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Review Article

Current Update in Human Saliva and Its Role in Oral and

Systemic Health and Diseases

Ponlatham Chaiyarit™?
lDepartment of Oral Diagnosis, Faculty of Dentistry, Khon Kaen University, Khon Kaen

“Research Group of Chronic Inflammatory Oral Diseases and Systemic Diseases Associated with Oral Health, Khon Kaen University, Khon Kaen

Abstract

Human saliva is a complex secretion containing abundance of biomolecules derived from
salivary glands, mucosal and periodontal tissues, and oral microorganisms. Formation of saliva is
involved with coupling of the nerve-mediated reflex to glandular secretion of salivary fluid and
proteins. A variety of molecules including peptides, proteins, glycoprotein, lipids, metabolites, RNA,
and genomic DNA can be found in saliva. These salivary molecules are derived from both local and
systemic sources. Saliva has multifunctional roles in maintenance of oral health and supplies a
variety of physiologically systemic needs including protection against tooth demineralization and
microbial invasion, tissue lubrication, food perception, food digestion, and wound healing. Saliva can
be an alternative source of other biofluids, because of the ease of obtainment, non-invasiveness and
safety, and pleasantness of use. With an advanced-high throughput technology, a potential use of
saliva as a diagnostic tool for oral and systemic diseases becomes essential for laboratory and
clinical investigations with the aim of using saliva as a possible complementary examination with
routinely diagnostic methods. The term “Salivaomics” was established recently to describe the
information derived from studies in human saliva including: genomics and epigenomics,
transcriptomics, proteomics, metabolomics and microbiomics. The aim of this review was to update

the knowledge of human saliva regarding its role in oral and systemic health and diseases.

Key words: Diagnostics, Oral diseases, Saliva, Salivary gland, Systemic diseases
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Introduction

1. Physiology and Biochemistry of human saliva:
Innervation of salivary glands

Human Saliva is primarily derived from
3 major salivary glands (parotid, submandibular,
and sublingual glands) and minor salivary glands
(Table 1). The acinar cells which produce saliva;
and the ductal cells which modify and transfer
saliva to the oral cavity are two major cell types
of salivary glands." Physiologically, production of
saliva is controlled mainly by the autonomic
nervous system (Fig. 1). In addition, the process
of salivary secretion is supplied by arterioles
surrounding salivary ducts and acinar cells. Taste
buds and mechanoreceptors on the tongue can
detect signals from food and tastants (salt, acid
and etc.), whereas mechanoreceptors in oral
mucosa and periodontal ligament receive the
signals from chewing of food.” These taste and
mechanical signals produce afferent signals in
sensory nerves including the trigeminal (CNV),
the facial (CNVII) and the glossopharyngeal (CNIX)
nerves. The signals from CNVII and CNIX are

transferred to the nucleus of solitary tract and

Table 1

relayed to the salivary centers including the
superior and inferior salivary nuclei which are
located in the medulla oblongata.” Efferent
signals generated by the salivary nuclei are sent
through the parasympathetic nerves to supply
salivary glands. The submandibular and sublingual
glands are supplied by efferent fibers from
chorda lingual nerve to the submandibular
ganglion. The parotid gland is supplied by
efferent fibers from the tympanic branch of CNIX
to the otic ganglion and postgansglionic fibers in
the auriculotemporal nerve. Minor salivary glands
are supplied by parasympathetic nerve fibers in
the buccal branch of the mandibular nerve, the
lingual nerve and the palatine nerve.” The
parotid and submandibular glands are also
supplied by sympathetic efferent nerves arise
from the thoracic spinal cord, whereas the
sublingual and minor salivary glands obtain a
sparse adrenergic innervation. It should be noted
that nerves within the central nervous system
innervated the salivary nuclei and this central
neural activity contributed toward the resting

rate of salivary secretion.”’

Histologic and physical characteristics and main secretory product of human salivary glands

Types of salivary glands

Histologic characteristics

Physical characteristics
(main secretory product)

Maj .
Parotid glands
Submandibular glands
Sublingual glands

Minor salivary ¢lan
Palatine glands
Buccal glands
Labial glands
Lingual glands

serous cells

mucous cells

serous cells

mixed cells (mainly mucous cells)
mixed cells (mainly mucous cells)

mixed cells (mainly mucous cells)
mixed cells (mainly mucous cells)

Watery (amylase and PRRs)
Viscous (mucin)
Viscous (mucin)

Viscous (mucin)
Viscous (mucin)
Viscous (mucin)
Watery (lipase)
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Figure 1

Regulation of salivary secretion by the autonomic nervous system. (modlified from: Proctor

GB. The physiology of salivary secretion Periodontol 2000 2016,70:11-25. doi: 10.1111/

prd.12116)

Production of saliva
Formation of saliva is involved with
coupling of the nerve-mediated reflex to
glandular secretion of salivary fluid (water
and electrolytes) and salivary proteins.’
Fluid secretion is regulated by the activation
M3 (with

contribution from M1 receptors) on acinar

of muscarinic receptors some

cells by acetylcholine released from

parasympathetic nerves.”® The intracellular
mechanism is demonstrated by an elevation of
cytoplasmic calcium concentrations, leading to
the activation of chloride release.”® Moreover,
water molecules can diffuse through tight
junctions and aquaporin channels on acinar
cells, and some electrolytes such as salt (Na*

and Cl) are actively transported by acinar cells
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into the acinar lumen.” Secretion of salivary
proteins is regulated by the interaction between
noradrenaline released from
and beta 1

addition, signaling from parasympathetic nerves

sympathetic
nerves adrenoreceptors.”® In
can stimulate protein secretion by the release
of vasointestinal peptides.'’ The intracellular
mechanism is demonstrated by an increase
in cyclic AMP which activates protein kinase
A, resulting in exocytosis of protein storage
granules and release of protein into the acinar
lumen." Saliva in the lumen is called primary
saliva which is isotonic as compared with serum.
Primary isotonic saliva becomes hypotonic
striated
ducts where the salt is reabsorbed” (Fig. 2).

saliva after passing through the
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Figure 2  Electrolyte concentrations of primary

Electrolyte concentrations

Na+ 145 mM
cr 100 mM
HCO: 24 mM
K* 4 mM
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Resorption of Na*, CI', HCOz"

Absorption of K*

%

Secreted saliva: hypotonic concentrations
Electrolyte concentrations

Na* 2mMm
cr 23 mM
HCO; 1 mM
K* 25 mM

and secreted saliva. Primary saliva is isotonic when

compared with plasma, whereas secreted saliva at the gland’s orifice is hypotonic.

(modiified from: Aps JK, Martens LC. Review: The physiology of saliva and transfer of drugs
into saliva. Forensic Sci Int 2005;150:119-31)

Generally, healthy individuals produce
saliva 500-1500 ml per day, with approximate
salivary flow rate of 0.3-0.5 mlU/min."”*" (Table
2) During sleeping, the salivary flow rate is
decreased due to reduction of autonomic
stimulation from the higher centers' and
this can make our teeth more susceptible to
attack by oral microorganisms." Several factors
affect salivary flow such as chewing, taste,
smell, psychological and hormonal status, age,
medications and physical exercise."* The volume
of saliva in the oral cavity before swallowing
is different between individuals ranging 0.5-2.1
ml, whereas salivary volume after swallowing
is ranging 0.4-1.4 ml"" The residual saliva is
present as a film on mucosal surfaces and teeth

with a variety of thickness depending on sites.
The thickness of salivary film can be measured
by the wetness of filter paper strips applied
to various surfaces. It was demonstrated that
the anterior tongue had the most thickness of
salivary film (50-70 um) followed by the buccal
surface (40-50 pm) and the anterior hard palate
(10 um).”® Salivary film of tooth surfaces is
thinner than those on the oral mucosal surfaces.
Clearance of substances in the mouth such as
sucrose, acid, and bacteria is depended upon
the rate of salivary secretion and the movement
of salivary film over oral surfaces.” This
clearance is important for prevention of tooth

demineralization and maintenance of oral health.
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Table 2 Human salivary flow rate in the physiological condition

Salivary flow rate

Types of glandular saliva

Resting stage

Stimulated stage

(mUVmin) (mUmin)
Whole mouth (mixed) saliva 0.35 2
Parotid saliva 0.1 1.05
Submandibular/subligual saliva 0.24 0.92
minor gland saliva <0.05 <0.1

Compositions of saliva

A variety of molecules including
electrolytes, peptides, proteins, glycoprotein,
lipids, metabolites, RNA, micro RNA and genomic
DNA can be found in saliva. These salivary
molecules are derived from salivary glands,
gingival crevicular fluid (GCF), serum transudate
from the inflamed sites of oral mucosa, epithelial
and immune cells and a large variety of
microorganisms. Regarding salivary proteins, over
2,000 proteins in saliva were identified by
proteomic approaches.” It is unclear why there
are such differences in protein secretion among
salivary glands. It was speculated that the
location of each gland might be related to the
secretory function of salivary glands. The orifice
of parotid duct opposite to the upper molars
might be essential to aid the chewing of food,
whereas the orifice of submandibular/sublingual
ducts located under the tongue is appropriate
for distribution of saliva across the mouth by
action of the tongue.' The concentrations of
salivary proteins that are actively transported
such as amylase, mucins, statherins and proline-

rich proteins are not reduced in the stimulated
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stage.”” However, the concentrations of salivary
proteins that are not actively transported such
as albumin are decreased in stimulated saliva.”!
A diversity of salivary proteins is not only from
person to person but also within the same
individual at different times of the day due to
the contribution of different salivary glands.”
Moreover, salivary compositions varies, depending
on whether salivary secretion in the resting or
stimulating stage. According to SDS-PAGE
analyses, parotid saliva contains higher levels of
alpha amylase and basic proline-rich proteins
than those from submandibular and sublingual
glands'. Saliva from submandibular and sublingual
contains more mucins and cystatin. Minor glands
also produce mucins and some proteins such as
lipocalin and lingual lipase which are involved
in food processing.”’ However, some salivary
proteins are similar to all glands such as secretory
IgA. In addition to salivary proteins, secreted
vesicles such as exosomes are detected in saliva.
Exosomes demonstrate cup-shaped appearance
with 30-100 nm in diameter.”” The surface of

exosome consists of a lipid bilayer, and the
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interior contains RNAs, proteins, carbohydrates
and lipids. Exosomes can act as messengers
intercellularly. These secreted vesicles are
thought to be responsible for a variety of
biological functions such as RNA processing and
degradation, pathogen spread, tumor promotion

and immune function.?

Properties and functions of saliva

Saliva is considered as a non-Newtonian
fluid because the viscosity decreases with
increasing shear and this allows saliva to be
spread on the oral surfaces and to be retained
and not easily washed off oral surfaces.'
Saliva with hypotonicity has essential implications
for the maintenance of taste buds and for their
sensitivity to salt detection.” The saliva
pH 6.2-7.6 is maintained by a bicarbonate
(HCOz’) pH-buffering system. However, the higher
concentrations of HCO, in stimulated saliva are
more effective in neutralization of dietary acids
as compare with those in unstimulated saliva.
The high concentrations of calcium and phosphate
in saliva decrease demineralization of tooth
enamel and promote reminalization of tooth
surfaces.””’ Thiocyanate, iodide and nitrate in
saliva demonstrate bacteriostatic activities which
can inhibit bacterial growth.”® Mucins are high
molecular weight glycoproteins with an elongated
structure that can form very large structures by
self-aggregation, contributing significantly to
viscous saliva.” The properties and effectiveness
of saliva are mainly determined by secretions

from major and minor salivary glands.' Saliva

from each gland demonstrates differences in
biochemical, physical and rheological properties.
Parotid saliva contains no mucins (but has many
glycoproteins) and has a viscosity closer to that
of water with low concentrations of proteins,
whereas submandibular and sublingual saliva
demonstrate more viscoelasticity with higher
concentrations of mucins.***

Most salivary functions are specific for the
surface (teeth or mucosa). For example,
mineralization, buffering and clearance of
remaining food debris and microorganisms are
important for teeth, whereas the functions of
saliva such as solubilization of tastants,
maintenance of taste buds, wetting food and
repair of tissues are essential for oral mucosa.”
However, some salivary functions such as
lubrication and removal of microorganisms are
important for both teeth and oral mucosa.
Regarding food digestion, when food is broken
down into smaller particles during chewing, saliva
incorporates into food particles to make them
stick together, resulting in bolus formation before
passing through the throat.” In addition, salivary
amylase is most active in digesting maltose and
helpful at converting nonsoluble complex
polysaccharides into smaller soluble molecules.
These help to dissolute food particles stuck on
tooth surface and to reduce the availability of
substrates for oral microbial growth.’

