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Abstract
After almost 150 years of using gutta percha as a root filling material, several
new materials have been recently introduced into endodontics. Most are
based on dentin bonding, and represent adaptations of restorative materials.
Considerable benefit of using these new materials has been claimed, but the
literature is very confusing. In this review paper, the role of root fillings is reexamined, and the extent to which the new materials serve these roles better
than conventional materials is considered. Although it is premature to claim
real benefit, continuing development should result in superior materials and
procedures.
Key words: obturation, root canal, sealer cement, gutta-percha,
dentin adhesives
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INTRODUCTION

DEFINITIONS AND CONCEPTS

The goal of root canal treatment is commonly
stated to be the prevention or elimination of microbial
infection of the canal space, which in turn prevents or
eliminates apical periodontitis1. Microbial control is
achieved primarily via cleaning and shaping procedures,
with mechanical debridement of the canal and the use of
antibacterial irrigants and intracanal medicaments. Thus
the obturation of canals is often considered to play a
secondary role, though still essential to long-term
success. In practice the goal of complete bacterial
elimination is not reliably achieved, and we should
recognize that many of the canals we obturate will harbor
bacteria. Thus a more realistic goal of root canal
treatment is the reduction of bacteria below a threshold
level that allows healing or prevents disease
development2. With this more feasible goal of bacterial
control rather than elimination, the role of obturation
assumes a greater importance. Residual bacteria within
the canal space must be prevented from exceeding the
threshold which results in periapical disease, and
obturation is the key step in ensuring this outcome.
Gutta-percha has been the dominant obturating
material for almost 150 years, and it remains by far the
most commonly used material despite attempts to
replace it with a wide range of alternative materials. The
use of gutta-percha (plus sealer cement) placed using
lateral condensation is still widely regarded as the çgold
standardé against which other obturating materials and
techniques are evaluated (Figure 1). A new era in root
canal filling materials began with the introduction of
resins developed as restorative materials, and capable
of bonding to dentin. One of the first of these materials,
Resilon/Real Seal/Epiphany has become so well known
that it is hard to believe that the first reports of the
material were published only five years ago3. These
materials have the potential to revolutionize root canal
obturation, but it is important to evaluate the sometimes
extravagant claims regarding their performance and to
consider their effectiveness in terms of the biological
objectives of obturation.

Obturation vs root filling: The word çobturateé has
as a general meaning çto obstruct or closeé an opening,
which is only a part of the endodontic objective of filling
the canal space in addition to sealing the canal. Thus
some endodontists prefer the simpler term of root canal
filling rather than obturation. In practice both roles are
essential to bacterial control and hence the prevention or
healing of apical periodontitis. Thus there seems to be
little reason to prefer one term over the other.

Figure 1: A. The ideal root filling terminates within 0-2 mm
of the radiographic apex and shows a uniform
density throughout the canal length. The coronal
seal is provided largely by the restoration. B.
Despite the inadequacies of these root fillings,
which are largely the result of inadequate canal
preparation, no periapical lesions are present
because the canals were not contaminated with
bacteria before or during root canal procedures.
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Apical and coronal seal: Historically, the apical
seal was considered essential to prevent apical
percolation: tissue fluids flowing into the canal space
could stagnate and break down into tissue irritants, and
could also serve as a nutrient source for residual bacteria
within the canal space. At the same time, tissue irritants
percolated out of the canal to cause periapical
inflammation. With an enhanced understanding of the
role of bacteria in causing apical periodontitis, the
concepts of sealing the canal have undergone a change;
the necessity for sealing the canal space remains, but
the biological basis for a durable seal has altered to
focus on microbial control. Thus, Sundqvist & Figdor4
defined three functions for the root filling: 1) blockade of
any communication between the oral cavity and the
periradicular tissues; 2) sealing any surviving bacterial
cells within the root canal system (çentombmenté, see

below); and 3) preventing periapical tissue fluid from
entering the canal space to serve as a nutrient source for
residual bacteria (Figure 2). All of these roles are related
to sealing the canal, either against coronal entry of
bacteria (coronal seal), preventing residual bacteria
from repopulating the canal space (entombment), or
against entry of a nutrient supply to these bacteria and
the escape of microbial products to cause periapical
inflammation (apical seal).
The earlier focus on apical seal gave way to an
emphasis on coronal seal, after it was shown (in
extracted teeth) that bacteria and their products could
penetrate the entire length of a filled canal within a
matter of days. A clinical study reported that the coronal
seal appeared to be more important than the quality of
the root filling (and hence the apical seal)5, although a
series of subsequent studies documented that both are

Figure 2: A. The three roles for the root filling (Sundqvist & Figdor 1998) are 1) blockade of communication with the oral
cavity, 2) sealing surviving bacteria within the canal space, and 3) preventing periapical fluid entry into the canal.
B. Sealing bacteria within the canal space (çentombmenté) includes sealer cement penetration into dentinal
tubules (top arrow) and into accessory canals (lower arrow). The entire canal space is filled with the root filling,
denying space to any residual bacteria for proliferation.
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essential to success. On the other hand, another clinical
study6 found that exposure of root canal fillings to oral
fluids by caries or loss of a restoration even for several
years did not result in periapical breakdown. This last
study demonstrates the importance of the host defense
response in preventing the development of disease › it
is not simply a matter of bacterial leakage, but the
balance between the severity of the microbial challenge
and the host defenses that determines whether clinical
disease occurs. Clearly, sealing the canal against
microbial penetration is a desirable and even essential
requirement for a root canal filling and the subsequent
restoration.
Entombment: This rather strange term has been
applied to sealing residual bacteria within inaccessible
locations in the root canal system (accessory canals,
dentinal tubules etc) so that they are starved of nutrients
and eventually die, or at least remain isolated so that
their metabolic products cannot reach the periapical
tissues4. In normal usage the word çentombmenté
implies the burial of something (or someone) already
dead, whereas residual bacteria will be a concern only if
they remain alive. Because some bacteria [specifically
E faecalis;7] can survive for prolonged periods within
dentinal tubules, the word çsealé would appear to be
sufficient to describe the isolation of bacteria within
inaccessible locations. However, it is the concept rather
than the terminology that is most important. Sealing
residual bacteria within the root canal system is
fundamental to long term success, and the ability to
achieve the effective isolation of remaining bacteria by
filling the orifices of dentinal tubules or by blocking
accessory canals, fins etc is a crucial role of sealer
cements. Resin-based sealers have been shown to
penetrate deeply into dentinal tubules8, 9, and this ability
may be a major factor in isolating the bacteria long term.

A BRIEF HISTORY OF OBTURATING MATERIALS
The necessity for obturating canals has been
recognized throughout the history of modern dentistry.
Although the rationale may have changed to some extent,
the need for a root filling remains as true today as it ever
has been. Despite occasional case reports of healing in
the absence of a root filling, these reports should be

considered exceptional. They simply demonstrate that
complete microbial elimination can sometimes be
achieved during cleaning and shaping, and that the canal
orifice can be sealed against subsequent bacterial
penetration. Relying on a durable coronal seal by the
restoration alone is fraught with risk of re-infection of the
canal space.
There are basically two types of obturating material:
solid core materials that are used in conjunction with a
sealer cement, and pastes or liquids capable of setting
to a solid material. The inability of a bulk solid material
such as gutta percha to provide an adequate seal has
been recognized since the beginning of modern
endodontics. Thus the root filling typically consists of the
core material, which occupies most of the space in the
canal, and a cement that is intended to provide a fluidtight seal between the core material and the canal walls
(Figure 3). Gutta percha has served as the most reliable
core material for almost 150 years. There is nothing
unique about gutta percha that can explain its continued
use as a root filling material. Rather it would appear that
its adaptability to a wide range of obturation techniques,
its thermal properties, and its solubility in a range of
solvents have rarely been matched by potential
substitutes. Its use has been maintained even with
alternative obturation techniques such as warm gutta
percha (vertical compaction or the Schilder technique),
the continuous wave technique, Thermafil and injection
techniques (Obtura and others). Other core materials
such as silver cones do not have a role in contemporary
endodontics.
In contrast, a wide variety of materials have been
used as sealer cements, often adapted from restorative
materials. Zinc oxide-eugenol cements have enjoyed
the longest history and are still in widespread use; their
clinical success cannot be questioned. Glass ionomer
cements have not been widely accepted. Calcium
hydroxide-based sealer cements were introduced to
provide antibacterial and osteoinductive effects. A range
of resins has also been used, but of these only epoxy
resin has enjoyed widespread use. The recent introduction of adhesive materials will be considered in detail
below.
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The alternative approach to root filling has been
the use of pastes or liquids, which are capable of setting
to a solid material that is intended to fill the entire canal
space and seal the canal. Numerous materials have
been tested in the past, including medicated pastes
based on zinc oxide-eugenol, and more particularly
synthetic polymers including polyketone (Diaket,
introduced almost 60 years ago), resorcinol-

formaldehyde resin (çRussian redé), silicones and
hydroxyethylmethacrylate (Hydron). Sealer cements
such as epoxy resins and Diaket have also been
proposed for use as a complete filling material. Problems
of controlling placement to ensure complete canal filling
without voids or extrusion beyond the apex (with resultant
tissue damage), and difficulties with removal and
retreatment, have limited the clinical success of many of
these materials. Conceptually, the idea of a single body
of material that serves the dual role of filling the canal
space and sealing the canal is an excellent one, potentially
superior to a combination of two unrelated materials. In
practice, however, it has been difficult to find a material
that allows for precise placement without voids or
overfills.

MEASURING THE EFFECTIVENESS OF
OBTURATION

Figure 3: Conventional root fillings rely on sealer cement to
fill any gaps between the core material and the
canal wall. A. Lateral compaction has resulted in
most of the space being occupied by core materials,
with only a thin layer of sealer cement. The sealer
cement (colored with black dye) also penetrates
extensively into dentinal tubules. B. Inadequate
compaction has resulted in a much greater
proportion of the canal space being occupied by
sealer (small arrow), with a large void also
present (large arrow).
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Some measure of the quality of obturation is
necessary, to determine whether new materials and
procedures offer any advantage over existing procedures.
Ultimately the real test of effectiveness is whether the
procedure results in predictable healing (clinical success),
but this is a time-consuming and difficult process. We
have tended to rely on experimental studies using
extracted teeth, with only occasional clinical studies.
Experimental approaches: By far the most common
method of evaluating obturation has been the
measurement of leakage, which is intended to reflect the
quality of the apical or coronal seal. More than 750
studies have been published on the topic of leakage of
root canal fillings, using dyes, radioisotopes, or bacteria
and their products (reviewed in 10, 11). Earlier studies
assessed apical leakage almost exclusively, because,
as discussed above, the apical seal was considered
essential to prevent çpercolationé of tissue fluids into
the canal space and the escape of irritants from the
canal. More recently, the focus of leakage tests has
shifted to coronal leakage, with a greater emphasis on
the ability of bacteria and bacterial products to penetrate
the length of the canal12. An alternative approach is
measurement of çfluid filtrationé12, in which fluid under
pressure is applied to filled roots and the rate of fluid flow
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measured. Fluid flow can be measured from either a
coronal or apical direction, and can be measured
repeatedly to determine whether the seal deteriorates
over time.
With all leakage studies, however, there is no
absolute measure of what is an acceptable degree of
leakage. Thus the only real value of these studies is
limited to comparing different types of root filling materials
or obturation techniques. Little attention has been
devoted to correlating the extent of leakage with clinical
healing. Oliver & Abbott (2001)13 conducted a study in
which teeth that had been root filled for routine clinical
reasons and extracted at least 6 months later, were
subsequently tested for apical dye leakage. They
demonstrated that almost all filled roots demonstrated
dye penetration even when the treatment had been
clinically successful, and the authors concluded that
treatment outcome cannot be predicted from the results
of dye leakage studies.
Two other experimental tests have also been
undertaken. In the first, the thickness of the sealer
cement layer or the ratio of sealer cement to core
material has been measured, based on the concept that

the sealer cement is vulnerable to dissolution over time.
A thin layer of sealer or a low sealer-to-core ratio is
considered an advantage8. More commonly, the adhesive
strength of the sealer cement to dentin has been
compared among different sealers, on the basis that a
good bond between sealer cement will result in less
leakage. The strength of the bond has been measured
by both tensile and shear bond testing, and more recently
by the push-out test14-17 (Figure 4). As with leakage
studies, bond strength studies do not provide an absolute
measure of the effectiveness of obturation, and the
results are limited to comparing different materials for
bond strength. ∅rstavik et al (1983)14 demonstrated
more than 25 years ago that there was little correlation
between bond strength and dye leakage. They concluded
that leakage and bond strength are not related to each
other, and that neither is related to the clinical performance
of the materials.
Clinical assessment: The technical quality of
obturation is generally measured radiographically, and is
assessed based on the length of the root filling in relation
to the radiographic apex, and the density (and perhaps
the taper) of the root filling18. A lower prognosis has

Figure 4: Diagrammatic representation of the push-out test. A 1 mm slice of root dentin is placed over a metal base with
a central hole, and a load is applied to the root filling via a metal punch until the root filling is dislodged. The test
is an approximation of the shear bond strength, but the tapered canal wall and the relatively soft core material (such
as gutta percha or Resilon) make it a less precise test.
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been reported for root fillings that are either short of the
desired length (0-2 mm from the radiographic apex) or
extending beyond the apex19. While it has been
demonstrated that the use of rotary NiTi instruments
enhances the quality of root fillings20, the technical
quality in relation to obturation technique or materials
has not been widely reported in clinical studies.
Ultimately, the only real measure of the
effectiveness of obturation is whether it reliably results
in healing of a periapical lesion, or prevents the
development of a lesion when none was present before
treatment. Many factors in addition to obturation contribute
to healing, and it is difficult to measure the influence of
the obturating material or technique separately from all
of the other factors. Clinical studies in relation to root
filling materials and techniques are rare. However, we
must keep in mind that when correctly used to a high
technical standard, conventional root fillings already lead
to a very high success rate. Thus any new material or
technique cannot be expected to result in greatly improved
healing; the benefit is likely to be in other aspects such
as ease of use, reduced time and cost, and perhaps
other benefits such as strengthening roots against
fracture.
The claimed benefits of new root filling materials
and techniques, then, are based primarily on experimental
studies rather than clinical results, with the understanding
that there may be little relationship between the two.
With these reservations in mind, we will now consider the
rationale behind some of the newly developed obturation
materials and techniques.

NEW CONCEPTS IN OBTURATION
A good rationale can be offered for a root filling
material that combines the two goals of filling the entire
space and bonding to the canal wall to achieve a good
seal. Such a material would potentially have a number
of advantages over a dual system of core material plus
cement, such as gutta percha plus sealer. Numerous
problems have been encountered with single-phase
materials in the past (such as Hydron and silicone),
limiting their widespread use. Since the introduction of
dentin bonding in endodontics, the focus of research has
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been on achieving a strong bond between the sealer
cement and the canal wall. In addition, substituting
synthetic polymers for gutta percha as core material
offers the potential for creating a continuous, chemically
bonded, polymerized mass that fills the entire space
without any interface that may serve as a pathway for
leakage. By forming a uniform structure, the possibility
of reinforcing the root against fracture has been suggested.
In this section we will consider the concepts involved in
use of these new materials.
Adhesion to dentin: Adhesion of a sealer cement
to the canal wall has always been regarded as a desirable
property of sealer cements21, but among the traditional
sealer cements only epoxy-resin based cements showed
a relatively strong bond22, 23. With dentin bonding
agents, a strong bond is created in three steps: i)
superficial dentin is partially demineralized using an acid,
exposing the collagen matrix; ii) the exposed collagen
matrix is infiltrated with a resin primer, creating a hybrid
layer; and iii) a thin layer of adhesive resin is placed over
the dentin and polymerized. This surface is then capable
of further bonding to a resin-based restorative material
placed in contact with the adhesive, forming a continuous
bond between the restorative material and dentin
(summarized in Schwartz 2006). The separate steps
may be combined to simplify the procedure, especially by
the use of self-etch adhesives. Resins are typically
methacrylate based, with a range of monomers such as
bisGMA and UDMA. Epoxy resins do not fit into this
category, and are used without dentin conditioning and
the creation of a hybrid layer; they rely largely on resin
penetration into dentinal tubules for their attachment to
the canal wall. Glass ionomer cements form a chemical
(ionic) bond with hydroxyapatite and show strong adhesion
to dentin, but subsequent bonding to a core material is
more challenging.
When applied to root canals, several severe
limitations are imposed on bonding procedures. The
dentin surface of the root canal wall is different from that
of outer coronal dentin (Figure 5). The geometry of a long
narrow canal makes the uniform application of materials
more difficult; evaporation of the volatile carrier of the
primer is similarly restricted; light penetration from a
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curing light held at the tooth surface is inadequate to
initiate polymerization deep within the canal, and dualcure or self-cure materials must be used. Irrigating
solutions (especially sodium hypochlorite), medicaments
and eugenol-containing sealer cements may interfere

Figure 5: The bonding surface for restorative materials to
coronal dentin (A), with relatively few and small
diameter dentinal tubules, favors the formation of
a hybrid layer with low reliance on resin tags for
bond strength. The bonding surface of root dentin
at the pulpal surface (B) contains many more
tubules with larger diameter, and resin tags may
play a greater role in adhesion of sealer cements.

with polymerization. To date, bond strengths of endodontic
materials to root dentin are lower than with restorative
materials bonded to coronal dentin, and further
development is necessary before good adhesion becomes
a clinical reality. The reader is referred to Schwartz
(2006)24 for a comprehensive review of bonding in the
root canal system.
The çmonoblocké concept: The term çmonoblocké,
which basically means a single unit, has only recently
been introduced into endodontics3, although it is more
widely used in engineering, electronics and in orthodontics.
The expression implies that the structure consists of a
single unit rather than being made up of separate parts.
In the context of root fillings, a çmonoblocké is created
when the core filling material forms a solid mass with
both the sealer cement and dentin, resulting in a strong
bond between the sealer and core material as well as
between the sealer and dentin (Figure 6). The bond
between sealer cements and gutta percha is weak, and
that between conventional sealer cements and dentin is
very variable depending on the type of sealer cement.
Thus conventional root fillings do not form a single mass
that is also bonded to the canal wall. The use of a dentin
bonding agent should provide a strong bond between the
sealer cement and the canal wall, and the use of
chemically similar polymeric materials in the sealer
cement and core material offer the potential for a
continuous root filling.
The ability of a material to bond to both dentin and
core material is not sufficient for a true çmonoblocké to
be created. Polymerization shrinkage may result in gaps
and voids between the sealer and core material. Because
teeth are subjected to large occlusal forces that cause
deformation of the root, the bond must be able to
withstand the stresses that are generated during normal
function. This requires that the materials should also
function under load as a single unit, which will be
achieved only if the modulus of elasticity of the materials
(including dentin) is similar25. [This logic is the same as
for the use of bonded posts, which also depend on
adhesion to dentin]. In addition, the extensive penetration
of resin into dentinal tubules, while filler particles remain
at the interface, means that there may not be sufficient
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Figure 6: A conventional root filling consisting of a core material plus sealer cement creates two interfaces: between the
sealer cement and the canal wall (large arrow) and between the sealer cement and the core material (small arrow).
Effective adhesion and creation of a çmonoblocké requires a strong bond at both interfaces.

resin present at the interface to result in good bonding
between the sealer and the core material16, 17. At
present çmonoblocké should be regarded as a good
concept, but one that has not been achieved with current
materials.
Reinforcement of roots: The idea that a rigid metal
post cemented into a canal reinforces the root against
fracture was rejected many years ago. Recently the use
of fiber-reinforced posts bonded to the canal wall has
again led to claims that the post is capable of reinforcing
the root. The same idea has been extended to recent root
filling materials, with claims of improved resistance to
fracture26. Although a few papers26-28 have reported
that roots filled with methacrylate-based resin materials
have a higher fracture resistance than roots with
conventional root fillings, most studies have reported no
difference29-32 or weaker roots with Resilon33. Given
the low strength and stiffness of the core materials used
for obturation, it is very unlikely that these materials can
increase the strength of roots32, 34, 35. The extensive
penetration of some sealer cements into dentinal tubules
has also been shown to have no effect on the fracture
properties of dentin32. Thus there is little reason to
believe that roots can be strengthened by any of the new
root filling materials. Indeed, it should be questioned
whether this is a legitimate role for root fillings. Entirely
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new materials with much greater strength and a higher
modulus of elasticity would need to be developed, and
the use of such materials would change the entire logic
of root filling.

NEW MATERIALS AND TECHNIQUES
Obturating materials and techniques have a long
history of progressive refinement and development, with
varying degrees of success. Heat-softened gutta percha
was first employed in vertical condensation more than
50 years ago; we now have access to better devices for
more controlled heat delivery, but also a carrier system
and injection devices for delivering the heat-softened
gutta percha into the canal. Additives to gutta-percha
such as glass ionomer cement particles, and a GIC or
resin coating of gutta-percha points to enhance the
adhesion of sealer cements, have been recently marketed.
New restorative materials are often adapted for use as
sealer cements, including glass ionomer cements and
dentin bonding agents as discussed above. Other
materials such as silicones and hydroxyethylmethacrylate
resin were developed for injection into canals, including
a recently introduced material that incorporates finely
dispersed gutta-percha and silver particles in a silicone
resin matrix. The variations seem endless, and it is hard
to understand the logic behind many of the new products.
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Amid all of the confusion, one concept stands out
as the basis for future developments that are most likely
to result in superior obturating materials. This is the
principle that the canal is best filled with a material that
forms a uniform, continuous mass occupying the entire
canal space and adhering strongly to dentin to minimize
the risk of leakage. Theoretically this could be achieved
by injecting a single material such as epoxy resin in a
liquid or paste form, which subsequently polymerizes to
a solid mass. In practice, filling canals in this manner
poses so many difficulties in control of placement that it
does not appear suitable for routine clinical use. As an
alternative, using a sealer cement and a core material of
similar composition and capable of chemically bonding
together into a solid mass could provide a practical
answer. This is the rationale behind several commercially
available materials, the best known of which is Resilon
(Pentron Clinical Technologies, Wallingford CT). The
Resilon/RealSeal/Epiphany system includes a core
material consisting of a mixture of polyester
(polycaprolactone) resin and a methacrylate resin, and
a methacrylate resin-based sealer which is capable of
chemical bonding to the core material as well as to
dentin. The entire root filling is thus claimed to form a
çmonoblocké. The material can be used with either cold
compaction or a range of heat softening techniques.
Products with a similar rationale but different chemistry
include a methacrylate resin-based sealer plus resincoated gutta percha points (EndoRez Ultradent, South
Jordan Utah), with the resin providing enhanced bonding
to the gutta-percha core, and gutta-percha points with
embedded glass ionomer particles and a surface coating
of glass ionomer cement (ActivGP, Brasseler USA,
Savannah Georgia), used in conjunction with a GICbased sealer cement. The continuing use of guttapercha in these last two products is powerful testimony
to its enduring place in endodontic thinking! Even
Resilon was specifically formulated to have working
properties that were very similar those of gutta percha3.
Products such as these are a real advance
conceptually. The question remains, however, whether
their clinical performance is superior to conventional
gutta-percha-based root fillings. Most of the literature

has been devoted to Resilon, and comments here will
be largely limited to that material.
Leakage: Conflicting results have been reported
when Resilon/RealSeal is compared with gutta percha/
epoxy resin sealer. Fluid filtration measurements have
generally favored Resilon/RealSeal, while microbial
leakage has generally demonstrated no difference between
the two types of root filling, except for the initial study by
the developers of the material (summarized in 36, 37).
Solubility of the sealer is also a concern38.
Adhesion: Adhesion of Resilon to dentin has
been measured primarily using the push-out test. This
test is very useful in that the root canals are first prepared
and filled under simulated clinical conditions, and then
thin slices of the root are prepared for testing. A plunger
is applied to the cut surface of the filling material and a
vertical load applied until the segment of root filling is
dislodged. The test serves as a good measure of
comparative bond strengths when different materials are
tested, and roots filled with gutta percha plus epoxy resin
sealer are commonly used as a control. Studies have
consistently demonstrated that the push-out strength of
Resilon is lower than that of gutta percha plus epoxy
resin sealer, and this result has been confirmed with
microshear bond testing15, 16, 39-42. Bond strengths
are much lower than those achieved with restorative
materials. These results suggest that bonding to dentin
within the canal space is not consistently achieved, and
remains only a concept rather than a reality.
Monoblock formation: It is difficult to assess
experimentally whether a monoblock is created within a
root canal (Figure 7). One measure is whether a good
bond is achieved between the sealer and dentin, and the
previous section shows that this is not the case (Figure
8). The bond between the sealer cement and the core
material has not been investigated in detail, but some
measure of its effectiveness can be derived from the
pattern of failure in the push-out test. A number of
studies have documented that some failures occurred at
the sealer/core interface (as well as the sealer/dentin
interface), indicating that the sealer and core material do
not become completely bonded to each other in a uniform
mass15, 16. Tay & Pashley (2007)25 concluded that
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creation of a monoblock remains an unrealized ideal.
Root reinforcement: Teixeira et al (2004)26, the
group that developed Resilon, reported that Resilonfilled roots fractured at higher loads than roots filled with
gutta percha, though neither was significantly different
from an unfilled control group. Numerous experimental
studies since that time have yielded inconclusive results,
but a majority have reported no difference in fracture
resistance. As emphasized above, it is inherently unlikely
that a weak core material (either gutta-percha or Resilon)

Figure 7: A typical cross-section through a bonded root
filling. The sealer cement penetrates dentinal
tubules to provide strong adhesion to the dentin,
but a weaker bond between the sealer and core
material (here, gutta percha) has resulted in a
gap between the sealer cement and core material.
In practice, both of the interfaces may be less than
ideal, resulting in lower bond strengths than are
encountered with coronal restorations.
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will have any influence on fracture resistance25, 35, and
çreinforcementé of roots by root filling materials (which
implies strengthening roots compared with no root filling)
should be disregarded as a potential benefit. It should
not be considered a desirable property of a root filling.
Clinical outcome (healing): Only one clinical study
has reported clinical outcomes with Resilon in
comparison with gutta-percha and a zinc oxide-eugenol
sealer, in a retrospective study of 103 teeth43. No
statistically significant difference in healing was found
between the two groups. The study was small, included
teeth both with and without periapical lesions present
initially, and had short follow-up times. Thus evidence
is very limited to date, but it must be tentatively concluded
that the newer material did not offer any clinical advantage.
It should be remembered, however, that with the excellent
outcome of root canal treatment overall (when it is
performed to a high technical standard), only a very large
study would detect a statistically significant benefit.
In summary, it must be concluded that the new
root filling material does not perform any better than
traditional materials across a wide range of experimental
tests and in clinical use. Clearly it is comparable to
conventional root fillings (and hence a very acceptable
material), but no better. The same conclusion can be

Figure 8: The canal wall surface after the push-out test of
Resilon. Bonding to dentin is not continuous, with
areas of empty dentinal tubules from which resin
tags may have been pulled out, and large flat
plates of filler particles overlying some tubule
orifices.
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drawn, though based on much less experimental testing,
for other similar products. The question needs to asked:
why not? Several possible answers can be offered. The
polymerization shrinkage associated with setting of
methacrylate-based sealer cements results in the pulling
away of the material from the canal wall and the
formation of voids. As a result, neither a strong bond nor
a complete seal is achieved25. When the sealer is placed
as a thin layer, the resin component, but not the large
filler particles, penetrates deeply into dentinal tubules
leaving a resin-depleted layer at the interface16, 17. This
interface is likely to be weak because the quantity of resin
is insufficient to form a continuous layer between the root
surface and the core material. Other practical problems
related to canal geometry, such as the complete coverage
of the canal wall, adequate removal of solvents and
moisture, and complete polymerization of the material
are all likely to contribute to the incomplete bond.

THE FUTURE
There is no doubt that a conceptual breakthrough
has been achieved with the new materials, in recognizing
the potential advantages of bonding to dentin and filling
the entire canal space with a single mass of material. To
date, however, no clear practical benefit has emerged.
The exploration of new materials based on synthetic
polymers rather than gutta percha is also a major
advance. Because these new materials can be
systematically modified to optimize their properties, they
should ultimately result in superior products. Attempts
to develop materials that can çreinforceé roots are
misguided; it should be acknowledged that this is not a
realistic role for root filling materials. A serious constraint
on the development of new materials has been the
requirement that root fillings can be easily removed to
permit retreatment. Thus they need to be soluble in
solvents that are safe for clinical use, or soft enough that
they can be removed mechanically or using heat. This
requirement needs to be re-examined, although it must
be acknowledged that hard-setting insoluble root fillings
will be difficult to remove. Better canal preparation and
simpler root filling procedures will reduce the need for
retreatment.

