to OHIP-14
related QoL scoring 0-2.

After adjusting for related factors, multivariate
analysis for OHIP-14 related QoL demonstrated that WC,
CODS and sleeping hours were the associated factors
related to the response to OHIP-14 related QoL scoring
4 (very often). However, only WC and sleeping hours were
the associated factors related to the response OHIP-14
related QoL scoring 3-4 (fairly often or very often). From
this finding, it seems that WC, indicating obese and predilection
to DM, was an important factor for the increased negative
impact on OH-QoL in older Thai people. It is in accordance
with the previous study that patients with obesity and DM
tended to have poor OH-QoL.” For sleeping hours, the
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current result was consistent with other studies which
showed fewer sleeping hours had a negative impact on
QoL or OH-QoL.** Nevertheless, CODS was the factor that
was inconsistently associated with OHIP-14 related QoL.
Participants might decrease saliva flow rate at some point
which leads to a dry mouth feeling. Also, participants might
have hyposalivation but had no dry mouth feeling due to
self-adaptation. This explanation may be supported by a
study of Jager et al.”’ Further study in a larger population
should be performed to clarify these conflicting results.

The limitation of this study was the small number
of participants caused by strictly definite inclusion criteria.
Additionally, the study group was a select group who
presented for a medical checkup and a further dental
checkup. All participants had to present their laboratory
profile, not beyond six months, which comprises the
levels of TG, HDL-C and FPG, and had no history of dental
treatment within the prior six months. Many participants
that had no HDL-C results and have a history of recent dental
treatment were excluded. So, the findings may not be able
to be generalized. Furthermore, the COVID-19 pandemic
of COVID-19 and restrictions on health service by the Thai
government forced this research to temporarily discontinue.
Therefore, these results should be interpreted with caution.
However, the strength of the strict inclusion of participants
supports the methodology for older people. The questionnaires
were filled following the answer of participants by the principal
investigator that can avoid the mistake from the irregular
vision in older people. Accordingly, this is the first study to
demonstrate the relationship between unfavorable OH-QoL
and older patients with MS. Future studies should be performed
with a larger sample size and adjunct data about occlusion
and nutrition should be collected for a thorough assessment.
A longitudinal study may demonstrate underlying reasons

which impact OH-Qol of older people with MS.

Conclusion

This study reveals the significant difference of
OH-QoL in older Thai people with MS and without MS.
Participants with MS have a more undesirably negative
impact on OH-QolL than participants without MS. OH-QoL

is influenced by several factors; not only oral health but



also general health. There is an association between WC,
hyposalivation determined by CODS and sleeping hours
with OH-QoL. This study suggests that OH-QoL should be a part
of the oral assessment in older people because geriatric
care has to focus on QoL improvement. The OHIP-14 related
QoL index s a considerable questionnaire used to cooperate

with other geriatric assessment in older people.
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Abstract

The aim of this study was to measure volume loss of enamel and ceramic by the ceramic antagonists under
acidic conditions and its SEM. Flat surface of ceramic and human enamel specimens were prepared with testing
area 5x7 mm’. Triangular prism shape of ceramic antagonists were prepair using either a Feldspathic ceramic (A) or

Lithium-disilicate ceramic (B). Simple mono-directional wear simulator was used in this study and set speed at 150
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cycle/min with loading weigh 150 g. Two acidic solutions were commercial lemon juice (pH 1.8) and vinegar (pH
2.6) while deionized water (pH 6.1) was use as negative control. Erosion-attrition testing was run 30 mins for each
group. After erosion-attrition cycle, wear scar with wedge shape on each specimen was assessed width, length and
depth by measuring microscope. These values were calculated to volume loss of materials. Amounts of volume
loss statistically analyzed by Kruskal-Wallis test and Multiple comparison between treatment (p<0.05). Result have
showed that enamel loss by ceramic antagonist was significantly highest for both acidic solution (antagonist-A;
lemon 0.65 + 0.44 mm? = vinegar 0.44 + 0.28 mm?®.> DW 0.33 + mm?’, antagonist-B; lemon juice 0.89 + 0.87 mm” >
vinegar 0.29 + 0.13 mm’ > DW 0.13 + 0.07 mm?’). Volume loss of enamel is significantly greater than ceramic in all
condition. It was small amount of wear in both ceramic groups. SEM show longitudinal scratch along the direction
of antagonist. In conclusion the amount of volume loss of enamel was greater than volume loss of ceramic in all

solution. Erosion-attrition condition were could provide alteration of enamel more than attrition condition only.
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Figure 3 Wear scar in erosion-attrition condition: A=Stereoscope photograph of silicone impression of wear scar (at 30 magnification),

B=The formula of volume loss calculation
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Table 2 Results of mean of baseline microhardness (Kg¢/mm2) of each experimental group

Materials Mean surface hardness
(mean * SD, Kg/mm?)
Enamel 364.1 + 33.2
Ceramic A 549.5 + 56.7
Ceramic B 587.6 + 35.8

Volume loss

Enamel with ceramic-A antagonist
1.0

E
0.8
£ 0.65
8 06
F 0.44
0 0.33
S
0.2 — .
0.0
bw LEMON VINEGAR
Ceramic-A with ceramic-A antagonist
1.0
E
£ 0.8
8 os
@
5 0.4
S
0.2 0.04 0.05 0.06
0.0 : . RS-
DW LEMON VINEGAR