According to other proteins found in
human saliva, PRRs are phosphorserine-containing
proteins that bind hydroxyapatite on tooth

surface and bind calcium in saliva to prevent the
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calculus formation.” Statherin is considered to
be the most surface active protein in saliva and
functions as a lubricant of tooth surfaces, during
chewing, to protect the teeth from wearing.”
Histatin is found in enamel pellicle and inhibit
crystal growth of calcium phosphate salts.”
Regarding salivary defense proteins, they can be
classified as: salivary antibodies, salivary
antimicrobial peptides and salivary innate
defense proteins.”” Considering salivary function
in taste recognition, several proteins should be
addressed such as leptin, ghrelin, insulin,
neuropeptide Y, peptide YY and carbonic
anhydrase (gustin).” Several salivary proteins
promote the healing of oral wounds such as
epidermal growth factors, secretory leucocyte

protease inhibitor, histatin and trefoil factors."

2. Roles of human saliva in health and diseases

Saliva is one of body fluids with biological
functions for the maintenance of oral health and
supply a variety of physiologically systemic
needs. In the mouth, saliva plays important roles
in tissue lubrication and moistening, protection
of teeth and oral mucosa, immune defense
against pathogens, taste and smell, mastication,
swallowing and wound healing. Most of these
functions are dependent upon the interaction
between salivary fluid and oral surfaces with
different texture such as soft mucosal epithelial
surfaces with various keratinization, along with
the hard surfaces of teeth."” Saliva from minor
salivary glands is important for maintaining a

mucin-rich layer adjacent to oral mucosa.

Regarding systemic needs, saliva plays an
essential role in digestion by lubrication and
protection of esophageal mucosa. Additionally,
salivary analysis is beneficial for evaluating
physiological and pathological conditions in
humans. The value of saliva as a diagnostic tool
for oral and systemic diseases is particularly due
to its origin, composition, functions and
interactions with other organ systems.” This
section is a review of the published articles on
the roles of saliva in the context of physiological

and pathological processes of the human body.

2.1 Role of saliva in maintenance of oral and
systemic health
Moistening and lubrication

A continuous flow of saliva into the
mouth maintains the moist condition of oral
mucosa that protects them from abrasion and
facilitates the removal of microorganisms,
desquamated epithelial cells, leucocytes and
food debris from oral mucosa by swallowing.*
Healthy individuals have approximate salivary
flow rate of 0.3-0.5 ml/min.”" Salivary flow rate
is associated with a circadian rhythm. The highest
flow rate is observed in the afternoon, whereas
the lowest rate is detected during sleeping.'*
When the salivary flow rate of unstimulated saliva
is less than 0.1 ml/minute, salivary hypofunction
should be taken into account. Besides moistening
the oral mucosa, saliva plays an important role
as a lubricant, present in the salivary film, coating
all surfaces in the mouth. The estimated thickness
of this film is about 0.07-0.10 mm.* Salivary

246 J DENT ASSOC THAI VOL. 66 NO.4 OCTOBER - DECEMBER 2016



mucins (MUC5B and MUCT7) combined with
glycosylated PRP and other glycoproteins and
proteins are important for lubrication by forming
a slimy viscoelastic coating of all surfaces in the
mouth to facilitate mastication, swallowing and
speaking.” In patients with Sjégren’s syndrome
or the patients who receive radiotherapy for head
and neck cancer, salivary hypofunction is usually
detected with the low salivary flow rate that
causes the dryness of oral mucosa. These
patients usually have difficulties in mastication,
swallowing and speaking due to the lack of saliva.
Previous study demonstrated that the patients
who received radiotherapy with more severe
xerostomia had lower levels salivary MUC5B as

compared with those who had less xerostomia.*

Mucosal tissue protection and wound healing

Oral and oesophageal mucosa are
exposed to a variety of food and substances
during eating and drinking. Some substances or
acid may have damaging effects on oral and
oesophageal mucosa. Saliva is capable of
buffering against these noxious substances.
Bicarbonate plays a major role in buffering by
reacting with hydrogen ions, resulting in formation
of carbonic acid. Salivary carbonic anhydrase VI
transforms carbonic acid into water and the
volatile carbon dioxide and the latter is
evaporated into the oral environment without
accumulation of acid forms.” Another source of
acid in the oral cavity is derived from vomiting.
Vomiting reflex brings hydrochloric acid from

gastric juice into the mouth. As vomiting starts,

salivary flow is increased. Thus, bicarbonate
concentration increases with salivary flow rate
can be able to buffer this strong acid. However,
the buffering capacity of saliva against hydrochloric
acid is limited in bulimic individuals due to
frequent vomiting. Saliva also protect the
mucosal tissues of oral cavity and oesophagus
by softening and lubricating hard food which may
irritate the mucosal surfaces during the processes
of chewing and swallowing. In addition, when
swallowing, salivary mucins are transferred to
oesophageal area and may help to form mucous
layers on oesophageal surfaces.™

During daily activity such as eating,
drinking and speaking, oral mucosa is susceptible
to a variety of chemical and mechanical injuries,
leading to development of oral wounds. Saliva
has beneficial effects on promoting wound
healing. First, saliva provides a suitable humid
condition that facilitates the survival and
functions of immune cells during healing
processes.41 Second, saliva consists of several
components that are essential for wound healing.
For examples, saliva contains tissue factor which
is attached to the membrane of exosomes
derived from epithelial cells. This tissue factor
accelerates the coagulating process during
haemostasis.*® Third, saliva has various
antimicrobial peptides and molecules that
prevent oral wounds from microbial infections.
Fourth, saliva contains several growth factors
such as epidermal growth factor (EGF), transforming
growth factor (TGF) and vascular endothelial

growth factor (VEGF)."™ These molecules are
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important for proliferation of oral keratinocytes.
Finally, other salivary molecules have a variety
of wound healing effects: trefoil factor 3 (TFF3)
and histatin promote would closure®"; SLPI
inhibits microbial protease activity’ and leptin
(anti-obesity hormone) promotes angiogenesis.”
The role of salivary proteins in wound healing
encourages upcoming research for development

of new medications for tissue regeneration.

Food perception and food digestion

In the oral cavity, food perception is
derived from its texture, taste and aroma. Saliva
is the first fluid that mixed with food. It is worth
noting that the complexity of saliva components
interacting with food may play a role in food
perception.” Taste sensation is produced by the
interaction between tastants which are non-
volatile molecules and taste bud receptors
localized in the tongue papillae. It was suggested
that secretory fluid from von Ebner glands (minor
salivary glands) that bathed taste bud receptors
might involve in taste perception.” In addition,
salivary enzymes and hormones are suggestive
for the protection or modulation of taste receptor
cells. Gustin (also known as carbonic anhydrase
6) which is a Zinc-binding protein is reported as
a trophic factor affecting the taste buds.” It was
reported that salivary cAMP and cGMP was
decreased in individuals with hypogeusia and
these molecules might play a role as a growth
factor in taste buds.”®”’ Hormones detected in
saliva such as leptin and ghrelin were

demonstrated and implied for modulation of

taste perception.58 The sour receptors are
hydrogen ion channels and the salt receptors
are sodium ion channels. In the mouse model,
it was demonstrated that the receptors for bitter,
sweet and umami were G-protein-coupled
receptors.”

Smell or aromatic sensation is produced
by the interactions between volatile molecules
(odorants) and olfactory receptors in the nasal
cavity. The odorants are migrated from the mouth
to the nasal cavity via the nasopharynx. Previous
results were demonstrated the role of saliva on
the retronasal aroma perception of wine.*” Recent
evidence suggested that saliva from obese
individuals suppressed the release of aroma
compounds from wine.®" Thus, interactions
between saliva and food or beverage have a
significant role in food preference, food perception
and therefore personal diet selection. In patients
with Sjégren’s syndrome, the dryness of oral
mucosa may pathologically affect on taste buds,
leading to decreased taste threshold sensitivity.
However, the taste performance of these patients
with stronger taste stimuli was not impaired.”” In
patients with head and neck cancer who receive
chemotherapy or radiotherapy, they usually have
altered food perception, possibly due to damage
of taste and smell receptors.”

Saliva participates in the initial digestion
of a variety of food components. Salivary
Ol-amylase is thought to be the main digestive
enzyme in the mouth. This enzyme is largely
detected in parotid saliva, whereas less than one

quarter of those in parotid saliva is found in
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submandibular and sublingual glands. Salivary
amylase concentration is very low in minor
salivary glands.®*® The enzymatic activity of
salivary Ol-amylase is specific for the cleavage of
the OL-(1,4)-glycosidic bonds of polysaccharides.*
The role of Ql-amylase in the oral cavity for starch
digestion remains uncertain.®” However, it plays
a major role in the initiation of bioadhesive
process, facilitation of carbohydrate metabolism,
and bacterial adherence at the tooth surface.”
It remains a matter of interest why humans have
such high amounts of salivary amylase. It is
thought that the main value of salivary Ol-amylase
is to facilitate the dissolution of starch containing
debris retained in the oral cavity after meal,
leading to formation of more soluble products

which are dissolved in saliva.*

Tooth protection

To protect the teeth from abrasion,
attrition, erosion and dental caries, saliva form a
thin acellular organic film on tooth surface, called
salivary pellicle” (also called acquired enamel
pellicle: AEP).” According to proteomic studies,
it was reported that enamel pellicle contained
approximately 130 proteins, 67.8 % derived from
desquamated oral epithelial cells, 17.8 % from
plasma proteins and 14.4 % from salivary glands."
Although the major components of salivary
pellicle are proteins, carbohydrates and lipid are
also detected in the pellicle.”” Formation of
enamel pellicle requires a highly selective
adsorption process where macromolecules from

saliva adsorb onto enamel. It was reported that

PRPs, statherin and histatins were proteins which
initially attached to the enamel, followed by
protein aggregation through protein-protein
interactions.” The thickness of salivary pellicle
is varied ranging from 0.3-1.1 pym depending on
locations in the oral cavity and on their
susceptibility to abrasive forces.”" Formation of
salivary pellicle can be affected by several factors
such as salivary flow and clearance, oral bacteria
and biologic reactions such as enzymatic cross-
linking and protein degradation.” Salivary pellicle
can protect teeth against attrition and abrasion
by acting as a lubricant which reduces frictional
forces between opposing teeth.”’" For protection
of teeth against acid erosion and dental caries,
salivary pellicle functions as a diffusion barrier
between the inward movement of hydrogen ions
and the outward movement of calcium and
phosphate ions.” It was suggested that
components in salivary pellicle determined the
types of microorganisms that formed the initial
layer of biofilm (also known as dental plaque)
on the tooth surfaces.” In addition, it was
demonstrated that the rate of acid clearance
from biofilm was opposite in relation to the
salivary film velocity. Thus, the regions of teeth
in the mouth where the salivary film velocity is
low are more vulnerable to caries progression.”
Besides protective effects of salivary pellicle
against dental caries, saliva contains urea which
is considered to be an anticariogenic component.”
Therefore, persons with hyposalivation are more
susceptible for development of dental caries due

to the loss of salivary protective components.

Chaiyarit, 2016 249



Saliva and its role in oral immunity

The mouth is one of the most heavily
colonized compartments of our body because
of its moist, warmth and rich nutrient. Saliva is
considered to be a major determinant of the oral
environment which affects the colonization and
growth of microorganisms.®" There are plenty of
salivary defense proteins in saliva. Although the
concentrations of these molecules are low in
whole saliva, it was suggested that the effects of
salivary defense proteins were synergistic and
produced an efficient defense complex system
which participated in innate and acquired
immune response in the oral cavity.” There are
several defense properties of salivary proteins
such as: microbial agglutination/surface
exclusion®; lysis of microbial membranes®;
anti-fungal property®; anti-viral property® and
immune regulation®. It is suggested that salivary
defense proteins contain multi-functions and
their biologic effects may be overlapped®.
According to their functional characteristics,
salivary defense proteins can be classified as:
salivary antibodies; antimicrobial peptides;

salivary innate defense proteins.

Salivary antibodies

There are two major classes of antibodies
found in saliva: 1gA (90-98 %) and IgG (1-10 %).
Salivary IgA is mainly dimeric and complexed
with secretory component (also called secretory
IgA: slgA), whereas 1gG is monomeric. Other
antibodies such as IgM, gD, and IgE can be

detected in saliva with very low concentrations.®’

slgA are mainly produced by specific plasma cells
located in the salivary glandular stroma and some
plasma cells found in oral mucosa. Salivary IgG
is primarily from serum IgG entering the oral cavity
via the gingival crevicular fluid (GCF). In addition,
monomeric IgA and 1gG found in saliva may
derived from mucosal transudate or acinar
ultrafiltration.”® Salivary antibodies are the first
line of defense in the mouth. There are several
functions of salivary antibodies such as:
agelutination and surface exclusion of antigens
in saliva, mucus layer of oral epithelial cell and
the acquired enamel pellicle on the tooth
surfaces”™; phagocytosis and antigen presentation®’;
cytokine production and activation of

89,90

degranulation™" and antibody catalyzed ozone

formation.”