Until entirely new approaches to microbial control
become practical, we are likely to continue cleaning,
shaping and filling canals in much the same way as we
do now. In the same way as rotary nickel-titanium
instruments have improved the technical standard of
canal preparation, the new obturating materials will lead
in time to simpler, better and more predictable root filling
procedures.
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Abstract
Objectives: To evaluate the cytotoxicity of five commercially available
cyanoacrylate adhesives and flexural strength of heat-processed acrylic resin
repaired with these five cyanoacrylate adhesives.
Materials and methods: Agar diffusion technique was performed to evaluate
the cytotoxicity of five cyanoacrylate adhesives (Super Power Glue, Super
Glue, Super Glue Gel, Loctite Super Glue, Histoacryl) according to
ISO7405 at various post-polymerization times (1 hour, 6 hour, 1 day and
2 days). The extracts of five adhesives at 37°C and 55°C were also tested.
The three-point loading test was performed to determine the breaking stress
of acrylic resin specimens repaired with cyanoacrylate adhesive and those
repaired with conventional technique. This test was performed according to
ISO1567. Seventy two specimens were loaded to fracture using a universal
testing machine and then divided into six groups. Five groups were repaired
with each cyanoacrylate glues. For the control group, the fractured edges were
repaired with autopolymerized acrylic resin. All repaired specimens were kept
in water at 37°C for 7 days and 1 month before being loaded to fracture using
a three-point loading fixture. The mean flexural strength was calculated and
statistically analyzed. Analysis of variance was performed to determine if a
significant difference existed between mean strength of each group and the
Tukey-HSD multiple comparison test was performed to determine where
significant differences occurred.
Results and conclusions: Histoacryl cyanoacrylate adhesive was the least
toxic among the five adhesive tested. The toxicity of five adhesives decreased
after increasing polymerization time. Flexural strength of specimens repaired
with autopolymerized acrylic resin was signicantly higher than those of
specimens repaired with five cyanoacrylate adhesives. (p<0.05)
Key words: cytotoxicity, cyanoacrylate adhesive, acrylic resin
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Introduction
Alkyl cyanoacrylate adhesives are unique among
many classes of adhesives in that they consist of a single
component and provide bonding adhesives that cure
instantly at ambient condition without requiring any
external energy source. This characteristic, coupled with
an ability to bond to a variety of substrates, has made
them the ideal adhesive for numerous bonding
applications, especially for bonding small parts that were
difficult to assemble with conventional adhesives or by
mechanical means. In dentistry, when patients attempt
to repair broken dentures by themselves, they would use
commercially available cyanoacrylate adhesive.
Many commercially cyanoacrylate adhesives are
available in Thailand. They are used to assemble small,
close fitting parts of automobiles, furniture, toys, electronic
components, etc. Other types of cyanoacrylate adhesives
have attracted considerable attention to both medical
and dental profession. These types of adhesives have
longer alkyl chain length and have been proved to be less
toxic when used in contact with living tissues of human
and animal.1-11 These compounds have demonstrated,
both experimentally and clinically, the ability to bond
incised tissue when used as surface dressing in some
surgical procedures, to act as hemostatic and
bacteriostatic agents, and to promote healing by reducing
the degree and duration of the inflammatory response.1218 Of a number of cyanoacrylate adhesives tested, the
tissue healing response of butyl and isobutyl
cyanoacrylates were most favorable.13,15-17,19 On the
contrary, methyl cyanoacrylate was more toxic, causing
necrosis and edema and deemed unacceptable for
clinical use.19-20
In dentistry, a number of investigations of some
cyanoacrylate adhesives were conducted with regard to
the clinical application in the oral cavity.19-21 In the
family of these adhesives, butyl cyanoacrylate is
considered useful for many dental surgical procedures.
When used as an adhesive and surface dressing in
animals, wounds covered with butyl cyanoacrylate showed
minimal inflammatory response and edema.13,15,19 Eklund
and Kent demonstrated that isobutylcyanoacrylate caused
rapid hemostasis after tooth extraction in human beings

and effectively sealed the extraction socket.22 As a
periodontal dressing, no adverse side effects was reported
when butyl cyanoacrylate was used in periodontal surgical
procedures such as gingivectomy, free soft tissue
autograft, frenectomy and biopsy.1-3, 7, 9 ,10
In prosthodontics, cyanoacrylates have been used
to improve the hardness and abrasion resistance of a die
surface.23-24 These adhesives were also used for fixing
a prefabricated custom impression tray to a removable
denture framework for the altered cast technique.25
Because of the rapid cure and ease of use, many patients
frequently use cyanoacrylate adhesives to repair their
broken dentures. Clancy and Dixon reported that several
problems were encountered after this home repair
procedure using a cyanoacrylate adhesive.26 The fractured
denture portions that were not in a correct position would
cause unfavorable changes in occlusion and tissue
adaptation and often led to tissue irritation or subsequent
breakage. The objectives of this study were to evaluate
the in vitro toxicity of five cyanoacrylate adhesives
commercially available in Thailand, and to examine the
flexural strength of heat-processed acrylic resin repaired
with these five cyanoacrylate adhesives.

Materials and methods
Agar diffusion test
Cyanoacrylate adhesives used in this study are
shown in Table 1. For the in vitro cytotoxicity test, the agar
diffusion test was used according to ISO 7405: DentistryEvaluation of biocompatibility of medical devices used in
dentistry. The mouse fibroblasts (L-929) were cultured
using 10% new born calf serum in DMEM at 37±2°C
under 5% CO2, 95% air in a CO2 incubator (Mod
TC2323, Sheldon Manufacturing Inc, Cornelius, Oregon,
USA.) until culture reached confluence. The cyanoacrylate
specimens were prepared by absorbing 0.03 ml of each
cyanoacrylate glue on a borosilicate microglass filter disc
of 5 mm in diameter (Type A/E, Gelman Sciences, USA)
and then incubated at 37±2°C for 1 hour, 6 hour, 1 day,
and 2 days, prior to agar diffusion test. The extracts of
each cyanoacrylate adhesive were also prepared by
immersing the fresh polymerized adhesive into normal
saline using a ratio of adhesive 0.1-0.2 g to 1 ml of
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media. The extraction was performed in a glass tube with
a screw-cap closure. Blank extraction was used as a
control. Two combinations of extraction conditions were
used, i.e., extraction in an incubator at 37±2°C and
55±2°C for 1 hour and 1 day prior to cytotoxicity test. A
borosilicate microglass filter disc, 5 mm in diameter was
used to absorb 0.01 ml of each extract.
The overlay agar was prepared by mixing one part
of 2xDMEM with one part of 2% agar (GIBCO BRL) in
distilled water and kept at 45°C until use. The cultured
cells were trypsinized to release the cells from the glass
plate. Cells were counted and made up to 2.5 × 105 cells
/ml. Approximately 100,000 cells were transferred by
pipette into a petri dish having a diameter of 47 mm.
Cells were incubated at 37±2°C in a water-saturated
atmosphere with 5%v/v CO2 for 24-48 h. After a
monolayer of cultured cells was acquired, the prepared

agar medium was applied onto the monolayer, and
allowed to set at room temperature for 30 min.
Then the cells were stained with neutral red
solution for 30 min. After staining, the borosilicate
microglass filter disc containing adhesive, positive control
disc (British Standard Institute), and negative control
disc containing growth medium were applied to each petri
dish. All petri dishes were incubated at 37±2°C in a 5%
CO2 incubator for 24 hrs. Each substance was tested in
triplicate.
The decolorization index and lysis indices were
used to assess the cytotoxicity of each test substance.
The criteria for determining these indices are shown in
Table 2. By grading the test substances from the highest
to the lowest index, the materials were categorized from
the most toxic to the least toxic.

Table 1: Five cyanoacrylate adhesives used in this study
Materials(code)
Manufacturer
Super Power Glue
Kenji, Taoka Chemical Co., Ltd, Japan
Super Glue
Alteco Chemical Pte Ltd, Singapore
Super Glue Gel
Scotch, 3M Co., Ltd, Japan
Loctite Super Glue
Loctite Corp., USA
Histoacryl
B.Braun Co.,Ltd, Germany
Table 2: Decolorization and lysis indices
Decolorization
Description
Index
0
No detectable decolorization
zone around or under specimen
1
decolorization zone limited to
area under specimen
2
decolorization zone extends less
than 0.5 cm beyond specimen
3
decolorization zone extends
0.5 - 1 cm beyond specimen
4
decolorization zone extends further
than 1 cm beyond specimen but did
not involve entire dish
5
decolorization zone involve entiredish
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LysisIndex

Composition
Alkyl cyanoacrylate
Alkyl cyanoacrylate
Ethyl cyanoacrylate
Alkyl cyanoacrylate
Butyl cyanoacrylate

Description

0

No observable cytotoxicity

1

< 20% of the decolorization
zone affected
20 to < 40% of the decolorization
zone affected
40 to < 60% of the decolorization
zone affected
60-80% of the decolorization
zone affected

2
3
4

5

>80% of the decolorization
zone affected
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The flexural strength test
Seventy two specimens were prepared from heatprocessed acrylic resin. After placing plastic strips in a
dental flask, acrylic resin powder was mixed with monomer,
packed and processed in accordance with the
manufacturerûs instruction. All processed acrylic
specimens were wet grinded on a metallographic grinding
machine (Metaserv 2000, Buehler Co., Brighton, UK.)
to the required dimension (64 × 10 × 2.5 mm). All
specimens were stored in distilled water at 37±2°C for
30 day in an incubator prior to testing. All acrylic
specimens were loaded to fracture using a universal
testing machine (Instron 4502, Instron LTD.,
Buckinghamahire, England) at a crosshead speed of
5±1 mm/min.
After fracturing, 72 specimens were divided into 6
groups, 12 specimens for each group. For the a control
group, all specimens were repaired with autopolymerized
acrylic resin.The broken halves of each specimen were
positioned in a holding device. The edges of an acrylic
strip were trimmed with steel burs to create a 3 mm gap
and round edge profile as shown in Fig. 1. After trimming,
specimens were placed in a metal mold and the gap was
filled up with autopolymerized acrylic resin. The repair
material was allowed to set in water at 50°C under a
pressure of 30lb/inch2. (Polyclav, Dentarum, Ispringen,
Germany) Twelve specimens were divided into 2 groups
and then finished and stored in water at 37±2°C for 7
days and 1 month before testing.
For the remaining five groups, specimens were
repaired using 5 cyanoacrylate adhesives, 12 specimens

for each adhesive. After fracture, one piece of a fractured
strip was placed into a metal mold, and cyanoacrylate
adhesive was applied on the fracture surface of another
piece before repositioning in the metal device.Fig.2 This
metal device was used to ensure the correct position of
these acrylic portions. The adhesive was allowed to
polymerize for 1 hour at room temperature and all
repaired specimens were stored in water at 37±2°C for
7 days and 1 month prior to flexural testing.
All specimens were three-point loaded to fracture
using a universal testing machine at a crosshead speed
of 5 mm/min. The breaking stress for each specimen
was calculated and used for statistical analysis. An
analysis of variance was performed to determine if a
statistically significant difference existed between mean
strength of each group and the Tukey-HSD multiple
comparison test was performed to determine where
significant differences occurred.

Results
Agar diffusion test
Decolorization and lysis indices of five cyanoacrylate
adhesives are shown in Table 3. Super Glue Gel and
Super Glue adhesives showed the highest decolorization
index at 1 hour until 1 day. The decolorization zone of
Super Power Glue, Loctite Super Glue and Histoacryl
adhesives disappeared after 1 day. Histoacryl showed
the lowest decolorization index at all times. The extent of
cell lysis within the decolorization zone was also
estimated. Among five adhesives, Histoacryl caused

(a)
(b)
Figure 1: Acrylic specimen prepared with a round edge profile (a) and then repositioned in a metal device (b)
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cells to lyse less than other adhesives, and the cell lysis
could not be observed at 2 days. Other adhesives
exhibited more cell lysis and this cell lysis continued until
2 days. The decreases in the extent of the decolorization
zone and cell lysis were similar in that the decrease was
gradual and caused by an increase in after-polymerization
time of the cyanoacrylate adhesives. From the results in
this study, the toxicity of five cyanoacrylate adhesives
were ranked from highly to mildly toxic according to their
decolorization and lysis indices as Super Glue Gel, Super
Glue, Super Power Glue, Loctite Super Glue, and Histoacryl,
respectively. The representative photographs of the cell
appearance after addition of cyanoacrylate adhesives
are shown in Fig.3.
No decolorization zone and cell lysis from the
extracts at 37°C of five cyanoacrylate adhesives were
detectable. However the extracts at 55°C of Loctite
Super Glue and Super Glue Gel after 1 day were
moderately toxic. They had decolorization/cell lysis indices
as 2/3 and their amounts of cell lysis were the highest.

Flexural test
The mean flexural stresses of repaired heatprocessed acrylic resin are summarized in Table 4. After
loading, fracture occurred at the bonding site for all
adhesive-repaired groups. The mean flexural strength of
heat-processed acrylic resin was 79.7±3.8 MPa. The
mean flexural strength of acrylic-repaired specimens
was 76% of the original strength and significantly higher
than those of the adhesive-repaired groups (p<0.05).
Among the five adhesives, specimens repaired with
Loctite Super Glue had the highest strength after 7 days,
but decreased gradually after 1 month. Specimens
repaired with Histoacryl gave the significantly lowest
strength (p<0.05). After immersion in water for 1 month,
specimens repaired with Loctite Super Glue, Super Glue
Gel, and Histoacryl exhibited a significant decrease in
flexural strength, while the specimens repaired with
Super Glue and Super Power Glue had not effect with the
immersion.

(a)
(b)
Figure 2: Specimen strip after fracture (a) and after repositioned in a metal device and adhesive-repaired (b)

Table 3: Decolorization and lysis indices of five adhesives
Adhesives
1 hour
6 hour
DI
LI
DI
Super Glue
4
1
3
Super Power Glue
3
2
2
Loctite Super Glue
3
1
2
Super Glue Gel
4
1
3
Histoacryl
1
1
1

1 day
LI
2
2
1
1
1

DI
2
0
0
2
0

2 days
LI
1
1
1
1
1

DI=Decolorization index, LI=Lysis index
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0
0
0
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LI
1
1
1
1
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(a) negative control

(b) Super Glue

(c) Super Glue Gel

(d) Super Power Glue

(e) Histoacryl
Figure 3: Cell appearance after addition of cyanoacrylate adhesives at 1 hour.
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Table 4: Mean flexural stresses (MPa) of repaired heat-processed acrylic resin
Repair materials
7 days
Mean ± SD
Super Glue
28.3 ± 3.5a
Super Power Glue
33.3 ± 4.8a
Loctite Super Glue
40.4 ± 4.7b
Super Glue Gel
31.2 ± 4.8a
Histoacryl
22.2 ± 2.9c
Acrylic resin
60.1 ± 2.9d

1 month
Mean ± SD
28.0 ± 2.36a
33.7 ± 5.7a
22.3 ± 3.2b
14.9 ± 4.9c
14.3 ± 2.1c
56.3 ± 2.4d

means with the same superscript are not significant different.

Discussion
In this study, the extent of cytotoxicity of five
cyanoacrylate adhesives was investigated. As the toxicity
of a material may come from the material itself, the
degradation product may also be the cause of an adverse
effect. Therefore, the extracts of these adhesives were
also tested. According to the results from this study,
Histoacryl appeared to be the least toxic adhesive, as
also reported from other studies.27-28 The other four
adhesives were significantly more toxic. The cytotoxic
effect of leachable components from these adhesives
showed inverse relationship with the incubation time
after polymerization. This suggested that some substances
were released after initial polymerization of cyanoacrylate
adhesives. These release substances might be the result
from incomplete polymerization or from degradation
process of these adhesives. After 2 days, the adhesives
became more stable and caused less or no toxic for the
cultured cells. The results from a previous study reported
that formaldehyde was one of the most probable toxic
substances released from the depolymerization process
of cyanoacrylate adhesives and was accountable for the
cellular toxicity in that study.29 Some histological studies
also showed that the cytotoxicity of cyanoacrylate adhesive
might be the result of a local inflammatory reaction to
these adhesives.22,27,30
The extracts of five adhesives were also tested. At
37°C, the extracts did not show any toxicity at all
incubation times. However, the extracts of Loctite Super
Glue and Super Glue Gel at 55°C after 1 day caused a
significant amount of cell lysis. The results suggested
that the toxic substances could be released at high
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temperature. The extracts of cyanoacrylate adhesives
were also used in a previous study.31 The results were
used to rate the toxicity of cyanoacrylate adhesives from
the most to the least toxicity as follows: ethyl (fluid
form), ethyl (gel), and butyl cyanoacrylates. The direct
relationship between the length of the side chain in their
chemical structures and the degradation rate in vitro was
also reported.
In this study, decolorization index was an indication
of cell death even though cell lysis did not occur. A higher
decolorization index represented a higher degree of
toxicity of a material when compared with a material with
a lower decolorization index. The lysis index could be
used to compare the cytotoxicity of materials having the
same decolorization index.
The selection of materials used for repairing a
broken denture depends on several factors, such as
length of time required for making the repair, strength
and accuracy of the repairing material and procedures.
Autopolymerized acrylic resin almost fulfils these
requirements. However, a denture repaired with this
material has the disadvantages of a longer time needed
for repairing procedures and lower strength at the
repaired area compared with that of an original material.
Not only the type of material affects the survival of a
repair, shapes of the edge to be repaired also influence
the quality of the repaired denture. Several profiles can
be used such as knife edge, rabbet, round and butt joint.
A few studies have reported that a higher strength of
repaired specimens was observed with a round profile.3233 This was the reason for choosing this profile as the
control edge profile in this study.
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Regardless of flexural strength, cyanoacrylate
adhesives are easy to use, especially when joining wellfitting fracture surfaces. They cure as soon as they are
compressed into a thin film. These adhesives may be
used in an emergency situation, where assistance from
a dentist is not available. However, problems may arise
when the fracture parts could not placed back into the
correct position. Unfavorable change in occlusion occur
and will cause additional breakage.26 Nitkin and Sponzo
proposed a method of a denture repair using a
cyanoacrylate adhesive.34 They utilized an adhesive to
stabilize the broken parts and repair was performed with
autopolymerized acrylic resin. The authors suggested
that this method was simple and could be performed
easily without the need to pour a stone cast. In this study,
cyanoacrylates were tested as repairing materials. Flexural
strength of specimens repaired with these adhesives
was inferior to that repaired with autopolymerized acrylic
resin, only 36 to 67 % of the resin-repaired group. Their
strength also decreased gradually after immersion in
water for 1 month. According to their limited strength,
less resistance to water and their toxicity described
previously, cyanoacrylate adhesives appeared to be
inferior to autopolymerized acrylic resin when used as a
repair material. In an emergency situation where patients
have to repair their broken dentures by themselves, they
should use the least toxic cyanoacrylate adhesive and
have their denture repaired in a dental clinic as soon as
they can to prevent additional problems.

Conclusion
1. Histoacryl cyanoacrylate adhesive was the
least toxic among the five adhesive tested. Super Glue
and Super Glue Gel were more toxic. The toxicity of five
adhesives decreased after increasing polymerization
time.
2. The flexural strength of specimens repaired
with autopolymerized acrylic resin was significantly higher
than those of specimens repaired with five cyanoacrylate
adhesives. (p<0.05)
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Abstract
Objective: The purpose of this study was to investigate the ability of oxalate
and two different adhesive systems to reduce dentin permeability in vitro.
Materials and Methods: Forty-five non-carious extracted human premolar
teeth were sectioned transversly below the CEJ and the coronal pulp was
removed. A cylindrical cavity 3 mm in dimeter and 3 mm in depth was then
prepared within the buccal cusp. Each tooth was etched with 34% phosphoric
acid for 30s prior to the baseline measurement of dentin permeability. Teeth
were randomly divided into 3 experimental groups of 15 teeth each, and were
treated with 3% potassium tetraoxalate, a self-etching primer adhesive
system (Clearfil SE Bond) or total-etching system (Prime & Bond NT). The
hydraulic conductance was measured: at baseline and after treatment with
each agent.
Results: The hydraulic conductance was reduced after treatment with oxalate
and two types of adhesive, which was statistically significant when compared
to baseline (p 0.05, Paired t-test). The greatest reduction in permeability
was caused by oxalate (93%) followed by Clearfil SE Bond (63%) and Prime
& Bond NT (32%). There was also a significant difference between groups
(p < 0.05, one-way ANOVA, Tukeyûs test).
Conclusion: The two bonding systems could not seal the dentin as well as
oxalate. Hypersensitivity of dentin from denudation of the outer ends of
tubules should be replaced by desensitizing agents applied on the dentin
surface. The greatest reduction in permeability was achieved by oxalate.
Key words: dentin permeability, fluid filtration, adhesive systems, oxalate
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Introduction
Dentin hypersensitivity is a widespread and painful
condition. Data on prevalence varies, but the reported
incidence of hypersensitivity has been stated to be range
from 8-7.3 % of adult dentate populations1,2 and
hypersensitivity affects as many as 1 in 7 patients
undergoing dental treatment. Dentin hypersensitivity can
be characterized by short, sharp pain arising from
exposed dentin in response to stimuli, typically thermal,
evaporative, thermal, osmotic or chemical, and which
cannot be ascribed to any other form of dental defect or
pathology3. It occurs when dentin is exposed, particularly
in the cervical region of the tooth. Attrition, abrasion or
erosion can remove enamel covering the crown and
cementum. Gingival recession or periodontal therapy can
also expose the root surface. Dentinal tubules in these
regions of hypersensitivity have been reported to be
opened at their outer ends, and the number of exposed
tubules were also greater than normal insensitive
ones4,5 6,7.
At present, the hydrodynamic theory is believed to
be the transduction mechanism for dentinal pain8,9,10
which states that small shifts of dentinal fluid or tubule
contents occur in response to tactile, thermal or osmotic
stimuli. This movement of fluid stimulates
mechanoreceptors, resulting in pain impulses being
generated. The theory implies that for dentin to be
sensitive it must be permeable. Conversely, impermeable
dentin should be insensitive. The hydrodynamic theory
does not just refer to dentin that has been defined
clinically as hypersensitive. It refers to all dentin but the
theory opens the possibility of treating hypersensitivity by
tubule occlusion which will reduce the flow of interstitial
fluid11,12.
Attempts have been made to block dentinal tubules
as a method of treating dentin hypersensitivity. Many
substances have been tested in vitro. Greenhill and
Pashley13 tested a wide range of substances and found
that potassium oxalate significantly reduced hydraulic
conductance in vitro. However, studies in vivo are less
conclusive. Hongpakamanoon et al.14 demonstrated in
vivo that oxalate crystals covered only the ends of the
dentinal tubules and could be easily washed off. However,

many investigators demonstrated that adhesive systems
could seal dentinal tubules effectively5,15,16,17. Moreover
the combination of oxalate and resin impregnation was
also reported18.
There has been no research evaluation of fluid
movement in the prepared tooth cavities, which imitates
the human tooth better than experiments using the
dentin disc. The purpose of this study was to measure the
permeability of dentin in a cavity cut on the buccal surface
of premolar teeth. The dentin in vitro model was used to
investigate the effect of oxalate and two bonding agents
(total etching system and a self-etching system) on
dentin permeability under pressure in vitro. The null
hypothesis of this experiment was that there is no
difference in the permeability of dentin sealed with these
agents.

Materials and Methods
Forty-five non-carious human premolars with
closed apices have been used in this study within one
month of extraction. The teeth were stored in 0.1%
thymol solution and kept in a refrigerator at 4°C before
the experiment.
Preparation of the tooth
The teeth were transverse sectioned 1-2 mm.
below the CEJ using a diamond disc (Komet type 917,
Lemgo, Germany) under water coolant. The coronal pulp
was removed, and a cavity 3 mm in width and depth was
prepared within the buccal cusp using a diamond bur
(Intensive No.204, Viganello-Lugano, Switzerland) in
a high speed handpiece under water spray. The exposed
dentin was prevented from drying with distilled water.
The crown was cemented (Superglue, Osaka,
Japan) to a plastic block (ICI Plastics Division, Welwyn
Garden City, U.K.) into which had been sealed a stainlesssteel tube (No.18 hypodermic needle). The tube was
connected to a glass capillary (internal diameter 300
µm, Supracaps Cat No.709007) to accommodate the
rate of flow under different pressures. The pressure of
the system was controlled by attaching the tubing from
the capillary to a mercury manometer. Fluid flow through
the dentin was detected by observing the movement of

Effect of two types of adhesive and oxalate on dentin permeability in vitro
Supaviga Juntongkum Siriporn Timpawat Choltacha Harnirattisai Noppakun Vongsavan

107

« ∑—πµ ¡À‘¥≈ ªï∑’Ë 29 ‡≈à¡∑’Ë 2, 2552

a small air bubble introduced into the capillary. The flow
rate was measured with vernier calipers to an accuracy
of 0.01 mm, using a microscope with x10 eyepiece, x20
objective lens (Nikon, MM 110, Tokyo, Japan). Before
starting the experiment, the pulp pressure was taken to
11 mm Hg. The prepared cavities were etched with 34%
phosphoric acid (Dentsply / Caulk, Milford, DE, USA). for
30 s to remove smear layer created during preparation
procedures. The teeth were then randomly divided into 3
groups, each containing 15 teeth.
Group 1. (Control) The etched dentin surface was soaked
with 3% potassium tetraoxalate (Fluka, New
York, USA (DDS No.2 MW 254.2) for 2 min
then rinsed with water for 1 min.

Group 2. The etched dentin surface was treated with
primer of Clearfil SE Bond for 20 s and gently
air-dried. Clearfil SE Bond adhesive was then
applied with a brush and light cured for 10 s.
Group 3. The etched dentin was treated with a one bottle
adhesive (Prime & Bond NT). The adhesive
was applied and a gentle air stream was used
for 5 s, followed by light curing for 10 s.
The adhesives and method of applying are shown
in Table 1 and 2.
Measurement of fluid flow rate through dentin
All measurements of fluid flow were recorded with
a positive pulpal pressure of 300 mm Hg. Three

Table 1 Materials, manufactures, type, etching agent and system compositions
Material
Manufacture
Type of
Etching
Composition
Batch
material
agent
number
Prime & Bond NT Dentsply Detrey, One-bottle 34%
Di-and trimethacrylate
0304001771
Milford, DE, USA Bonding
Phosphoric resin
system
Acid
Functionalized
amorphous
silica
PENTA- cetylamine
Hydro fluoride
Acetone
Clearfil SE Bond Kuraray, Osaka, Two-step
None
Primer: MDP, HEMA
00335A
Japan
Self-etching
Bonding system
monomer, water, catalyst
Adhesive: MDP, HEMA, 00431A
Dimethyacrylate
monomer microfiller,
catalyst
PENTA (dipentaerythritol penta acrylate monophosphate)
MDP (10-Methacryloloxydecyl dihydrogephosphate)
HEMA (2-Hydroxyl ethyl methacrylate)

Table 2 Procedures of agents used in the experimental groups
Material
Etching
Applying agents
Oxalate
34%phosphoric acid,30s
3% potassium oxalate for 2 min; rinse 1 min
Clearfil SE Bond
Primer 20s; gentle drying 5s
Adhesive 20s;gentle drying 5s; light cure 10s
Prime&Bond NT
Adhesive 20s;gentle drying 5s; light cure 10s
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consecutive measurements were taken, each over 10 s,
after the treatment was applied to the cavity, to allow for
any compliance in the system (Fig.1). After etching,
hydraulic conductance was assigned a value of 100%
(baseline value). In this manner, each tooth served as
its own control.
Measuring the area of exposed dentin
A photomicrograph was taken at a magnification of
x25 to measure the area of exposed dentin in each tooth,
using the Image-Pro Plus software program (Media
cybernetics, Silver Spring, MD, USA).
Measuring the remaining dentin thickness
At the end of the experiment, all teeth were
sectioned longitudinally in such a way that the plane of
section passed through the buccal and lingual pulp
horns, using a diamond disc. Then, the remaining dentin
thickness (RDT) was measured between the highest
pulp horn and the floor of the cavity with a vernier calipers
and the mean RDT was calculated.
Calculating the hydraulic conductance (Lp)
Lp =

Flow rate / Pressure
Area of dentin exposed

Lp = nL s-1 mm ›2 mm Hg-1
Flow rate = mm of bubble movement per sec ×
cross-sectional area of capillary
Pressure = mm Hg
Area of dentin exposed = mm2
Scanning Electron Microscopy (SEM)
One randomly selected tooth from each treatment

was fractured longitudinally through the cavity and dried
overnight at room temperature. The specimen was fixed
to a stub with conductive adhesive tape (SPI Supplies,
USA) and sputter-coated with gold-palladium (SPIModule : SPI Supplies Division of Structure Probe, Inc.,
USA.). under vacuum and examined using a scanning
electron microscope (JSM-5410 LV, JEOL, Tokyo,
Japan).
Statistical analysis
The mean hydraulic conductance (Lp) after
treatment with oxalate and bonding agents was compared
to the baseline value for same tooth (after acid etching)
using a paired t-test. Comparisons among the three
groups were made using one way ANOVA with multiple
comparisons (p < 0.05, Tukeyûs test).

Results
The baseline hydraulic conductance showed
substantial variation among teeth, but there was no
significant difference among the 3 groups (p > 0.05)
(table 3).
In the group treated with oxalate, hydraulic
conductance was reduced by 93% compared with baseline
(p = 0.005, paired t-test). Clearfil SE bond reduced Lp
by 63% (p = 0.002) and Prime & Bond NT reduced Lp
by 32% (p = 0.002) relative to baseline. Oxalate was
significantly more effective than the adhesives (p < 0.05,
1-way ANOVA, Tukeyû s test)
The mean remaining dentin thickness is shown
in Table 4. There is no significant difference between
the 3 groups (p > 0.05)

Figure 1: Diagram of the experimental set up for measurement of the fluid flow through dentin in vitro
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Table 3 Results showed mean of the hydraulic conductance and percentage of reduction.
Agents
N
Hydraulic conductance
(x10-3 nL s-1 mm-2mm Hg-1)
Before
After
†
Oxalate
15
15.24 +/- 11.07
0.75 +/- 0.90
Clearfil SE Bond
15
24.76 +/- 17.95
7.62 +/- 7.27
Prime&Bond
15
17.58 +/- 7.56
11.68 +/- 6.88
Table 4 Mean remaining dentin thickness (RDT)
presented as mean ± SD.
Agents
RDT (mm)
Oxalate
1.91 ± 0.43
Clearfil SE Bond
1.79 ± 0.39
Prime & Bond NT
1.84 ± 0.46
Scanning Electron Microscopy (SEM)
SEM examination of the fractured dentin surface
that was acid-etched and treated with oxalate showed
crystals partially occluding the tubules, but penetration
was not usually deeper than the very outer part of the
tubules (Fig. 2A and 2B). The dentin surface treated with
Clearfil SE bond (Fig. 3A and 3B) and Prime & Bond NT
(Fig. 4A and 4B) showed adhesives covering the dentin
surface and short resin tags in the tubules.

% of reduction

93
63
32

Discussion
Based on the hydrodynamic theory, the interstitial
fluid movement within dentinal tubules is the basis for
the transmission of sensation. The recommended method
of interrupting this transmission of pain stimuli and
reducing the flow of interstitial fluid is to block the
tubules. Dentin sensitivity can be controlled by occlusion
of dentinal tubules or by a reduction of intradental nerve
excitability. The latter requires agents such as potassium
ions and is beyond the scope of this study. Products such
as oxalate, bonding agents, cavity varnish etc. have been
advocated to treat dentin hypersensitivity by sealing the
outer dentin surface.
This in vitro study was undertaken to compare the
dentin permeability affected by oxalate and dentin
adhesives. For all experimental groups, the cut dentin
surface was first subjected to prolonged (30 seconds)

Figure 2A: SEM picture of the dentin surface of an oxalate-treated specimen, showing oxalate crystals are occluding most
dentinal tubules (Magnification, x1000).
2B: The fractured surface, demonstrating the oxalate crystals precipitated on the surface and extending into the
tubules to approximately 2.0-2.5 mm (Magnification, x2000).
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etching with 34 % phosphoric acid to ensure that the
smear layer was removed and tubules were patent,
simulating the clinical situation of dentinal sensitivity19.
The greatest reduction in permeability was caused by
oxalate (93%) followed by Clearfil SE Bond (63%) and
Prime & Bond NT (32%). Thus oxalate produced a much
greater reduction in dentin permeability than either

adhesives. Previous studies demonstrated the efficacy
of oxalate in decreasing dentin permeability11,20,21.
Pashley et al.11 found that 2% potassium oxalate
reduced the hydraulic conductance of dentin by 98%
while this study using 3 % potassium tetraoxalate found
a comparable 93% reduction.