Ceramic-B with ceramic-A antagonist

Volume loss (mm?3)
o
o

0.2
0.08 0.03 0.02
00 — NN
bw LEMON VINEGAR

3’1/171" 4

Enamel with ceramic-B antagonist

g 0.89
E
£ 08
£ o6
£
3 04
S 0.29
02 0.13
0.0
bw LEMON VINEGAR

Ceramic-A with ceramic-A antagonist
1.0

g 0.8
8 o5
g
3 04
S
0.2 0.05 0.03 0.06
00 — — : BN
bw LEMON VINEGAR
Ceramic-B with ceramic-B antagonist
1.0
_E_ 0.8
8 06
o
S 04
g0
& 0.03 0.02 003
0.0 . -
bw LEMON VINEGAR

usupiluanamsifSeuiiguUsunsnsanvestusgiee9lungumn e 9 nain1391ae9an1az erosion-attrition (n=8) , DW

unuihusmenleeey, Lemon unuiisgu1iies, Vinegar UnuauaIey

Figure 4 Mean volume loss of all specimens after erosion-attrition testing (n=8), DW : distilled water, Lemon : commercial emon juice,

Vinegar : Vinegar
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Table 3 Results of volume loss (mm®) and deviation of enamel groups

Condition Volume loss (mm?®) and deviation
EB
DW (W) 0.33(0.35)° 0.13 (0.07)°
[0.11]
Lemon (L) 0.65 (0.44)° 0.89 (0.87)*
[0.43]
Vinegar (V) 0.44 (0.28)° 0.29 (0.13)°
[0.27]

Mean (SD) n = 8
[Med]

naUSinasmsAnvessiiineiauiuesiiniaes
wilaluansnaaeuiings  uansisnsned ¢ laewuinngy
wiiinefiauiuiesfneduinasmsanluasnaaeusiio
Tiunnsnsfusehafidoddgmaada (0>0.05) luvaedingy
LﬁviwuﬂLawamuLﬂjﬁﬂuﬂuwumiaﬂmnwamiumaumm way
mJiu1mm‘aaﬂ‘wmﬂmmawwmaaﬂuumwunmamLaum

*Superscript letters following mean value: the difference letter indicates significant difference (p<0.05)

UnannlesousdsiitodiAgynisaia (0<0.05) lnefinig
WisuifisuUSinesmsanluudaznguiswieluil

nauwsTinefiauiusiine (AA) ﬁﬂﬁumwg =
dhazunadien = diusannlessy

v
°

nauwsinieNauiuiesiing (AB) : uhduaney >
wzunaiisy = UusAnlessy
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Table 4 Results of volume loss (mm’) and deviation of ceramic-A groups

Condition Volume loss (mm?) and deviation
AB
DW (W) 0.04 (0.03) 0.05 (0.02)°
[0.04]
Lemon (L) 0.05 (0.04)° 0.03 (0.02)°
[0.03]
Vinegar (V) 0.06 (0.04" 0.06 (0.03)

[0.06]

Mean (SD) n = 8
[Med]

watinnsnsAnvessindiautuwsfiniaesin
Tuammeaouriinging o uandlifnsed 5 laonguissiin
Sfauiugsfinenuliimnsinnnigalmhunennlessy
waziiUBnasmsinunnningduimeaouluihduaeyoa
todfynaada luvaziinguissiindfiauiuisfinTlaimy
AULANANTDIUSIIRTN AN UATIAERUTTARANS o) 0esll

*Superscript letters following mean value: the difference letter indicates significant difference (p<0.05)

HedAgyn9adn (0>0.05) IneinsiUFeuLiisuUinnsnisan
Tunsazngunasioluil
nauwsiindNaviuwsiinie (BA) : dnssuniiiiey

wusiAnlesay > Urduaey
nauwiinUnauiuwsiind (8B) : Whuzuniiey
= Wduaney = UrsAanlessu
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Table 5 Results of volume loss (mm®) and deviation of ceramic-B groups

Condition Volume loss (mm3) and deviation
AB

DW (W) 0.08 (0.11) 0.03 (0.02)*
[0.05] [0.02]

Lemon (L) 0.03 (0.01) 0.02 (0.01)°
[0.03] [0.02]

Vinegar (V) 0.02 (0.01)° 0.03 (0.02)°
[0.02] [0.03]

Mean (SD) n =8 *Superscript letters following mean value: the difference letter indicates significant difference (p<0.05)

[Med]
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Figure 5 Scanning electron micrograph of wear scar on flat surface specimens with ceramic-B antagonist in each condition (at 1,500

magnification)
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1. Which phase of the action potential is most profoundly affected by local anesthesia?
a. Resting c. Slow depolarization

b. Repolarization d. Rapid depolarization

2. Which local anesthetic is used to manage postoperative pain?
a. Articaine c. Mepivacaine

b. Etidocaine d. Bupivacaine

3. The STA (Single Tooth Anesthesia) System presents a unique approach to which injection?
a. Nasopalatine (NP) c. Periodontal ligament (PDL)

b. Inferior alveolar (IA) d. Posterior superior alveolar (PSA)

4. Which nerve block will most likely anesthetize the buccal soft tissues and bone of the premolar area, when the middle
superior alveolar (MSA) nerve is missing?
a. Greater (anterior) palatine c. Anterior superior alveolar (ASA)

b. Posterior superior alveolar (PSA) d. Lesser (middle and posterior) palatine

5. Anesthesia of the buccal nerve is contraindicated for which procedure?
a. Placing a matrix band around the mandibular third molar
b. Restoring a carious cavitation in the second mandibular molar
c. Placing a rubber dam clamp around the second mandibular molar

d. Scaling subgingival calculus deposits from the first mandibular molar
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