Antimicrobial peptides

Antimicrobial peptides are defined as any
protein which its size is smaller than 100 amino
acids with molecular mass values ranging
between 3.5 and 6.5 kDa.”” Antimicrobial peptides
are mostly cationic peptides and their mechanism
of action is that they bind the negatively charged
surface of microbial membranes, resulting in pore
formation and disruption of membrane integrity.”
The most abundant antimicrobial peptides found
in saliva are histatins, defensins and cathelicidin
LL-37.%" Histatins belong to a family of metal-
binding peptides enriched in positively charged
amino acids including histidine, arginine and
lysine. At least 12 histatins were detected in

human saliva. Among salivary histatins, histatin-1,
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histatin-2, histatin-3 and histain-5 are most
important. Histatins demonstrate potent
antibacterial, antifungal and wound-healing
activities. These properties, combined with the
ability to inhibit collagenases and cysteine
proteases, indicate their potential use in the
treatment of several oral diseases.” Defensins in
humans are classified into two subtypes:
alpha-defensins and beta-defensins.”” Salivary
alpha-defensins are produced by neutrophils,
whereas beta-defensins are produced by mucosal
cells. Defensins exhibit multi-microbicidal
activities, including antibacterial, antifungal and
antiviral activities. Moreover, defensins exert a
variety of immune activation and immune
modulation.’’ Accumulating data in the past
decade demonstrate that defensins have
extended functions such as modulators of the
innate and adaptive immune system, angiogenesis
and wound healing.”” Human cathelicidin,
namely human cationic antimicrobial peptide 18
kDa: hCAP18, belongs to a member of proteins
with a highly conserved N-terminal domain and
an antimicrobial C-terminal domain. LL-37 is a
cleaved part of hCAP18 after proteolysis by
proteinase 3 from neutrophils.” LL-37 has a wide
functional repertoire that includes direct
antimicrobial activities against various types of
microorganisms. LL-37 also plays a role in
angiogenesis, wound healing and the regulation

of apoptosis.”*

Salivary innate defense proteins

A variety of saliva proteins demonstrates

an inhibitory effect on microbial growth such as
lysozyme, lactoperoxidase, lactoferrin and
statherin.?" Salivary MUC5B plays an important
role in modulating the bacterial attachment to
the dental pellicle, whereas salivary MUCY
entraps and agslutinates bacteria, fungi and
viruses.” Cystatins are cysteine protease inhibitors
that demonstrate the anti-bacterial and anti-viral
properties and also have an immunomodulatory
function.'® Salivary agglutinin (SAG), lung
glycoprotein-340 (gp-340) and deleted in
malignant brain tumors-1 (DMBT-1) are identical
proteins which belong to the scavenger receptor
cysteine-rich (SRCR) superfamily of proteins.'”
SAG demonstrates antibacterial and antiviral
properties, and also exert certain immune
activation and immunomodulation.'*®'®
Proline-rich proteins (PRPs) are able to bind a
variety of microorganisms such as bacteria, fungi,
viruses and participate in the microbial clearance.”
In addition, PRPs act as a first line of defense
against tannins.'* Secretory leukocyte proteinase
inhibitor (SLPI), an approximate 12 kDa
nonglycosylated cationic protein, is considered
as an important regulator of innate and adaptive
immunity and as a component of tissue
regeneration. In addition, SLPI has been
recognized as a molecule that benefits the host
because of its anti-proteolytic, anti-microbial

and immunomodulatory activities.'*'%

Other salivary defense proteins
Extracellular heat shock protein 70

(HSP70) was demonstrated in human saliva'®’
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and it was suggested that this protein had the
dual role of extracellular heat shock protein as
both chaperone and cytokine, also called
chaperokine.'” Extracellular HSP70 has been
demonstrated to play a cytostimulatory role by
enhancing proinflammatory cytokine and
chemokine synthesis; up-regulating co-stimulatory
molecule expression; enhancing the maturation
of dendritic cells; and promoting antitumour
surveillance.'” Adrenomedullin (AM) is a
pluripotent hormone-like cationic peptide which
can be found in whole saliva and GCF."" AM
demonstrates antimicrobial activity.''" Recently
it was reported that salivary AM was significantly
increased in aggressive periodontitis patients."”
Adiponectin (APN) is an adipocyte-specific
secretory protein and APN is considered as an
important immunomodulatory cytokine.'”’
Evidence indicated that APN could be detected
in human saliva and these findings might be
implicated in the regulation of local immune
responses.’'* However, the nature and the
biologic functions of APN in human saliva are not
well understood. Parotid secretory protein (PSP)
belongs to the palate, lung and nasal epithelium
clone (PLUNC) family of mucosal secretory
proteins. Regarding the structural prediction, it
was proposed that PSP played a role in host-
defense, including the recognition of LPS.'”
Recent study identified an anti-inflammatory
peptide domain of PSP and indicated that PSP

was a lipopolysaccharide-binding protein.'*®

2.2 Role of saliva research in an OMIC era

OMIC is defined (https://en.wikipedia.org/
wiki/Omics) as the study aiming at the collective
characterization and quantification of pools of
biological molecules that translate into the
structure, function, and dynamics of an organism
or organisms. As previously described, saliva
contains a variety of biomolecules such as DNA,
mMRNA, microRNA, peptides, proteins, glycoproteins
and metabolites. In recent years, saliva has been
considered as a mirror that reflects our body in
term of physiologic and pathologic conditions

" Several

due to its composition and functions.
physiologic and pathologic states influence on
alterations of salivary components and
functions.'® The collection of saliva is simple,
non-invasive and low cost. These reasons make
saliva a highly desirable biofluid for development
of biomarkers to detect oral and systemic
diseases, to assess disease prognosis and to
monitor the appropriate treatment."**° The term
“Salivaomics” was established recently to
describe the information and knowledge derived
from OMIC studies in human saliva including:
genomics and epigenomics; transcriptomics;

proteomics; metabolomics and microbiomics.'”

Salivary genomics and epigenomics

DNA found in saliva is derived from human
DNA (70 %) and oral microbial DNA (30 %)."* It
was reported that the quantity and quality of
salivary DNA was comparable to blood-derived
DNA and salivary DNA could be genotyped,
amplified and sequenced.'” Saliva-based DNA

analysis was performed in several oral diseases
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such as dental caries'”; periodontal diseases'”;
oral cancer'®’; oral lichen planus.'”’ Saliva-based
DNA assays were used for the detection of
systemic diseases such as cancers,'”® infectious

 and autoimmune diseases such as

diseases'
Sjogren’s syndrome.”® In addition, another
application of salivary genomics can be beneficial
for personal identification in forensic
investigations."! Epigenomics is the study of the
complete set of epigenetic modifications (such
as DNA methylation, histone and non-histone
chromosomal protein methylation, acetylation,
sulfation and phosphorylation) on the genome
which is environmentally regulated and capable
of adaptation via chemical and structural

modification.’*'** Al

though human epigenome
has been actively investigated in the fields of
biology and medical sciences, epigenetics in
dental and oral sciences is at the early stages.
Regarding epigenetic investigations in oral
diseases, one previous study demonstrated
significant differences in salivary DNA methylation
profiling between patients with oral cancer and
control subjects.”™ In addition, it was suggested
that the epigenetic mechanisms were involved
in chronic inflammation of periodontal and
dental pulp tissues.”"** Besides oral diseases, it
was reported that the DNA methylation profile
of saliva reflected facioscapulohumeral muscular

dystrophy (FSHD) status.”’

Salivary transcriptomics
Salivary transcriptomics is the study of

mMRNA and microRNA in saliva. MicroRNAs are

defined as a group of small and noncoding RNAs
that are transcribed but not translated into
proteins.”® Accumulated data demonstrated that
more than 3,000 mRNAs and 300 microRNAs were
detected in human saliva of healthy and diseased
individuals.””'* These findings imply that
analyses of salivary transcripts may be beneficial
for diagnosis, prognosis and treatments. Regarding
oral diseases, salivary transcripts have been
intensively investicated in patients with oral
squamous cell carcinoma.'*"'** Moreover,
analyses of salivary transcriptome can be applied
for other malignancies in lung and pancreas.'**'*
However data of salivary microRNAs on other
oral diseases are limited due to the lack of
suitable endogenous controls for normalisation

of salivary microRNAs.'*

Salivary proteomics

Salivary proteomics is the study of entire
protein content in saliva. More than 2,000
peptides were detected in human saliva.'*
Although the majority of proteins found in saliva
are derived from salivary glands, numbers of
proteins from blood plasma can be detected in

147

saliva.”" These findings imply the potential use

of saliva for determination of health status.' It
should be noted that salivary proteins were more
susceptible to degradation as compared with
serum proteins."” Thus, during the process of
saliva collection, stabilization of salivary proteome
with protease inhibitors should be performed.™”
The mass spectrometric technology has been

intensively used for protein identification and
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quantification of post-translational modifications
on salivary proteins.'”® However, this technology
requires integration and standardization of
validation against accepted clinical and pathologic
parameters™'. Regarding oral diseases, our
previous study using MALDI-TOF/TOF mass
spectrometry demonstrated the unique patterns
of salivary proteomic mass signals in patients
with oral cancer, periodontitis and oral lichen
planus.” In addition, salivary proteomic
biomarkers have been investigated in oral

> chronic

squamous cell carcinoma,®
periodontitis,” dental caries,” oral lichen
planus™® and other systemic diseases such as
Sjégren’s syndrome,”’ diabetes mellitus,"®
systemic sclerosis,” breast cancer,' gastric
cancer.” Among these identified molecules,
some biomarkers were increased, whereas others
were decreased or varied, depending on
diseases.'® Thus, defining potential salivary
biomarkers among differently expressed proteins
in a variety of human diseases is challenging and
it requires appropriate strategies that remain to

be validated.

Salivary metabolomics

Salivary metabolomics is the study of
entire metabolites in saliva including lipids, amino
acids, peptides, nucleic acids, organic acids,
vitamins, thiols and carbohydrates.'’. Although
salivary metabolomics is still in the beginning
stages, accumulated studies reveal that
metabolites in saliva can identify health status

and differentiate diseased patients from healthy

individuals."®'** According to metabolomic
approaches such as a capillary electrophoresis
time-of-flight mass spectrometer, salivary
metabolites were identified in both oral and
systemic diseases such as oral cancer, periodontal
disease, breast cancer and pancreatic cancer.'®
Moreover, an integrated separation approach of
reversed phase liquid chromatography and
hydrophilic interaction chromatography
combining with time of flisht mass spectrometer
identified 14 potential salivary metabolites in
patients with oral squamous cell carcinoma.'®
Another study using an ultraperformance liquid
chromatography combined with quadrupole/
time-of-flisht mass spectrometric technique
demonstrated that combination of three salivary
metabolites (including phenylalanine, valine and
lactic acid) differentiated patients with oral
squamous cell carcinoma from healthy
individuals.'” It is thought that salivary
metabolomics may help to identify salivary
biomarkers which are beneficial for medical

screening, disease diagnosis and monitoring.'*

Salivary microbiomics

Salivary microbiomics is the study of
entire microorganisms in saliva. Using the next
generation sequencing technique, it was reported
that there were more than 10,000 microbial

species in oral microbiome.'*®

Microorganisms in
saliva are derived from biofilms on oral tissues
and the composition of the oral microbiome
differs from one intraoral site to another,

reflecting in part the host response and immune
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capacity at each site.'"” Accumulated data
demonstrated that changes in oral microbiome
had been correlated with several oral and

systemic diseases such as dental caries,'”'"

173,174

periodontal disease,'” oral cancer, oral

' Crohn’s disease,'“pancreatic

lichen planus,
cancer'’” and HIV infection.'”™ Although
explanation for the association between
alterations in oral microbiome and human
diseases remains unclear, continued work in this
area could provide additional insight into the
complexity of human health and disease.
Moreover, utilization of emerging microbiomic
techniques to characterize the patterns of
healthy and diseased microbiome across different
time points would create large-scale data sets
for studying the role of oral microorganisms in

oral and systemic diseases.

Conclusion

This review article provides a
comprehensive knowledge of human saliva and
its role in health and diseases. It is essential to
understand how saliva is formed so that we can
make appropriate interpretations of how
alterations in the composition of saliva are
related with physiological or pathological
conditions. Saliva is an accessible biofluid that
contains components derived from the mucosal
surfaces, gingival crevices, tooth surfaces and
microorganisms of the oral cavity. We are now
at the beginning of a new era using human and

microbial whole-genome sequencing as a

platform for personalized medicine.'”'®°

Abundance of potential biomarker molecules in
saliva make them more applicable for detection
of oral diseases and systemic disorders. The
development of advanced OMIC technology has
shown insights toward an understanding of
human saliva as a mirror reflecting our health
status. In the near future, salivary biomarkers will
be applied to the early detection and make
significant health care decisions as to risk
assessment, diagnosis, prognosis and monitoring
of treatments with specific outcomes."”**** For
future perspective of saliva research, the
challenge is to translate large-scale information
of salivary OMICs to predict an individual’s

outcomes in relation to health and diseases.
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Abstract

Gingival recession has become patient’s esthetic concern. Several surgical techniques for root
coverage have been proposed and modified to treat the recession defect and according to the review

articles, the predictability and the success of root coverage varied among techniques. Decision in
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which technique to choose or how to manage this recession can be confusing. This articles focuses
on indications, advantages and disadvantages of those techniques and provides the guideline of

surgical techniques selection for successful treatment.