Figure 3A: Dntin surface of a Clearfil SE Bond-treated cavity. The dentin surface is covered with a thin film of bonding agent
(Magnification, x1000).
3B: The fractured surface of the dentin demonstrating a thick adhesive layer covering the surface and some part of
the resin tags extending into the tubules (Magnification, x2000). Arrow indicates gap between adhesive layer
and dentin.

Figure 4A: Dentin surface treated with Prime & Bond NT. Note the adhesive material covering the dentin surface
(Magnification, x1000).
4B: The fracture side of the specimen, extremely thin adhesive film covering the surface, and resin tags (arrow)
extending a short distance into some dentinal tubules. Some open tubules are still patent, suggested that bonding
resin could not penetrate all tubules (Magnification x2000).
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The oxalate reacts with ionized calcium in the
dentinal tubules, forming crystals of insoluble calcium
oxalate that can partly occlude the tubules at a level 57 µmm. below the surface of the tubule orifices18.
Previous studies13,22 observed that dentin treated with
potassium oxalate produced crystals of a size similar to
the size of the etched tubules. Vongsavan et al 23 also
found that oxalate increased acid resistance of the
dentin surface, which may assist in reducing dentin
sensitivity.
Adhesive resins have also been advocated for
occluding exposed, open dentinal tubules. However, the
permeability following application of one-bottle and
self-etching primer was greater than in the oxalate
group. The greater permeability, which suggests less
sealing ability of dentinal tubules of the adhesive resin,
may be due to the thickness of the adhesive resin layer,
which was different between these two adhesive systems.
The obvious reason for this outcome was that the Clearfil
SE Bond contains no solvent, which was resulted in
relatively thicker consistency of the adhesive following
the application. Topographical features from this study
which, observed by scanning electron microscope of the
Clearfil SE Bond found a thick layer of adhesive covered
the dentin surface in most specimen. The thickness of
the layer may cause greater shrinkage during
polymerization. In Fig 3 B a small gap was found between
adhesive resin and dentin surface in Clearfil SE Bond
group. Although the gap may be a result of artifact during
specimen preparation but the gap was observed in most
specimens in this group, when compared to the other
groups. The gap could explain why the permeability from
the adhesive was greater than the oxalate group. This gap
was probably due to the shrinkage of a thick bonding layer
during polymerization process which pulled out the resin
tags from dentinal tubules. Over time, resin tags may
hydrolytically degrade causing the development of a gap
between the tag and the surrounding tubule, allowing
sufficient fluid shifts to cause a return of dentin
sensitivity18.
However, for the group using Prime & Bond NT, a
single application of dentin adhesive was the reason that
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the procedures were ineffective in reducing dentin
permeability24. It is recommended to apply multiple
layers of the one bottle self-primer adhesive to ensure
a sufficiently thick resin film on top of the hybrid layer.
This is particularly true when using primer/adhesive resin
combinations with high acetone content as Prime & Bond
NT. The SEM picture (Fig 4 B) clearly reveals that the
single application of Prime & Bond NT could not produce
a uniform layer over the entire dentin surface. Some
tubule openings could still be observed.
In this study the self-etching primer, Clearfil SE
Bond, resulted in a greater reduction of dentin permeability
than the total-etching system. In a previous study, the
Prime & Bond NT, with strong etch potential, produced a
very thin hybrid layer of approximately 1-2 microns in
depth, and the sealing ability of this system is potentially
poor25. Moreover, the nanoleakage observed from a
self-etching system was less than the systems that
used an acidic conditioner such as a one-bottle system26.
In an experiment on fluid movement across the resindentin interface during and after bonding, it was observed
that there was a large fluid shift during bonding, which
was observed mostly in the acid-etched dentin. At this
stage, it would permit water from dentin to mix with the
hydrophilic co-monomers during evaporation of solvent
and during light curing. This condition would create
nanoleakage pathways within the adhesives (27) and
may be another reason for greater permeability in the
group of Prime & Bond NT.
Dentin treated with potassium oxalate revealed
crystals of calcium oxalate within dentin tubules28. The
reaction of soluble oxalate salts with dentin is limited to
the concentration of the ionized calcium in the dentin
tubules. The crystals block the dentin tubule and prevent
fluid flow in the tubule, then provide reduction in dentin
permeability13,17. However, applications of potassium
oxalate are relatively short-lived procedures for occluding
dentin tubules due to dissolution of calcium oxalate in
saliva29. The dissolution of calcium oxalate crystals
occurs over a 2-week period, but may leave intratubular
calcium oxalate crystals below the surfaces13,28,30, so it
is better to apply calcium oxalate periodically.
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Abstract
Objective: The objective of this study was to find the prevalence of orofacial
pain and treatment seeking behavior among the general population in
Bangkok.
Materials and Methods: A descriptive, cross-sectional survey in randomly
selected 1,501 people living in ten different districts in Bangkok was
performed. The subjects completed questionnaires about orofacial pain
symptoms and treatment seeking behavior.
Result: A total of 867 females (57.8%) and 634 males (42.2%) with
average age 41.74 ± 14.87 years old participated in this study. Most
subjects had educational level lower than bachelor degree (88.8%) and had
monthly income less than 8,500 baht (69.1%). In all, 57.2 percent of
subjects had OFP in the past six months. The most common symptoms were
headache (83.2%), toothache and tooth sensitivity (64.3%), oral ulcer and
burning sensation (51.6%). A total of 12.6 percent of those subjects were
absent from work because of OFP symptoms. In all, 71.6 percent of OFP
subjects received treatment. Most of them used over-the-counter medications
to relieve their pain (45.9%).
Conclusion: OFP was common among the general population in Bangkok,
causing them to take leave from work.
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Introduction
Pain is a personal experience that reflects the
totality of genetic, physiologic, and psychosocial
contributions. It is important as a health status indicator
and is the reason for seeking health care. Orofacial pain
(OFP) is one of the most common regional pain syndromes.
It refers to pain associated with the hard and soft tissues
of the head, face and neck.1 Patients may have multiple
pain complaints, with confusing signs and symptoms, so
the diagnosis of orofacial pain is quite difficult and
challenging to the clinician. In the last edition of guidelines
for assessment, diagnosis, and management of OFP,
The American Academy of Orofacial Pain classified OFP
into eight groups.1 (Table 1)
The prevalence of OFP ranges from 10 to 53%
and differences are noted among countries and
continents.2-7 In North America, the prevalence of OFP
in the USA is lower than in Toronto (22% and 53%
respectively).2,3 In Europe, the prevalence in South East
Cheshire is higher than in Germany (26% and 10%
respectively).4,5 In Asia, the prevalence of OFP in Hong
Kong and Korea are not different (41.5% and 42.0%
respectively).6,7 The most common symptom of OFP is
intraoral pain such as toothache2 and tooth sensitivity.3,
6 The prevalence of each disorder varies by age. For
Table 1: Classification of OFP
Classification
1. Intracranial disorders

2. Primary headache disorders

3. Neuropathic pain disorders
4. Intraoral pain disorders
5. Temporomandibular disorders
6. Cervical pain disorders
7. Extracranial and systemic
causes of orofacial pain
8. Psychological disorders

toothache, oral sores and jaw joint pain, the prevalence
decreases among older subjects. In those subjects, the
prevalence of burning mouth is high.2
Several factors are related to OFP prevalence such
as age, gender, ethnic, socioeconomics status,
psychological disorders, local mechanical factors and
co-morbidities.8 Due to anatomic and genetic differences
between males and females, the sexes differ in their
predisposition toward and response to pain. Besides
those factors, the difference of pain perception depends
on biological factors such as hormonal status and the
psychosocial factors.9 Some studies reveal that women
have a higher prevalence of OFP.2, 4, 5
OFP impacts patientsû ability to work. Elderly
patients with OFP lose the ability to work 9.9% and it
interferes with daily life 20%.10 The subjects with OFP
symptoms sought treatment 20.3 - 46%.6,11 Lost
productive time from pain condition among workers cost
more than $60 billion annually in the USA.12 It is
important to provide basic OFP knowledge to the general
population. Early detection of symptoms will lead to
proper diagnosis and management which will reduce
disease process, severity and increase the cure success
rate.

Characteristic
Headache.
New or abrupt onset of pain or progressive
in short duration
Throbbing, pulsating, beating pain.dull, steady,
aching pain. Accompany symptoms: nausea/vomitting,
photo/phonophobia, tearing, Hornerûs syndrome
Sharp-shooting, lancinating, electrical- like pain
Burning sensation
Variable by causes, response to dental treatment
Dull, aching pain, related to jaw use
Dull, aching pain
Variable, heterotopic pain, presence of systemic
diseases
Variable, not response to reasonable normal treatment
No pathological causes

Presence
Continuous

Intermittent
Continuous
Intermittent
Intermittent
Intermittent
Intermittent
Continuous
Intermittent
Variable
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In Thailand, no population-based study has been
conducted to specifically determine the prevalence of
OFP. The objective of this study was to find the prevalence
of orofacial pain and treatment seeking behavior among
the general population in Bangkok.

Mahidol University. They were asked to complete the
questionnaire. The answers were compared to clinical
data and given diagnosis. In 95% of cases, agreement
was found between the responses to the questionnaire
and the diagnosis.

Materials and methods

III. Data collection and analysis
Orofacial pain was defined as present if the
subjects gave positive answer to any OFP symptoms in
the head, face and neck within the past six months.
SPSS Software Version 16 was used to analyze data. The
prevalence of orofacial pain and treatment seeking
behavior were calculated by percentage. Gender and age
ratio were compared by Chi-square test.

This study was designed as a descriptive, crosssectional survey approved by the Committee on Human
Rights Related to Human Experimentation, Mahidol
University.
I. Subject selection
The randomization process was performed by the
National Statistical Office, Thailand. One thousand five
hundred and one subjects were selected by a threestage random sampling procedure :
1. Randomly selected 10 districts from 50 districts
in Bangkok.
2. Randomly selected 5 blocks in each district.
3. Randomly selected 30 households per block.
Ten surveyors from the National Statistical Office
were informed about the inclusion and exclusion criteria
of subjects in this study. They used sampling interval to
assign the house then selected the subject who was the
first person they met in that household to complete the
questionnaire.
The sampling criteria included Thais who could
read and write Thai language, aged at least 18 years old.
People who lived in the condominium and lived outside
Bangkok territory were excluded from this study. The
subjects were informed about the objective of the study,
and if subjects wanted to enroll in the study, they were
asked to sign in informed consent forms.
II. Questionnaire
The questionnaire was designed to collect
information on current and past experience about orofacial
pain over six months. The questionnaire was composed
of three parts: demographic data, OFP symptoms, and
the effects on work including treatment seeking behavior.
The questionnaire was tested for validity by twenty
patients attending clinics at the Faculty of Dentistry,
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Results
I. Characteristics of subjects
One thousand five hundred and one subjects
(100% response rate) from ten different districts were
selected randomly in this study, in all, 867 females
(57.8%) and 634 males (42.2%). The age ranged
from 18-87 years old (average age 41.74 years old ±
14.87). Most of the subjects aged between 35 and 54
years old (43.6%). They had an educational level lower
than bachelor degree (87.9%), and had monthly income
less than 8,500 baht (67.8%). The details are shown
in Table 2.
II. Prevalence of OFP
The prevalence of OFP in this study was 57.2 %
(858 of 1,501 subjects). In the OFP group, females
totaled 61.2 % (531 of 867 subjects) and males 51.6 %
(327 of 634 subjects). A significant difference between
genders, age groups and the prevalence of OFP was
found (p < 0.05). Subjects aged 35 to 54 years old
reported OFP more than other age groups. No differences
were found between educational level, monthly income
and the prevalence of OFP. Total subjects did not equal
each characteristic because a group of subjects did not
complete the questionnaire (Table 3).
As shown in Table 4, the most common reported
OFP symptoms were headache, toothache, oral sore and
burning sensation. One group of subject had more than
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one symptom (189 subjects, 22.03%). The prevalence
of headache, oral sores and burning sensation, TMJ
sound and neuralgic-type pain were different compared
by age (p < 0.05). Subjects 35-54 years old had the
highest prevalence of those OFP symptoms except TMJ
sound. The highest prevalence of TMJ sound was found
among subjects 18-34 years old (55.5%). Educational

level as well as monthly income of subjects were not
significant for the prevalence of OFP.
III. Impacts from orofacial pain and treatment seeking
behavior
The result of this study revealed that OFP symptoms
of subjects were the cause of absence from work (108

Table 2: The demographic characteristics of subjects
Characteristics (n)
Gender (1,501)
Male
Female
Age (1,497)
18-34
35-54
55+
Education (1,486)
Lower than bachelor degree
Bachelor degree or higher
Monthly income (1,471)
Less than 8,500 Baht
8,500-15,000 Baht
More than 15,000 Baht
Table 3: Demographic details of self-reported of OFP subjects
Characteristics
Gender, total = 858
Male
Female
Age, total = 856*
18-34
35-54
55+
Education level, total = 847*
Lower than bachelor degree
Bachelor degree or higher
Monthly income, total = 836*
Less than 8,500 baht
8,500-15,000
More than 15,000 baht

No. of subjects (%)
634 (42.2)
867 (57.8)
529 (35.3)
654 (43.7)
314 (21.0)
1320 (88.8)
166 (11.2)
1,017 (69.1)
362 (24.6)
92 (6.3)

No. of subjects (%)
327 (38.1)
531 (61.9)
313 (36.6)
394 (46.0)
149 (17.4)
748 (88.3)
99 (11.7)
563 (67.4)
216 (25.8)
57 (6.8)

* there were missing data.
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of 858 subjects, 12.6%). The details are shown in Table
5. In total, 68.2 percent of subjects (585 of 858
subjects) with OFP symptoms thought they needed
treatment for their symptoms. Subjects 35-54 years old
lost from work time because of OFP symptoms more than
any other age group. The lowest income group thought
that they needed treatment of their symptoms more than
higher income group. In all, 71.6 percent of subjects
(614 of 858 subjectss) with OFP symptoms were
treated for their OFP symptoms. Most of them had an
educational level lower than bachelor degree. They
Table 4: Percentage of OFP symptoms in OFP group
OFP symptoms
Headache
Toothache and tooth sensitivity
Oral sore and burning sensation
Sharp shooting, electric like shock pain
(Neuralgic-type pain)
Pain on face and jaw
Pain at TMJ
TMJ sound
Limited mouth opening, open locking

sought treatment by using self prescribing medication
(45.9%), consulting general medical practitioners
(24.7%), dentists (19.3%), other professional health
care providers (4.6%) and specialists (2.2%). Each
subject was treated with more than one treatment.
Subjects with neuralgic-type pain lost work time
and received treatment more than others. However,
treatment seeking behavior had the highest prevalence
in subjects with toothache and tooth sensitivity (Table
6).

No. of subjects (%)Total = 858
714 (83.2)
552 (64.3)
443 (51.6)
115 (13.4)
268 (31.2)
120 (14.0)
120 (14.0)
58 (6.8)

Table 5: Work absence and treatment seeking behavior by self-reported OFP subjects (%).
Characteristics
No. of subjects (%)
Work absence
Treatment seeking behavior
Gender
Total 108
Total 585
Male
34 (31.5)
216 (36.9)
Female
74 (68.5)
369 (63.1)
Age
Total 108
Total 584*
18-34
44 (40.7)
193 (33.0)
35-54
56 (51.9)
278 (47.6)
55+
8 (7.4)
113 (19.3)
Education level
Total 106*
Total 578*
Lower than bachelor degree
94 (88.7)
511 (88.4)
Bachelor degree or higher
12 (11.3)
67 (11.6)
Monthly income
Total 105*
Total 574*
Less than 8,500 baht
57 (54.3)
390 (67.9)
8,501-15,000
43 (41.0)
140 (24.4)
More than 15,001 baht
5 (4.7)
44 (7.7)
* there were missing data
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Had treatment
Total 614
222 (36.2)
392 (63.8)
Total 613*
209 (34.1)
293 (47.8)
111 (18.1)
Total 609*
546 (89.7)
63 (10.3)
Total 604*
407 (67.4)
151 (25.0)
46 (7.6)
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Table 6: Work abscence and treatment seeking behavior by OFP symptoms (%)
OFP symptoms (n)
No. of subjects (% within each symptom)
Work absence Treatment seeking behavior Had treatment
Headache (714)
102 (14.3)
496 (69.5)
522 (73.1)
Toothache and tooth sensitivity (552)
67 (12.1)
420 (76.1)
408 (73.9)
Oral sore and burning sensation (443)
58 (13.1)
327 (73.8)
320 (72.2)
Neuralgic-type pain (115)
30 (26.1)
83 (72.2)
86 (74.8)
Pain on face and jaw (268)
49 (18.3)
176 (65.7)
199 (74.3)
Pain at TMJ (120)
22 (18.3)
87 (72.5)
82 (68.3)
TMJ sound (120)
22 (18.3)
82 (68.3)
88 (73.3)
Limited mouth opening,open locking (58)
11 (19)
38 (65.5)
40 (69)

Discussion
The prevalence of OFP in our study was 57.2%.
This prevalence was higher than previous studies 2-7
which did not include headaches in their studies.
Headaches were one of the most common extraoral OFP
while toothache and tooth sensitivity were the most
common symptoms of intraoral OFP. When data about
headaches was excluded, the prevalence of OFP in our
study was 49.2%, similar to the studies in Toronto 3 and
Hong Kong.6 Race and ethnicity may play a role in the
difference.2 In the Nuprin report, headache was the most
common symptom that caused work disability. They
found that headache was the cause of lost working days
more than the other pains in the whole body.13 However,
we found that subjects with neuralgic-type pain reported
the most workdays lost as well as being treated for their
symptoms. This may be due to the characteristics of
neuralgic-type pain, severe pain with sudden onset,
electrical shock-like in quality, an unusual experience for
the respondents. This type of pain is usually triggered by
normal daily activities like washing the face, brushing the
teeth, smiling or even touching the face. These
circumstances could affect and interfere with their life
and lead them to seek immediate treatment.
The most common symptom of OFP in this study
was headaches, most of those between 35 and 54 years
old. Headache is a general term that one could use to
describe their pain, but headaches vary such as migraine
and tension type headache. In Thailand, the study of
chronic daily headache revealed that the average age of

patients was approximately 33 years old.14 Another
report revealed the onset of the headache was common
for those between 20 and 43 years of age.1 The study
about the prevalence of migraine shows that it is
common in patients aged 35 to 45 years old.15
Females had a higher prevalence of OFP than
males in this study, similar to other studies.2, 4, 5 Sex
difference could play an important role. Women generally
show higher pain thresholds and tolerances than do men
to a variety of noxious laboratory stimuli.16
Although no difference was found among
educational level, monthly income, prevalence of OFP,
absence from work and treatment seeking behavior in our
study, we noted that subjects with lower levels of
education experienced OFP more than the other groups.
Those subjects may not be aware of their health care and
oral care needs. They may not have basic knowledge
about how to take care of their health or could not afford
the cost of treatment. In general, subjects with high
educational levels usually had good career paths as well
as income. Locker, et al. 17 reported that the highest
prevalence of OFP was among people with less than high
school education, and the lowest in people with more
than high school education. An observation of adults
aged 50 years and over living independently in Toronto
revealed a significant trend with the highest prevalence
(45%) of orofacial pain found in the lowest income
group and the lowest prevalence (25%) in the highest
income group.18 In contrast, Von Korff, et al. 19 did not
find any association between whether the respondent
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was a college graduate, and the prevalence of OFP.
Further studies are needed to clarify the association
between educational level and prevalence of OFP.
In this study, most subjects with OFP used OverThe- Counter (OTC) medication to treatment themselves
before consulting health professionals, while other studies
reported subjects sought treatment from health
professionals.3, 6
These data were obtained from self-completed
questionnaires without clinical examination. Some missing
information may lead to misinterpretation about OFP
symptoms. A further study, employing a larger sample
size such as a national survey, will represent the
prevalence and impact of OFP in our country, giving clear
information about OFP. These data may serve basic
knowledge leading to better understanding about the
prevalence of OFP.

Conclusion
Orofacial pain is commonly found among the
general population in Bangkok. Females reported OFP
symptoms more than males. Subjects aged 35 to 54
years old had the highest prevalence of OFP. The pain
caused them to be absent from work. This effect was
similar to results reported in other countries. The treatment
seeking behavior of OFP group was high in this study. The
finding may reflect upon health education and health care
provision in Thailand.
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Abstract
Objective: To evaluate the effect of nociceptive trigeminal inhibition - tension
supression system (NTI-tss) splint on jaw-closing muscle activity during
maximum voluntary clenching (MVC) using an electromyographic (EMG)
recording system.
Materials and Methods: Subjects comprised of 20 temporomandibular
disorders (TMD) symptom-free participants: 10 males and 10 females.
EMG recordings of the right superficial masseter and right anterior temporal
muscles activities were obtained during rest position as well as MVC,with and
without NTI-tss splint.
Result: Resting EMG activities of the masseter muscles significantly differed
between wearing and not wearing NTI-tss splint (p = .02). However, this
difference was not found in the anterior temporal muscles (p = .73). NTItss splint significantly decreased EMG activities of both muscles during
maximum voluntary clenching on the splint (p < .05). The masseter and
anterior temporal muscle activities were reduced 53.3 % and 81.8 % of its
MVC level, respectively.
Conclusion: This study demonstrated that NTI-tss splint can reduce muscle
activities of anterior temporal and superficial masseter muscles during MVC.
However, according to the limited selection and condition of participants
employed in this study. The findings should be cautiously interpreted for the
indications of using NTI-tss splint in the treatment of bruxism and TMD.
Key words: NTI-tss splint, masseter and anterior temporal muscles,
electromyography
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Introduction
Intraoral appliance, for example occlusal splint,
has been used for management of sleep bruxism and
temporomandibular disorders (TMD) for many years.1-4
In the recent years, a new version of occlusal splint that
differs from a traditional occlusal splint by covering only
anterior teeth has been developed.5-9 It is called
çnociceptive trigeminal inhibition-tension suppression
systemé (NTI-tss). The advantage of this type of splint
is that no laboratory work is required and fewer steps are
needed to fabricate so that it can be given to patient in
one visit.
Baad-Hansen et al10 conducted a short-term
randomized cross-over study comparing the effects of
the NTI-tss splint with the conventional flat occlusal
stabilization splint, by monitoring the EMG activity of jawclosing muscles during sleep as well as its relationship
to clinical signs and symptoms of TMD. They found that
the NTI-tss splint clearly decreased functional activity of
the jaw-closing muscle while the standard flat plane
occlusal appliance did not. However the decrease in EMG
activity did not correlate with the clinical improvements
of TMD symptoms. In contrast, Magnusson et al11
evaluated the effect of NTI-tss splint and stabilization
splint in patients with signs and symptoms of TMD using
subjective symptoms as outcome measures. They found
that the outcomes were in favor for the stabilization
splint.
The contradiction of these studies may be because
the exact mechanisms of NTI-tss splint especially
regarding its effect on muscle activities are not well
understood. To answer this question, we study the
changes in jaw-closing muscle activities, masseter and
anterior temporal muscles, in response to NTI-tss splint
wearing using electromyography (EMG).

Materials and methods
Study population
Twenty participants, ten males and ten females
were included in this study. The protocols were reviewed
and approved by the committee on human rights related
to human experimentation Mahidol University to study in
the human (MU-IRB 2008/203.2511). The inclusion

and exclusion criteria are the followings:
Inclusion criteria
1. Male and female,aged between 20-40 years.
2. Healthy.
3. Occlusion: overbite and overjet between 2-4
mm.
4. Angleûs classification I.
Exclusion criteria
1. Lost 2 or more posterior teeth. (except the
third molars).
2. There were prostheses or large filling on teeth
11,21,31,41.
3. Painful and non-painful temporomandibular
symptoms both by report and clinical examination.
4. Currently taking any medications affecting the
muscles function.
5. Drug addict, alcoholics.
6. Under dental treatment that may interfere with
the placement of the NTI-tss such as orthodontic
treatment.
7. Disorders of the nervous system or mental
disorders.
Preparation of NTI-tss splint
The preparation of the NTI-tss splint was carried
out according to manufacture guideline. A standard type
NTI-tss splint was tried on maxillary central incisors
(teeth 11,21) and adjusted to an appropriate size
before relined with thermal plastic beads. Thermoplastic
beads were heated by a microwave at high temperature
for 2 minutes, waited until dough state and added inside
the splint. The splint was stably pressed on the teeth 11,
21 for 2 minutes, then pulled out and let it cure
completely outside the mouth. The splint was tried in to
confirm that the disclusion element produce the minimal
freeway space and clearance from the tips of the both
mandibular canines as well as no posterior tooth contact
during lateral movement (Figure 1).
EMG recordings
EMG machine with 5 channel, bipolar surface
electrodes, 4 channels for recording EMG and 1 channel
for the reference (Series Medelect-M2, Oxford
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Figure 1: (a) NTI-tss splint (b) NTI-tss splint inserted on maxillary incisors

Instruments, Surrey, United Kingdom) was used in this
study. The frequency filter bandwidth from 100-10,000
kHz. The amplifier sensitivity was set at 200µV per
division of the muscle function. The study was conducted
in a shield room. The subjects were sitting upright on the
chair without head rest with Frankfort plane parallel to the
floor in both the rest position and MVC position. Before
the study, the operator clearly described the experimental
steps to the participants and let them practice the
maximum voluntary clenching (MVC). EMG recording
was performed on one side for both masseter and
anterior temporal muscles. The operator located the area
to place the electrodes on the skin of participants by
advising them to bite in the maximum intercuspation
(MI) and palpating along both muscles. The 2 electrodes
were placed on the skin at the mid muscle belly of
superficial masseter and anterior temporal muscles,
paralleling to the muscle fibers. Skin was painted with
70% isopropyl alcohol and conductive gel, covered with
clear plaster. The reference electrode was placed at the
center of the participantûs forehead. The 2 electrodes
were separately placed 20 millimeters apart by using the
acrylic template similar to the study of Ingervall and
Bitsanis.12 The fixed inter-electrode distance followed
the recommendation by Castroflorio et al13 in order to
reduce the variation in EMG amplitude between
participants. For rest position, EMG recording was carried
out 3 times for the duration of 3 seconds each with 1
minute break in between. For MVC, there were 3 sets of
recordings. For each set, participants were asked to bite
in MI 3 seconds and rest 1 minute. There was a 5-
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minutes resting period between sets. Then let the
participants wear the NTI-tss splint for 10 minutes for
habituation. The EMG recording was then repeated again
for both rest position and MVC with NTI-tss splint in
place.
Statistical analysis
The area under curve of the EMG was calculated
and average for each participant as assessment of
muscle activities during rest and MVC without and with
NTI-tss splint. In order to be able to consistently
compare the muscle activity data from each participant,
area under curve of EMG was converted into percentage
in relative to the area under curve of MVC without NTItss splint from each individual. All data were presented
as mean ± standard error of mean (SEM). Data
transformation was performed when it is necessary to
obtain normal distribution and homogeneity of variance.
Pair t-test was used to evaluate the effect of NTI-tss
splint in each muscle during rest position and MVC. The
comparison of NTI-tss splint effect between masseter
and anterior temporal muscles were performed using ttest.

Results
The mean age for the participants in this study was
26.6 ± 0.9 years. There were 10 males and 10 females.
The summary of area under curve for muscle activities of
both masseter and anterior temporal muscles during rest
position, rest position with NTI-tss splint, MVC, and MVC
with NTI-tss splint was shown in table 1.
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Table 1: Masseter and anterior temporal muscle activities at rest and during maximum voluntary clenching, without
and with NTI-tss splint.
Muscle
Muscle activity* (µ V . ms X 104)
Rest
MVC
Rest with NTI
MVC with NTI
Masseter
0.67 ± 0.09
64.25 ± 7.24
0.98 ± 0.21
31.43 ± 5.87
Anterior temporal
0.87 ± 0.06
58.06 ± 6.48
0.83 ± 0.08
9.41 ± 1.52
* mean ± standard error of mean (SEM)

Effect of NTI-tss splint on muscle activity at rest position.
Figure 2 showes the mean muscle activities of
anterior temporal and masseter muscles at rest, without
and with NTI-tss splint in place. For the anterior temporal
muscles, muscle activity at rest without NTI-tss splint
was 2.24 ± 0.44 % of MVC comparing to 2.15 ± 0.48
% of MVC during wearing NTI-tss splint. There was no
statistical difference (p = .73) between these 2 muscles
activities. However, muscle activity of the masseter
muscles at rest without NTI-tss splint was 1.56 ± 0.37
% of MVC comparing to 2.09 ± 0.48 % of MVC during
wearing NTI-tss splint. There was statistically significant
increase of masseter muscle activity after wearing NTItss splint (p = .02).
Effect of NTI-tss splint on muscle activity during MVC.
Figure 3 shows the mean reduction of muscle
activities of anterior temporal and masseter muscle

during MVC with NTI-tss splint. The NTI-tss splint
reduced anterior temporal muscle activity 81.80 ± 2.24
% of its baseline MVC and masseter muscle activity
53.34 ± 5.25 % of its baseline MVC. The decrease of
muscle activities in both muscles during MVC with NTItss splint was statistical significance (p < .001). There
was also statistically significant difference between the
reduction of masseter and of anterior temporal muscle
activities (p < .001).

Discussion
This study conducted in the participants with the
age range between 20›40 years old, because the bite
force was increasing continuously during the growth in
childhood and became constant and maximum around
the age of 20-40 before gradually declined.14
This study demonstrated that there was a slight
increase in masseter muscle activities during rest with

Figure 2: Masseter and anterior temporal muscle activity at rest with and without NTI-tss splint.
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Figure 3: Reduction of masseter and anterior temporal muscle activities during MVC on NTI-tss splint.

NTI-tss splint. Interestingly, similar result was not found
for anterior temporal muscle. This difference may be due
to the differences in anatomy and function between
masseter and anterior temporal muscles. The masseter
muscles, both deep and superficial, have been shown to
be most active in jaw-closing movements while the
temporal muscle is most active in postural position.15
The study examining different effects of increased teeth
contacts on both muscles. They found that increased
teeth contacts to the posterior region altered the unilateral
pattern of the anterior temporal activity to the bilateral
pattern, while that of masseter activity remained
unchanged.16
For the slight increase in masseter muscle activities
at rest with the splint, it could also be explained by the
increased thickness of NTI-tss splint after relining. The
observation during the experiment found that the thickness
of NTI-tss splint after reline was approximately 4.5 ›
6.5 mm. This may invade the freeway space of participants.
The participants may actually rest their mandibular
central incisors on the NTI-tss splint during rest position.
This explanation could be supported partially by the
result of the Aggarwal et al.17 They demonstrated a
significant increase in postural and maximal clenching
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EMG activity of masseter (P <.01) and anterior temporal
muscles during the 6 month period of twin-block appliance
treatment. They elucidated that the increased EMG
activity can be attributed to an enhanced stretch (myotatic)
reflex of the elevator muscles, contributing to isometric
contractions. Previous study showed that at low clenching
levels, the temporal muscle activity tended to dominate,
but at high levels the masseter muscle activity was
greater.18 The slightly open jaw-closing muscle also
stretch muscle spindle in turn activating jaw closing
reflex, leading to the increase of jaw-closing muscle
activities, masseter in particular. However this effect was
not clear for the anterior temporal muscle.
The reduction of both anterior temporal and
masseter muscle activities during wearing NTI-tss splint
was in agreement with the following studies. Bodere and
Woda19 showed that jig decreased postural EMG activities
of masseter muscle as well as activities during swallowing.
Manns et al20 found that EMG activity of the elevator
muscles with the anterior blocks was significantly less
than with the intermediate and posterior occlusal blocks.
In addition, Fitins and Sheikholeslam21 revealed that the
level of activation of the jaw elevator muscles decreased
significantly during maximal clenching on the cuspid
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ramp of the splint, as compared to the biting in intercuspal
position (ICP) or clenching on the splint.
For the possible explanations for the reduction of
both muscle activities during wearing NTI-tss splint , the
study by Magnusson et al11 speculated that NTI-tss
splint reduced jaw muscle activity by activation of
nociceptive afferents from periodontal ligament overload.
This reflex will inhibit the jaw-closing muscles leading to
muscle tension reduction. However, the previous study
also indicated that no differences were found in EMG
activities for individuals with normal and reduced
periodontal bone support.22 This may imply that the
activation of periodontal receptors leading to inhibitory
reflex of jaw-closing muscles was only a partial explanation
for the mechanism of NTI-tss splint in reduction of
muscle activity. In addition, there was 13 % decrease in
muscle activity during maximum clenching on an anterior
occlusal splint comparing to equilibrated occlusal splint.23
Another mechanism could be the increases of vertical
dimension of occlusion will also reduce the elevator
muscle activities.24,25

Conclusion
This study demonstrated that NTI-tss splints can
reduce muscle activities of anterior temporal and
superficial masseter muscles during MVC. This may not
be sufficient evidence for the NTI-tss splintsû mechanism
in reduction of bruxism activities. Even thought this type
of splint may be justified as alternative oral appliance to
reduce jaw- closing muscle activities in the patient who
rejected the full coverage occlusal splint. However, the
additional studies of the NTI-tss should be focused on
the effects of NTI-tss splints in bruxists during sleep as
well as long term effects and possible side effects.
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Abstract
Objective: The objective of this study was to compare the 7 parameters in
sagittal jaw relationship classification (ANB, Wits, MM-Wits, AF-BF, AppBpp, APDI, and VIS) in samples with various vertical patterns to ascertain
whether VIS can be used in patients with vertical problems.
Materials and Methods: One hundred and eighty pretreatment lateral
cephalometric radiographs (73 males and 107 females) were divided into
three groups (60 each) according to vertical pattern (SN-MP angle), i.e.,
mean-angle (SN-MP = 24.39°-35.61°, mean = 29.89±2.74), highangle (SN-MP > 35.61°, mean = 42.17±5.80), and low-angle (SN-MP <
24.39°, mean = 22.13±1.79). The cephalometric skeletal structures were
classified into three sagittal classes by VIS and six parameters based on Thai
norms. Visual inspection of cephalometric structures (VIS) was judged by
three orthodontists which experienced over 5 years (mean = 8 years) without
providing any information on cephalometric values.
Results: The results showed the effect of vertical patterns on the distribution
of material into three sagittal classes according to each parameter. In the
high-angle group, the P-value of the chi-square analysis held significant
differences at 0.001, whereas the P-value of the chi-square analysis in the
mean- and low-angle showed no significant differences. Analysis of ANB and
Wits parameters showed that they were affected by the vertical pattern of the
face and were very different to each other. The VIS and APDI revealed the
proportion of samples that could be assigned to the three sagittal classes lay
between that of the ANB and Wits analysis. On the basis of previous
evidences, it may be assumed that these two parameters are more accurate
than the ANB and the Wits appraisal. Also, because the APDI is a combination
of three singular measurements, it is more difficult to perform than the VIS,
which is convenient, economical and instantaneous.
Conclusion: It is concluded that in patients with vertical problems, VIS is one
of the appropriate parameter as an essential aid in diagnosis without
cephalometric measurement and accuracy of VIS depends on experiences.
Key Words: skeletal vertical pattern, sagittal jaw relationships, vis
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Introduction
Great importance in orthodontic diagnosis and
treatment planning has been attached to the evaluation
of the sagittal jaw relationships and one of the principle
problems is the correct evaluation of the anteroposterior
relationship of the maxilla and the mandible. The science
of orthodontics has progressed since Broadbent
introduced a functional method of radiographic analysis
in 1931 1 . Over the last 50 years, a number of
cephalometric parameters have been proposed to describe
sagittal jaw relationships both angular and linear. However,
several studies have reported inherent geometric factors
that affect the validity of the parameters2-34. The
influencing geometric factors affecting agreement among
parameters are: difference in reference points and/or
planes, variation of cranial structures, rotation of the
jaws and vertical features35. The first step in evaluating
sagittal jaw relationships cephalometrically was Downsû
description of point A and B in 194836. A few years later,
Riedel37 measured the S-N-A and S-N-B angles and
used their differences, or angle A-N-B, as an expression
of sagittal jaw relationships. Although the ANB angle is
still extremely popular and useful, it has been claimed to
be affected by numerous environmental factors, and a
diagnosis, based on this angle, probably gives some
errors. Since this angle concerned the jaws related to a
cranial base reference plane, it can present inherent
defects because of variation of the nasion position, the
rotation of the SN plane and the rotation of the jaws2-21.
Following the work of Jenkins38 and Harvold39, using the
functional occlusal plane (FOP) as a suitable reference
plane for sagittal jaw relationships assessment,
Jacobson6,7 introduced the Wits appraisal to exclude the
problems of using a cranial base reference plane in
1975. It concerned drawing perpendicular lines from
point A and B on the maxilla and mandible, respectively,
to the functional occlusal plane (FOP), drawn through the
region of maximum cuspal interdigitation. The points of
contact on the occlusal plane from points A and B are
labeled as AO and BO, respectively. Nevertheless, some
problems still exist because the functional occlusal
plane is not always easily or accurately reproducible17,2324,27. To eliminate great variations in the occlusal plane,

in 1987, Chang3 introduced a linear measurement of the
distance between points A and B projected onto the
Frankfort horizontal plane (FH), labeled as AF and BF,
respectively. However, a number of studies indicated
large variation of the Frankfort horizontal plane and
confirmed their relative unsuitability as cephalometric
references for clinical purposes40-42. In 1994, Nanda
and Merrill43 suggested a linear measurement based on
the palatal plane showing high stability in his longitudinal
study. In the mean time, Hall-Scott44 introduced the new
Wits reference plane, called the maxillary-mandibular
plane angle (MM°) bisector to eliminate the inherent
shortcomings of the functional occlusal plane (FOP).
According to Kim and Vietas19, deviations in the dentofacial
complex are not affected by a singular factor, thus, a
combination of several different measurements may be
more reliable for diagnosis. They suggested using the
anteroposterior displasia indicator (APDI), a resultant
reading obtained from facial angle, plus or minus the AB plane angle and again, plus or minus the palatal plane
angle. Apart from measurements, another way to describe
sagittal jaw relationships is clinical diagnosis by visual
inspection directly on cephalometric radiographs.
According to the VIS, the classification was least affected
by the vertical pattern of the face when compared with the
ANB and Wits appraisal29. In addition, Lerloy45 evaluated
the reliability and accuracy of sagittal jaw relationships
assessment by using visual inspection of the
cephalometric structures (VIS) as judged by orthodontists.
Examiners were 40 Thai orthodontists dividing into 2
groups (20 each) based on individual clinical experience
as group1 which over 5 years (mean 7.10 ± 2.22 years)
and group 2 which experience was 1-5 years (mean
2.60 ± 0.99 years). They were asked to determine for
careful visual inspection (VIS) on 56 cephalometric
radiographs (20 male and 36 female, age ranged 18 35 years) which consisted of 3 skeletal classifications
(16 skeletal class I, 20 skeletal class II and 20 skeletal
class III). Diagnosis of these radiographs was established
by using the consensus of three published cephalometric
parameters in Thai norms, which served as the ùgold
standardû, to determine the number of correct responses
from the examiners. The accuracy in diagnosing was
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determined by the percentage of correct responses. After
30 days, the procedure was repeated by 20 examiners
(10 each). The consistency in diagnosing was analyzed
by Kappa statistic. Results of Kappa value from group1
was 0.81 (0.61; 0.89[p<0.05]) and 0.82 (0.58; 0.97
[p<0.05]) in group 2. This is indicated the excellent
reliability existing in both groups. The results from both
groups show the accuracy of sagittal jaw relationships
assessment by using VIS was good (92.86%±10.42%
in group 1 and 89.64%±12.58% in group 2). It may be
concluded that, there is high reliability and accuracy of
sagittal jaw relationship assessment by using VIS. A
number of studies indicated controversial issues in
sagittal jaw relationship classification in a sample with
various vertical patterns according to the most widely
used parameters, the ANB and the Wits appraisal2930,32. However, none have been evaluated in others.
The aim of the present study was to compare the
six parameters in sagittal jaw relationship classification
(ANB, Wits, MM-Wits, AF-BF, App-Bpp, APDI) and
visual inspection on cephalometric structures (VIS) in a
sample with various vertical patterns, to establish whether
each parameter can be interpreted by similar results and
to ascertain whether VIS can be used for sagittal jaw
relationship assessment in patients with vertical problems.

Materials and methods
The study comprised 180 pretreatment lateral
cephalometric radiographs (73 males and 107 females).
The sample was purposively randomly selected from the
records of patients who had attended orthodontic
assessment at the Orthodontic Clinic, Faculty of Dentistry,
Mahidol University, Thailand. The criteria included:
1. Good quality lateral cephalometric radiographs
2. No history of prior orthodontic treatment
3. The absence of obvious craniofacial deformity,
systemic disease, trauma or other factors affecting
craniofacial growth and development
4. Ages from 18 to 35 years
Each pretreatment radiograph was traced on a
sheet of 0.003 inch acetate paper, with a sharp-edged
black pencil (0.3 mm.) and a viewing box. The location
of each landmark was indicated by a single fine pencil
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dot. The positions of the landmarks on tracings were
digitized (79 points) with a transparent pad (Numonic
aquagrid) and commercial cephalometric program
(Dentofacial planner, version 5.3.2, Dentofacial Software,
Toronto, Canada). To inspect the skeletal structures
vertically, the subjects were classified as mean-angle
(SN-MP = 24.39°-35.61°, mean = 29.89±2.74),
high-angle (SN-MP > 35.61°, mean = 42.17±5.80),
and low-angle cases (SN-MP < 24.39°, mean =
22.13±1.79). Six parameters for describing sagittal jaw
relationships used in this study were ANB, Wits, MMWits, AF-BF, App-Bpp, APDI (Fig.1). The cephalometric
skeletal structures were classified based on Thai norms
(Table1). For constructing Thai norms, descriptive
statistics including mean and standard deviations (±SD)
were calculated from 60 pretreatment lateral
cephalometric radiographs, aged 15-25 years. The
criteria comprised:
1. Angleûs classification I
2. Normal overjet and overbite (2-3 mm.)
3. Well-aligned teeth or minor crowding and/or
spacing not more than 1 mm.
4. Good profile
By visual inspection of cephalometric structures
(VIS), the classification of the sagittal jaw relationships
was also estimated directly from the cephalogram by
three orthodontists which experienced over 5 years
(mean = 8 years) without providing any information on
cephalometric values. Descriptive statistics was employed
to calculate the mean and standard deviations for each
variable. Pearson Chi-square was employed to compare
the differences in skeletal classification among 6
parameters and VIS. Analyses were calculated by the
SPSS version 12 microcomputer program. To calculate
the systematic and random errors, ten randomly selected
cephalograms were retraced and redigitized and the
judgments were repeated after two weeks. Systematic
errors were evaluated by employing the paired t-test. The
intra-examiner consistency of VIS was assessed by
employing the kappa statistics46. Method error was
calculated by employing Dahlbergûs formula (SE2 = Σ d2
/2N), where d is the difference between the first and
second measurements47. Systematic errors of the first
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Table 1: Mean and standard deviations of each parameter and range of measurements used for classification of
skeletal types in this study
Variables
Mean
±S.D.
Class I
Class II
Class III
ANB
3.09
1.53
1-5
>5
<1
Wits
-3.12
1.87
(-5)-(-1)
>-1
<-5
MM-Wits
-4.59
2.60
(-7)-(-2)
>-2
<-7
AF-BF
4.53
3.01
1.5-7
>7.5
<1.5
App-Bpp
3.22
3.04
0-6
>6
<0
APDI
86.03
3.41
83-90
<83
>90

N
FHP
A

FOP

AO

B

The ANB angle

PP

Bpp App

BO

The AF-BF

The Wits

FHP
MM°bisector
AO BO

The App-Bpp

BF AF

The MM-Wits

PP

3

1
2

A
B
Pog

The APDI

Figure 1: Six parameters used in this study

and second measurements of six parameters revealed
no statistically significant differences. The kappa statistic
of the first and second judgments of the VIS of three
examiners showed no statistically significant differences
(p<0.05) with weighted kappa values at 0.83 - 1.0,
indicating excellent agreement. Disagreement on the VIS
among three examiners occurred in 8.63% of cases. The
method error of the measurement defined according to
Dahlbergûs formula ranged from 0.42° for the ANB to
0.70° for the APDI, 0.59 mm. for the MM-Wits, 0.61
mm. for the Wits, 0.73 mm. for the App-Bpp, and 0.75
mm. for the AF-BF.

Results
The percent distribution of the material into sagittal
classes according to the seven parameters is presented
in Figure 2. The proportion of sagittal classes according
to each parameter was seem to be some differences. The
ANB, the Wits, the AF-BF, the App-Bpp, the APDI, and
the VIS interpreted the similar results which different
from the MM-wits and the AF-BF (which interpreted the
same results).The P-value of the chi-square analysis
showed significant differences at 0.032. The effect of
vertical patterns on the distribution of material into three
sagittal classes is presented in Figure 3. In the highA comparison of parameters for describing sagittal jaw relationships
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40.6
37.2
28.9
28.9
43.3
42.2
40.6

47.2
43.9
50.0
50.0
41.1
43.9
46.1

Class II

12.2
18.9
21.1
21.1
15.6
13.9
13.3

Class I

ANB
Wits
MM-Wits
AF-BF
App-Bpp
APDI
VIS

p = 0.032

Class III

Figure 2: The percent (%) distribution of sagittal classes according to the seven parameters

63.3
43.4

33.3
33.3

21.7
38.3
63.3
61.7
55.0

23.3
53.3
25.0
45.0
16.7
28.4
8.3
33.3
5.0
38.3
6.7

41.6
36.7
36.7
36.7
45.0
36.7
38.4
16.6
31.7
28.3
11.7
21.7
28.3
28.3

5.0

51.7
53.3
51.7
55.0
48.3
53.3
53.3
56.7
45.0
45.0
50.0
46.7
45.0
46.7

6.7
10.0
11.6
8.3
6.7
10.0
8.3
26.7
23.3
26.7
38.3
31.6
26.7
25.0

ANB
Wits
MM-Wits
AF-BF
App-Bpp
APDI
VIS
ANB
Wits
MM-Wits
AF-BF
App-Bpp
APDI
VIS
ANB
Wits
MM-Wits
AF-BF
App-Bpp
APDI
VIS

High-angle
p = 0.001

Mean-angle
p = 0.997

Low-angle
p = 0.377

Figure 3: Influence of mean-angle (SN-MP = 24.39°-35.61°), high-angle (SN-MP > 35.61°), and low-angle (SN-MP
< 24.39°) on the percent (%) distribution of cases into sagittal classes according to seven parameters.
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angle group, the P-value of the chi-square analysis
revealed significant differences at 0.001, whereas the
P-value of the chi-square analysis in the mean-angle
and low-angle groups held no significant differences at
0.997 and 0.377, respectively. Table 2 showed the
kappa values between the VIS and other parameters in
the high-angle cases. The highest kappa value was
found between the VIS and the APDI. The lowest kappa
value was found between the VIS and the MM-Wits.

Discussion
In this study, a clearly lack of consistency among
seven parameters in the high angle cases were revealed,
whereas the mean- and the low-angle cases were more
consistent. It may be concluded that high- angle cases
are more critical than mean- and/or low-angle cases.
Many controversies in sagittal assessment emphasize
the necessity to recognize the weakness of each
parameter. Most of the criticisms about the ANB angle
have been based on geometrical studies2-8. In the ANB
assessment, the most important influence is anterior
facial height, reflected in the increase of SN-OP angle,
the distance of the B-point to N, and the distance of Apoint to B-point32. The Wits appraisal was used to
overcome the shortcomings of the ANB angle2. However,
because it is made by the projections of point A and B on
the occlusal plane, and because the occlusal plane
inclination depends directly on facial growth direction,
dental eruption, and alveolar bone development. Several
studies found standard deviations were markedly large
for the Wits appraisal26,35,48. In addition, Oktay35 found
the greatest coefficient of variability of the Wits appraisal
compared to the ANB angle, the AF-BF, and the APDI.
This may be attributed to the difficulty or inaccuracy in
locating landmarks in the occlusal plane and/or variation
in it2-6,15-16,18,21. The APDI is a combination of three
singular measurements which found the highest
correlation against molar displacement19. In this study

the VIS and the APDI (which showed the highest kappa
value between each other) revealed the proportion of
sagittal classes distribution between the remarkably
different results of the ANB angle and the Wits appraisal.
It may be assumed that these two parameters are more
accurate than the ANB and the Wits appraisal. This is
similar to the previous study of Hurmerinta29, which
showed that the interpretation of sagittal structures
according to both the ANB angle and the Wits appraisal
was affected by the vertical pattern of the face. In the ANB
angle, the proportion of class II was larger in the high-angle
group and smaller in the low-angle group. In contrast, in
the Wits appraisal, the low-angle effect increased the
proportion of retrognatic features. This contrasting behavior
within the vertical dimensions showed that different
geometrical factors must be involved with these two
parameters and suggested that in extreme or controversial
cephalometric interpretations of the ANB angle and the
Wits appraisal, a visual impression provides essential
aid in diagnosis and skeletal classification. The accuracy
of sagittal jaw relationships assessment by using VIS
was good, a little higher in over 5 years experienced
examiners, 92.86%±10.42%, and 89.64%±12.58%
in 1-5 years experienced examiners 45. Also, because
the APDI is a combination of three singular measurements,
it is more difficult to perform than the VIS, which is
convenient, economical and instantaneous. It is concluded
that in patients with vertical problems, VIS is one of the
appropriate parameter as an essential aid in diagnosis
without cephalometric measurement.

Conclusion
Analysis of ANB and Wits parameters showed that
they were affected by the vertical pattern of the face and
were very different to each other. The VIS and APDI
revealed that the proportion of samples that could be
assigned to the three sagittal classes lay between that
of the ANB and Wits analysis. On the basis of previous

Table 2: The kappa values between the VIS and other parameters in the high-angle cases
ANB
Wits
MM-Wits
AF-BF
App-Bpp
VIS
0.84
0.65
0.49
0.72
0.78

APDI
0.88

p<0.05
A comparison of parameters for describing sagittal jaw relationships
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evidences, it may be assumed that these two parameters
are more accurate than the ANB and the Wits appraisal.
Also, because the APDI is a combination of three singular
measurements, it is more difficult to perform than the
VIS, which is convenient, economical and instantaneous.
It is concluded that in patients with vertical problems, VIS
is one of the appropriate parameter as an essential aid
in diagnosis without cephalometric measurement and
accuracy of VIS depends on experiences.
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Abstract
Objectives: The purposes of this study were: (1) to investigate the force
delivery of elastomeric chains through 28 days of clinical use for canine
retraction; (2) to compare the force delivery between Tuff and Dynaflex
chains; (3) to compare the force delivery among different study periods from
each brand of chain; and (4) to compare the forces delivery between the
upper and lower arch from each brand of chain.
Materials and Methods: All 32 subjects were treated with pre-adjusted
edgewise slot brackets of 0.022×0.028-inch slot brackets and passive
0.016×0.022-inch stainless steel archwires. Elastomeric chains were used
as the canine retraction force to close symmetrical first premolar extraction
sites. The length of chains was used at approximately 70% to 75% of the
actual canine retraction distance. For each subject, Tuff and Dynaflex
chains were used randomly in different arches and opposing quadrants
(split-mouth study design). All subjects were divided into four groups by
different study periods. Each group consisted of eight subjects. In group A,
the force delivery was measured at initial placement and one hour; after that
the chain was changed to a new chain and the force delivery was measured
at initial placement and 28 days. In group B, the force delivery was measured
at initial placement and 7 days. In group C, the force delivery was measured
at initial placement and 14 days. In group D, the force delivery was measured
at initial placement and 21 days.
Results: The results showed that: (1) means of force delivery of both chains
were in the proper ranges for canine retraction from 350 grams to 100 grams
through 28 days; (2) the forces delivery between Tuff and Dynaflex chains
were significantly different at initial measurement and there were no
significant differences in other study periods at P value > .05; (3) both chains
generated nearly constant force delivery between 14 days to 28 days of the
study period; (4) the force delivery of each chain in the upper and lower arch
were clinically similar.
Conclusion: Both Tuff and Dynaflex elastomeric chains, in lengths
approximately 70% to 75% of the actual canine retraction distance, can
generate the proper force for canine retraction (the proper force was defined
as the force range 350 grams to 100 grams) throughout 28 days of study
period.
Key words: canine retraction, force delivery, orthodontic elastomeric chains
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Introduction
The Orthodontic elastomeric chains are used
extensively in stage of space closure because they are
economical, easy to use, relatively hygienic, comfortable
for patients and require little or no patient cooperation1.
They also allow patient participation through their choice
of color selections2. Elastomeric chains, however, are
not without their disadvantages. As they are themselves
elastic, they could be easily extended and may have
surpassed the elastic limit especially when exposed to
an oral environment. After absorbing water and saliva,
they become permanently stained and consequently
breakdown of their internal bonds that leads to permanent
deformation3. They also experience a rapid loss of force
due to stress relaxation, resulting in a gradual loss of
their effectiveness3,4. This loss of force makes it difficult
for orthodontists to determine the actual force transmitted
to the dentition in the oral cavity. Furthermore, various in
vitro studies had been reported that the forces delivered
from elastomeric chains were not constant and degraded
over time3-17. The greatest rate of force decay occurred
within the first hour and the forces delivered continue to
fall but at a slow rate during the next two to three weeks.
Beyond this time, in general, forces delivered remain
nearly constant but at a level lower than originally
available14.
The optimal force magnitude required for canine
retraction is still not yet in final conclusion. Many factors
affect canine movement such as the root surface area of
the tooth to be moved, density of bone, friction from
brackets and arch wires and age of the patient14,18-20.
Even though orthodontists generally agree that optimal
force refers to the lightest continuous force compatible
with physiologically tooth movement5,18-20. In general
the force for canine movement, many studies suggest

that the force magnitudes required to bodily move
canines are estimated to range from 100 to 350
grams18-20. Previous studies on elastomeric chains had
been directed to study the force delivery and degradation
properties from initial force level through 28 days, the
effects of prestretching and the influence of a changing
environment or composition property of elastomeric
chains. Moreover, they have been performed under
laboratory conditions, which only simulate the oral
environment10. Only a few in vivo-studies had been
made23. In addition, a variety of elastomeric chains have
been introduced recently to orthodontic treatment. There
were various concerned about the proper distance of
elastomeric length to generate the proper force to be
applied, the force remains at the end of its clinical use
and how long of the elastomeric chain remain active
generating the proper force for canine retraction still
unknown. Therefore, the purposes of this study were to
investigate the force delivery of elastomeric chains
through 28 days in clinical use for canine retraction, to
compare the forces delivery between two brands of
elastomeric chains, to compare the forces delivery
among the difference study period from each brand and
to compare the forces delivery between the upper and
lower arch from each brand of elastomeric chains.

Materials and Methods
Materials
The open configuration of Tuff (Glenroe
technologies company, Forida, USA) and Dynaflex
(Dynaflex company, St. Louis, Missouri, USA) elastomeric
chains which were currently used in orthodontic clinic, at
Faculty of Dentistry, Mahidol University were used as the
testing samples in this study. The details of these
products were given in Table 1.

Table 1: Details of elastomeric chains.
Brand name
Tuff
Manufacture
Glenroe technologies company
Country
Florida, USA
Configuration
Open type
Color
Clear
Material base
Polyurethane
Date of manufacturing
23/06/2007

Dynaflex
Dynaflex company
St. Louis, Missouri, USA
Open type
Clear
Polyurethane
12/05/2007
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Methods
This randomized clinical trial study was performed
in 32 orthodontic patients at Orthodontic Clinic, Faculty
of Dentistry, Mahidol University. The patients selection
criteria were aged over 13 years with full permanent
dentition and healthy without any systemic disease. All
participants were informed and signed the approved
consent forms by the Ethics Board of Mahidol University.
The participants who had radiographic anomalies at
dental or bone level, history of previous orthodontic
treatment, anterior or posterior skeletal crossbite,
medication that could alter the oral environment or tooth
movement, loss of brackets or archwires, absence at any
appointment and emotional or behavioral problems would
be excluded from this study. In order to control the pH
level in the oral cavity, diet counseling and toothpaste
was provided by the researcher. Strict control of oral
hygiene was maintained and checked during each
appointment. Topical fluoride treatments were forbidden
during the study period.
After the aligning and leveling phase of orthodontic
treatment was completed, elastomeric chains had been
used as the canine retraction force to close the first
premolar extraction sites (Fig 1). All participants were
treated with passive 0.016×0.022-inch stainless steel
archwires in 0.022×0.028-inch pre-adjusted edgewise
slot brackets (Rothûs prescription). The force delivery
from each elastomeric chain was measured with a
customized measuring device (Fig 2). The customized
measuring device was constructed by using a

dynamometer Correx (Haag-Streit; Berne, Switzerland)
and a mobile screw with a soldered post attached on the
acrylic plate. The mobile screw permitted distance
graduation between the soldered post to the measuring
pin on the dynamometer. Prior to each force measurement,
the customized measuring device was calibrated with
standard weight.
The length of elastomeric chains was used at
approximately 70% to 75% of the actual canine retraction
distance because our in vitro study found that both
elastomeric chains, in lengths approximately 70% to
75% of canine retraction distance (28 mm.), can
generate the proper force for canine retraction. In each
subject, Tuff and Dynaflex elastomeric chains were
used randomly in different arches and opposing quadrants
(split-mouth study design). All subjects were divided
into four groups for different observation periods. Each
group consisted of eight subjects.
ë Group A: the force delivery was measured at
initial placement and one hour later, then the elastomeric
chain was changed for a new elastomeric chain and
measured the force delivery at initial placement and 28
days.
ë Group B: the force delivery was measured at
initial placement and 7 days.
ë Group C: the force delivery was measured at
initial placement and 14 days.
ë Group D: the force delivery was measured at
initial placement and 21 days.

Figure 1: Insertion of the elastomeric chain into the oral
cavity.

Figure 2: Customized measuring device of force delivery
from elastomeric chain.
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Statistical analysis
Results were presented as means and standard
deviations for the force delivery in gram units and relative
percentage compared with the initial force. All groups
fulfilled normality and homogeneity of variance criteria;
thereafter, parametric tests were used. Independent
sample t tests were used to evaluate the significant
differences between both brands and arches. Among
different time periods of each brand, differences of
mean force were assessed by one way ANOVA. The level
of statistical significant difference was considered at
P < .05.

Results
Mean, standard deviation and comparison of force
delivery between Tuff and Dynaflex elastomeric chains

from initial placement through 28 days of study period
were shown in Table 2. The percentage of force decay
from both elastomeric chains was represented in Fig. 3.
Tuff elastomeric chain generated higher the force
delivery than Dynaflex elastomeric chain exception at
14 days of study period. Furthermore, the percentage of
force decay from Tuff elastomeric chain was higher than
Dynaflex elastomeric chain through 28 days of study
period. At 14 days, the difference of force decay between
both elastomeric chains was highest. In the first hour, the
forces delivery of both elastomeric chains were remarkable
reduced. However the mean of force delivery from both
elastomeric chains were in the proper range for canine
retraction from 350 grams to 100 grams through 28
days of the study period. The statistical analysis reveals
a significant difference in force delivery between Tuff

Table 2: Descriptive statistics (Mean, SD) and comparison of force delivery between Tuff and Dynaflex
elastomeric chains in each study period.
Time
Tuff
Dynaflex
P-value
Mean ± SD (gram)
Mean ± SD (gram)
Initial
320.77 ± 50.75
291.05 ± 45.81
0.001*
216.19 ± 31.09
0.117
1 hour
235.94 ± 37.84
7 days
185.69 ± 32.60
170.06 ± 33.92
0.194
14 days
161.63 ± 39.08
161.88 ± 48.54
0.987
21 days
155.88 ± 35.35
143.00 ± 28.70
0.267
28 days
126.75 ± 32.88
117.63 ± 35.78
0.458
* The mean difference is significant at the .05 level.
Similar groups are linked by vertical line.
Percentage of force decay

Force decay (%)
70

Tuff
Dynaflex

60
50
40
30
20
10
0
1 hour

7 days

14 days

21 days

28 days

Time

Figure 3: Graph of percentage of force decay from Tuff and Dynaflex elastomeric chains in each study period.
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and Dynaflex elastomeric chain at initial measurement
and there were no significant differences in other study
periods at P value > 0.05. Multiple comparison of force
delivery among different time periods for each elastomeric
chain found that significant differences in initial force and
force measurement occurred at one hour among the
different study periods. The force measurement at 7 days
was not significant differences from the force
measurement at 14 and 21 days. The force measurement
at 14 days was not significant differences from the force
measurement at 21 and 28 days (Table 2). This implies
that both elastomeric chains generated nearly constant
force delivery between 14 to 28 days of the study period.
The maximum force of Tuff elastomeric chain was
440 grams while 370 grams was generated from
Dynaflex elastomeric chain. The minimum force of Tuff
elastomeric chain was 70 grams while 50 grams was
generated from Dynaflex elastomeric chain (Table 3).
There are 20% of all subjects, which the maximum force
of both elastomeric chains was greater than 350 grams.
There are 25% of all subjects, which the minimum of

both elastomeric chains generate the force lesser than
100 grams which was required for canine retraction.
Statistical analysis reveals no significant
differences in force delivery between upper and lower
arch from Tuff and Dynaflex elastomeric chains through
28 days at P value > 0.05 (Table 4).