Key words: Recession, Root coverage techniques, Decision making for root coverage surgical techniques
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Figure 1

Illustrated double papilla flap technique A) Tooth 14 before surgery B) Double papilla

flap was rotated from interdental papilla on both sides of tooth 14. C) Tooth 14, 6 months

follow up after surgery
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Figure 2

llustrated coronally advanced flap procedure A) Tooth 14 before surgery B) Recipient bed

C) Flap was coronally advanced to cover the defect D) Tooth 14, 1 year follow up after surgery
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Figure 3 lllustrated free gingival eraft procedure A) Tooth 32-42 before surgery B) Recipient site C)

Free gingival graft was sutured to the recipient bed D) Tooth 32-42, 1 year follow up after surgery
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Figure 4

Illustrated connective tissue graft procedure A) Tooth 24-25 before root coverage surgery

B) The connective tissue graft was placed at the recipient site to cover the defect C) Flap

was coronally positioned to cover the connective tissue graft D) Tooth 24-25, 1 year

follow up after surgery
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Figure 5 Illustrated connective tissue graft procedure by tunnel technique A) Tooth 34-36 before

surgery B) The connective tissue graft was placed into the recipient site C) The connective

tissue graft was sutured to cover the defect D) Tooth 34-36, 6 months after surgery.
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Table 1

among various surgical techniques

Comparison of percentage of root coverage and percentage of complete root coverage

Technique Mean % Mean %
coverage complete coverage
Coronally advanced flap 55.00 - 91.20 9.00 - 50.00
Free gingival graft 43.00 - 85.30 8.57 — 44.40
Free connective tissue graft 64.70 - 95.60 20.00 - 83.30
GTR - resorbable membrane 53.53 - 87.10 0.00 - 46.70
Acellular dermal matrix 50.00 - 96.00 7.70 - 91.60
Enamel matrix derivative 84.00 - 95.00 53.00 - 89.00
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Table 2 Decision making guideline for root coverage techniques

Shallow vestibule

Deep vestibule

Defect size  Adequate gingival  Inadequate gingival Adequate gingival Inadequate gingival
thickness thickness thickness thickness
Shallow Semilunar or CAF Envelope/Tunnel + Semilunar or CAF  Envelope/Tunnel +
<3 mm CT graft CT graft
Moderate  Envelope/Tunnel + Envelope/Tunnel + CAF CAF + CT graft
3-5 mm CT graft CT eraft
Deep Envelope/Tunnel + Envelope/Tunnel +  CAF + CT graft  Envelope/Tunnel +
>5 mm CT graft CT eraft CT graft

CAF: Coronally positioned flap

CT graft: Connective tissue graft
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Abstract

This study aims to compare periodontal status between smoking and non-smoking groups
after non-surgical periodontal treatment.

This cohort study consisted of 63 subjects (non-smoking 32 subjects and smoking 31 subjects)
between November 2014 - November 2015. All subjects answered questionnaires and received
periodontal examinations. Socioeconomic characteristics and smoking status were recorded by
questionnaires at baseline. Probing depths were recorded at baseline, the 3-month follow-up and
the 6-month follow-up. Data was analyzed by descriptive statistics and chi-square. Risk between
smoking and non-smoking groups were compared by relative risk.

The results showed no difference between smoking and non-smoking groups with regard to
socioeconomic characteristics except the difference among gender (p<0.01). At baseline periodontitis
of smoking group was 32.79 %, non-smoking group was 27.86 %, the relative risk for periodontitis
of smoking group 1.26 times greater than non-smoking group (95 % Cl: 1.16 - 1.38). The effect of
non-surgical periodontal therapy at the 6-month follow-up indicate periodontitis of smoking group
was 9.55 %, non-smoking group was 3.43 %, the relative risk for periodontitis of smoking group 2.98
times greater than non-smoking group (95 % Cl: 2.47 - 3.59).

The study indicates that smoking is harmful to periodontal status and outcome of non-surgical

periodontal treatment.
Key words: Non-surgical periodontal treatment, Non-smoking, Smoking
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Table 1 Socioeconomic characteristics and number of cigarette consumption

Non-smoking Smoking Total p-value
(n =32) (n =31) (n = 63)
n % n % n %
Sex .000*
Male 8 25 29 93.55 37 58.73
Female 24 75 2 6.45 26 41.27
Age 0.617
<45 14 43.75 16 51.61 30 47.62
>45 18 56.25 15 48.39 33 52.38
Marital status 0.876
Single 9 28.13 7 22.58 16 25.40
Married 16 50 17 54.84 33 52.38
Separate 7 21.87 7 22.58 14 22.22
Education 1.000
Primary 15 46.88 14 45.16 29 46.03
Beyond primary 17 53.12 17 54.84 34 53.97
Occupation 0.239
Government and
9 28.13 10 32.26 19 30.16
Employee
Laborer 12 37.50 16 51.61 28 44.44
Other 11 34.37 5 16.13 16 25.40
Income 0.750
0 - 199,999 27 84.38 25 80.65 52 82.54
200,000 - 399,999 5 15.62 6 19.35 11 17.46

*Difference in proportions: Chi-square test, p<0.01
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Abstract

There are numerous clinical studies in various antimicrobial agents improving the clinical
outcome of chronic periodontitis therapy in smokers. Smokers with chronic periodontitis do not tend
to respond to the periodontal therapy as favorable as non-smokers. The aim of this study was to
compare the clinical results of one-visit full-mouth scaling and root planing with and without the use
of azithromycin in smokers. 28 smokers with chronic periodontitis were divided equally into 2 groups,
control group and test group. All clinical data were recorded; probing pocket depth, clinical attachment
level, full mouth bleeding on probing and full mouth plaque index at 3 months and 6 months
follow-up. The probing pocket depth and clinical attachment level were subdivided into 3 groups
according to initial probing pocket depth as follows; 1-3, 4-6 and >7 mm, respectively. At 3 and
6 months, both therapies resulted in significant improvement when compared to baseline of probing
pocket depth, clinical attachment level, full mouth bleeding on probing and full mouth plaque index.
At 3 and 6 months, the clinical improvement in probing pocket depth and clinical attachment level
in subgroup of initial pocket depth >7 mm. were significantly better in full-mouth periodontal therapy
with the use of azithromycin. In conclusion, the use of azithromycin as an adjunct to full-mouth
periodontal therapy demonstrates favorable results in probing pocket depth reduction and clinical

attachment level gain in smokers with advanced chronic periodontitis.

Key words: one-visit full-mouth scaling and root planing, azithromycin, chronic periodontitis
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ANWINUNITANRIVDIAMUANT BIUSTUR N181Aa

ns¥nw 2.5 uu. Tuauliguuns uae 1.9 uu. luau

guUUV3 denndosuNsAnyIYes Darby ' fifnu
lungulsausniuddniauaiinnnisa (Aggressive
periodontitis) WUNTaNRIUBIANANTOIUTUA
2.4 3. Tueulaiguys wag 1.3 un. Tuauguyvd
MacFarlane® wut $asag 90 vestefinosens
$nwn (refractory) L‘ﬁun&jué@uuwé Slots " ugiin
msldedugadnmeszuulagisiuatunissnwilsn
lugUasiidesianisne lnsnunanisnouaues
sonmsmeiiuuliufiniinisyafiuthatsuazinan
1InHULNED819RYY Herrera' wag Haffajee 14
numuenansegradusyuy (systematic reviews)
fadefveamsldeiugainmessuuvanvangyile
Tne B AueBunsyniuthatsuazinansnilu wuh
nsideiiuunliuiivanainudniesusiuduagnis
andoseiuBamanadnldiniinisyefiuihansuay
nansndlufissegaien Taslanzluuiuid
AuAnToaUITuizuLss uinmsAnytedlions
asuveninua (regimen) HeyauazIuIANIg
Tdordugadniimunzanlunisinuilsausviud
Sniauiseds Winkelhoff'®, Grossi'’ wag Van der
Velden'® dnauenisldedinuaatnmnisssuulagds
AuaBunssnulsaUiudsniauFesdludiiauyni
Fadlmnuuanseswesszuugiduiulunisinda
Fegadnnelsausviuduasnszuiunisdeuns
o¥ozUiviud 1lesannisguyrdnanisianuves
wadadradule (fibroblast*® nanisindeuws
@133l (chemotaxis) wazvlnlelndavewad
dimdenv7”™ Goodson™ lanaifisrniesazves
quddugaTnnansviafisudiniaaiyivia
%a&ﬁéﬁalmﬂ%ﬁuﬁ (percentage of antimicrobial

a

activity) AeefiaAu 100 % Juld laun wasilondu

a

MNulerdu nddeadu Adualudy waundady

pzdlondTadunazilnsiinilea wui eongvdaeLte
wasilsluuua 39311@a (Porphyromonas gingivalis,
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Po) usilisonguineitelofiuaan Aoslsinud
(Eikenella corrodens, Ec) Jgaladdunduay
orflonddaduindu floengrinedeuonndind
wuAweas LeaTluledmulaliunud (Agerecatibactor
actinomycetemcomitans, Aa) Herrera® L@uai1
ﬂ?i%ﬂiﬁﬂﬁﬂﬂ%ﬁuﬁﬁmauL%@%ﬁﬁ?&lﬂ’liﬁﬂﬁuﬁ’lmﬂ
wazina1sniluiiissegaienlwuansinund
wela Fadunisldendugadmaidudosiiiu
pudndu nslderdugadnadsionsanlbiluse
firorienssnun wieteillsamessuuiiduasons
mevedlsnUITudsnia uasansSulviemdaannis
yafiutansuazinansnfiuaianieuin sseznan
‘Lumﬁsgm?‘mﬁ']mEJLLazmmsmﬁuﬁéqmﬂlmﬁu
1 oniind wenanil nmsvinausauiielunislden
& (Patient compliance) kagsgernIsNULIUIU
7-14 U ﬁwiﬂgif]zgmt,%aﬁam foidutladudany
fidsmadnaenisnu Ty Eisen® wuin A
sauflelunisldemudadinduaniesay 59 Ju
Yovay 83.6 \eUuidsuruineniuan 3 ads
sotudutuazeds Loesche”wuin Souaz 44 ves
Funefiusslnsdnlvaiaiunisinunlsauiiug
snalinouaussiomssnwesanngthevinny
sudlelunislden andymainaneiesdlsstedu
(Azithromycin, AZM) Falugdiugadnmieszuy
TngAsAuiiunldiasunisinulsausiud sniay
Gesdlunduiilinevauasronsinu Iag Academy
report” sEUUUINYT AZM LasunissnunlsauIviug
147 500 fadnfu (un.) nilsaderety Anseru
4-7 Ju oy Smith” neaadldel AZM @Bun1s5nw
Tsausviusdniauidesslusuuuuefunuine AzZm

'
a

YIANANNANTDIUSTUABUAY 4-6 LAy 7-9 Uil
Iaegnsiitsdfynsana

o1 AZM uendnugadnitldgnuisnldiasy
ns¥nulsaUsvudsnautedendausndaeisny

Tu¥ A.A.1999 Tae Sefton™ wut eranansaoengm’
fudadenolsnuiviuingualulsdnuarqadnlaid
oon@auléi Hirsch” IfagUnaandfvessn AZM
Tnewsiuninenshu fie 1) auautinisunsnduingaa
FwlulefiduTeoonguiiunguyaindunuazady
(Red & Orange complex) WUTEAUAMULTLTUVDIY
Tuthmdeasnion () gaidAndudusingavesen
lunmsudamasydulavendegadn (Minimum
Inhibitory Concentration, MIC) %naamqwé&iaﬁa Pg,
Aa uay w3lunaan Buwesiiie (Prevotella
intermedia, Pi) BnvtisAueligeenisldsuany
suflorniitheusraneudedumshos 2) duady
SPUURANAY Anwnunsasauvasseauen AZM lu
wadtnsflawazuunlaswia fid1 MIC fitgane
fonsgrssmiunsiimasediafienuudsiniid
Husnhdsen (local drug delivery) Tuudnasdiing
Sniaufinide uenaniien AZM finavienanisuds
uwnsualaleleuddannisoniauladnnie 3) dualunis
meveaiiode wilimsunalnnamefiuiueu udwy
nsUsuasuaniedewmion (gingival tissue
remodeling) vasadasudulutiannzvitents
Tunguiftheildenlelraausdu (cyclosporine) e
AnaTRveEn AZM flaniuninednugadnily
felududuadugifumuiaznismeveaieido
nsldniiagumssnungiaelsauitudsniauFess
AfngAnssuguyniazlauszloviniitnisya
fuhasuazinansnituenaiien

fnquszasAvosnsAne ilelUsuliiey
nan133nwIN1eRatnseninsnisyaiiuiianeuas
wnansniuluasIukes (Full-mouth disinfection,
FMD) saufiunistasuenes@lestiedu (Azithromycin,
AZM) fumsinuilsadionisyafiutiiaisuagina
sinfuluasTAgd (Full-mouth scaling and root
planing, FMS) siLNeIE1aLAY)
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Ja9gUnIalLazIsNT3

sULUUN13IRY
a v dy [~ aa a,

NURULTUNTNAaBINNAFUNLUTUNUA
Lavguiieg19lunquAIUANLATNARRIALALAY
(randomized controlled clinical trial (RCT),
parallel-arm, allocation concealment and single
blinded research) lagilg¥ig3deiiesAuineIau
Qy av & Y] a‘q'; o % q' 1
Augam T uriusunndnly vnvthinsiavesn
d‘ (v 2 (v o w a dl' 2 I3 %
\ieAnnsathy daviUnisederiis iudeyana
napdtinuazinnnegUiglaeiununndgdieidy
azgnunUalailvimsuindUiseglungule (single
blinded outcome assessor) ﬁwﬁ%’awé’mﬂu
LY & a v 3 a Aa o v Q‘I b4 U
TUALINEUTIUA WIUSyayn viuthilinissnem
AUIELEIAUALIUANANTTITY dedneeuazaeu
o = = L2 L2 v 1 v aa
WURgUANY immLﬂ'ju;gqm‘gﬂwl,mﬂqmmma
JuaananUgdsiedensuasiiuaninaaslinass
vaaUleiietdasiuenfainnisiueng (allocation
concealment) 133eiluilaunUngthe Fslaiding
wemasn (placebo) wazlulaunUaiusinne
USyus LﬁmmﬂﬁaaLi‘]uﬁammmm’mlﬁmmﬂmi
1981 szeganlunIs@nyl 6 Wy waglasan1sIve
UNIUNITNIITUNIINALNTTUNITISTITUNITINY
TupuvInFunnumUAs MUUfu1eaden i
1A59nS S82h/57

Inausin1sARLdNvRITEaNAT

Hauyvidedstion Tuay 10 1ow/Hu Ansioriu
Foust 5 IRl Sauou 28 A Feldsumsiteduin
Julsausiuddnauieds s1e8ennssuunlsa
VOIUUNAYANINIIUTNUNINY1VRIENTFLUTNN
(American Academy of Periodontology 1999, APP
1999)* uaztirFunsnuiindiniunnssy qud

USM3asnsauge 4 Auuna IaedUaglaiilsaniessuy

'
a1 |

fldswadensvevadsaUituisniauEoss liag
fumsinulsauivudsniauidesanieu luuen
nquuualaslad (macrolide) Taloglutssnsad
Llnelasugniulatinuase AR seeauIu 6 o
noudsueAde sedftasdesasdoluluBusey
W3 sIidelagadasle

n1TAEUNISIY

1. upwnndganeidensianasiuiindeya
napadinfigaeSudu e Anudnsesusviud sedu
PAN19AdTtin N3N DBNUAINITINTUATUAYT
Gingival bleeding index 984 Ainamo® lagld
\P0sTlonTaUTuAvITiER-g8uT15 (periodontal
probe, PCP-UNC 15; Hu-Friedy, Chicago, USA)
wsadlumnudnsesUsiusun 10 3uf éildensen
Tuiinnauan dndealieenliuiinnaau fisumis
auwnNlndnas (mesio-buccal) Auuwiu (buccal)
Frundulnanans (disto-lingual) duaulndnans
(mesio-lingual) éjméju(Lingual) fruaulnanans
(disto-lingual) vesitumndeniiuitunsudfiuun uas
Artins1ugauisdnusvil Modified O’Leary plaque
index ¥4 O’Leary” mmﬁu%’mﬁwﬂ’w%sw%aéﬂw
wagyihnsdavinegthedsunsinuiuiuaunme
USviue TaeviunuungUiviudazlinsivaiantnii
aggninlvmugUiesela

2. FumunmdUsviug vimsguudenguilesu
ﬂnsymﬁuﬂfwaml,azLﬂﬁﬁiﬁﬂﬁuiuﬂiwaLﬁméwﬁ’um
odlssifodu (FMDRAZM) waznguitlssumsyniiu
dhansuazinansinituluasiudien (FMS) daeds

o

vaananUadsetedUielinasaarmiinneunis

Y

! [d /1 ! [ a (%
Uavng wazaznsuintugiiengulaluiuseniu
PSnwnuass lnensieainsefendunennguld

3. iuaunndU3viug linnsinwwagaausiun

guAnwunngy FMS uagngu FMDRAZM lagngy
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FMDEAZM 2ld¥un1sdedneen AZM ved09AnIs
ndanssulutondnsias Azycin™ Tnedusuusevu
el fufisnuiada vunsudsenu 500 un.dends
Tu 15U fesoiu 3 Ju LazAnnuNat19LABIRINNIT
M1 nsdigdredonmswieiaveinishifislseae
nNsldenazgnAneanaNNITIY wazgnusuily
nsuien (Naranjo’s algorithym) lneindwns il
GuiinUsgiRnswienlunvsvidoudUisnmunnsgiu
MISNWIveIRUEUINTANTITNaY drineunde
4. MuaLWNIREIITY n3auasTurindoy

Y Y

N19PATNT 3 LHDUWAL 6 LHBU ANUTUMDULUVDN 1

NMSATUINVUIAYBINGNABE1Y (sample-size
calculation)
ANANYUIARIBE19IAEB199IINNTAN
nerddiniindnendeiures Oteo™ Ingfmuna1mis
4dn (=05, P= 0.1 A1AUUANAIBIAINENTDS
USudnendainissheseninnguvaasiuazngy
muAuTiewindy 1.02 1. wagdudsauumnasgiu
WU 0.8 fruaninguitegnlddusi 13 ausiondy

nsdniuazdnszidaya™ (Data-analysis)
1. YNNSNAABUNITNTLINYFIVDIATINIIAALNALE
analaalulnsan-alissuay (Kolmogorov-Smirnov)
fswaziBon el
1.1. Amsaddniinaaeununisnszanesvesteya
TaiUn@ (p<0.05)
1.1.1. anudnsesUsrudisudusssution (59
AnUSTiudiSusy 1-3 )
gy FMS anudnseslsviuduaseaudn
MAATNg 3 Weu Mtiinsysudanenaiing 6 e
nay FMDRAZM seuBnnenatngivag
Sud
1.1.2. mudnsesUsiudiduduseiuiiunans

(S8 USRS 4-6 1)
nga_FMS szeudanienadndi 3 uas
6 Lo
gy FMD&AZM seauBnnenatngivag
Susiu nsiiusysuanieeaiing 3 e
1.1.3. AnudnsosUTiudiTuduss UL
(s098nUSTIuR SuduLnn ISRy 7 L)
nga FMD&AZM ANUANTDIUSITUAT
Susunay 3 ey seauBaneaind 6 Weu
1.1.4. Mmsiideneonndenisingudi 6 wouves
&y FMS
1.1.5. fuidnsiuqdunisa 6 \ieuvesngy
FMD&AZM
1.2. Amsaddiniinaaeununisnszaesvestoya
Un@ (p>0.05)
1.2.1. AuangosUsvudisususziuios
(S098nUSTUAENGY 1-3 111
ngu FMS audnsessviuduazseaudn
NIAATINTITI ISR LLAE 6 HOU NTaNaueInIIY
AnToeUSTusT 3 uar 6 Wou nsiusERUEANIg
Aadnd 3 e
gy FMDRAZM ALENsaeUsiudvae
Sufu 3 waz 6 WWou seufanneedingi 3 way
6 LADU N1TanasUBIAINNANTIUSAUALaLAIS
fusedudaneraiing 3 uay 6 o
1.2.2. mudnsesUsrusdisuduseiuiiunans
(S098NUSTUAEUAY 4-6 1)
gy FMS AUENTaIUSTURY S uRY
3 uay 6 Weu szdudamerddniivaasudu nns
anaweIruanTesUsTudua nMsnsERUTaNNg
AATINT 3 uaz 6 1oy
gy FMDRAZM AuansasUsiudvae
5UEU 3 way 6 o SEAUBAMNIRATnT 3 uas 6 1oy
AN5aNaaInLENTosUSTURT 3 war 6 Weu
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MaLfiusssudannenadnd 6 weu
1.2.3. AnwdnsosUTiudiTudussfuTuLse
(So9BnUSTURBUR AN IS BN 7 L)
gy FMS anudnsesUiviuduazseaudn
MePATNTITINSUEY 3 UaY 6 LHeu N1SANAIeN
ANANTosUTTuR LAz NS fiusERUEAn1eAaang
3 Lag 6 Loy
nga FMD&AZM ANuENT o IUSTUAT
6 1ou sydUBanPaingaeSuduLay 3 ey N3
anaveIrUAnIesUsTu LA nsIRNsERUTANNg
AATINT 3 uaw 6 WWou
1.2.4. M5ULaDANNAINITINTU
gy FMS NM33llaoneanyaansingutie
Susunay 3 e
ngy FMDRAZM n13illeianeennainig

Tnsutnasud 3 uag 6 ey
1.2.5. fytlasTuRauvsg
gy FMS fuilasiugauniduaasusiy
3 WAy 6 Lhau
gy FMDRAZM Aufins1uaun3gvas

SUAU WAL 3 KDY

2. \Bonadatlflumsinneideya
2.1. n3AUIHUTEUANULANATENINNGUVBIA
nendtnfitaaFusi 3 e uaz 6 ey
2.1.1. vdenadifvaasuveduuuviindy
(Mann-Whitney U test) fszsumuderiudosay
95 nstinmsnsrAemvedeyaliund (p<0.05)
2.1.2. \donadAvaasunnuLanstsALade
2 ﬂzjuﬁLi‘;Juﬁaim'mﬁu (Independent t-test) fiszdiu
mnudesiufesar 95 nsdinisnszaedaveatoya
Un# (p>0.05)
2.2. nsglUSeuiisuanuuandtanelunguiieniu
VYBIAINIAGTN

2.2.1. @9NadANITIATIZRANNLUTUTIULUY
Sndnfisziuanudedudosar 95 anduriinig
L‘U%EJULﬁEJUW?]@m (repeated ANOVA measurement
with Bonferroni method) omAuRANE I
serineaneglungy nsdinsnsaneivesdeyauni
(p>0.05)

2.2.2. FenadfnaaeuremEauuuiiseiuniy
Foduderar 95 MnduinaiUisuiisunyan
(Friedman test with Wilcoxon signed-rank test)
ilovanuuansAesEniagnielungy nsdinng
nszAeivestayaliuni (p<0.05)

Fofuganifelamuseaueinisuien
wagnaliiaUseasAnnnsiden AZM waslaidigUae
selaanunsadnnginssunisguynile dnwas
fuguvesenanatingliuandlilumsned 1
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Table 1 Characteristic data of patients

Parameter FMS FMD & AZM

No. of patients 14 14
Male : Female 12:2 14:0

Age (Mean+SD) 44.93 + 5.29 43.71 + 5.97
Pack year 18.66 + 11.34 16.05 + 10.95
No. of teeth 22.00 + 3.28 23.29 + 3.69
Mean PPD (Full mouth) 3.38 £ 0.52 3.26 £ 0.34
Mean CAL (Full mouth) 4.07 +£0.93 4.01 +1.04

FMD&AZM = Full-mouth disinfection with azithromycin
FMS= Full-mouth scaling and root planing
PPD= Probing pocket depth

CAL= Clinical attachment level

1. nmswasusUasnanisndin
1.1. audnsesUdiudisuduseiuton (Seedn
USTusisud 1-3 ua)
1.1.1. wWisuileunandtinseyineangy wandld
Tum15799 2
ANNANTDIUSTUR TAIULANAIIDE1
TodAynsadfvesrinudngesUsrudyaraiudu
(p=0.04) lnengu FMS daudnseaUsniudan
NNy FMDRAZM usilainuanuuwansineueadny
dndesUudszwinanguil 3 1oy (p=0.49) uaz
6 au (p=0.28)
seaudnn19ndin lUnUANULANAITB S
sEdubanepadniivaasudu (p=0.27) 3 \ieu
(p=0.96) Wag 6 LU (p=0.74)
1.1.2. Wiguigunandlinnglunguineaiy
wansl3lumsned 2

ANUANSTBIUSTUR NUAMUANTDIUSTIURA

anasil 3 iWounaz 6 weu WaSsudleusutag
L'%'uﬁuasmﬁﬁaé"lﬁﬁgmqaﬁaﬁﬂumju FMS (p=0.00)
wagngu FMDRAZM (p=0.01)

SLAUANIIARTA WUAIIHLANAISUD
seduBavneRatin 3 Weuuas 6 Wou dlewSeudiou
futiasusuegaiiduddymeaifanizlungy
FMS (p=0.02) Turauefilinuainuunnansvesssiu
Sannenadinl 3 Wouway 6 Weu WeSsuiisuiv
PraGuslungs FMDRAZM (p=0.12)