Discussion
The results of this study found that Tuff and
Dynaflex elastomeric chains, in lengths approximately
70% to 75% of the actual canine retractions distance
can produce the proper force for canine retraction
throughout 28 days of observation period. These findings
were similar with our previous study conducted by in the
laboratory testing21. However, both studies have slight
differences concerning the magnitude of force delivery
especially the initial measurement and percentage of
force decay. These findings were in agreement with
various studies3,7, 10-13, 22 also showing different force
magnitudes. Tuff and Dynaflex elastomeric chains in
vitro study generated higher initial force delivery than in

Table 3: Maximum and minimum force delivery of Tuff and Dynaflex elastomeric chains in each study period.
Time
Tuff
Dynaflex
Maximum
Minimum
Maximum
Minimum
Initial
440
225
370
200
1 hour
320
180
280
165
7 days
245
132
220
125
14 days
255
102
271
100
21 days
220
103
192
103
28 days
175
70
170
50
Table 4: Comparison of mean force delivery between upper and lower arch from Tuff and Dynaflex elastomeric
chains (grams).
Time
Tuff
Dynaflex
Maxillary
Mandibular
P-value
Maxillary
Mandibular
P-value
Initial 320.02 ± 55.48 321.52 ± 46.29 0.896 288.83 ± 45.63 293.27 ± 46.46 0.667
1 hour 221.88 ± 31.95 250.00 ± 39.94 0.142 212.38 ± 31.89 220.00 ± 31.96 0.640
7 days 182.75 ± 27.55 188.63 ± 38.71 0.732 172.88 ± 41.36 167.25 ± 27.16 0.753
14 days 178.13 ± 42.59 145.13 ± 28.92 0.091 162.50 ± 50.88 161.25 ± 49.6 0.961
21 days 160.75 ± 35.76 151.00 ± 36.67 0.599 148.75 ± 27.37 137.25 ± 30.66 0.442
28 days 126.5 ± 37.16 127.00 ± 30.58 0.977 120.88 ± 35.14 114.38 ± 38.52 0.730
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this study. It could be due to the different of methodology
such as length of elastomeric chains, environmental
effect and canine retraction distance. In vitro study used
28 mm. to represent the canine retraction distance
(according to the study of Josell et al14 suggests that a
distance of 28 mm. was equal to simulate canine
retraction distance which representing an average distance
from midpoint of the canine crown to the buccal groove
of the first permanent molar) while this study showed
variability of this distance (between 14.5 mm. to 23.5
mm.). Furthermore, the force decay of both elastomeric
chains in vitro study was higher than in vivo study as
shown in Table 5. These findings disagreed with the
study of Ash and Nikolai10 and Kuster et al6 that force

decay was greater in vivo compared with in vitro
experiments. It could be possible that these studies6,10
aimed to evaluate force decay resulting from chemical
degradation of the elastomeric chain but the method did
not involve actual orthodontic treatment. It was noted
that the study of Ash and Nikolai10 used a high initial
force (600-700 grams) while the study of Kuster et al6
extended elastomeric chains up to 200 percent of their
original passive length (Table 6) and it may have
surpassed the elastic limit of the elastomeric chains.
Even with this consideration, results of this study found
that force decay was lower than in most studies except
for Bousquetûs study that use initial force level at 200
grams (Table 6). It could be possible that the observed

Table 5: Demonstrate force delivery and percentage of force decay of elastomeric chains between in vitro and in vivo
study.
Time
Mean (grams)
% Force decay



Tuff
Dynaflex
Tuff
Dynaflex
Vitro
Vivo
Vitro
Vivo
Vitro
Vivo
Vitro
Vivo
Initial
363.26 320.77 342.34 291.05
0.00
0.00
0.00
0.00
1 hour
200.90 235.94 224.05 216.19 44.70
26.45
34.55
25.72
7 days
157.36 185.69 146.65 170.06 56.68
42.11
57.16
41.57
14 days
149.40 161.63 146.85 161.88 58.87
49.61
57.10
44.38
21 days
120.74 155.88 138.08 143.00 66.76
51.40
59.67
50.87
28 days
117.28 126.75 134.61 117.63 67.71
60.49
60.68
59.58
Table 6: Comparison of force decay in elastomeric chains in various studies.
Study
Initial force
Experimental
Percentage of
(grams)
design
force decay
after 1 hour
13
Hershey and Reynolds
284-573
In vitro
36
11
Wong
300-450
In vitro
No information
10
Ash and Nikolai
603-694
In vitro and
45-48
in vivo
48-58
22
De Genova et al
241-436
In vitro
No information
8
Killiany and Duplessis
330-375
In vitro
No information
6
Kuster et al
286-352
In vitro and
No information
279-315
in vivo
24
Talounis et al
279-352
In vitro
53-68
23
Bousquet et al
200
In vivo
15-20
Present study
300-350
In vivo
25-27

Percentage of
force decay
after 3 weeks
58
17-23
54-67
72-75
37-59
32-67
26-27
46-55
53-68
24-27
50-52
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differences could be that the initial force of this study and
Bousquetûs study were less than the referenced studies.
Most of these used heavy forces which might have
altered the internal structure of the elastomeric chains.
Another possible explanation could be that different
effects of filler material were used in elastomeric chains.
The percentage of force decay from both elastomeric
chains through 28 days of study period was shown in Fig.
3. In all chains, the greatest rate of force decay occurred
in the first hour. These findings agreed with various
studies in that the greatest loss of force in elastomeric
chains occurred in the first hour, but were inconsistent
regarding the magnitude of the force
decay1,3,10,11,13,14,23. This may have resulted as this
study found that force decay of approximately 40-50%
occurred during 7 to 21 days (Table 5). Previous
studies6,8,10,13,24 reported that elastomeric chains
experience a steep decrease in force, ranging from
40%- 50% during the first 24 hours, which still
continued decline at a lower rate for two to three weeks.
The percentage of lost initial force varied depending on
the methodological differences such as brand of
elastomeric chain, number of elastomers, variables
controlled and environment in which the elastomeric
chains were tested.
Major differences between Tuff and Dynaflex
elastomeric chains involved the magnitude of the force
delivery especially initial force. These finding agreed with
various studies3,7,10-13,22 showing different magnitudes
of initial force. Tuff elastomeric chains generated higher
initial forces than Dynaflex elastomeric chains, similar
to our previous study21. It could be possible that different
effects were due to the filler material used in elastomeric
chains5 and variations in manufacturing techniques
including control quality of these process. However, the
force delivery generated from both elastomeric chains
showed no significant differences from other study
periods (Table 2). Another possible explanation could be
that both elastomeric chains were manufactured from
polyurethane polymer and imported from the United
States of America with the same standardization. Moreover
they had similar characteristics on configuration, color,
cost and batch number.
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In each elastomeric chain, statistical analysis
found that significant differences in initial force and force
measurement occurred at one hour among the different
study periods (Table 2). The force measurement at 14
days was not significant differences from the force
measurement at 21 and 28 days. This implies that both
elastomeric chains generated nearly constant force
delivery between 14 to 28 days of the study period.
These finding agreed with various
studies1,3,10,11,13,14,21,23 that the greatest rate of force
decay occurred in the first hour and during the next two
to three weeks, forces delivered continue to fall but at a
slow rate. Beyond that time, in general, forces delivered
remain nearly constant but at a level lower than originally
available. But there were inconsistent with the study of
Josell et al14 reporting that after two to four days, the rate
of force decay in elastomeric chains remained nearly
constant throughout the observation period. It could be
possible that the discrepancy of force magnitude varied
depending on the methodological differences such as
brand of elastomeric chain, number of elastomers,
variables controlled and environment in which the
elastomeric chains were tested.
Statistical analysis revealed no significant
differences in force delivery between upper and lower
arch from Tuff and Dynaflex elastomeric chains through
28 days of study period at P value > 0.05. These findings
agreed with Bousquetûs study23 that behavior of force
delivery from each elastomeric chain between the upper
and lower arch were clinically similar.
Clinical implication
The results of this study suggested that both Tuff
and Dynaflex elastomeric chains, in lengths approximately
70% to 75% of the actual canine retraction distance,
can generate the proper force for canine retraction (the
proper force was defined as the force range 350 grams
to 100 grams) throughout 28 days of study period. This
study found that, 20% of all subjects, the maximum
force of both elastomeric chains were greater than 350
grams. However, the force which generated from all
tested elastomeric chains reduced to lesser than 350
grams in the first hour after initial measurement. These
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imply that clinical implication should be prestretch the
elastomeric chain before placement on the teeth to avoid
the too much initial force. Furthermore, it was found that,
25% of all subjects, both elastomeric chains generate
the force lesser than 100 grams at 28 days which was
required for canine retraction. As such, in some case, the
patients were recalled for replacement of elastomeric
chains at three weeks period.

Conclusion
The authors found that both Tuff and Dynaflex
elastomeric chains, in lengths approximately 70% to
75% of the actual canine retraction distance, can
generate the proper force for canine retraction (the
proper force was defined as the force range 350 grams
to 100 grams) throughout 28 days of study period.
Major differences between Tuff and Dynaflex elastomeric
chains were the magnitude of the initial force. The force
decay behavior of Tuff and Dynaflex elastomeric chains
showed a similar curve that the greatest loss of force in
elastomeric chains occurred in the first hour, nearly
constant force delivery from 14 days to 28 days of study
period. Force delivery from each elastomeric chain between
the upper and lower arch were clinically similar. Clinical
implication is that the elastomeric chain should be
prestretch before placement on the teeth to avoid the too
much initial force and in some cases the patients should
be recalled for replacement of elastomeric chains at 3 4 weeks period.
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Abstract
Objectives: To compare the palatal size and shape in Class II, Division 1
malocclusion between males and females and between a 12-15 year group
and a 19-22 year group.
Materials and methods: Untreated Thai orthodontic samples of a 12-15 year
group (20 males and 20 females) and a 19-22 year group (20 males and
20 females) were analyzed. All had complete permanent dentition including
second molars with the absence of posterior crossbite and abnormal habits.
Palatal landmarks at the upper first premolar and the upper first molar in
frontal plane and midsagittal in sagittal plane were digitized with a Coordinate
Measuring Machine (CMM) and reported by corresponding coordinates
(X-, Y- and Z- direction). Palatal sizes in the frontal and sagittal planes were
computed and palatal width, height and length were compared by age and sex
by independent T-test. These coordinates were then processed by computer
curve-fitting program to define the parameters of fourth-degree polynomial
function (y = ao + ax + bx2 + cx3 + dx4) to describe their palatal shapes.
Results: The palatal width, height and length of the 19-22 year group were
slightly greater in males than females, in contrast with the 12-15 year group
with slightly greater dimensions in females than males. Palatal width and
height were greater in the 19-22 year group than the 12-15 year group but
palatal length was greater in the 12-15 year group. Nevertheless, the
differences were minimal and the statistical analysis yielded no significant
sex or age differences except that molar width and height in the 19-22 year
group were significantly greater than the 12-15 year group in both males and
females.
The palatal shapes were shown to be accurately represented mathematically
by the fourth-degree polynomial function with correlation coefficients higher
than 0.98.
Conclusion: The palatal width, height and length held no significant sex and
age differences except the molar width and height in the 19-22 year group
were significantly greater than the 12-15 year group. Thus, the modifications
in palatal size and shape are still to be expected, even after the eruption of
the second permanent molars. These modifications should be considered as
a possible factor in palatal expansion and the stability of orthodontic treatment.
The fourth degree polynomial function accurately described Thai palatal
shapes in Angleûs classification II, Division 1 malocclusion.
Key Words: coordinate measuring machine, class II division 1 malocclusion,
mathematical model, palatal size and shape
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Introduction

Materials and methods

The transverse component in Class II patients is
of great importance as sagittal or vertical components.
Some authors evaluating transverse dimensions have
reported that maxillary arch was narrower in patients with
Class II, Division 1 malocclusion, and an expansion was
needed during or before treatment.1-3 However, in earlier
studies, Fröhlich4 found no difference in transverse
dimension between Class I and Class II subjects. Staley,
et al.5 stated that patients with Class II, Division 1
malocclusion had narrower maxillary intercanine,
intermolar, and alveolar widths. Buschang, et al.6 reported
that Class II, Division 1 females had the longest and
narrowest arches.
Nearly a century ago, Shaw, 18767 published
data on palatal width, length and height for human adult
subjects. An examination of research literature over the
last 90 years revealed the reports that the quantitative
analysis of dental casts (for instance, the dimensions
and relative positions of the teeth, the dimensions of the
palate) is usually performed by direct technique. Several
standardized landmarks that should be used as end
points of the measurements are individualized on the
cast, and the measurements are taken directly in the
mouth, on the model of living subjects or indirectly
analyzed from two-dimensional photograph.
According to the general method, errors of
measurement can occur in the process of transferring
three-dimensions of dental casts to two-dimensions. At
present, a highly accurate measuring device, the
Coordinate Measuring Machine (CMM), used in the
machine tool industry, can be applied to record specific
landmarks directly on dental models.8 Yungsu, 20089
concluded that the CMM could measure the palate in
three dimensions with timely, highly accurate, reliable
and reproducible results.
Review of the literature indicated that few studies
evaluated the palatal form in Class II, Division 1 patients.
The purpose of this study was to compare the palatal
form among a 12-15 year group and a 19-22 year
group in Class II, Division 1 malocclusion that clinicians
could use in diagnosis and treatment planning.

Two sample groups, 12-15 year olds (20 males
and 20 females) and 19-22 year olds (20 males and
20 females) were selected. All subjects never underwent
orthodontic treatment from the Department of
Orthodontics, Mahidol University.
The following criteria were used in the selection:
1.) Full permanent dentition without any missing
permanent teeth (except third molar), 2.) Skeletal type
II relationship (ANB > 4o) and normal vertical configuration
(MP-PP = 15.75o-26.25o), 3.) Model exhibited Angleûs
classification II, Division 1 malocclusion without shifted
molar, 4.) Protrusive maxillary incisors with overjet > 4
to 9 mm., 5.) Absence of posterior crossbite (even
limited to a single tooth), 6.) No torus palatinus, 7.) No
abnormal habits, no history of mouth breathing and no
tongue thrust.
Dental arches of the patients were reproduced
using an irreversible hydrocolloid material (alginate) and
transferred to dental models in orthodontic stone. Then
maxillary stone casts were oriented in the CMM (LK G
90C) (Figure 1). The instrument is used extensively in
the Faculty of Engineering, Mahidol University with a
frictionless air bearing probe to record the coordinates of
a point in space in each of the three orthogonal axes to
10-6 meters. Measurements of dental casts using the
CMM in this study were made by a trained technician.
The casts were secured to a fixed plane. The
points were recorded in each dental model in the
corresponding X-, Y-, and Z- coordinates automatically
by using the LK Camio suit 5.5 program: y-axis (anteriorposterior), x-axis (right-left) and z-axis (caudocranial).
Before recording the dental landmarks, the X, Y, and Z
planes were set at the gingival margin between central
incisor and the intersections of the palatal sulci of right
and left upper first molar (#16 and #26) with the
gingival margin on each model. The coordinates X and Y
at these points were defined as zero. The Z-axis was
then perpendicular to this plane (Figure 2).
The touch trigger probe was used to identify each
of the measurement points in two planes, three lines
(Figure 3).
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Figure 1: The coordinate measuring machine (CMM): A) CMM (LK G-90C), B) Touch trigger probe used to record the
coordinates of a point in space, C) A hand stick used to control the direction of trigger probe.

Figure 2: The corresponding X-, Y-, and Z-axis

Figure 3: Three lines which identify each of the measurement (the premolar line, the molar line, and the sagittal line)
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1. Frontal plane having two lines
The premolar line: from the most lingual points at
the gingival margin of right upper first premolar (#14) to
left upper first premolar (#24)
The molar line: from the intersections of the
palatal sulci of #16 with the gingival margin to the
intersections of the palatal sulci of #26 with the gingival
margin
2. Sagittal plane
The sagittal line: from the gingival margin between
central incisor through midpalatal raphe to the molar line
Then the following measurements were performed.
1. Frontal plane
The palatal width: (unit: millimeters)
ë The premolar width: the distance from the
most lingual points at the gingival margin of #14 to #24
ë The molar width: the distance from the
intersections of the palatal sulci of #16 with the gingival
margin to #26
Maximum palatal height: (unit: millimeters)
ë The premolar height: the distance from the
highest point at the premolar line perpendicular to the
gingival plane
ë The molar height: the distance from the highest
point at the molar line perpendicular to the gingival plane
2. Sagittal plane
The palatal length (unit: millimeters): the distance
from the gingival margin between central incisor through
midpalatal raphe to the molar line.
Palatal index was then calculated using the
formula10
P.I = (Palatal height) / (Palatal width) × 100
The curve of the palatal surface was then fitted to
a fourth-degree polynomial11-13 (y = ao + ax + bx2 + cx3
+ dx4) separately for the sagittal and the frontal plane
projections of the three-dimensional standardized (i.e.,
size independent) coordinates of the digitized landmarks.
The five coefficients of the polynomial equation
were computed using the least-square method, and the
correlation coefficient (r) of the curve was also assessed.
r is a measure of the goodness of fit of the interpolating
curve to the experimental data, where r=1 would mean
a perfect superimposition between measured and
estimated points.11

Error of measurement
Replicate measurements by the same examiner
were made on eight sets of randomly selected dental
models after one week and compared between two
separate measurements.
Systematic errors for each of the measurements
were calculated according to Paired T-test.
The method errors for each of the measurements
were calculated according to Dahlbergûs equation
(d = difference between two successive measurements,
n = number of double determinations)
n

Method error (ME) =

∑ di2

i =1

2(n − 1)

Statistical analysis
All statistical analysis was performed using the
Statistical Package for Social Sciences for Windows
(SPSS) software package (version 11.5, SPSS Inc.,
Chicago) with the significant level predetermined at pvalue < 0.05.
Descriptive statistics; the mean and standard
deviation were calculated for each palatal measurement.
Independent T-test; describe the mean difference
of the palatal measurements between males and females
and between 12-15-year group and 19-22-year group

Results
Table 1 shows the descriptive statistics of the
palatal size in each age group. In the 19-22 year group,
average palatal width, height and length were slightly
greater in males than females, in contrast with the
12-15 year group with slightly greater dimensions in
females than males. Palatal width and height were
greater in the 19-22 year group than the 12-15 year
group but palatal length was greater in the 12-15 year
group.Nevertheless, the differences were minimal and
the statistical analysis yielded no significant sex or
age differences except that molar width and height in the
19-22-year group were significantly greater than the
12-15-year group in both males and females (p-value
< 0.05).
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Table 1: Palatal size among a group of 12-15 and 19-22-year in the study
Plane
Measure
Male
12-15 year 19-22 year
p
12-15 year
Mean SD Mean SD
Mean SD
Frontal
Premolar
Width
24.99 2.43 26.40 2.29 0.067 25.64 2.03
Height
7.27 1.70 7.52 2.06 0.679 8.09 1.98
Molar
Width
33.19 2.05 34.95 2.64 0.024* 32.87 1.68
Height
10.51 2.62 12.19 2.20 0.035* 10.47 2.03
Sagittal
Length
32.41 2.60 32.33 2.29 0.919 32.59 2.37

Female
19-22 year
Mean SD
26.19
8.44
34.21
11.90
32.28

2.38
1.93
2.42
2.08
2.64

p

0.436
0.582
0.049*
0.034*
0.695

* Significant at p-value < 0.05

Using the least-square method, the curve-fitting
program calculated every existing model. The curves
were generated by inserting the values of the mean aoto d- parameter received from the samples into the
fourth degree polynomial function as follows:
The 12-15-year group
The premolar line
Ŷ = 4.632 - 1.019x - 2.333 (x10-2) x2 + 3.404 (x10-3) x3 - 3.08 (x10-4) x4

The molar line
Ŷ = 1.112 - 2.204x + 1.688 (x10-1) x2 - 6.217 (x10-3) x3 + 5.4 (x10-5) x4

The sagittal line
Ŷ = -9.814 - 0.077x - 6.759 (x10-3) x2 + 2.155 (x10-3) x3 - 5.0 (x10-5) x4

The 19-22-year group
The premolar line
Ŷ = 8.836 - 2.527x + 0.137x2 + 0.137x3 + 5.3 (x10-5) x4

The molar line
Ŷ = 1.856 - 3.177x + 0.282x2 - 1.105 (x10-2) x3 + 1.62 (x10-4) x4

The sagittal line
Ŷ = -11.257 - 0.127x - 3.373 (x10-3) x2 + 2.318 (x10-3) x3 - 5.5 (x10-5) x4

The lines have been well-fit based on the fourth
degree polynomial function with the correlation coefficients
higher than 0.98 (Figure 4).
One week after the first measurements, eight
randomly selected dental models were remeasured.
Paired T-test was applied to the measurements. The
differences between the first and second measurements
of the eight models were insignificant. The method error
was calculated using Dahlbergûs formula with little error
and within acceptable limits (Values varied from 0.05 0.46 mm.)
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Discussion
Quantitative investigations of palatal size and
shape are uncommon. The main shortcoming seems to
be technical. Direct techniques,14,15 in which several
standardized landmarks are used as endpoints for
caliper measurements, are time-consuming and prone
to error. Indirect analyses, with the use of two-dimensional
projections (photographs, or photocopies)13,16 where
the landmarks are individualized on the prints can be
digitized with an electromagnetic tablet. The digitization
of two-dimensional landmarks overcomes some of the
limits of the direct approach, but loses the third dimension.
Indeed, in some applications, this approach can be
considered satisfactory, the value of the third dimension
being minimal relative to the other two. Unfortunately, all
three coordinates are necessary for a quantitative analysis
of the palate.11
New methods, Braun, et al.17 used the CMM to
record the X-,Y- coordinates of dental landmarks for the
study of human dental arch forms and the comparison of
intermaxillary tooth size discrepancies among different
malocclusion groups. Aukvongseree, 200418,19 studied
of the reliability of CMM in measuring dental models and
concluded that the CMM can be applied to measure
dental models in three dimensions with highly accuracy.
Yungsu reported that the CMM can be applied to
measure the palatal form in three dimensions with highly
accurate, reliable and reproducible results.9
The curve of the palatal surface was fitted to a
fourth order polynomial11-13,20 (y = ao + ax + bx2 + cx3
+ dx4). The polynomials fitted data well, with correlation
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Figure 4: The superimposition of the collected data from CMM (blue dot) and the calculated data from the fourth degree
polynomial function (green dot) of the premolar line, the molar line and the sagittal line

coefficients higher than 0.920 and in this study the
correlation coefficients were higher than 0.98.
Even once a permanent dentition is established,
oral structures are still modified. As expected, the
changes occur at a slower rate than that observed during
the first two decades of life.21-23 The actual direction and
magnitude of these modifications are still debated.
Indeed, recent longitudinal investigations reported
opposite results, Bishara, et al.24 and Carter and
McNamara22 found decrements in dental arch widths in
early adulthood. Harris23 found that arch widths increased.
No similar data were found for hard tissue palatal
dimensions.
In this study, the effect of age seemed of some
interest for both males and females in molar width and
height. Increments in palatal dimensions, and a ùhigherû
palatal shape at the molar area, were found in the
19-22 year group when compared to the 12-15 year
group of the same sex (Table 1). Therefore, the
modifications in palatal size and shape are still to be
expected, even after the eruption of the second permanent
molars.
In this study, no significant sexual dimorphism

was found for any palatal measurement (Table 1). This
finding supports earlier observations.25-28
When comparing the palatal size of this study from
the 19-22 year group (Class II, Division 1 malocclusion)
with normal occlusion from Yungsu, 20089 (Tables 23), on average, the palatal form in Class II, Division 1
malocclusion were narrower, higher, and longer than
normal occlusion, but the differences were minimal.
Similarly, Frohlich, 19614 found no difference in molar
widths between normal and Class II subjects. Sayin and
Turkkahraman, 200429 stated that interalveolar widths
showed no difference between Class II, Division 1 and
normal occlusion. These results suggest that transverse
discrepancy in Class II, Division 1 patients originated by
palatally tipped from upper posterior teeth and not from
the maxillary alveolar base.
In contrast, Staley et al, 19855 reported that
maxillary alveolar widths and mandibular alveolar widths
of males were larger in the Class I group. Clinicians have
speculated on the reasons for this difference - nasal
obstruction, finger habits, tongue thrusting, low tongue
position, abnormal swallowing and sucking behaviors.
They suggested that palatal movement of maxillary
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Table 2: The mean and standard deviation of width, height and palatal index compared with the other studies
Author
Sex
Width
Height
Index
Mean
SD
Mean
SD (Ht./wd)x100
Premolar
This study(Thailand)
M+F
26.30
2.31
7.98
2.02
30.41
9
Yungsu, 2008 (Thailand)
M+F
27.14
1.99
7.64
1.51
28.15
26
Ferrario et al, 2002 (Italy)
M
27.13
1.92
9.16
2.15
33.76
F
27.18
1.65
10.01
2.79
36.83
Molar
This study(Thailand)
M+F
34.58
2.53
12.05
2.12
35.07
9
Yungsu, 2008 (Thailand)
M+F
35.27
2.19
11.93
1.71
33.82
25
Brawley&Sedwick,1993 (NewYork)
F+M
36.4
3.61
15.9
3.46
43.68
33
Westling,1996 (Sweden)
F+M
28.1
2.3
13.5
2.2
48.04
14
Redman et al,1966 (Minnesota)
M
34.6
3.03
14.9
2.93
43.4
F
32.6
2.8
12.7
2.45
39.0
26
Ferrario et al, 2002 (Italy)
F
34.29
2.42
16.47
3.01
48.03
M
37.40
3.01
17.44
1.11
46.63
Table 3: The mean and standard deviation of length compared with the other studies
Author
Sex
Length
Mean
This study(Thailand)
M+F
32.279
9
Yungsu, 2008 (Thailand)
M+F
31.88
26
Ferrario et al 2002 (Italy)
F
29.83
M
28.52
posterior teeth in Class II patients was needed to
compensate for the increased overjet and to have good
posterior interdigitation.
Previous investigations of ethnic and racial
variations in oral and dental dimensions report conflicting
results.30 In particular, hard tissue palatal morphology
has been found to be significantly influenced by race31,
while Younes, 1995 reported the palatal size could not
be differentiated between 2 Middle Eastern child
populations.15
Table 2 shows the palatal indices of this study
were smaller than the other studies, indicating that Thai
palatal forms were wider and shallow than the other
ethnic studies. If a narrow palatal form produces a
posterior crossbite, the extensive expansion would not
be suitable treatment.
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The limitation of this study pertains to the age
differences. The present study was cross-sectional, and
different individuals were analyzed in the 12-15 year
group and the 19-22 year group. The age differences,
therefore, could also be a result of a secular trend.
Nevertheless, not only most investigations on craniofacial
morphology have been performed on cross-sectional
samples, because longitudinal studies are more timeconsuming and difficult to perform32, but also the effect
of a secular trend seems negligible when the age
differences are less than ten years and the individuals
live in the same environment.

Conclusions
The palatal width, height and length held no
significant sex and age differences except that molar
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width and height in the 19-22 year group were
significantly greater than the 12-15 year group. Therefore
the modifications in palatal size and shape are still to be
expected, even after the eruption of the second permanent
molars. These modifications should be considered as a
possible factor in palatal expansion and the stability of
orthodontic treatment.
The fourth degree polynomial function accurately
described Thai palatal shapes in Angleûs classification II,
Division 1 malocclusion.
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Abstract
Objective: This study was to evaluate the microtensile bond strengths of a
resin composite core bonded to the glass fiber post after surface treatment
with different concentration of hydrogen peroxide (H2O2).
Materials and Methods: The FRC Postec Plus size 3 posts were immersed
in either 24% or 35% H2O2 for 10 min, gently rinsed and silanized for 60
sec. For the control group, the posts were silanized for 60 sec. Each fiber
post was positioned upright and in the center of a cylindrical matrice on the
glass slab. Multicore Flow was applied until it completely filled the matrice
following by light activation for 40 sec. Post and core units were sectioned
into stick specimens and subjected to the microtensile bond test. The tensile
loads were applied until fractured. The fracture modes and surface morphologic
analysis were observed under an SEM.
Results: The mean microtensile bond strength of the silanized group, the
group treated with 24% H2O2 and the group treated with 35% H2O2 were
18.99,16.10 and 8.67 MPa respectively. The silanized group revealed the
highest microtensile bond strength with statistically significant difference
(p ≤0.05) when compared to the other two groups. The result was also
shown that the microtensile bond strength of the group treated with 35%
H2O2 was significantly lower than the group treated with 24% H2O2
(p<0.01) Adhesive failure was found in 86-100% of all groups. The
surfaces of the posts treated with H2O2 became irregular because the resin
matrix was dissolved and the glass fibers were exposed.
Conclusion: The fiber post surface treated with 35% H2O2 for 10 min and
applied with silane provided lower bond strength than the group treated with
24% H2O2 for 10 min and applied with silane. However, both experimental
groups exhibited lower bond strengths than the control group that applied
only with silane.
Key words: fiber post, surface treatment, hydrogen peroxide, microtensile
bond strength
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∫∑π”
øíπ∑’√Ë °— …“§≈Õß√“°øíπ¡—°®– ≠
Ÿ ‡ ¬’ ‡π◊ÕÈ øíπ‰ª¡“°
®“°øíπºÿ øíπ·µ° À√◊Õ°“√∫Ÿ√≥–∑’Ë¡’¢π“¥„À≠à °“√
∫Ÿ√≥–¥â«¬‡¥◊Õ¬øíπ‡ªìπ∑“ß‡≈◊Õ°Àπ÷Ëß¿“¬À≈—ß°“√√—°…“
§≈Õß√“°øíπ ‡¥◊Õ¬øíπ·∫àß‡ªìπ 2 ª√–‡¿∑ §◊Õ ‡¥◊Õ¬™π‘¥
À≈àÕ (cast post) ·≈– ‡¥◊Õ¬™π‘¥ ”‡√Á®√Ÿª (prefabricated
post) ‚¥¬™π‘¥ ”‡√Á®√Ÿª ¡’∑—Èß™π‘¥‡ªìπ‚≈À– (metal) ·≈–
™π‘¥ª√“»®“°‚≈À– (metal free) ´÷Ëß‡¥◊Õ¬øíπ™π‘¥À≈—ßπ’È
‰¥â·°à ‡¥◊Õ¬øíπ™π‘¥‡´Õ√å‚§‡π’¬‡´√“¡‘° (zirconia ceramic
post) ·≈–‡¥◊Õ¬øíπ™π‘¥‡ âπ„¬ (fiber post) ‡¥◊Õ¬øíπ™π‘¥
‡´Õ√å‚§‡π’¬‡´√“¡‘° ¡’°“√„™âß“ππâÕ¬ ‡π◊ÕË ß®“°µâÕß°√Õ‡π◊ÕÈ
øíπ¡“°„π°“√‡µ√’¬¡‚æ√ß√“°øíπ πÕ°®“°π’È¬—ß√◊ÈÕ¬“°∂â“
µâÕß√—°…“§≈Õß√“°øíπ´È”À√◊Õ¡’°“√·µ°À—°¢Õß‡¥◊Õ¬1 ¥—ß
π—Èπ‡¥◊Õ¬øíπ™π‘¥‡ âπ„¬®÷ß‡ªìπ∑“ß‡≈◊Õ°Àπ÷Ëß„π°“√∫Ÿ√≥–
¥â«¬‡¥◊Õ¬øíπ™π‘¥ ”‡√Á®√Ÿª ‡¥◊Õ¬øíπ™π‘¥π’¡È ‚’ §√ß √â“ßÀ≈—°
2 à«π §◊Õ à«π¢Õß‡ âπ„¬∑’Ë‡√’¬ßµ—«„π∑‘»∑“ß‡¥’¬«°—π
(unidirectional fiber) ·≈– «à π‡¡∑√‘°´å‡√´‘π (resin matrix)
‡¥◊Õ¬™π‘¥π’È¡’§à“¡Õ¥ÿ≈— ¢Õß§«“¡¬◊¥À¬ÿàπ (modulus of
elasticity) „°≈â‡§’¬ß°—∫‡π◊ÈÕøíπ2 ®÷ß≈¥°“√·µ°À—°¢Õß√“°
„π·π«¥‘ßË 3 ®“°°“√«‘‡§√“–Àå¥«â ¬«‘∏‰’ ø‰πµå‡Õ≈‘‡¡πµå (finite
element analysis) · ¥ß«à“‡¡◊ËÕ∫Ÿ√≥–√à«¡°—∫°“√„™â‡¥◊Õ¬
øíπ™π‘¥π’È®–¡’°“√°√–®“¬¢Õß§«“¡‡§âπ„°≈â‡§’¬ß°—∫øíπ
∏√√¡™“µ‘4 °“√»÷°…“µ“¡·ºπ (prospective study)
∑“ß§≈‘π°‘ æ∫«à“‰¡à‡°‘¥°“√·µ°À—°¢Õß√“°¿“¬À≈—ßµ‘¥µ“¡
º≈‡ªìπ√–¬–‡«≈“¡“°°«à“ 2 ªï ‚¥¬Õ—µ√“°“√≈â¡‡À≈«®“°
°“√¬÷¥Õ¬Ÿà (debonding) §‘¥‡ªìπ√âÕ¬≈– 3.855 ·≈– √âÕ¬≈–
3.556 µ≈Õ¥®π°“√»÷°…“¬âÕπÀ≈—ß (retrospective study)
æ∫Õ— µ √“°“√≈â ¡ ‡À≈«¿“¬À≈— ß ∫Ÿ √ ≥–¥â « ¬‡¥◊ Õ ¬øí π ™π‘ ¥
‡ âπ„¬ ∑’Ë√âÕ¬≈– 3.27 ®“°°“√»÷°…“¥—ß°≈à“«· ¥ß„Àâ‡ÀÁπ
«à“°“√µ‘¥Õ¬Ÿà (retention) ¬—ß‡ªìπªí®®—¬ ”§—≠µàÕ§«“¡ ”‡√Á®
¢Õß°“√∫Ÿ√≥–¥â«¬‡¥◊Õ¬øíπ1 „π°≈ÿà¡π’È
°“√‡æ‘Ë ¡ °“√µ‘ ¥ Õ¬Ÿà ”À√— ∫ ‡¥◊ Õ ¬øí π ™π‘ ¥ ‡ â π „¬
“¡“√∂∑”‰¥â‚¥¬ °“√ √â“ßæ—π∏–‡§¡’ (chemical bond)
·≈–°“√ √â“ßæ—π∏–‡™‘ß°≈ (mechanical bond) «‘∏°’ “√ √â“ß
æ—π∏–‡§¡’∑”‰¥â‚¥¬°“√∑“ “√‰´‡≈π (silane coupling
agent) ´÷Ëß¡’ Ÿµ√‚§√ß √â“ß‡ªìπ R′-Si-(OR)3 R′ §◊Õ À¡Ÿà∑’Ë
∑”Àπâ“‡ªìπ “√Õ‘π∑√’¬å (organic functional group) OR §◊Õ
À¡ŸàÕ—≈§Õ°´’ (alkoxy group) °“√‡°‘¥ªØ‘°‘√‘¬“‡§¡’‡√‘Ë¡µâπ

®“°¢∫«π°“√ ≈“¬µ—«¢Õß°≈ÿà¡Õ—≈§Õ°´’ ‡æ◊ËÕ„Àâ‰¥âÀ¡Ÿà
‰´≈“πÕ≈ (silanol group) ´÷Ëß “¡“√∂ √â“ßæ—π∏–‰´≈Õ‡´π
(siloxane bond) °—∫‚¡‡≈°ÿ≈¢Õß´‘≈§‘ Õπ‰¥ÕÕ°‰´¥å (SiO2)
¢Õß‡¥◊Õ¬øíπ‰¥â8,9 °“√»÷°…“∑’ºË “à π¡“· ¥ß„Àâ‡ÀÁπ«à“°“√π”
“√‰´‡≈π¡“ª√— ∫ ¿“æº‘ « ‡¥◊ Õ ¬øí π ™π‘ ¥ ·°â « ·≈–™π‘ ¥
§«Õµ´å “¡“√∂‡æ‘Ë ¡ §à “ °”≈— ß ·√ß¬÷ ¥ ‰¡‚§√‡∑π‰´≈å
√–À«à“ß‡¥◊Õ¬øíπ°—∫‡√´‘π§Õ¡‚æ ‘µ™π‘¥·°π Õ¬à“ß¡’π—¬
”§—≠∑“ß ∂‘µ10-12
‘
”À√—∫°“√ √â“ßæ—π∏–‡™‘ß°≈∑”‚¥¬
°“√∑”„Àâº‘«‡¥◊Õ¬‡°‘¥§«“¡¢√ÿ¢√–®“°À≈“¬«‘∏’ ‡™àπ °“√
æàπ∑√“¬ (sand blasting) °“√„™â “√‡§¡’ (chemical agent)
‰¥â·°à °√¥‰Œ‚¥√ø≈ŸÕÕ√‘° (hydrofluoric acid) “√ÕÕ°
´‘‰¥´å (oxidizing agent) ‡™àπ “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√å
ÕÕ°‰´¥å (hydrogen peroxide) ‚æ·∑ ‡´’¬¡‡ªÕ√å·¡ß°“
‡π∑ (potassium permanganate) ‡°≈◊Õ‚´‡¥’¬¡¢Õß‡Õ∑“
πÕ≈ (sodium ethoxide)13-15 ·µà°“√„™â “√ 2 ™π‘¥ ¥ÿ ∑â“¬
¡’¢—ÈπµÕπ°“√‡µ√’¬¡§àÕπ¢â“ß¬ÿàß¬“°∑”„Àâ‰¡àπ‘¬¡„™â„π∑“ß
∑—πµ°√√¡ ¥—ßπ—Èπ Monticelli ·≈–§≥– ‰¥âπ” “√≈–≈“¬
‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å‡¢â¡¢âπ√âÕ¬≈– 10 ·≈– 24 ª√—∫
¿“æº‘«‡¥◊Õ¬øíπ™π‘¥‡ âπ„¬ ‡ªìπ‡«≈“ 20 ·≈– 10 π“∑’
µ“¡≈”¥—∫ ´÷Ëßº≈°“√»÷°…“π’È· ¥ß«à“ “¡“√∂‡æ‘Ë¡°”≈—ß
·√ß¬÷¥‰¡‚§√‡∑π‰´≈å ‡¡◊ËÕ‡∑’¬∫°—∫°≈ÿà¡∑’Ë‰¡àª√—∫ ¿“æº‘«
‡¥◊Õ¬øíπ πÕ°®“°π’È‡¡◊ËÕπ”‡¥◊Õ¬∑’Ëºà“π°“√·™à¥â«¬ “√
≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å ¡“∑“ “√‰´‡≈π “¡“√∂
‡æ‘Ë¡§à“°”≈—ß·√ß¬÷¥‰¡‚§√‡∑π‰´≈å¡“°°«à“°≈ÿà¡∑’Ë·™à¥â«¬
“√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å‡æ’¬ßÕ¬à“ß‡¥’¬«13 Vano
·≈–§≥– · ¥ß„Àâ‡ÀÁπ«à“‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬
”§—≠∑“ß ∂‘µ‘ √–À«à“ß‡¥◊Õ¬øíπ™π‘¥‡ πâ „¬∑’·Ë ™à “√≈–≈“¬
‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å‡¢â¡¢âπ√âÕ¬≈– 10 ‡ªìπ‡«≈“ 20
π“∑’ √à«¡°—∫∑“ “√‰´‡≈π °—∫‡¥◊Õ¬øíπ™π‘¥‡ âπ„¬∑’Ë·™à
“√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å‡¢â¡¢âπ√âÕ¬≈– 20 ‡ªìπ
‡«≈“ 10 π“∑’ √à«¡°—∫∑“ “√‰´‡≈π14 ®“°°“√»÷°…“µà“ß Ê
¢â“ßµâπ· ¥ß«à“ °“√ª√—∫ ¿“æº‘«‡¥◊Õ¬øíπ ¥â«¬«‘∏’°“√
√â“ßæ—π∏–‡§¡’√à«¡°—∫°“√ √â“ßæ—π∏–‡™‘ß°≈ “¡“√∂‡æ‘Ë¡
°“√µ‘¥Õ¬Ÿà√–À«à“ß‡¥◊Õ¬øíπ°—∫‡√´‘π§Õ¡‚æ ‘µ‰¥â Õ¬à“ß‰√
°Á µ “¡°“√„™â ß “π∑“ß§≈‘ π‘ ° “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√å
ÕÕ°‰´¥å §«“¡‡¢â¡¢âπ√âÕ¬≈– 24 Õ“®À“¡“„™â‰¥â¬“° ∑”„Àâ
µâÕß„™â‡«≈“„π°“√‡µ√’¬¡∑“ßÀâÕßªØ‘∫—µ‘°“√ ¥—ßπ—Èπ°“√π”
“√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å§«“¡‡¢â¡¢âπ√âÕ¬≈– 35
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´÷ËßÀ“‰¥âßà“¬°«à“ Õ“®®–‡ªìπ∑“ß‡≈◊Õ°Àπ÷Ëß„π°“√ª√—∫
¿“æº‘«‡¥◊Õ¬øíπ‡æ◊ËÕ‡æ‘Ë¡§à“°“√¬÷¥Õ¬Ÿà√–À«à“ß‡¥◊Õ¬øíπ
°—∫‡√´‘π§Õ¡‚æ ‘µ™π‘¥·°π
«—µ∂ÿª√– ß§å¢Õßß“π«‘®—¬π’È‡æ◊ËÕ»÷°…“ª√– ‘∑∏‘¿“æ
¢Õß°“√„™â “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å§«“¡‡¢â¡¢âπ
√âÕ¬≈– 24 ·≈– 35 „π°“√ª√—∫ ¿“æº‘«‡¥◊Õ¬øíπ™π‘¥‡ πâ „¬
‡ªìπ‡«≈“ 10 π“∑’ √à«¡°—∫∑“ “√‰´‡≈πµàÕ§à“°”≈—ß·√ß¬÷¥
‰¡‚§√‡∑π‰´¥å√–À«à“ß‡√´‘π§Õ¡‚æ µ‘ ™π‘¥·°π°—∫‡¥◊Õ¬øíπ

«— ¥ÿ·≈–«‘∏’∑¥≈Õß
«— ¥ÿ∑’Ë„™â„π°“√∑¥≈Õß à«πª√–°Õ∫µà“ßÊ · ¥ß„π
µ“√“ß∑’Ë 1
π”‡¥◊Õ¬‡ âπ„¬ ‡ÕøÕ“√å´’ ¢π“¥ 3 (FRC Postec
Plus, Ivoclar vivadent, Schaan, Leichtenstein ) ‡ âπºà“
»Ÿπ¬å°≈“ß 2 ¡‘≈≈‘‡¡µ√ ®”π«π 24 ™‘Èπ ∑”°“√ ÿà¡·∫àßÕÕ°
‡ªìπ 3 °≈ÿà¡ Ê ≈– 8 ™‘Èπ µ“¡«‘∏’°“√ª√—∫ ¿“æº‘«‡¥◊Õ¬øíπ
¥—ßπ’È
° ≈ÿà ¡ ∑’Ë 1 ·≈– 2 π”‡¥◊ Õ ¬øí π ·™à „ π “√≈–≈“¬
‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å §«“¡‡¢â¡¢âπ√âÕ¬≈– 35 ·≈– 24
‡ªìπ‡«≈“ 10 π“∑’ ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß µ“¡≈”¥—∫ ®“°π—Èπ ≈â“ß
¥â«¬πÈ”°≈—Ëπ·≈–≈¡‡ªÉ“‡∫“ Ê ®π‡¥◊Õ¬øíπ·Àâß °≈ÿà¡∑’Ë 3
‡ªìπ°≈ÿà¡§«∫§ÿ¡‰¡à¡’°“√‡µ√’¬¡º‘«‡¥◊Õ¬øíπ π”‡¥◊Õ¬∑—Èß
“¡°≈ÿ¡à ∑“‰´‡≈π (Monobond S, Ivoclar vivadent, Schaan,
Liechtenstein) ª≈àÕ¬‰«â 60 «‘π“∑’
Table 1: Compositions of materials used in this study
Material
Batch No.
Type
FRC Postec Plus
L35052
glass fiber post

MultiCore Flow

L42222

dual-cured resin
composite

Monobond S

LJ20300

silane coupling
agent

π”‡¥◊Õ¬øíπ®”π«π 2 ™‘Èπ®“°·µà≈–°≈ÿà¡¡“«‘‡§√“–Àå
≈—°…≥–æ◊Èπº‘« ‚¥¬‡¥◊Õ¬™‘ÈπÀπ÷Ëß»÷°…“≈—°…≥–æ◊Èπº‘«µ“¡
¬“« (longitudinal) ·≈–‡¥◊Õ¬Õ’°™‘Èπ»÷°…“æ◊Èπº‘«„π·π«µ—¥
¢«“ß (cross-section) ¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ
™π‘¥ àÕß°√“¥ (Scanning electron microscope: SEM,
JSM 5410; JEOL LTD, TOKYO, JAPAN) °“√»÷°…“æ◊Èπº‘«
µ“¡·π«¬“«∑”‚¥¬π”‡¥◊Õ¬øíπ®“°·µà≈–°≈ÿà¡µ‘¥≈ß∫π
·∑àß‚≈À–µ“¡·π«¬“«‚¥¬„™â·∂∫§“√å∫Õπ (carbon tape)
à « π°“√»÷ ° …“æ◊È π º‘ « „π¿“§µ— ¥ ¢«“ß∑”‚¥¬π”‡¥◊ Õ ¬∑’Ë
‡À≈◊ Õ ®“°·µà ≈ –°≈ÿà ¡ µ— ¥ ¥â « ¬‡§√◊Ë Õ ßµ— ¥ øí π §«“¡‡√Á « µË”
(Accutom-50, Streuers, Denmark) ¿“¬„µâπÈ”À≈àÕ‡¬Áπ
π”‡¥◊Õ¬∑’Ëµ—¥¢«“ß«“ßµ‘¥≈ß∫π·∑àπ‚≈À–·≈–π”‰ª»÷°…“
¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥
°“√»÷°…“§à“°”≈—ß·√ß¬÷¥‰¡‚§√‡∑π‰´≈å (Microtensile bond strength test) ∑”‚¥¬π”‡¥◊Õ¬øíπ∑’Ë‡À≈◊Õ°≈ÿà¡≈–
6 ™‘Èπ ¬÷¥ª≈“¬‡¥◊Õ¬¥â“π‡ âπºà“π»Ÿπ¬å°≈“ß 2 ¡‘≈≈‘‡¡µ√
„Àâ µ—È ß ©“°∫π·ºà π ·°â « ¥â « ¬‡√´‘ π §Õ¡‚æ ‘ µ ™π‘ ¥ ·°π
(Multicore Flow, Ivoclar vivadent, Schaan, Liechtenstein)
·≈â«©“¬· ß¥â«¬‡§√◊ËÕß©“¬· ß (Optilux, Demetron Res.
Corp, Danbury CT, USA) ‡ªìπ‡«≈“ 40 «‘π“∑’ π”·∂∫
‡¡∑√‘°´åæ≈“ µ‘°∑’Ë‡µ√’¬¡‡ªìπ√Ÿª∑√ß°√–∫Õ° ‡ âπºà“π
»Ÿπ¬å°≈“ß 10 ¡‘≈≈‘‡¡µ√ «¡≈âÕ¡√Õ∫‡¥◊Õ¬‚¥¬ª√—∫„Àâ
‡¥◊Õ¬øíπÕ¬Ÿà°÷Ëß°≈“ß¢Õß∑√ß°√–∫Õ°æ≈“ µ‘° ©’¥‡√´‘π
§Õ¡‚æ ‘µ™π‘¥·°π≈ß„π∑√ß°√–∫Õ°æ≈“ µ‘°®π°√–∑—Ëß
Composition (in wt %)
Dimethacrylates approx. 21%
Glass fibers approx. 70%
Ytterbium fluoride approx. 9%
Catalysts and stabilizers <0.5%
Dimethacrylates 28.1-28.4%
Barium glass fillers, Ba-Al-fluorosilicate glass,
Highly dispersed silicon dioxide 54.4-54.9%
Ytterbium trifluoride
Catalysts, stabilizers and pigments
MPS 1.0%
Ethanol 52%
Water 47%
MPS: monofunctional _-methacryloxypropyltrimethoxysilane
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‡µÁ¡ à«π¢π“π¢Õß‡¥◊Õ¬øíπ ©“¬· ß 40 «‘π“∑’ µ—¥·∂∫
‡¡∑√‘°´åÕÕ° ®“°π—Èππ”™‘Èπß“π∑’Ë‡µ√’¬¡‰«â®”π«π 18 ™‘Èπ
µ—¥„π·π«µ—¥¢«“ß®”π«π 5 ™‘πÈ µàÕÀπ÷ßË ‡¥◊Õ¬øíπ¥â«¬‡§√◊ÕË ß
µ—¥øíπ¿“¬„µâπÈ”À≈àÕ‡¬Áπ ·≈â«π”·µà≈–™‘Èπ∑’Ë‰¥â¡“µ—¥¢«“ß
„πÕ’ ° ·π«Àπ÷Ë ß ‡æ◊Ë Õ „Àâ ™‘È π µ— « Õ¬à “ ß¡’ ≈— ° …≥–‡ªì π ·∑à ß ∑’Ë
¡’Àπâ“µ—¥√Ÿª ’Ë‡À≈’Ë¬¡¢π“¥ 1 µ“√“ß¡‘≈≈‘‡¡µ√ (°«â“ß 1
¡¡., ¬“« 1 ¡¡.) ‚¥¬„Àâ‡¥◊Õ¬øíπÕ¬Ÿàµ√ß°≈“ß ·≈–‡√´‘π
™π‘¥·°πÕ¬Ÿà∑—Èß Õß¢â“ß¢Õß‡¥◊Õ¬ (√Ÿª∑’Ë 1) „π·µà≈–°≈ÿà¡®–
¡’™‘Èπ∑¥ Õ∫¿“¬À≈—ßµ—¥ ®”π«π 30 ™‘Èπ
°“√«—¥§à“°”≈—ß·√ß¬÷¥‰¡‚§√‡∑π‰´≈å π”™‘Èπ∑¥ Õ∫
¡“¬÷¥µ‘¥°—∫·∑àß®—∫ (jig) ”À√—∫«—¥°”≈—ß·√ß¬÷¥‰¡‚§√
‡∑π‰´≈å ∫π‡§√◊ÕË ß∑¥ Õ∫·√ß·∫∫ “°≈ (Universal testing
machine, Instron 5566; London, England) ¥â«¬°“«‰´

¬“‚πÕ§√—¬‡≈µ (Cyanoacrylate, ModelRepairII Blue,
Dentsply-Sankin K.K., Otahara, Japan) ·≈â«∑¥ Õ∫·√ß
¥÷ß‚¥¬„™â§«“¡‡√Á«„π°“√¥÷ß (crosshead speed) 0.5
¡‘≈≈‘‡¡µ√µàÕπ“∑’ ®π°√–∑—Ëß™‘Èπ∑¥ Õ∫·µ°ÕÕ°®“°°—π
∫—π∑÷°§à“·√ß∑’„Ë ™â·≈–§”π«≥§à“°”≈—ß·√ß¬÷¥‰¡‚§√‡∑π‰´≈å
¡’Àπà«¬‡ªìπ ‡¡°–ª“ §“≈ (Megapascal: MPa) ‚¥¬§”π«≥
®“°§à“·√ßµàÕÀπà«¬æ◊πÈ ∑’¢Ë Õßº‘«‚§âß °“√À“§«“¡¬“«¢Õßº‘«
‚§âß (√Ÿª∑’Ë 2) „™â ¡°“√§«“¡¬“« à«π‚§âß L = 2R¶/180•
arcsin(d/2R) ‚¥¬ R §◊Õ √—»¡’¢Õß‡¥◊Õ¬øíπ d §◊Õ §«“¡Àπ“
¢Õß™‘Èπ∑¥ Õ∫ ¶ §◊Õ §à“§ß∑’Ë∑“ß§≥‘µ»“ µ√å´÷Ëß¡’§à“
ª√–¡“≥ 3.141 ·≈– θ §◊Õ ¡ÿ¡√–À«à“ß®ÿ¥µ—¥¥â“ππÕ°¢Õß
à«π‚§âß°—∫®ÿ¥»Ÿπ¬å°≈“ß¢Õß«ß°≈¡

Figure 1: Schematic illustration of prepared specimen for microtensile bond strength test

Figure 2: The mathematic calculating the length of the arc (L)
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À≈—ß®“°∑¥ Õ∫«—¥§à“°”≈—ß·√ß¬÷¥‰¡‚§√‡∑π‰´≈å
π”™‘È π ∑¥ Õ∫¿“¬À≈— ß ·µ°À— ° ¡“µ√«® Õ∫¿“¬„µâ
°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ ‡æ◊ËÕ«‘‡§√“–Àå
√Ÿª·∫∫°“√·µ°À—° (fracture modes) ‚¥¬®—¥‡ªìπ°≈ÿà¡°“√
·µ°À—°∫√‘‡«≥√Õ¬µàÕ√–À«à“ß«— ¥ÿ À√◊Õ·∫∫·Õ¥Œ’´’ø
(adhesive failure) ‡¡◊ËÕ¡’æ◊Èπ∑’Ë¡“°°«à“ √âÕ¬≈– 75 ¢Õß™‘Èπ
∑¥ Õ∫·µ°√–À«à“ß‡¥◊Õ¬øíπ°—∫‡√´‘π§Õ¡‚æ ‘µ™π‘¥·°π
®— ¥ ‡ªì π °≈ÿà ¡ °“√·µ°À— ° „π‡π◊È Õ «— ¥ÿ À√◊ Õ ·∫∫‚§Œ’ ´’ ø
(cohesive failure) ‡¡◊ËÕ¡’æ◊Èπ∑’Ë¡“°°«à“ √âÕ¬≈– 75 ¢Õß™‘Èπ
∑¥ Õ∫∑’Ë · µ°„π‡√´‘ π §Õ¡‚æ ‘ µ ™π‘ ¥ ·°π À√◊ Õ ·µ°
¿“¬„π‡¥◊Õ¬øíπ ·≈–®—¥‡ªìπ°“√·µ°À—°·∫∫º ¡ (mixed
failure) ‡¡◊ËÕ™‘Èπ∑¥ Õ∫¡’°“√·µ°À—°∑—Èß Õß·∫∫√à«¡°—π
°“√«‘ ‡ §√“–Àå ∑ “ß ∂‘ µ‘ ¢ Õß¢â Õ ¡Ÿ ≈ §à “ °”≈— ß ·√ß¬÷ ¥
‰¡‚§√‡∑π‰´≈å „™â«‘∏’«‘‡§√“–Àå§«“¡·ª√ª√«π∑“ß‡¥’¬«
(One-way ANOVA) ·≈–‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ (multiple
comparison) √–À«à“ß°≈ÿà¡‚¥¬„™â Dunnett T3 ·≈–‡ª√’¬∫
‡∑’¬∫¢âÕ¡Ÿ≈¢Õß√Ÿª·∫∫°“√·µ°À—°‚¥¬„™â Kruskal-Wallis
Test ”À√—∫πÕπæ“√“‡¡µ√‘° ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈–
95 (α = 0.05)

º≈°“√∑¥≈Õß
§à“‡©≈’Ë¬·≈–§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß°”≈—ß·√ß¬÷¥
‰¡‚§√‡∑π‰´≈å „π°≈ÿà¡µà“ß Ê · ¥ß„πµ“√“ß∑’Ë 1 º≈°“√
»÷°…“æ∫«à“ °≈ÿ¡à ∑’∑Ë “‰´‡≈π¡’§“à °”≈—ß·√ß¬÷¥ ßŸ ∑’Ë ¥ÿ 18.99
MPa à « π°≈ÿà ¡ ∑’Ë ª √— ∫ ¿“æº‘ « ‡¥◊ Õ ¬¥â « ¬ “√≈–≈“¬
‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å ‡¢â¡¢âπ√âÕ¬≈– 35 ¡’§à“°”≈—ß·√ß
¬÷¥µË”∑’Ë ÿ¥ (8.67 MPa) °”≈—ß·√ß¬÷¥‰¡‚§√‡∑π‰´≈å¢Õß
°≈ÿà¡§«∫§ÿ¡∑’Ë∑“º‘«‡¥◊Õ¬¥â«¬‰´‡≈πÕ¬à“ß‡¥’¬«¡’§à“ Ÿß°«à“
°≈ÿ¡à ∑’ªË √—∫ ¿“æº‘«‡¥◊Õ¬øíπ¥â«¬ “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√å
ÕÕ°‰´¥å §«“¡‡¢â¡¢âπ√âÕ¬≈– 35 Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘
(p < 0.01) ·≈– Ÿß°«à“°≈ÿà¡∑’Ëª√—∫ ¿“æº‘«‡¥◊Õ¬øíπ¥â«¬
“√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å §«“¡‡¢â¡¢âπ√âÕ¬≈– 24
(p=0.05) ‡™àπ°—π
√Ÿª·∫∫°“√·µ°À—°æ∫∑—Èß·∫∫·Õ¥Œ’´’ø ·≈–·∫∫‚§
Œ’´’ø ´÷Ëß· ¥ß¥—ß√Ÿª∑’Ë 3 ·≈– 4 µ“¡≈”¥—∫ ‚¥¬°“√·µ°À—°
·∫∫‚§Œ’´’ø ®–æ∫‡©æ“–°“√·µ°¿“¬„π‡¥◊Õ¬øíπ‡∑à“π—Èπ
«à π·µ°À—°·∫∫·Õ¥Œ’´ø’ ®–‡ÀÁπ°“√‡√’¬ßµ—«¢Õß‡ πâ „¬·°â«
µ“¡·π«πÕπ´÷Ëß·∑√°µ—«Õ¬Ÿà√–À«à“ß à«π¢Õß‡¡∑√‘°´å‡√´‘π
¥—ß√Ÿª 3a «à π·µ°À—°Õ’°¥â“π‡ªìπ°“√·µ°À—°¢Õß‡√´‘π§Õ¡
‚æ ‘µ™π‘¥·°π ´÷Ëß Õ¥§≈âÕß·≈–®”≈Õß√Ÿª·∫∫¢Õß¥â“π
‡¥◊Õ¬øíπ ¥—ß√Ÿª 3b ”À√—∫°“√·µ°À—°·∫∫‚§Œ’´’ø æ∫°“√

Table 2: Means and standard deviations of the microtensile bond strengths (MPa) of studied groups. The data with
the same superscript demonstrate no statistically significant difference.
Groups
Silane
35% H2O2 + Silane
24% H2O2 + Silane
Bond strength
Mean (SD)
18.99a (4.41)
8.67c (2.71)
16.10b (4.48)

Figure 3: SEM observation of fractured surface on the post side, resin matrix was occupied with horizontal glass fibers (a)
and resin composite core side (b). Adhesive fracture occurred at the post/resin interface of specimens (x 75)
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‡√’¬ßµ—«¢Õß‡ âπ„¬·°â«∑—Èß Õß¥â“π¢Õß√Õ¬·µ° ¥—ß√Ÿª∑’Ë 4a
·≈– 4b ≈—°…≥–°“√·µ°À—°„π°“√∑¥≈Õßπ’È®–æ∫√Ÿª·∫∫
°“√·µ°À—°·∫∫·Õ¥Œ’´’ø√–À«à“ß√âÕ¬≈– 86 ∂÷ß 100 ¥—ß
· ¥ß„π√Ÿª∑’Ë 5 ‡¡◊ÕË «‘‡§√“–Àå§«“¡·µ°µà“ß¢Õß√Ÿª·∫∫°“√
·µ°À—°„π√–À«à“ß 3 °≈ÿà¡ æ∫«à“‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’
π—¬ ”§—≠∑“ß ∂‘µ‘ (p = 0.12)
≈—°…≥–æ◊Èπº‘«¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ
™π‘¥ àÕß°√“¥ „π°≈ÿà¡§«∫§ÿ¡·≈–∑’Ëª√—∫ ¿“æº‘«‡¥◊Õ¬
¥â«¬ “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å §«“¡‡¢â¡¢âπ√âÕ¬≈–
35 ·≈– 24 · ¥ß„π√Ÿª∑’Ë 6 ∂÷ß 8 µ“¡≈”¥—∫ ‚¥¬æ◊Èπº‘«
¿“§µ—¥¢«“ß¢Õß°≈ÿà¡§«∫§ÿ¡ ¡’≈—°…≥–¥â“ππÕ°∑’Ë‡√’¬∫

™àÕß«à“ß¢Õß‡ âπ„¬·°â«∂Ÿ°·∑√°‚¥¬‡¡∑√‘°´å ‡√´‘π ¥—ß√Ÿª∑’Ë
6a ·≈–æ◊Èπº‘«µ“¡¬“« æ∫‡¡∑√‘°´å ‡√´‘π·∑√°Õ¬Ÿà√–À«à“ß
‡ âπ„¬·°â«µ≈Õ¥§«“¡¬“«¢Õß‡¥◊Õ¬øíπ ¥—ß√Ÿª∑’Ë 6b ”À√—∫
°≈ÿ¡à ∑’ªË √—∫ ¿“æº‘«‡¥◊Õ¬øíπ¥â«¬ “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√å
ÕÕ°‰´¥å √Ÿª∑’Ë 7a ·≈– 8a · ¥ß≈—°…≥–æ◊Èπº‘«¿“§µ—¥¢«“ß
∑’Ëº‘«¥â“ππÕ°¢Õß‡¥◊Õ¬‡ âπ„¬¡’°“√‡ª≈’Ë¬π·ª≈ß ‡π◊ËÕß®“°
¡’°“√≈–≈“¬µ—«¢Õß‡¡∑√‘°´ ‡√´‘π ≈÷°ª√–¡“≥ 50 ∂÷ß 60
‰¡§√Õπ √Ÿª∑’Ë 7b ·≈– 8b · ¥ßæ◊Èπº‘«µ“¡¬“« æ∫≈—°…≥–
æ◊Èπº‘«¢√ÿ¢√–‡π◊ËÕß®“°°“√≈–≈“¬¢Õß‡¡∑√‘°´å ‡√´‘π ‡ÀÁπ
‡ âπ„¬·°â«µ≈Õ¥§«“¡¬“«¢Õß‡¥◊Õ¬øíπ

Figure 4: SEM observation of fractured surface on the post side (a) and resin composite core side (b). Cohesive fracture
occurred within the post was observed (x 75)
Percentages of fracture modes
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24% H2O2 + Silane
10 min
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Figure 5: The percentages of fracture modes. The data connected with the horizontal line demonstrates no statistically
significant difference
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∫∑«‘®“√≥å

Figure 7: The SEM micrographs of cross section (a) and
longitudinal view (b) of fiber post after treated
with 35% H2O2 for 10 min. Resin matrix was
dissolved to the depth of approximately 50-60
µm. which resulted in the exposure of several
fibers on the surface.