1.1.3. 115an89v89ANansasusiuawaznis
fusesudamnenain wanslSlupnsnsdi 3

N158A89Y89ANENTBUSTIUS LNy
AULANAIIVDINITANAIVDIANUENT D IUSTUAT
3 piau (p>0.05) uag 6 LAsu (p>0.05) T¥nINNG

nfiuszdudanisedadn llwuaany
LANAIIURINISRLTEFUEAM1eRatnd 3 Lieu

(p>0.05) Uaw 6 WU (p>0.05) SeniNeNgy
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1.2. amnudnses3udisudussauliunas (Sosdn
USTuAEURY 4-6 1)
1.2.1. Wisuileunandtinseyinengy wandld
Tum15799 2
ANUANTBIUSTIUA TN UANULANAITDS
AUENTRIUT UG AIgaSudY (0=0.33) 3 oy
(p=0.26) Wz 6 LhoU (p=0.09)
seaugnn19ndin lUnuANLLANAIB S
sERuBanepatiniigaasudu (p=0.55) 3 ey
(p=0.65) Wz 6 LU (p=0.73)
1.2.2. Wiguwsunandinaislunguifedfiu
wanslilunsnd 2
ANNANTDIUSTIUR WUAMUENTDIUITUA
anasil 3 iWounaz 6 Weu WeSsuiusutag
Suduegafiteddyvneadd (p=0.00) ﬁy’ﬂumju
FMS uay ngu FMD&AZM
SLAUANIIARTEA WUAIIHLANAIIVD
sesuBavnendtinl 3 Weuuas 6 Weou dlewSeudiou
futheBuuodraiideddyneadn (p=0.00) Ty
nau FMS uagngs FMD&AZM
1.2.3. N1580a9Y8IANNANTRIUSTURALaYANS
dusysudaneraiin uanslilunsied 3
N158A89Y89ANNANSBUSTUS LNy
ANULANAIUDINITANAIVDIAINANT BIUSTIUR
s¥M9Ngudl 3 ey (p>0.05) UANUATBILANGNS
¥9IN15anaYDIAINENToIUTH U sENINenaNT
6 \weueguilidedAyn1eata (p=0.03) lagngy
FMD&AZM fin15anasuesanuansasusiununnnai
&y FMS
nsfiuszduianiseadn llwuain
LANAI9URINISRLTEFUEAn1eRatng 3 Lieu
(p>0.05) uag 6 LABu (p>0.05) T¥NINNGY
1.3, AnEnsesUiududusedugunse (Sosdn
USTusisuduannniviowindu 7 )

1.3.1. Wisuileurandtinsyyinengy wandld
Tum519% 2
ANUANTDIUSTIUS LUNUAMULANANUD

'
I a

AMUENTDIUTTUATITIENEY (=0.29) uinuAIy
upneeEslted Ay seiRvesnLEnIaIUIIUA
fi 3 1fieu (p=0.02) uay 6 \Weu (p=0.03) lasngu
FMS fa1udnseusiunanniings FMD&AZM

sxAUBAN1SAATn IINUAMULANAIIUDS
sefuBamnendiinfivaasudu (p=0.33) usnuainy
waNEeYNINEdAYNINEdRvRITEAUEANIIAATN
7l 3 1feu (p=0.09) uay 6 \ieu (p=0.03) lasngu
FMS flsgsudannandiindnniings FMDRAZM

1.3.2. Wiguigunandiinaiglunguingaiu

wansbilupnsnadi 2

ANUANTDIUTYIUG WuANENTBIUIUA
anasfl 3 iouua 6 Weu WeSsufisuiugag
Sudueeheiifeddaymneada ﬁgﬂunajm FMS (p=0.00)
waznEgN FMD&AZM (p=0.00)

3zAUBAN19AALA WUsTAUEANIIAALn
anasil 3 Wouuay 6 Weu WewSsuifisuiurag
Sudueeeiifuddyvneea ﬁgﬂuﬂeju FMS (p=0.03)
wazNgy FMDRAZM (p=0.00)

1.3.3. N15aR4Y09ANANTDIUTTUALAZ NS

WiuseauBanneeain uansliluansned 3

N158A8998IAUANTBIUTTIUG WUAI M
LANANYOINITANAIVDIANANTDIUTVIUATENIN
NN 3 Hou (p=0.025) o1 sfitdeddynsadia Tay
nau FMDRAZM Hn15anasuedndnudnseusvius
Wnndng FMS udlinuanuuans1avesnisanas
YosnuANTosUTuATEMINGUT 6 1Feu (p>0.05)

maiusgiuSamseadn wuaruaneng
YeansLinsERuavnInaiing 3 e (p=0.019) way
6 Wi (p=0.048) sEninangu
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Table 2 Mean of PPD and CAL of 3 subgroups of initial pocket depth at baseline, 3 and 6 month

Initial

FMS FMD&AZM

pocket

depth Baseline 3 month 6 month baseline 3 month 6 month
1-3 mm.
Mean PPD  2.56+0.13"  2.14+0.13°  2.13+0.15° 2.43+0.18  2.04+0.29"  2.05+0.22"
Mean CAL  3.32+0.71 3.06£0.91°  3.06+0.89° 3.15+0.84 2.97+0.85 2.95+0.9
4-6 mm.
Mean PPD  4.57+0.26 3.09+0.29"  3.02+0.35" 4.66+0.19  2.89+0.6" 2.77+0.39"
Mean CAL  5.17+0.73 3.9440.99°  3.92+1.11° 5444099  4.04+0.99° 3.94+0.95°
7-9 mm.
Mean PPD  7.43+0.43 508+1.32°  4.88+1.03° 7.24+032 392+41.3¢" 3741174
Mean CAL  8.62+1.16 7.46+1.71°  7.2142.09° 8.11+1.13 5.67+1.86°T  541+1.43%¥

A: statistically significant difference from baseline (p<0.05), analyzed by Repeated ANOVA measurement with

Bonferroni method

B: statistically significant difference from baseline (p<0.05), analyzed by Friedman Test with Wilcoxon signed-rank

test

1: statistically significant intergroup difference (p<0.05), analyzed by Independent t-test

Y: statistically significant intergroup difference (p<0.05), analyzed by Mann-Whitney U test
FMD&AZM= Full-mouth disinfection with azithromycin

CAL= Clinical attachment level

FMS= Full-mouth scaling and root planing
PPD= Probing pocket depth
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Table 3 PPD reduction and CAL gain at 3 and 6 month from baseline of 3 subgroups of initial

pocket depth

3 month from baseline

Initial pocket depth

6 month from baseline

FMS FMD & AZM FMS FMD & AZM
1-3 mm.
PPD reduction 0.42+0.14 0.39+0.34 0.43+0.13 0.328+0.33
CAL gain 0.27+0.29 0.17+0.4 0.2640.25 0.2+0.49
4-6 mm.
PPD reduction 1.48+0.32 1.77+0.55 1.56+0.37 1.89+0.371
CAL gain 1.23+0.32 1.39+0.6 1.25+0.47 1.49+0.44
7-9 mm.
PPD reduction 1.95+1.21 3.3341.327 2.5540.89 3.54+1.20
CAL gain 1.1540.99 2.44+1.33" 1.40+1.40 2.70+1.017

1: statistically significant intergroup difference (p<0.05) analyzed by Independent t-test

FMD&AZM= Full-mouth disinfection with azithromycin
CAL= Clinical attachment level

FMS= Full-mouth scaling and root planing
PPD= Probing pocket depth
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Table 4 Mean comparison of BOP and Pl at baseline, 3 and 6 month

Clinical FMS FMD & AZM

parameter Baseline 3 month 6 month baseline 3 month 6 month
BOP 37.14+12.45 1657+9.82° 13.91+7.81° 35.63+15.87 10.02+7.45" 10.64+8.4"
PI 82.37+12.02 76.97+11.37 71.28+19.31" 81.6+14.97 67.65+25.44° 71.98+21.18

A: statistically significant difference from baseline (p<0.05), analyzed by Repeated ANOVA Measurement with

Bonferroni method

B: statistically significant difference from baseline (p<0.05), analyzed by Friedman Test with Wilcoxon signed-rank

test

FMD & AZM = Full-mouth disinfection with azithromycin

BOP= Bleeding on probing
FMS= Full-mouth scaling and root planing
Pl= Plague index
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Comparison of Canine Movement Between Self-Ligating Brackets
and Conventional Brackets in Corticotomy-Assisted Orthodontic
Patients
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Abstract

The purpose of this study was to compare the efficiency of maxillary canine movement when
using self-ligating brackets with conventional brackets in corticotomy-assisted orthodontic patients. The
study was performed on 18 sites in 9 patients (6 women, 3 men) with severe crowding who underwent
first premolar extractions and corticotomy on maxillary canine areas. A conventional bracket was placed
on one canine and a self-ligating bracket on the other side. Upper canines were retracted using elastomeric
chains with 150 grams of force. After 3-months, impressions were taken every month and lateral
cephalograms were taken at the beginning and the end of the experimental period. The results showed
that in the self-ligating brackets group, the rate of maxillary canine movement was 1.62+0.27 mm/month
and the canine distal tipping was 11.66°+ 5.01°. Distopalatal rotation was 9.44°+ 5.50°. In the conventional
brackets group, the rate of maxillary canine movement was 1.37+0.39 mm/month. The canine distal
tipping was 13.27°+5.71° and the distopalatal rotation was 9.22°+ 6.07°. The difference in rates of maxillary
canine movement, distal tipping and distopalatal rotation between the 2 groups were not statistically
significant (p>0.05). Distal movement and rotation of the upper canines reinforced with corticotomy were
similar when comparing conventional and self-ligating brackets. Rotation of the upper canines during

sliding mechanics was minimized with conventional brackets
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Introduction

As part of conventional orthodontic
treatment, a patient who has severe crowding of
anterior teeth often requires premolar extraction
and retraction of canines into extracted spaces.
With ectopic or severely displaced canines,
undesirable side effects such as bone loss,
dehiscence, fenestration and gingival recession
may occur.

To reduce the risk from these
complications, corticotomy-assisted orthodontics
should be considered. Wilcko et al.** have noted
that orthodontic tooth movement is accelerated
by the increase of bone turnover and the
decrease of bone density because osteoclasts
and osteoblasts are increased by a regional
acceleratory phenomenon (RAP). They also
developed the newly effective technique called
Periodontally Accelerated Osteogenic
Orthodontics (PAOO) and claimed that
decortications combined with augmentation
grafting created greater alveolar volume, which
eliminated bony dehiscence and fenestrations
and also accelerated tooth movement."” Other
factors that may affect treatment duration are
timing of treatment, distance of tooth movement,
technique employed, extraction or non-extraction
treatment,” and factor that mainly affects canine
movement by sliding mechanics, is friction.”

Self-ligating brackets have been used in
orthodontics since 1935 and gained popularity
in recent years.”"? Information from previous

studies shows that self-ligating brackets produced

lower friction when compared with conventional
brackets.”"" The benefit of low friction bracket
systems was that they may facilitate tooth
movement in sliding mechanics. Many previous
studies showed that self-ligating brackets required
an average lower treatment time and fewer
appointments than conventional brackets.'®*
Although self-ligating brackets were claimed to
have advantages, evidence was still Lacking.22
At present, many orthodontists would
like to have a faster technique in orthodontic
tooth movement. However, comparative studies
of self-ligating brackets and conventional brackets
are still controversial and studies of corticotomy-
assisted orthodontics are merely case reports. A
comparative study on the rate of canine
movement between self-ligating brackets and
conventional brackets in corticotomy-assisted
orthodontic patients has not been documented.

This study was therefore undertaken.

Material and Methods

In this study, the inclusion criteria for
participants were (1) Age between 18-30 years,
(2) Skeletal class I, dental class | malocclusion
with severe crowding (Little’s irregularity index>T7),
(3) Patients required therapeutic extraction of
upper first premolars in the treatment plan, (4)
All patients had inadequate bone support in
upper canine-premolar area, (5) No allergies or
medical problems especially uncontrolled
osteoporosis or other bone diseases, no long-term

use of medications such as anti-inflammatory,
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immunosuppressive, bisphosphonates or steroid
drugs, no active periodontal diseases, and no
signs or symptoms of temporomandibular
disorders.

Nine patients fulfilling the criteria were
selected from the orthodontic clinic at the
Faculty of Dentistry, Prince of Songkla University.
This research was approved by the Committee
of Ethics in human experimental research of the
Faculty of Dentistry, Prince of Songkla University.
All patients were informed of the purpose of the
study and they signed the proper informed
consent forms.

Each randomly chosen subject received
a 0.022-inch slot conventional bracket (pre-
adjusted edgewise bracket; Mini Twin™ Roth
brackets, Ormco Corporation, Glendora, Calif.)
on one canine and a 0.022-inch slot self-ligating
bracket (passive self-ligating bracket; Damon
3MX™ system, Ormco Corporation, Glendora,
Calif.) on the other with the left or right side using
arandomization sequence. Brackets were placed
on all teeth except incisors and second molars
were bonded with buccal tubes. The sequence
of placing brackets and wires was done according
to the manufacturer’s recommendations. A

polyvinyl-siloxane impression (Silagum™ putty

soft, DMG, Hamburg, Germany) was made to act
as a matrix in case of bracket failure in order to
facilitate re-bonding in the original bracket
position. NiTi arch wire and temporary anchorage
devices (TAD, AbsoAnchor™ system, Dentos Inc.,
Daegu, Korea) were placed 1 week prior to
surgery. The position of TAD was located between
second premolar and first molar. The height level
was 5 mm from the bracket slot.