°“√»÷°…“π’„È ™â°“√∑¥ Õ∫§à“°”≈—ß·√ß¬÷¥·∫∫‰¡‚§√
‡∑π‰´≈å ‡π◊ËÕß®“°µâÕß°“√ª√–‡¡‘π·√ß¬÷¥∑’Ë·∑â®√‘ß√–À«à“ß
‡√‡´‘π§Õ¡‚æ ‘µ™π‘¥·°π°—∫‡¥◊Õ¬øíπ °“√∑¥ Õ∫π’ÈµâÕß
‡µ√’ ¬ ¡™‘È π ∑¥ Õ∫„Àâ ¡’ ¢ π“¥‡≈Á ° ‡æ◊Ë Õ „Àâ ¡’ ° “√°√–®“¬
§«“¡‡§âπÕ¬à“ß ¡Ë”‡ ¡Õ (uniform distribution of stress)
≈¥°“√·µ°À—°·∫∫‚§Œ’´ø’ 16-18 ™‘πÈ ∑¥ Õ∫¬—ß‰¡à¡°’ “√µ—¥
·µà ß ™‘È π ∑¥ Õ∫ (non-trimming) ‡æ◊Ë Õ ≈¥‚Õ°“ ‡°‘ ¥
§«“¡‡§âπ¢≥–‡µ√’¬¡™‘Èπ∑¥ Õ∫19
°“√„™â “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å°—¥‡√´‘π
Õ’æÕä °´’ ¡’„™â°π— Õ¬à“ß°«â“«¢«“ß„π∑“ßÕÿµ “À°√√¡·≈–ÀâÕß
ªØ‘∫—µ‘°“√ ‡π◊ËÕß®“°‡ªìπ “√∑’Ë¡’§«“¡ “¡“√∂ ÕÕ°´‘‰¥´å
Ÿß ‚¥¬¡’§«“¡ “¡“√∂„π°“√·µ°æ—π∏–√–À«à“ß‡√´‘πÕ’
æäÕ°´’´÷Ëß∑”„Àâ‡√´‘π≈–≈“¬20,21 ”À√—∫«‘∏’°“√π’È‰¥âπ”¡“
ª√–¬ÿ°µå„™â„π°“√ª√—∫ ¿“æº‘«‡¥◊Õ¬™π‘¥§«Õµ´å∑’Ë¡’‡√´‘π

Õ’æäÕ°´’‡ªìπ∞“π ‚¥¬·™à„π “√≈–≈“¬‰Œ‚¥√‡®π‡ªÕ√å
ÕÕ°‰´¥å §«“¡‡¢â¡¢âπ√âÕ¬≈– 24 ‡ªìπ‡«≈“ 10 π“∑’ √à«¡°—∫
∑“‰´‡≈π “¡“√∂‡æ‘Ë¡°”≈—ß·√ß¬÷¥√–À«à“ß‡√´‘π§Õ¡‚æ
‘µ°—∫‡¥◊Õ¬‰¥âÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ13
‘ µàÕ¡“ Vano ·≈–
§≥– ‰¥âπ”«‘∏’π’È¡“„™â„π°“√ª√—∫ ¿“æº‘«‡¥◊Õ¬™π‘¥·°â«∑’Ë
¡’‡√´‘π‡¡∑“‰§√‡≈µ‡ªìπ∞“π °Á “¡“√∂‡æ‘Ë¡§à“°”≈—ß·√ß
¬÷¥‰¥â‡™àπ°—π14
°“√»÷°…“§√—ßÈ π’∑È ¥ Õ∫ª√– ∑‘ ∏‘¿“æ√–À«à“ß “√≈–≈“¬
‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å §«“¡‡¢â¡¢âπ√âÕ¬≈–24 ·≈– 35
‡ªìπ‡«≈“ 10 π“∑’ „π°“√ª√—∫ ¿“æº‘«‡¥◊Õ¬™π‘¥·°â«∑’Ë¡’
‡√´‘π‡¡∑“‰§√‡≈µ‡ªìπ∞“π ®“°§à“°”≈—ß·√ß¬÷¥‰¡‚§√
‡∑π‰´≈å ¢Õß°≈ÿà¡∑’Ëª√—∫ ¿“æº‘«‡¥◊Õ¬¥â«¬ “√≈–≈“¬
‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å §«“¡‡¢â¡¢âπ√âÕ¬ 35 ¡’§“à µË”∑’Ë ¥ÿ

Figure 6: The SEM micrographs of cross section (a) and
longitudinal view (b) of non-treated fiber post. No
change was observed on the surface of post.
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Figure 8: The SEM micrographs of cross section (a) and
longitudinal view (b) of fiber post after treated
with 24% H2O2 for 10 min. Resin matrix was
dissolved and the glass fibers were exposed
similar to that found figure 7.
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µ—« “¡“√∂§”π«≥‰¥â®“° ¡°“√‡§¡’ 2H2O2 (aq) →2H2O
(l) + O2 (g) ®“°°“√§”π«≥æ∫«à“ “√≈–≈“¬‰Œ‚¥√‡®π
‡ªÕ√åÕÕ°‰´¥å §«“¡‡¢â¡¢âπ√âÕ¬≈– 24 ·≈– 35 „Àâª√‘¡“≥
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‡ ∂’¬√ (Rë) ‡°‘¥‡ªìπÕπÿ¡Ÿ≈Õ‘ √–¢Õß‡ªÕ√åÕÕ°‰´¥å∑’Ë‡ ∂’¬√

(ROOë) ¿“¬„π™—Èπ¢Õß “√¬÷¥µ‘¥26 °“√»÷°…“∑’Ëºà“π¡“
· ¥ß«à“°“√ª√—∫ ¿“æº‘«‡¥◊Õ¬™π‘¥‡ πâ „¬ ¥â«¬ “√≈–≈“¬
‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å §«“¡‡¢â¡¢âπ√âÕ¬≈– 24 ‡ªìπ‡«≈“
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µ≈Õ¥§«“¡¬“«¢Õß‡¥◊Õ¬ ‡π◊ËÕß®“°¡’°“√≈–≈“¬¢Õß‡√´‘π
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—¡æ—π∏å°—∫§à“°”≈—ß·√ß¬÷¥∑’Ë«—¥‰¥â„π·µà≈–°≈ÿà¡
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√ÿª
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√à«¡°—∫∑“‰´‡≈π „Àâ§à“°”≈—ß·√ß¬÷¥‰¡‚§√‡∑π‰´≈å°—∫
‡√´‘π§Õ¡‚æ ‘µ™π‘¥·°πµË”°«à“ °≈ÿà¡∑’Ëª√—∫ ¿“æº‘«¥â«¬
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‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å §«“¡‡¢â¡¢âπ√âÕ¬≈– 24 ‡ªìπ‡«≈“
10 π“∑’√à«¡°—∫∑“‰´‡≈π ·µà∑—Èß 2 °≈ÿà¡„Àâ§à“°”≈—ß·√ß¬÷¥
‰¡‚§√‡∑π‰´≈åµË”°«à“°≈ÿà¡§«∫§ÿ¡∑’Ë∑“‰´‡≈π‡æ’¬ßÕ¬à“ß
‡¥’¬« ≈—°…≥–°“√·µ°À—°∑ÿ°°≈ÿà¡·µ°À—°·∫∫·Õ¥Œ’´’ø
√–À«à“ß√âÕ¬≈– 86 ∂÷ß 100
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∫∑π”
„πªí®®ÿ∫—π°“√Ωíß√“°‡∑’¬¡‡ªìπ«‘∏’°“√Àπ÷Ëß∑’Ë‰¥â√—∫
§«“¡π‘¬¡Õ¬à“ß Ÿß„π°“√·°â‰¢ªí≠À“ °“√ Ÿ≠‡ ’¬øíπ‰ª„π
µ”·Àπàß∑’ËµâÕß√—∫·√ß∫¥‡§’È¬« ¡’Õ—µ√“§«“¡ ”‡√Á®„π 5 ªï
Ÿß∂÷ß 81-92%1 ªí®®—¬Àπ÷Ëß∑’Ë àßº≈µàÕ§«“¡ ”‡√Á®¢Õß°“√
Ωíß√“°øíπ‡∑’¬¡§◊Õ°“√¡’°√–¥Ÿ°∑’Ë√Õß√—∫Õ¬à“ßæÕ‡æ’¬ß ‚¥¬
§«√¡’ § «“¡ Ÿ ß ¢Õß°√–¥Ÿ ° ∑’Ë √ Õß√— ∫ ª√–¡“≥ 12-13
¡‘≈≈‘‡¡µ√„π¢“°√√‰°√∫π ·≈– 6-7 ¡‘≈≈‘‡¡µ√„π¢“
°√√‰°√≈à“ß ·≈–§«“¡°«â“ßª√–¡“≥ 5-7 ¡‘≈≈‘‡¡µ√1 ´÷Ëß
®– àßº≈∂÷ß§«“¡¡—Ëπ§ß¢Õß√“°‡∑’¬¡ (stability of dental
implant)
ªí≠À“°“√≈–≈“¬¢Õß —π°√–¥Ÿ°∑—Èß„π·π«√–π“∫
·≈–·π«¥‘Ëß∑’Ë‡°‘¥®“°°“√ Ÿ≠‡ ’¬øíπ ‡ªìπ ‘Ëß∑’Ëæ∫‰¥â‡ ¡Õ
„π π— ‡Àß◊Õ°«à“ß·≈–æ∫«à“À“°‡°‘¥°“√ ≠
Ÿ ‡ ¬’ øíπ°√“¡∫π
Õ“®®–æ∫ªí≠À“‚æ√ßÕ“°“»¢“°√√‰°√∫πÕ¬Ÿµà Ë”ÀâÕ¬≈ß¡“
(pneumatization) ¡’«∏‘ °’ “√¡“°¡“¬∂Ÿ°π”¡“„™â„π°“√‡ √‘¡
°√–¥Ÿ°°àÕπ°“√Ωíß√“°‡∑’¬¡‡æ◊ËÕ„Àâ‰¥âª√‘¡“≥°√–¥Ÿ°∑’ËæÕ
‡æ’¬ß ‡™àπ °“√‡ √‘¡°√–¥Ÿ°∫π π— ‡Àß◊Õ° (onlay bone graft)
·µà°“√‡ √‘¡°√–¥Ÿ°„µâµàÕ‚æ√ßÕ“°“»¢“°√√‰°√∫π°Á‡ªìπ
«‘∏’Àπ÷Ëß∑’Ëπ‘¬¡„π¢“°√√‰°√∫π à«πÀ≈—ß «‘∏’∑’Ë‰¥â√—∫§«“¡
π‘¬¡·≈–„™â¡“π“π §◊Õ °“√‡¢â“∑”°“√ºà“µ—¥‚æ√ßÕ“°“»
¢“°√√‰°√∫π∑“ß¥â“π¢â“ß (transantral lateral approach)
·≈– ‡∑§π‘§°“√ºà“µ—¥°√–¥Ÿ° (osteotomy technic) ‚¥¬
ªí≠À“∑’Ëæ∫„π°“√ºà“µ—¥ §◊Õ °“√©’°¢“¥¢Õß‡¬◊ËÕ∫ÿ‚æ√ß
Õ“°“»¢“°√√‰°√∫π (perforation of Schneiderian
membrane) ·≈–ªí≠À“§«“¡ Ÿß¢Õß°√–¥Ÿ°„À¡àÀ≈—ß°“√
ºà“µ—¥ ‡ªìπµâπ ∑”„Àâ¡’ºŸâ§‘¥§âπ«‘∏’°“√‡ √‘¡‚æ√ßÕ“°“»
¢“°√√‰°√∫π¥â«¬«‘∏’°“√µà“ßÊ‡æ◊ËÕ≈¥°“√‡°‘¥ªí≠À“¥—ß
°≈à“«·≈–‡æ◊ËÕ‡æ‘Ë¡Õ—µ√“§«“¡ ”‡√Á®À≈—ß°“√ºà“µ—¥2
°“√ºà“µ—¥‚æ√ßÕ“°“»∑“ß¥â“π¢â“ß (transantral lateral
approach)
„πªï1986 Hilt Tatum ‡ªìπ§π·√°∑’Ë¡’°“√°≈à“«∂÷ß
°“√∑”°“√‡ √‘¡°√–¥Ÿ°„µâ∞“π‚æ√ßÕ“°“» ´÷Ëß«‘∏’°“√π’È
∂Ÿ°‡√’¬°«à“‡∑§π‘§‡ªî¥Àπâ“µà“ß (window technique)3,4
¡’°“√»÷°…“·≈–√“¬ß“πµà“ßÊ ·π–π”„Àâ„™â«‘∏’π’Èæ∫«à“¡’
§«“¡ ”‡√Á® Ÿß5 «‘∏’°“√ºà“µ—¥‚æ√ßÕ“°“»∑“ß¥â“π¢â“ß
(transantral lateral approach) π’È “¡“√∂‡≈◊Õ°„™â„π°√≥’
∑’Ë¡’°“√‡ √‘¡°√–¥Ÿ°„µâ∞“π‚æ√ßÕ“°“»¢“°√√‰°√∫π°àÕπ

·≈â«§àÕ¬¡’°“√Ωíß√“°øíπ‡∑’¬¡¿“¬À≈—ß (two step lateral
antrostomy) ‚¥¬„Àâ ∑”°“√Ωí ß À≈— ß ®“°∑’Ë ∑”°“√‡ √‘ ¡
°√–¥Ÿ°„µâ∞“π‚æ√ßÕ“°“»¢“°√√‰°√∫π 6-8 ‡¥◊Õπ ·≈–
®–‡≈◊ Õ °ºà “ µ— ¥ „π°√≥’ ∑’Ë ¡’ § «“¡ Ÿ ß — π °√–¥Ÿ ° ∑’Ë ‡ À≈◊ Õ Õ¬Ÿà
(residual bone height) 4-6 ¡‘≈≈‘‡¡µ√ À√◊Õ∑”°“√‡ √‘¡
°√–¥Ÿ°„µâ∞“π‚æ√ßÕ“°“»¢“°√√‰°√∫π√à«¡°—∫°“√Ωíß
√“°øíπ‡∑’¬¡∑—π∑’ ( one step lateral antrostomy ) „π°√≥’
∑’Ë¡’ —π°√–¥Ÿ°∑’Ë‡À≈◊ÕÕ¬Ÿà¡“°°«à“ 6 ¡‘≈≈‘‡¡µ√¢÷Èπ‰ª3
¢—È π µÕπ·√°®–∑”°“√ºà “ µ— ¥ °√–¥Ÿ ° ∫√‘ ‡ «≥‚æ√ß
Õ“°“»¢“°√√‰°√∫π‡√‘Ë ¡ ®“°°“√°“√©’ ¥ ¬“™“‡©æ“–∑’Ë
∫√‘‡«≥™àÕßÀπâ“¢Õß¢“°√√‰°√∫π (maxillary vestibule)
™π‘¥©’¥·∑√°´÷¡, ©’¥ –°¥ª√– “∑ infra orbital (infra
orbital nerve block) ·≈–©’¥ –°¥ª√– “∑ greater palatine
(greater palatine nerve block) °“√°√’¥‡æ◊ËÕ‡¢â“ Ÿà‚æ√ß
Õ“°“»¢“°√√‰°√∫πÀ“°«à“‡Àß◊Õ°¬÷¥ (attach gingival) ¡’
¢π“¥°«â“ß “¡“√∂∑”√Õ¬°√’¥√Ÿª‚§âß®“°∫√‘‡«≥™àÕßÀπâ“
(vestibule) ≈ß≈à “ ß‰ª¬— ß √Õ¬µà Õ ‡¬◊Ë Õ ‡¡◊ Õ °‡Àß◊ Õ °
(mucogingival junction) ·≈–„Àâ‚§âß¢÷Èπ Ÿà∫√‘‡«≥™àÕßÀπâ“
(vestibule) Õ’°§√—ÈßÀπ÷Ëß ‡ªìπ vestibular incision ·µà„π
°√≥’∑¡’Ë °’ “√Ωíß√“°øíπ‡∑’¬¡„Àâ∑”√Õ¬°√’¥∑’Ë π— ‡Àß◊Õ°Õ’°∑’Ë
Àπ÷Ëß „π°√≥’∑’Ë‡Àß◊Õ°¬÷¥¡’πâÕ¬„Àâ‡≈◊Õ°∑”·∫∫∑’Ë¡’°“√‡¢â“
∑”∫π —π‡Àß◊Õ° (crestal approach) ·≈â«‡ªî¥·ºàπ‡Àß◊Õ°
‡ªì π ·∫∫·ºà π ‡Àß◊ Õ °‡¬◊Ë Õ ‡¡◊ Õ °‡¬◊Ë Õ Àÿâ ¡ °√–¥Ÿ ° ¢π‘ ¥ §«“¡
Àπ“‡µÁ¡3 (full thickness mucoperiosteum flap)
°“√µ—¥°√–¥Ÿ°‡¢â“ Ÿà‚æ√ßÕ“°“»¢“°√√‰°√∫π„Àâ„™â
À—«°√Õ√Ÿª°≈¡ (round bur) µ—¥°√–¥Ÿ°ºπ—ß¥â“πÀπâ“¢Õß
‚æ√ßÕ“°“»¢“°√√‰°√∫π (anterior wall of maxillary sinus)
‡ªìπ√Ÿª ’Ë‡À≈’Ë¬¡‚¥¬„Àâ‡ âπ≈à“ß¢Õß ’Ë‡À≈’Ë¬¡Õ¬Ÿà Ÿß°«à“æ◊Èπ
‚æ√ßÕ“°“»¢“°√√‰°√∫πª√–¡“≥ 1-2 ¡‘≈≈‘‡¡µ√ ·≈–
„Àâ‡ âπ·π«¥‘Ëß∑—Èß Õß¢â“ß¢π“π°—∫ºπ—ß¥â“π¢â“ß¢Õß‚æ√ß
Õ“°“»¢“°√√‰°√∫π (lateral wall of maxillary sinus)
·≈â«„Àâ°√Õ‡™◊ËÕ¡¥â“π∫π¢Õß‡ âπ·π«¥‘ËßµàÕ‡π◊ËÕß °“√¬°
‡¬◊ËÕ∫ÿºπ—ß‚æ√ßÕ“°“»¢“°√√‰°√∫π„Àâ§àÕ¬Ê¬°®“° à«π
æ◊Èπ‚æ√ßÕ“°“»¢“°√√‰°√∫π¡“∑“ßºπ—ß¥â“π„°≈â°≈“ß,
∑“ßºπ—ß¥â“πÀπâ“, ·≈–∑“ßºπ—ß¥â“πÀ≈—ß µ“¡≈”¥—∫ ·≈â«
§àÕ¬Ê¥—π·ºàπ°√–¥Ÿ°„Àâ‡ªìπ·∫∫ª√–µŸæ∫— (trap door) ·≈â«°Á
„ à°√–¥Ÿ°ª≈Ÿ°∂à“¬≈ß‰ª„µâµàÕ‡¬◊ËÕ∫ÿ‚æ√ßÕ“°“»¢“°√√‰°√
∫ππ—Èπ‚¥¬æ¬“¬“¡‰¡à„Àâ‡¬◊ËÕ∫ÿºπ—ß‚æ√ßÕ“°“»¢“°√√‰°√
∫π©’°¢“¥ (√Ÿª∑’Ë 13, 2, 3)
°“√‡ √‘¡°√–¥Ÿ°∫√‘‡«≥‚æ√ßÕ“°“»¢“°√√‰°√∫π ”À√—∫Ωíß√“°‡∑’¬¡
ª“≈‘¥“ ®—π∑√»—æ∑å ªí∑¡«√√≥ ¡‚π ÿ∑∏‘ »‘√‘™—¬ ‡°’¬√µ‘∂“«√‡®√‘≠ ≥—∞‡¡»√å «ß»å»‘√‘©—µ√

177

« ∑—πµ ¡À‘¥≈ ªï∑’Ë 29 ‡≈à¡∑’Ë 2, 2552

Figure 1: Transantral lateral approach3

Figure 2: Transantral lateral approach in patient.

Figure 3: Lateral antrostomy with fixture installation in
patient
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°“√‡ √‘¡‚æ√ßÕ“°“»¢“°√√‰°√∫π‚¥¬„™â°“√§«∫§ÿ¡
¥â«¬°≈âÕß àÕß¿“¬„π (sinuscope-aided controlled sinus
floor augmentation)
«‘∏’°“√π’È‰¥â∂Ÿ°ª√–¬ÿ°µå‚¥¬ Wiltfang ·≈–§≥–4 „πªï
2000 ‚¥¬π”°≈âÕß àÕß¿“¬„π(endoscope) ¡“„™â„π°“√
¬°‡¬◊ËÕ∫ÿ‚æ√ßÕ“°“»¢“°√√‰°√∫π‡√’¬°«à“ sinuscopeaided controlled sinus floor augmentation √à«¡°—∫
°“√„™â ° √–¥Ÿ ° ª≈Ÿ ° ∂à “ ¬∑’Ë π”¡“®“°µπ‡Õß·∫∫ªÉ π √à « π
(autogenous particle bone) °—∫ resorbable β- tricalcium
ceramic granular (Cerasorb) «‘∏’°“√π’È‡≈◊Õ°„™â°—∫ °√≥’
∑’¡Ë °’ “√ΩÉÕ≈’∫¢Õß¢“°√√‰°√∫π∑’ºË π—ß¥â“π¢â“ß (lateral wall)
‰¡à¡“°π—° §«“¡ ßŸ π— °√–¥Ÿ°ª√–¡“≥ 4-8 ¡‘≈≈‘‡¡µ√ ‚¥¬
π”¡“„™âÀ≈—ß°“√‡ªî¥ —π‡Àß◊Õ°·∫∫ transalveolar À√◊Õ
laterobasal approach ·≈â«„™â endoscope tip §àÕ¬Ê
§«∫§ÿ¡°“√¬°‡¬◊ËÕ∫ÿ‚æ√ßÕ“°“»¢“°√√‰°√∫π¢÷Èπ‚¥¬¥Ÿ
¿“æ°“√√—°…“ºà“π∑“ß®Õ· ¥ßº≈ æ∫«à“„Àâº≈ ”‡√Á®∂÷ß
95% ·≈–À≈— ß °“√ºà “ µ— ¥ À“°æ∫«à “ ¡’ ° “√µ°§â “ ß¢Õß
°√–¥Ÿ°®π‡°‘¥‚æ√ßÕ“°“»Õ—°‡ ∫π—Èπ°Á “¡“√∂„™â°≈âÕß
àÕß¿“¬„π (sinuscope) „π°“√°”®—¥‡»…°√–¥Ÿ°ÕÕ°
·≈– àÕß¥Ÿ‡¬◊ËÕ∫ÿ‚æ√ßÕ“°“» (√Ÿª∑’Ë 4)5
°“√‡ √‘¡‚æ√ßÕ“°“»¢“°√√‰°√∫π‚¥¬„™â≈Ÿ°‚ªÉß®“°
“¬¬“ßÀâ“¡‡≈◊Õ¥„π‚æ√ß®¡Ÿ°(augmentation of sinus
floor using a haemostatic nasal balloon.)
M.Muronoi ·≈–§≥–6 „πªï 2003 ‰¥âæ—≤π“‡∑§π‘§
π’È¢÷Èπ¡“‡π◊ËÕß®“°æ∫ªí≠À“‡¬◊ËÕ∫ÿ‚æ√ßÕ“°“»¢“°√√‰°√
∫π∫“ß·≈–ßà “ ¬µà Õ °“√©’ ° ¢“¥‡¡◊Ë Õ ∂Ÿ ° ¬°„π°“√∑”°“√
‡ √‘ ¡ °√–¥Ÿ ° „µâ ∞ “π‚æ√ßÕ“°“»¢“°√√‰°√∫π®÷ ß ‰¥â π”
haemostatic nasal balloon (B type #3204, Koken,
Tokyo, Japan) (√Ÿª∑’Ë 5) ¡“„™â‚¥¬æ∫«à“¡’¢âÕ¥’§◊Õ ¡’
§«“¡‡ ’Ë ¬ ßπâ Õ ¬µà Õ °“√©’ ° ¢“¥¢Õß‡¬◊Ë Õ ∫ÿ ‚ æ√ßÕ“°“»
¢“°√√‰°√∫π´’Ë ß ·¡â ® –¡’ ‚ §√ß √â “ ß∑’Ë ´— ∫ ´â Õ π°Á µ “¡
M.Muronoi ·≈–§≥–‰¥â»÷°…“„πºŸâªÉ«¬ 25 §π Õ“¬ÿ‡©≈’Ë¬
54 ªï‰¡àæ∫«à“°“√©’°¢“¥¢Õß‡π◊ÈÕ‡¬◊ËÕ∫ÿ‚æ√ßÕ“°“» º≈
°“√»÷°…“æ∫«à“¡’Õ∫ÿ µ— °‘ “√≥å°“√µ‘¥‡™◊ÕÈ „π‚æ√ßÕ“°“» °“√
¡’‡≈◊Õ¥ÕÕ°¿“¬À≈—ß°“√√—°…“µË” „™â‡«≈“„π°“√√—°…“ —Èπ6
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Figure 4: Sinuscope aids controlled sinus floor elevation5