Alveolar decortications were done on the
maxillary canine areas and bone grafts were
added. Two weeks after first premolar extraction,
the first step was to level and align upper
and lower archs with 0.012-inch NiTi and
0.016-inch NiTi, respectively, for 2 months. After
that, 0.018-inch stainless steel wires were placed
and canine retraction was started with 150 ¢ of
force” by using power chains (Continuous chains
Bobbin, 3M Unitek™, Monrovia, USA) between
canine brackets and TADs (Fig. 1). The patients
were activated every 2 weeks. Impressions were
taken before canine movement (TO), 1 month
(Tl), 2 months (TZ) and 3 months (TB) after tooth
movement for the reference models. Lateral
cephalometric radiographs were taken before
canine movement (TO) and 3 months (Ta) after

movement.

Figure 1 Canine retraction performed by the use of c-chain between canine brackets and TADs.
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The movement of the canines was
performed directly on the dental casts. An acrylic
palatal plug fabricated from acrylic with reference
wires (0.018-inch stainless steel) extended to the
canine cusp tip was made for each maxillary arch
(Fig. 2). This plug could thus be transferred from
the initial cast to the final cast on the same

patient. This allowed for direct observation of

the amount of canine movement. Measurements
were performed with a digital caliper by the same
investigator. The amount of monthly movement
was measured by calculating the difference
between sequential measurements (TO—Tl, T-T,
TZ—T3). The total amount of movement was
considered to be the difference between the

values of 'I'0 and T3.

Figure 2 Measurement of canine movement. A. Before canine movement ( TO ). B. 3 months after

canine movement ( T3 ).

The amount of rotation of upper canines
was determined by measuring the angle formed
between the line passing through the midpoint
between fovea palatine and the third rugae and

a line passing through the mesial and distal

contact points of the canines (Fig. 3). The canine
rotation was considered to be the difference
between the angular values of T and T. The
rotation measurement was repeated after 7 days

to check the reproducibility of the measurement.

Figure 3 Measurement of canine rotation.
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The lateral cephalometric radiographs
were taken with jigs made of 0.016 x 0.022-inch
stainless steel wire inserted in the vertical slots
of the canine brackets. Maxillary canine angulation
defined as the angle formed by the intersection

of the SN line and a line extending from the jig

placed into the vertical slots of each canine
(Fig. 4). The tipping of canines was the difference
between the angular parameters measured on
the initial and the final lateral cephalometric

radiographs (T -T).

Figure 4 Canine angulation measurements by using reference jig line and the SN plane. S (Sella):

The center of Sella turcica, N (Nasion): The most anterior point of the frontonasal suture

in the midsagittal plane.

Statistical analysis

For statistical analysis, the models and
lateral cephalometric radiographs were measured
and compared between the initial and the final
data. From the Shapiro-Wilk test, data was found
to be suitable for non-parametric analysis. The
non-parametric Kolmogorov-Smirnov test

showed normal data distribution. The significance

of the differences on canine movement between
the low-friction side and the conventional side
was evaluated by Wilcoxon signed-ranks test with
the significant level of 0.05. Calculating method
error from the difference between two
measurements taken at least 4 weeks apart to
evaluate the intra-class correlation coefficient
(ICO).
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A total of 18 extraction sites from 9
patients were compared. There were 3 males
and 6 females, between the ages of 13 and 25
years. Mean and standard deviation of age at the
beginning of the treatment was 18.7+1.0 years.
Eighteen models and cephalometric radiographs
were re-measured and retraced. The random
measurement error (ME) was calculated according
to Dahlberg’s formula. The linear measurement
error was found to be less than 0.4 mm, while
the angular measurement error was less than

0.3°. Interclass correlation coefficient showed no

significant difference between the two series of
measurements. The method was found to reach
sufficient reliability. Pretreatment data of canine
angulation and rotation showed no significant
difference between the 2 groups (p=0.149 and
p=0.953 respectively).

Table 1 lists the distance of canine
movement between self-ligating brackets and
conventional brackets in the 3-month period (T0
to T3). The mean of total canine movement in the
self-ligating group was 4.87+0.81 mm and the mean
of total canine movement in the conventional
group was 4.09+1.21 mm. There was no significant

difference between the 2 groups (p>0.05).

Table 1 Means and standard deviations of the distance of canine movement between self-licating
brackets and conventional brackets at different periods
Bracket Type Accumulative distance of canine movement (mm.)
(N=9) T T T T
0 1 2 3
Self-ligating 0 1.41+0.64 2.87+1.16 4.87+0.81
Conventional 0 1.42+0.77 2.78+0.92 4.09+1.21
p 0.953 0.859 0.139

The rate of canine movement in a
3-month period was shown in Table 2. The rates
of canine movement in the self-ligating brackets
group at Tl, 'I'2 and T3 were 1.41+0.64 mm,
1.46+0.92 mm, and 2.00+0.89 mm, respectively,
and the rates of canine movement in the
conventional brackets groupat T, T and T, were
1.42+0.77 mm, 1.10+0.56mm, and 1.20+0.79mm,

respectively. The difference of the rates of canine

movement between groups in Tl, T2 and 'I'3 was
not statistically significant (p>0.05). The mean
rate of canine movement of the self-ligating
brackets group was 1.62+0.27 mm/month and
the mean rate of conventional brackets was
1.37+£0.39 mm/month. A statistically significant
difference was not found between self-ligating

brackets and conventional brackets (p>0.05).
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Table 2 Rates of canine movement between self-licating brackets and conventional brackets

Rate of canine movement (mm/month) ~ Mean rate
Bracket type of canine
T LA T movement
Self-ligating 1.41+0.64 1.4640.92 2.00+0.89 1.6240.27
Conventional 1.42+0.77 1.10+0.56 1.20+0.79 1.37+0.39
p 0.96 0.57 0.64 0.92

The mean change of canine angulation
before and after canine retraction (canine tipping)
in the self-liating group was 11.66°+5.01° and
13.27°£5.71° in the conventional group. A

statistically significant difference on angulation
change was not found between the 2 groups
(p>0.05).

Table 3 Canine tipping between self-ligating brackets and conventional brackets before and after

canine movement

Canine tipping (degree)

Bracket type T

0

T T-T
0o 3

3

89.83°+8.19°
93.61°+7.54°

Self-ligating
Conventional
p

78.16°+8.98°
80.33°+7.12°

11.66°+5.01°

13.27°£5.71°
0.553

The mean change of rotational angle
before and after canine retraction (canine rotation),

in the self-ligating group was 9.44°+5.50° and

9.22°+6.07° in the conventional group. A statistically
significant difference of rotational change was not

found between the 2 groups (p>0.05).

Table 4 Canine rotations between self-ligating brackets and conventional brackets before and

after canine movement

Canine rotation (degree)

Bracket type T T TT
Self-licating 31.33°+8.55° 21.88°+6.23° 9.44°+5.50°
Conventional 30.44°+7.77° 21.22°+7.10° 9.22°+6.07°
p 0.722
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Discussion

In this study, patient’s characteristics were
skeletal Class I, dental Class | with crowding that
was prone to have dehiscence and fenestration
before, during or after orthodontic treatment
especially at canine areas. However, in some
cases, dehiscence or fenestration can be seen
from cone beam computed tomography (CBCT)
or during a surgical approach. Although
conventional orthodontic mechanics could be
done, undesirable side effects such as bone loss,
dehiscence, fenestration and gingival recession
may occur. Corticotomy-assisted orthodontics
with bone grafts is the recommended option.
According to Wilcko et al, this technique not
only increases bone volume, but also accelerates
tooth movement.

There is another possible way to reduce
friction during canine movement besides
corticotomy. The property that influences
resistance to sliding is of great interest to the
orthodontic commmunity because lower resistance
to sliding could lead to increased efficiency and
possibly shorter treatment times. Self-ligating
brackets that have been proven to produce lower
friction than conventional brackets may be
beneficial to facilitate tooth movement in sliding
mechanics. Previous clinical studies on self-
ligating brackets and conventional brackets were
still controversial. Scott et al. found that self-
ligating brackets were no more efficient than
conventional ligated brackets.” On the other

hand, Shivapuja et al. reported that significant

difference in the time required to correct
mandibular crowding was found between the 2
groups”. Nevertheless, those studies were done
in the leveling stage among non-extraction
patients with mild mandibular crowding.
However, for an irregularity index value <5, self-
lisating brackets had 2.7 times faster correction.
For extraction patients, few clinical studies have
compared space closure between self-ligating
and conventional brackets. Mezomo et al. found
that the rate of canine retraction between self-
lisating brackets and conventional brackets was
not significantly different between the two
groups.” The aims of this study were to compare
the rates of maxillary canine movement, canine
tipping and rotation between self-ligating brackets
and conventional brackets in corticotomy-
assisted orthodontic patients. From the results,
we found that self-ligating brackets could change
canine distalization similar to conventional
brackets. The individual variations were controlled
by a split mouth design. The initial angulation
and rotation of canines were similar. The age
range of the patients was narrow. However, other
factors which could affect the rate of tooth
movement were such as tooth size, tooth length,
and occlusal force that should be controlled to
decrease these variations.

The results demonstrated that the
distance of canine movement using self-ligating
brackets and conventional brackets was not
statistically significant different. The difference in
distance of canine movement may affect the

tipping and rotation of canines. In accordance

322 J DENT ASSOC THAI VOL. 66 NO.4 OCTOBER - DECEMBER 2016



with this study, there was no significant difference
of canine tipping and canine rotation between
the 2 groups.

There was no significant difference in the
rate of canine movement between self-ligating
brackets and conventional brackets. The rate of
tooth movement ranged from 1.37 to 1.62 mm/
month, compared with 0.84 to 0.90 mm/month
canine movement in previous studies .”*° The
rate of canine movement in this study was higher
than in previous studies because this study was
performed using corticotomy-assisted orthodontic
patients, which causes the rate of tooth
movement to be much higher than when the
conventional method is employed. The study in
corticotomy-assisted patients done by Aboul-Ela
et al.”" evaluated canine retraction with and
without corticotomy-assisted technique and
found that the rate of maxillary canine retraction
in corticotomy side was 0.89-1.89 mm/month.
This rate is comparable to the rate of canine
movement in this study. The rate of canine
movement using corticotomy-assisted orthodontic
methods combined with self-licating brackets
was not higher than corticotomy alone.

According to Profit and Fields®, bracket
width played an important role in the control of
angulation space closure by sliding mechanics.
A wider bracket and a smaller contact angle will
thus better control tooth angulation during sliding
along the arch wire. Even though the width of
self-ligating brackets was less than that of the
conventional brackets, canine tipping in both

groups was not statistically different. Rotation of

the upper canines during sliding mechanics was
minimized with self-ligating brackets compared
to the conventional group in the study of
Mezomo™. However, in this study, no significant
difference was found on the degree of rotation.
Besides the previously mentioned factors, the
direction and magnitude of force, wire size and
corticotomy procedure may affect the results. In
this study, an elastomeric chain was used to
generate force, but the force decay from an
elastomeric chain occurs rapidly compared to a
coil spring that generates more continuous force
decay. Elastomeric chain has been used in this
study because of low cost, ease of use, and wide
range of colors, a means of individual expression.
The vertical height of TADs was controlled at the
same level to produce a similar force direction.
Although canine tipping between conventional
and self-ligating brackets may occur, we can
control the tipping of canines by using lever arm
with the same height of TADs to create parallel
force vectors during canine retraction.

The small round wire used in this study
was smaller than the slot size so the friction
could be lowered due to reduced wire contact
area. With lower frictional forces, the space-
closing phase of orthodontic treatment can be
rapidly accomplished.

In term of anchorage preservation, the
posterior teeth in this study were not used as
anchorage for canine retraction, which corresponded
to other studies comparing anchorage loss and
found no significant reduction in the crest bone

height and no marked apical root resorption.”®
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Further study is needed to compare the
difference in the treatment effect between the
various patterns of corticotomy and different
types of bone grafting on tooth movement.
Furthermore, an increased sample size would

enhance the accuracy of the results in this study.

Conclusion

This investigation was performed under
the conditions of small sample size and short
time period. It showed that the rate of tooth
movement, distal tipping and rotation of upper
canines combined with corticotomy were similar

in both conventional and self-ligating brackets.
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Abstract

The debate continues among dentists regarding whether to continue or discontinue
antithrombotic medication in patients prior to dental procedures. As a result, protocols regarding
antithrombotic vary widely. The objective of this study was to identify and analyze the behavior,
knowledge and other factors that affect the decision among dentists to discontinue antithrombotic
medication prior to dental treatment. This cross-sectional questionnaire-based study was conducted
among licensed dentists practicing in Thailand. Ten thousand questionnaires were delivered to dentists
who are members of the Dental Association of Thailand. The questionnaire consisted of questions
about presurgical requirement and information relating to discontinuation of antithrombotic medication,
information about dental treatment given to patients, specialized field of dentistry and dentist work
place. Of 10,000 distributed questionnaires, there were 1,838 respondents (18.38 %) with a mean age
of 39.31+11.02 years and 32.2 % were men. One out of five dentists (21.7 %) indicated that they will
not treat patients with concurrent use of antithrombotic medications. Most of those were university
faculty members or dentists in private clinics; which were significantly higher as compared to dentists
in other work places (p<0.05). Oral surgeons were significantly the least likely to interrupt antithrombotic
medication (p<0.05). There were dentists who requested physician consultation before discontinuing
antithrombotic medication prior to the dental procedures with a low bleeding risk, such as local
infiltration anesthesia (17 %), restorative treatment (1.3 %), root canal treatment (13.9 %) and dentures

(1.1 %). Misperceptions among dentist were also reported. Majority (64.8 %) of dentists consider an
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INR (International Normalized Ratio) value of lower than 2.0 to be safe for performing treatment.
Almost 10 % of dentists reported assessing bleeding time value prior to performing a dental procedure.
Identified factors that affect dentist decision to discontinue antithrombotic drugs include dental
specialty, place of work, type of procedure and knowledge about patients receiving antithrombotic

medication.

Key words: Anticoagulant, Antiplatelet, Antithrombotic, Dentist
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Abstract

The aim of this study was to evaluate the effect of three adhesive systems with and without
silane application on feldspathic porcelain/resin composite bond strength. Three adhesive systems
[Adper Scotchbond Multipurpose (SM), Adper Single Bond 2 (SB), Single Bond Universal (SU)] and one
silane coupling agent [RelyX Ceramic Primer (Silane)] were used in this study. Sixty feldspathic porcelain
disks 6 mm in diameter, 4 mm in thickness were prepared and embedded in dental gypsum. Specimens
were polished with 400 and 600 grit silicon carbide paper, respectively. The samples were randomly
divided into six groups (N=10 for each group) according to different treatments applied on feldspathic
porcelain surfaces: Groupl (Silane-SM), Group2 (SM), Group3 (Silane-SB), Group4 (SB), Group5
(Silane-SU) and Group6 (SU). A silicone template (3 mm diameter, 2 mm thick) was placed on top of
treated feldspathic porcelain surface. The resin composite was filled into the mold and then light-
irradiated by light curing unit at a light intensity of 1000 mW/cm? for 40 seconds. All bonded specimens
were kept in distilled water at 37°C for 24 hours and they were subjected to shear bond strength
measurement using a universal testing machine at a crosshead speed of 0.5 mm/min. The data were
statistically analyzed using one-way ANOVA and Tukey’s test ((L=0.05). The shear bond strengths
(MPa) of Groupl to Group 6 were 23.41+4.16, 12.66+0.91, 20.92+4.03, 10.80+1.43, 32.00+1.87, and
12.01+£1.18 MPa, respectively. The shear bond strengths of Groupl, Group3, and Group5 were
significantly higher than those of Group2, Group4, and Groupé6 (p<0.05). Furthermore, Group5 showed
the highest shear bond strength and was significantly higher than those of Group1 and Group3 (p<0.05).
In conclusion, the silane had a positive effect on shear bond strength between feldspathic porcelain
and resin composite when used with the three adhesive systems. Silane application followed by

adhesive application increased shear bond strength for all systems.

Keywords: Adhesive, Feldspathic porcelain, Resin composite, Shear bond strength, Silane
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Table 1

Type of adhesives, silane, manufacturers, lot number and their composition.

Materials

Composition

Single Bond Universal (SU)

MDP phosphate monomer, dimethacrylate resins,

(3M, Deutschland GmbH, Neuss, Germany) HEMA, polyalkenoic acid copolymer, fillers, ethanol,

Lot : 483316

water, initiators, silane

Adper Single Bond 2 (SB)
(3M ESPE, St. Paul, Minnesota, USA)
Lot : N378816

Bis-GMA, HEMA, dimethacrylates, ethanol, water,
photoinitiator, methacrylate functional copolymer of
polyacrylic and poly(itaconic) acid, 10 % by weight of

5 nm-diameter spherical silica particles
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Adper Scotchbond Multipurpose (SM)
(3M ESPE, Seefeld, Germany)
Lot : N421442

Primer: polyalkenoic acid copolymer, HEMA, water
Bond: Bis-GMA, HEMA, tertiary amines, photoinitiator

RelyX Ceramic Primer (Silane)
(3M ESPE, St. Paul, Minnesota, USA)
Lot : N416047

Pre-hydrolyzed silane coupling agent, alcohol, water

= ] [ a -4
NS sgULNUWangUINNwaTYLaL
LWSUUTUIUINUIY 60 TU IneNaAUNLIan

[
=

arfinwosaauiuinndu wasdugulngldusinuy
FAlauvAEURIALENa1e 8 Tadluns 8n 6 Taduns
Lmz%umuaaﬂmﬂLLu'LLUULLasLm'mﬁﬂmmﬁu%ﬁmjmam
faiun Insunulasainnesauiiniuniswnasd
umnasUszanadesay 25 Suiuwdumasaunin
wosmauiilfazdvundusinaudnaraszun 6
Ladlns LagAueaUszanu 4 dadiuns vinsesuin
fsnutvesiumasalfinnesuauiioasisnsin
falgenanududunieiuanssy Hauauwmanaulin
wostauasluneNIdlnedanleBUdun1esiunnssy
IRt va R UaGE N TINNe SHALgIINHIveN
SUTUSEIN 1 Tadwns™ Heliaududuudes 91n
Tuduauludaimtfenssansdaneuanslus
fieuneIU 400 N3N (3M Wetordry abrasive sheet,
3M, Minnesota, USA) meldimdeiassionios
Tponluil@ (Nano 2000 grinder-polisher with a
FEMTO 1000 polishing head, Pace Technologies,
Arizona, USA) Fethwmidnng 2 Alandusonis
WURLUAT 1AeNTEAITANaUATSLUA N UAIY
A5 100 Seusoud Tufirmieniuiduuiiin
Uzt SILRm Fdldnandn 5 uni
Mntuasunsemedaneunilusiinrumeny 600
N3N (3M Wetordry abrasive sheet, 3M, Minnesota,
USA) waglgiiatlunstawindu 5 wiiiigunu vinnns
WasunsyauiBnounsludusulvivnasfizudu

nsvuILn STl Sunuildgud 1A

LL“U'QﬂEjﬂJGUEN%UMUE]E]ﬂLﬁu 6 NAY NguaY
10 Fu aunsUivaniniavdiveaadauiiin
oo dasia LUl

naudl 1: Sladndiwsiinlwsises + woaos
anemvauAdafwesiiia (Silane-SM)

naudl 2: wemiesafionuaudiafinesiiia
(SM)

naudl 3: Sladndiwsiinlwsises + woaos
Faufavouay (Silane-SB)

ATl d: weawasTaRauausy (SB)

nauil 5: Sladndiwsinlnsiues+dada
veusgillnesvea (Silane-SU)

naudl 6: Bafaveudginesvea (SU)

n1suSuanmRutitve unanauinwesuaufae
dsiadinoudanletsdunaulndn
A15NIR28E1staY Unnun1andnes
(Scotch blue Painter’s tape, 3M, Minnesota, USA)
fifianumulszana 80 lulaswns salsfiauning
warAIINeNY 10 Hadiuns wazianzglididy

1 L

HAugna1awIn 2 Tadwns wieududnauinali

= %

feanauduladunis nsdafidielidesonis
AamunneanluMends Anmun1IRanaIaIuLiNa
wladeafinneswian (Ul 18) wdldyAuvunmaidn
(applicator Tips, Dentsply DeTrey GmbH,

Konstanz, Germany) uanshglauiadInifiiges

348 J DENT ASSOC THAI' VOL. 66 NO.4 OCTOBER - DECEMBER 2016



wadahinwesiauiin3oul il 1 seu udaldyiu
sailmiduansluauinesegnuveuluiavosusiu
wusanldnun a3 3 Ui ududrdieauan
vIUDalesusiusimannazestnuazingd 970
\m3osnsetlutndoudi (Mobile dental unit, Thai
Dental Products (T.D.P), Bangkok, Thailand) A2
L598y 40-50 Uausrennsnaii eannsanussiuay
Iganunnsinfianuniueiosnsofiundoui Tngls
Uanevewisualgsudisannianihvesunanaliin
wosolaulsranas 10 daawwns tWrauansleiau
wikeatin Fsdanalganlafinmslmvesansuazionth
wlasauinwesuaulitunn Tnednvariawthney
LAYNAINITNIEIT AU ADINAN WL LR D ULAL
Mty ImanstaRnaadunousely

nsnseastaia Tdyiurwndnguans
SaRaLaITiRInTvesasaUNTinnestaulih 1
sou wildyjiusalvsiduansinfeinesetnuvou
Tursweswsundesnlivun nialdauanvsuida
leSusfiusrnavestiLazgi Aeusey 40-50
Uousremseti szezving 10 Tadwns wWiterdn
fvazangliseineeananiiaviveananaU1fin
woswauauwisain lnedunalaanluiinislmaes
g1suarRantunanaurAinneseauin21ugduin
arouandunar 20 3w WislmAnnsyuiunis
UniwasansBafndeinesaneuas Elipar Freelight
2 LED curing light, 3M ESPE, Minnesota, USA) 17%
AULTULES 1000 Haainsdnonsiaaumiuns lnaln
Janevipthuasisainuareginsanfiavd inas
aufinwedmauUssuns 2 Jadwns 91Nt
Sadmoisunoulndnmudunousiold

NN5EARILLSTUADNINEAVLAUNAIN L ES
Yukaluudalau (Elite HD, Zhermack, Badia

Polesine, Italy) fifiguunaidurgudnans 3 Taduns
an 2 fadwns eIt maraUinnesuiau
finunsUSuanmitasneiBnseng q Tagligusiuuy
fagldussy Tagistunolndntuogrsuaasounqy
svounUnTviden anduldieTesdiosinansdu
Aoulndn doa1nd (Filtek 2350 XT (A3E), 3M ESPE,
Dental products, St. Paul, Minnesota, USA) U339
adluguiuuuwadnliuiu a1euandua 20 Jund
diolhAnnsuasa Tnglivaneviethuasdsannuas
LuUFafURIMTYe LU 9nTuReE 9 uneusiLuy
LazUnMeendenNLsYTnsE T aneuassnaSs
Hunen 20 it Idtuneaey (3U7 10) anduy
witunnaeuliingu Teediulilugmueueungdi
37 sarwadea Wuna 24 991 (Incubator;
Contherm 160M, Contherm Scientific Ltd.,
Korokoro, Lower Hutt, New Zealand) V}ﬂﬂ%’jﬁmﬁg
wsinuudalaudilatinisvineuazen Tnoniside
melefiasanagoauaziUrauliliis

AINAFIUAINIANLITITALRDU

ihiunpaeuBadniugUnsaiitenageurds
wssfaiou TnglWuuissurvveslanefinfiesld
NAADULIITALROU (shearing blade) Tu1unUTBEsE
sgnaanalinweselauiulstunonlndn waz
JanefinfllinaaouusBaidonogieainiunadey
Uszanad 1 fiaduns (3UA 10) udwhnismageuin
Maussdaldouseninananauinnesuauiulsdu
Aoulndn fasiA3eadoURsIaIna (Universal
testing machine; EZ-S 500N, Shimadzu corporation,
Kyoto, Japan) finnusivesiang (crosshead
speed) WU 0.5 TAALUATADUIN AIUIIAIAILTS
fndoulneiusndougigamsdisiiuiivonsiu
noulndnfidudatuiadaunfinnesmay Faanaile
Jmheadusngniana

Klaisiri et al.,, 2016 349



JU 1 dumeunismsenTunasou

A. iWana 1IN SaLENaa U IaW I I UGN 1N UANT I

B. Aanuniasuuiunasainnasia

C. Funnaaunsduneulnandndanuinagainnesmay

D. MSimSeuTUNnaa U InAIN 18 TITNRDY

Figure 1 The steps of specimen preparation

A. Feldspathic porcelain was embedded into a PVC pipe with dental gypsum.

B. The adhesive tape was bonded to feldspathic porcelain surface.

C. The specimen that resin composite was luted to feldspathic porcelain.

D. The specimen was prepared to shear bond strength test.
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Table 2 Mean bond strength and standard deviation (Megapascal)

Groups

Mean bond strength (SD)

Group1 (Silane-SM) (N=10)
Group2 (SM) (N=10)
Group3 (Silane-SB) (N=10)
Group4 (SB) (N=10)
Group5 (Silane-SU) (N=10)

Groupé6 (SU) (N=10)

23.41 (4.16)
12.66 (0.91)°
20.92 (4.03)
10.80 (1.43)°
32.00 (1.87)

12.01 (1.18)°

The value with identical letters indicates no statistically significant difference
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Table 3 Percentage of failure modes of all tested groups

Mixed failure

Group Adl'.‘eSive Cohesive Adhesive and Adhesive and
failure failure cohesive in resin cohesive in porcelain
composite

Group 1 - - 100 .
(Silane-SM)

Group 2 100 - - -

(SM)

Group 3 - . 100 )
(Silane-SB)

Group 4 100 - . .

(SB)

Group 5 - . 60 a0
(Silane-SU)

Group 6 100 - - ;

(SU)
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