Figure 5: Hemostatic nasal balloon being used to raise
the sinus membrane6

‡∑§π‘§‡§√◊ËÕß¡◊Õµ—¥°√–¥Ÿ° (osteotomes technique)
‡∑§π‘§°“√¬°‡¬◊ËÕ∫ÿºπ—ß‚æ√ßÕ“°“»¢“°√√‰°√∫π
‡æ◊ËÕ°“√Ωíß√“°‡∑’¬¡„π°√≥’∑’Ë¡’‡Àß◊Õ°¬÷¥·§∫ Wiltfang
·≈–§≥–4, Te fu frank Li7 √“¬ß“π∂÷ß‡∑§π‘§π’È®“°°“√
·π–π”§√—Èß·√°‚¥¬ Hilt Tatum „πªï1986 ‚¥¬¡’°“√‡¢â“
∑”µ√ß — π ‡Àß◊ Õ °«à “ ßµ”·Àπà ß ∑’Ë µâ Õ ß°“√¬°‡¬◊Ë Õ ∫ÿ ‚ æ√ß
Õ“°“»¢“°√√‰°√∫π„π¢“°√√‰°√∫π „Àâ‡√‘Ë¡∑”°“√≈ß
incision ∑’Ë —π‡Àß◊Õ°‡æ◊ËÕ‡¢â“ Ÿà —π°√–¥Ÿ° (crestal bone) „™â
socket former ∑”Àπâ“∑’Ë‡ªìπ≈‘Ë¡«“ßµ”·Àπàß∑’Ë®–Ωíß√“°
‡∑’¬¡´÷Ëß¥â“π∫π‡ªìπæ◊Èπ¢Õß‚æ√ßÕ“°“»¢“°√√‰°√∫π·≈â«
µÕ° (tapping) „π·π«¥‘Ëß‡æ◊ËÕ„Àâ°√–¥Ÿ°·µ°·∫∫√â“«
(greenstick fracture) ®“°π—Èπ„™â§‘«‡√∑ (curette) ¢π“¥
‡≈Á°§àÕ¬Ê ¬°‡¬◊ËÕ∫ÿºπ—ß‚æ√ßÕ“°“»¢“°√√‰°√∫π¢÷Èπ4,7
µàÕ¡“„πªï1994 Summers8,9 ‰¥âæ—≤π“‡∑§π‘§
‡§√◊ÕË ß¡◊Õµ—¥°√–¥Ÿ° (osteotomes technique) ‚¥¬„™â round

taper 3i osteotomes (Implant Innovation, West
PalmBeach, Florida, USA) ´÷Ëß¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß
‡æ‘Ë¡¢÷Èπ®“° 1-4 ¡‘≈≈‘‡¡µ√µ“¡≈”¥—∫1,2,3 ‚¥¬∑”°“√
µÕ°·≈–¥—π (tapping and pushing) ®–∑”„Àâ°√–¥Ÿ°
∫√‘‡«≥¢â“ßÊ§àÕ¬Ê∂Ÿ°¥—π‡æ◊ÕË ¬°‡¬◊ÕË ∫ÿ‚æ√ßÕ“°“»¢“°√√‰°√
∫π¢÷Èπ „ à°√–¥Ÿ°ª≈Ÿ°∂à“¬ªÉπ√à«π™π‘¥∑’Ë¡’ à«πº ¡¢Õß
°√–¥Ÿ ° ∑’Ë π”¡“®“°µπ‡Õß (particle bone graft of
autogenous bone) ·≈– °√–¥Ÿ°‡Õ°æ—π∏å™π‘¥∑’Ë°”®—¥·√à
∏“µÿÕÕ°‰ª (demineralized freezed dried bone allograft)
·≈– ‰Œ¥√Õ°´‘≈ Õ“æ“‰∑µå (hydroxyl appatite) º ¡
‡µ√’¬¡‰«â„ à‡¢â“∑“ß™àÕß°√–¥Ÿ° (bony orifice) ·≈â«§àÕ¬Ê
‡µ‘¡‚¥¬„™â‡§√◊ËÕß¡◊ÕÕÕ µ‘‚Õ‚µ¡¥—π‡¢â“‰ª ‡æ◊ËÕ¬°‡¬◊ËÕ∫ÿ
‚æ√ßÕ“°“»¢“°√√‰°√∫π·≈–‡µ‘¡°√–¥Ÿ°‡¢â“‰ª„π™àÕß«à“ß
„µâ‡¬◊ÕË ∫ÿ‚æ√ßÕ“°“»¢“°√√‰°√∫π‡√’¬°‡∑§π‘§π’«È “à çBoneadded osteotome sinus floor elevationé (BAOSFE)1,4,7
¡’§”·π–π”«à“«‘∏’π’È§«√„™â°—∫√“°‡∑’¬¡√Ÿª∑√ß°√–∫Õ°µ√ß
(straight fixture) ∑’Ë¡’§«“¡æÕ¥’°—∫™àÕß∑’Ë‡µ√’¬¡‰«â °√–¥Ÿ°
ª≈Ÿ°∂à“¬∑’Ë‡µ√’¬¡‰«â®–∑”Àπâ“∑’Ë¬°‡¬◊ËÕ∫ÿ‚æ√ßÕ“°“»·∫∫
‰Œ¥√Õ≈‘§‚¥¬‰¡à∑”„Àâ‡°‘¥°“√©’°¢“¥¢Õß‡¬◊ËÕ∫ÿ ·≈–„Àâ
∑”°“√ºà“µ—¥‚¥¬‰¡àµâÕß„™â°“√‡®“–¥â«¬À—«°√Õ‡π◊ËÕß®“°
°“√µÕ°¥â«¬¡◊Õ “¡“√∂§«∫§ÿ¡·√ß„Àâ¡’§«“¡·¡àπ¬”·≈–
¡’§«“¡√âÕπ‡¢â“¡“‡°’¬Ë «¢âÕßπâÕ¬ ‚¥¬‰¥â·π–π”„Àâ„™â‡∑§π‘§
π’È„π°√≥’∑’Ë¡’°“√≈–≈“¬¢Õß —π°√–¥Ÿ°ª“π°≈“ß ‚¥¬‡≈◊Õ°
„™â„π°√≥’∑¡’Ë §’ «“¡ ßŸ π— °√–¥Ÿ°∑’‡Ë À≈◊ÕÕ¬Ÿ‡à °‘π 6 ¡‘≈≈‘‡¡µ√
‡ªìπ«‘∏’∑’Ë¡’§«“¡√ÿπ·√ßπâÕ¬°«à“ “¡“√∂§«∫§ÿ¡æ◊Èπ∑’Ë
∑”°“√ºà“µ—¥‰¥â¥’ ·µà¡’¢âÕ®”°—¥∑“ß¥â“π§«“¡ Ÿß∑’Ë®–¬°
‡¬◊ËÕ∫ÿ‚æ√ßÕ“°“»¢“°√√‰°√∫π¢÷Èπ´÷Ëß “¡“√∂¬° Ÿß¢÷Èπ‰ª
‰¥âª√–¡“≥ 3-4 ¡‘≈≈‘‡¡µ√ 7
ªï 2006 Halpern ·≈–§≥–10 ‰¥â∑”¥â«¬«‘∏’§≈â“¬
°—π·µà‰¡à∑”°“√‡ªî¥·ºàπ‡Àß◊Õ°·≈â«„™â tissue punch ‡®“–
∫√‘‡«≥∑’ËΩíß√“°‡∑’¬¡‡≈¬·≈â«°√Õµ—¥°√–¥Ÿ°‡ªìπ™àÕß¢π“¥
‡≈Á° „™â‡§√◊ËÕß¡◊Õµ—¥°√–¥Ÿ°ÕÕ µ‘‚Õ‚µ¡„π°“√¬°‡¬◊ËÕ∫ÿ
‚æ√ßÕ“°“»¢“°√√‰°√∫π µ“¡¥â«¬°√–¥Ÿ°ª≈Ÿ°∂à“¬·≈–·ºàπ
°—Èπ (membrane barrier) ‚¥¬·ºàπ°—Èπ®–ªî¥°—π à«π¢Õß
°√–¥Ÿ°ª≈Ÿ°∂à“¬‰«â æ∫«à“¡’¢âÕ¥’§◊Õ ≈¥°“√∫«¡, ≈¥
∫“¥·º≈·¬°®“°°—π (wound dehiscence) „™â‡«≈“πâÕ¬
≈¥§«“¡‡ ’Ë¬ß —π°√–¥Ÿ°¥â“π∫π≈–≈“¬ (crestal bone
resorption) ·≈–°“√‡°‘¥°âÕπ‡≈◊Õ¥Õÿ¥µ—π„µâ‡¬◊ËÕÀÿâ¡°√–¥Ÿ°
°“√‡ √‘¡°√–¥Ÿ°∫√‘‡«≥‚æ√ßÕ“°“»¢“°√√‰°√∫π ”À√—∫Ωíß√“°‡∑’¬¡
ª“≈‘¥“ ®—π∑√»—æ∑å ªí∑¡«√√≥ ¡‚π ÿ∑∏‘ »‘√‘™—¬ ‡°’¬√µ‘∂“«√‡®√‘≠ ≥—∞‡¡»√å «ß»å»‘√‘©—µ√
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(subperiosteal hematoma) ·µàµâÕß„™âª√– “∑ —¡º—
(tactile sense) Ÿß Õ“®¡’°“√©’°¢“¥¢Õß‡¬◊ËÕÀÿâ¡‚æ√ß
Õ“°“»¢“°√√‰°√∫π‰¥â
‡∑§π‘§°“√‡®“–°√–¥Ÿ° (drilling technique)
ªï 2005 Te-Fu Frank Li7 ‰¥â·π–π”«‘∏’°“√‡ √‘¡
‚æ√ßÕ“°“»¢“°√√‰°√∫π∑’Ë„™âÕÕ µ‘‚Õ‚µ¡‡∑§π‘§ ‚¥¬
‡≈◊Õ°„™â«‘∏’π’È°—∫ —π‡Àß◊Õ°∑’Ë¡’§«“¡ Ÿß 3-4 ¡‘≈≈‘‡¡µ√ ‚¥¬
„Àâ„™âÀ—«°√Õ‡®“–‡¢â“„π°√–¥Ÿ°·ºàπ∑÷∫§«“¡≈÷°ª√–¡“≥ 2
¡‘≈≈‘‡¡µ√ (√Ÿª∑’Ë 6) ·≈â«„™â√“°‡∑’¬¡∑”°“√‡®“–‡¢â“µ√ß∑’Ë
µ—¥°√–¥Ÿ°‰«âÀ¡ÿπ¥â«¬§«“¡‡√Á« 25 rpm √“°‡∑’¬¡®–∑”
Àπâ“∑’Ë¥—π·≈–¬°‡¬◊ËÕ∫ÿ¢÷Èπ‰¥â·≈â«‰¡à„ à°√–¥Ÿ°ª≈Ÿ°∂à“¬„µâ
µàÕ‚æ√ßÕ“°“»¢“°√√‰°√∫π‚¥¬‡™◊ËÕ«à“≈‘Ë¡‡≈◊Õ¥∑’Ë¡“Õ¬Ÿà„µâ
µàÕ‡¬◊ËÕ∫ÿ‚æ√ßÕ“°“»¢“°√√‰°√∫π∑’Ë∂Ÿ°∑”°“√¬°§≈â“¬
‡µÁπ∑å¥â«¬√“°‡∑’¬¡ 3i ICE ·≈– Osseotite ®– “¡“√∂‡°‘¥
°√–¥Ÿ° √â“ß„À¡à‰¥â„π‡«≈“µàÕ¡“7
°“√‡ √‘¡‚æ√ßÕ“°“»¢“°√√‰°√∫π„™â·∑àß°√–¥Ÿ°√Ÿª
∑√ß°√–∫Õ°∑’Ë¡’§«“¡æÕ¥’ (transcrestal sinus floor
elevation and alveolar ridge augmentation with press-fit
bone cylinder.)

ªï 2007 Draenert ·≈–§≥–11 „™â‡§√◊ÕË ß¡◊Õ∑“ß°√–¥Ÿ°
(orthopedics) ¡“ª√—∫„™â‚¥¬∑¥≈Õß∑”„π»æ¡πÿ…¬å π”
‡Õ“À—«‡®“–°≈«ß‡æ™√ (diamond hollow drill) ≈—°…≥–
trephine drill µ—¥°√–¥Ÿ°‡ªìπ√Ÿª∑√ß°√–∫Õ°„πµ”·Àπàß∑’Ë
®–∑”°“√¬°‡¬◊ËÕ∫ÿ‚æ√ßÕ“°“»¢“°√√‰°√∫π‡æ◊ËÕΩíß√“°øíπ
‡∑’¬¡¥â«¬‡ âπºà“π»Ÿπ¬å°≈“ß 8.35 ¡‘≈≈‘‡¡µ√ °àÕπ·≈â«π”
°√–¥Ÿ°ª≈Ÿ°∂à“¬®“°µ”·Àπàß∑’Ë„Àâ (donor site) ‡™àπ
°√–¥Ÿ° —π –‚æ° (iliac crest) À√◊Õ°√–¥Ÿ°·¢âß (femur)
µ—¥¡“‡ªìπ√Ÿª∑√ß°√–∫Õ°‡™àπ°—π∑’¡Ë ‡’ πâ ºà“π»Ÿπ¬å°≈“ß9.4
¡‘≈≈‘‡¡µ√ ·≈â«„™â polyethylene plunger ‡ âπºà“π»Ÿπ¬å°≈“ß
8.5 ¡‘≈≈‘‡¡µ√ ¥—π‡¢â“‰ª¥—ß√Ÿª
À≈— ° °“√π’È ® –„Àâ ° “√À“¬¢Õß·º≈·∫∫º‘ « — ¡ º—
(contact healing) ´÷Ëß¥’°«à“‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√‡ √‘¡
¥â«¬°√–¥Ÿ°·∫∫ªÉπ√à«π (amorphous bone augmentation)
·≈– ∑‘»∑“ßÀ≈—°¢Õß°√–¥Ÿ°√Ÿª∑√ß°√–∫Õ°π’È«“ßµ—«µ“¡
·π«°“√Ωíß√“°‡∑’¬¡ ∑”„Àâ‰¡à∫“¥‡®Á∫µàÕ‚æ√ßÕ“°“»
¢“°√√‰°√∫π ·≈–¡’ªí≠À“·∑√°´âÕππâÕ¬°«à“ æ∫«à“
‡§√◊ËÕß¡◊Õ‡®“–∑“ß∑“ß°√–¥Ÿ°π—Èπ¡’¢π“¥„À≠à‡°‘π‰ª °“√
„™âß“π„πºŸâªÉ«¬§àÕπ¢â“ß¬“° ºŸâ»÷°…“®÷ß·π–π”«à“§ßµâÕß
»÷°…“µàÕ‰ª (√Ÿª∑’Ë 7)11

Figure 6: Drilling technique for sinus floor elevation without bone grafting7
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Figue 7: Sinus membrane elevation by press fit bone
cylinder.11

°“√‡ √‘¡‚æ√ßÕ“°“»¢“°√√‰°√∫π‚¥¬„™â‡∑§π‘§‰Œ¥
√Õ≈‘§ (sinus elevation via hydraulic detachment and
elevation of Schneiderian membrane)
ªï 2005 Vitkov ·≈–§≥–12 ‰¥âπ”‡∑§π‘§π’È¿“¬À≈—ß
®“°∑’Ë‰¥â¡’°“√æ—≤π“‡∑§π‘§ÕÕ µ‘‚Õ‚µ¡ (osteotome
technique) ¢÷Èπ¡“ æ∫«à“‡ªìπ°“√¬“°∑’Ë®–ªÑÕß°—π‰¡à„Àâ¡’
°“√∫“¥‡®Á∫¢Õß‡¬◊ËÕ∫ÿ‚æ√ßÕ“°“»¢“°√√‰°√∫π®“°ª≈“¬
‡§√◊ËÕß¡◊Õµ—¥°√–¥Ÿ°ÕÕ µ‘‚Õ‚µ¡ (osteotome tip)
«‘∏’°“√§◊Õ „Àâ‡≈◊Õ°µ”·Àπàß∑’Ë®–Ωíß√“°‡∑’¬¡‚¥¬∑”
°“√‡ªî¥·ºàπ‡Àß◊Õ°‡¬◊ÕË ‡¡◊Õ°‡¬◊ÕË Àÿ¡â °√–¥Ÿ°(mucoperiosteal

flap) ∑’Ë —π‡Àß◊Õ°§àÕπ‰ª∑—Èß¥â“π„°≈â·°â¡À√◊Õ¥â“π‡æ¥“π
ª“° (buccal-palatal) ·µà‰¡à∑”√Õ¬°√’¥„π·π«µ—Èß (buccal
relieve incision) „™â ITI trephine burr ∑’Ëª≈“¬¡’ √Ÿ√Ÿª«ß√’
´÷ßË „™â°∫— √“°‡∑’¬¡ ITI·∫∫§Õ·§∫ (ITI narrow neck implant)
‡ âπºà“π»Ÿπ¬å°≈“ß 4.3 ¡‘≈≈‘‡¡µ√ ‡®“–ºà“π°√–¥Ÿ°®π„°≈â
‚æ√ßÕ“°“»¢“°√√‰°√∫π ·µà„ÀâµË”°«à“æ◊Èπ‚æ√ßÕ“°“»
¢“°√√‰°√∫π 2 ¡‘≈≈‘‡¡µ√ „™â¿“æ√—ß ’µ√«®´È”„ÀâÕ¬Ÿà
µ”·Àπàß∑’µË Õâ ß°“√ „™â‡§√◊ÕË ß¡◊Õ·§–√“°øíπ (root elevator)
À√◊Õ‡§√◊ÕË ß¡◊ÕÕ◊πË ∑’∑Ë ”„Àâ‡°‘¥√Õ¬√â“«„π “¡µ”·Àπàß¥—ß√Ÿª∑’Ë
8 ·≈–√Ÿª∑’Ë 9 π”°√–¥Ÿ° à«π≈à“ßÕÕ° √Õ®π¡’‡≈◊Õ¥‡¢â“¡“
‡µ‘¡„π™àÕßπ—Èπ ‡≈◊Õ¥®–∑”Àπâ“∑’Ë∑—Èß„Àâ°“√ªî¥°—Èπ‚¥¬√Õ∫
(sealing) ·≈–‡ªìπ¢Õß‡À≈«ª√– “π (fluid medium)
·≈â«„™âª≈“¬‡§√◊ËÕß¡◊Õ ÕÕ µ‘‚Õ‚µ¡¥—π¬°‡¬◊ËÕ∫ÿ
‚æ√ßÕ“°“»¢“°√√‰°√∫π¢÷Èπ´÷Ëß®–‡ªìπ hydraulic pressure
´÷Ëß„Àâ¬°‰¥â Ÿß∂÷ß 8 ¡‘≈≈‘‡¡µ√ ·≈â«„™â BioOss º ¡°—∫
°√–¥Ÿ°ª≈Ÿ°∂à“¬™π‘¥∑’πË ”¡“®“°µπ‡Õß (autogenous bone)
º ¡≈ß‰ª¥â«¬ ·≈â«„ à√“°‡∑’¬¡µ“¡12
ªí®®—¬∑’Ë§“¥«à“¡’º≈µàÕ‡ ∂’¬√¿“æ¢—Èπµâπ (initial
stability) ¢÷πÈ °—∫°“√‡µ√’¬¡‡∫â“√“°øíπ (socket preparation)
∑’Ë¥’‰¡à¡’§«“¡§≈“¥‡§≈◊ËÕπ„π∑‘»∑“ßµ√ß (axial direction),
‰¡à§«√„™â‡§√◊ËÕß¡◊Õµ—¥°√–¥Ÿ°ÕÕ µ‘‚Õ‚µ¡Àπ÷Ëß¢π“¥µÕ°
´È”À≈“¬Ê§√—Èß √«¡∂÷ß°“√ÕÕ°·∫∫‡°≈’¬«√“°‡∑’¬¡, °“√
¢¬“¬¢π“¥æ◊Èπº‘« —¡º— ¥â«¬
«‘∏’°“√π’È®–„™â‰¥â°—∫ —π°√–¥Ÿ°∑’Ë¡’§«“¡ ŸßÕ¬à“ßπâÕ¬

Figure 8: Sinus elevation via bone hydraulic detachment 12
°“√‡ √‘¡°√–¥Ÿ°∫√‘‡«≥‚æ√ßÕ“°“»¢“°√√‰°√∫π ”À√—∫Ωíß√“°‡∑’¬¡
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Figure 9: Sinus elevation via bone hydraulic detachment in patient

6 ¡‘≈≈‘‡¡µ√ ¥’°«à“°“√»÷°…“¢Õß Rosen ·≈–§≥– „πªï
1999 ∑’Ë„™â°—∫°√–¥Ÿ°¢“°√√‰°√∫π∑’Ë¡’§«“¡ Ÿß 4-5
¡‘≈≈‘‡¡µ√ Vitkov ‰¡à·π–π”„Àâ„™â‡ªìπ«‘∏’°“√¡“µ√∞“π„π
°“√∑”‡ √‘¡°√–¥Ÿ°„µâ∞“π‚æ√ßÕ“°“»¢“°√√‰°√∫π∑—Ë«‰ª
‡π◊ËÕß®“°‡ªìπ«‘∏’∑’Ë„™â∑’Ë¡’‡∑§π‘§∑’Ë≈–‡Õ’¬¥ÕàÕπ12
°“√‡ √‘ ¡ ‚æ√ßÕ“°“»¢“°√√‰°√∫π·∫∫∑’Ë ¡’ ° “√Ωí ß
√“°øí π ‡∑’ ¬ ¡∑— π ∑’ ‚ ¥¬‰¡à ¡’ ° “√ª≈Ÿ ° ∂à “ ¬°√–¥Ÿ °
(simultaneous elevation of mucosal lining and implant
installation without graft material)
ªï 2007 Andreas Thor ·≈–§≥– ‰¥â√“¬ß“π«‘∏’°“√
‡ √‘¡°√–¥Ÿ°„µâ∞“π‚æ√ßÕ“°“»¢“°√√‰°√∫π‚¥¬‰¡à¡’°“√
ª≈Ÿ°∂à“¬°√–¥Ÿ°√à«¡°—∫°“√Ωíß√“°‡∑’¬¡ Andreas Thor
·≈–§≥– ‰¥â„™â√“°øíπ∑’¬¡¢Õß Astra Tech ™π‘¥ fixture
microthread ST dental implant ‡≈◊Õ°ºŸâªÉ«¬∑’Ë¡’ —π°√–¥Ÿ°
‡√‘Ë ¡ µâ π Ÿ ß ‡©≈’Ë ¬ ª√–¡“≥ 5 ¡‘ ≈ ≈‘ ‡ ¡µ√ „™â ° “√ºà “ µ— ¥
‚æ√ßÕ“°“»∑“ß¥â“π¢â“ß (transantral lateral approach)
∑”°“√¬°‡¬◊ËÕ∫ÿ‚æ√ßÕ“°“»¢“°√√‰°√∫π¢÷Èπ·≈â«Ωíß√“°
‡∑’¬¡§È”‰«â (tenting technique) ·≈â«„Àâ¡’‡≈◊Õ¥ ¡“Õ¬Ÿà
√Õ∫√“°‡∑’¬¡ √â“ß‡ªìπ≈‘Ë¡‡≈◊Õ¥ (coagulum) ·≈â«ªî¥Ω“
°√–¥Ÿ°‚æ√ßÕ“°“»∑’Ë∑”°“√‡®“–‡æ◊ËÕ‡¢â“ Ÿà‚æ√ßÕ“°“»§◊π
¢âÕ¥’¢Õß«‘∏’π’È§◊Õ ≈¥°“√¡’°“√∑ÿææ≈¿“æ®“°°“√‡°Á∫‡°’Ë¬«
°√–¥Ÿ°≈¥§à“„™â®“à ¬§à“°√–¥Ÿ°‡∑’¬¡·≈–„™â‡«≈“„π°“√√—°…“
πâ Õ ¬√«¡∂÷ ß √–¬–‡«≈“√Õ°“√‡™◊Ë Õ ¡ª√– “π°— ∫ °√–¥Ÿ °
(osseointegration) ‡æ’¬ß 3-6 ‡¥◊Õπ13
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§«“¡ ”‡√Á®¢Õß°“√¬°‡¬◊ËÕ∫ÿ‚æ√ßÕ“°“»¢“°√√‰°√∫π
®“°°“√Ωíß√“°øíπ‡∑’¬¡∑’¡Ë ·’ ≈–‰¡à¡°’ “√ª≈Ÿ°∂à“¬°√–¥Ÿ°
ªï 2006 Palma ·≈–§≥–14 »÷°…“‡ª√’¬∫‡∑’¬∫
≈—°…≥–∑“ß‡π◊ÈÕ‡¬◊ËÕ 4 ‡¥◊Õπ¿“¬À≈—ß°“√¬°‡¬◊ËÕ∫ÿ‚æ√ß
Õ“°“»¢“°√√‰°√∫π√à«¡°—∫°“√Ωíß√“°‡∑’¬¡∑—Èß∑’Ë¡’·≈–
‰¡à¡’°“√ª≈Ÿ°∂à“¬°√–¥Ÿ° »÷°…“„π≈‘ß 4 µ—«„πµ”·Àπàßøíπ
°√“¡πâ Õ ¬·≈–øí π °√“¡∫π ¥â “ π¢«“®–‰¡à ¡’ ° “√‡ √‘ ¡
°√–¥Ÿ°ª≈Ÿ°∂à“¬‡¢â“‰ª·≈–¥â“π´â“¬¡’°“√‡ √‘¡°√–¥Ÿ°ª≈Ÿ°
∂à“¬™π‘¥∑’Ëπ”¡“®“°µ—«‡Õß (autogenous bone graft) æ∫
«à “ ‰¡à ¡’ § «“¡·µ°µà “ ß¢Õßª√‘ ¡ “≥°√–¥Ÿ ° ∑’Ë ‰ ¥â À ≈— ß ®“°
∑”°“√¬°‡¬◊ËÕ∫ÿ‚æ√ßÕ“°“»¢“°√√‰°√∫π·≈–Ωíß√“°‡∑’¬¡
‰ª·≈â« 6 ‡¥◊Õπ

∫∑«‘®“√≥å
‡π◊ËÕß®“°°“√ºà“µ—¥‡ √‘¡‚æ√ßÕ“°“»¢“°√√‰°√∫π
¥â«¬°√–¥Ÿ°ª≈Ÿ°∂à“¬π—Èπ¡’À≈“°À≈“¬«‘∏’ ∑—Èßπ’È·µà≈–«‘∏’°Á®–
¡’§«“¡·µ°µà“ß„π°“√ºà“µ—¥∑’Ë¡’§«“¡√ÿπ·√ß„π«‘∏’°“√·≈–
‡«≈“∑’Ë„™â3 °“√‡≈◊Õ°«‘∏’°“√∑’Ë‡À¡“– ¡¡’¢âÕæ‘®“√≥“∑’Ëµà“ß
°—π ¡’À≈“¬°“√»÷°…“∑’Ëæ¬“¬“¡µ—Èß¢âÕ∫àß™’È∑’Ë‡À¡“– ¡„π
°“√‡≈◊Õ°„™â«‘∏’°“√ºà“µ—¥‡ √‘¡‚æ√ßÕ“°“»¢“°√√‰°√∫π ¡’
°“√∑¥≈Õß‡ª√’ ¬ ∫‡∑’ ¬ ∫°“√‡ √‘ ¡ °√–¥Ÿ ° „µâ ∞ “π‚æ√ß
Õ“°“»¢“°√√‰°√∫π‚¥¬‡∑§π‘§∑—Èß “¡
°“√‡ √‘¡°√–¥Ÿ°„µâ∞“π‚æ√ßÕ“°“»¢“°√√‰°√∫π
°àÕπ·≈â«§àÕ¬¡’°“√Ωíß√“°øíπ‡∑’¬¡¿“¬À≈—ß (two step
transantral lateral approach) (√Ÿª∑’Ë 2) °“√‡ √‘¡°√–¥Ÿ°
„µâ∞“π‚æ√ßÕ“°“»¢“°√√‰°√∫πæ√âÕ¡Ωíß√“°øíπ‡∑’¬¡∑—π∑’
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(one step transantral lateral approach) (√Ÿª∑’Ë 3) ·≈–
‡∑§π‘§°“√µ—¥°√–¥Ÿ°ÕÕ µ‘‚Õ‚µ¡ (osteotome technic)
∑’Ë°≈à“«·≈â«¢â“ßµâπ ‚¥¬ Zizelmann ·≈– Scharer ‰¥âµ—Èß¢âÕ
∫àß™’È„π°“√‡≈◊Õ°„™â3µ“¡µ“√“ß∑’Ë 1 æ∫«à“§à“‡©≈’Ë¬§«“¡ Ÿß
—π°√–¥Ÿ°∑’Ë‡æ‘Ë¡¡“°¢÷ÈπÀ≈—ß°“√√—°…“‰¡à¡’§«“¡·µ°µà“ß
Õ¬à“ß¡’π—¬ ”§—≠
·µàæ∫«à“ °“√√—°…“‚¥¬„™â°“√µ—¥°√–¥Ÿ°ÕÕ µ‘‚Õ
‚µ¡‡∑§π‘§¡’‚Õ°“ ª√– ∫§«“¡ ”‡√Á®∂÷ß√âÕ¬≈– 95 ∑’Ë
√–¬–‡«≈“ 30 ‡¥◊ÕπÀ≈—ßºà“µ—¥ ‡æ√“–‡™◊ËÕ«à“«‘∏’π’È “¡“√∂
√â“ßæ◊Èπ∑’Ë√—∫√“°‡∑’¬¡∑’Ë¥’ „Àâ‡ ∂’¬√¿“æ¢—Èπµâπ∑’Ë¥’°«à“
·≈–æ◊Èπº‘« —¡º— √–À«à“ß√“°‡∑’¬¡°—∫°√–¥Ÿ°¡“°°«à“ „™â
√–¬–‡«≈“√Õ°“√À“¬∑’Ë —Èπ°«à“ “¡“√∂‰¥â§«“¡ Ÿß¢Õß
°√–¥Ÿ°¡“°æÕÊ°—∫ °“√‡ √‘¡°√–¥Ÿ°„µâ∞“π‚æ√ßÕ“°“»
¢“°√√‰°√∫πæ√âÕ¡Ωíß√“°øíπ‡∑’¬¡∑—π∑’ ∂÷ß‰¥â§«“¡ Ÿß
ª√–¡“≥ 10 ¡‘≈≈‘‡¡µ√ à«π·∫∫°“√‡ √‘¡°√–¥Ÿ°„µâ∞“π
‚æ√ßÕ“°“»¢“°√√‰°√∫π°àÕπ·≈â«§àÕ¬¡’°“√Ωíß√“°øíπ
‡∑’¬¡¿“¬À≈—ß ‰¥â§«“¡ Ÿßª√–¡“≥ 12 ¡‘≈≈‘‡¡µ√3
à«π«‘∏’µ—¥°√–¥Ÿ°ÕÕ µ‘‚Õ‚µ¡‡∑§π‘§‡ªìπ«‘∏’°“√
√—°…“∑’Ë¡’§«“¡√ÿπ·√ßπâÕ¬ „™â‡«≈“ºà“µ—¥ —Èπ·µà®–¬°„Àâ‰¥â
§«“¡ Ÿß¢Õß —π°√–¥Ÿ°‰¡à¡“° ®–‡≈◊Õ°„™â„π°√≥’∑’Ë¡’§«“¡
Ÿß —π°√–¥Ÿ°‡À≈◊ÕÕ¬Ÿà¡“°
„π°√≥’∑’Ë¡’°“√≈–≈“¬¢Õß —π‡Àß◊Õ°¡“°¡’§«“¡ Ÿß
¢Õß°√–¥Ÿ°πâÕ¬°«à“ 4 ¡‘≈≈‘‡¡µ√§«√®–‡≈◊Õ°„™â°“√‡ √‘¡
°√–¥Ÿ°„µâ∞“π‚æ√ßÕ“°“»¢“°√√‰°√∫π°àÕπ·≈â«§àÕ¬¡’
°“√Ωíß√“°øíπ‡∑’¬¡¿“¬À≈—ß ‡æ√“–À“°¡’§«“¡ Ÿß¢Õß —π
°√–¥Ÿ°πâÕ¬®–‰¡à “¡“√∂„Àâ§«“¡¡—Ëπ§ß¢—Èπµâπ (primary
stability) °—∫√“°‡∑’¬¡‰¥âÀ“°Ωíß√“°øíπ‡∑’¬¡∑—π∑’
¥— ß π—È π °“√‡ √‘ ¡ °√–¥Ÿ ° „µâ ∞ “π‚æ√ßÕ“°“»¢“
°√√‰°√∫πæ√âÕ¡Ωíß√“°øíπ‡∑’¬¡∑—π∑’ „™â‰¥â„π°√≥’∑’Ë¡’
§«“¡ Ÿß¢Õß°√–¥Ÿ° 4-6 ¡‘≈≈‘‡¡µ√
°√≥’∑’Ë π— °√–¥Ÿ° ßŸ 4 ¡‘≈≈‘‡¡µ√æÕ¥’ ®–‡≈◊Õ°‡ªìπ°“√
‡ √‘¡°√–¥Ÿ°„µâ∞“π‚æ√ßÕ“°“»¢“°√√‰°√∫πæ√âÕ¡Ωíß

√“°øíπ‡∑’¬¡∑—π∑’ À√◊Õ °“√‡ √‘¡°√–¥Ÿ°„µâ∞“π‚æ√ß
Õ“°“»¢“°√√‰°√∫π°àÕπ·≈â«§àÕ¬¡’°“√Ωíß√“°øíπ‡∑’¬¡
¿“¬À≈—ß°Á‰¥â‚¥¬¢÷Èπ°—∫§«“¡°«â“ß„π·π«·°â¡·≈–‡æ¥“π
(bucco-palatal) ·≈–§ÿ≥¿“æ¢Õß°√–¥Ÿ° ‚¥¬„™â ‡§√◊ËÕß
¡◊Õ«—¥§«“¡ Ÿß¢Õß —π°√–¥Ÿ° (alveolar ridge calipers)
√–À«à“ß∑’∑Ë ”°“√‡ √‘¡°√–¥Ÿ°„µâ∞“π‚æ√ßÕ“°“»¢“°√√‰°√
∫π·∫∫°“√ºà“µ—¥‚æ√ßÕ“°“»∑“ß¥â“π¢â“ß (transantral
lateral approach)3
æ∫«à“°“√‡ √‘¡°√–¥Ÿ°‚æ√ßÕ“°“»¢“°√√‰°√∫π‚¥¬
„™â«∏‘ °’ “√ºà“µ—¥‚æ√ßÕ“°“»∑“ß¥â“π¢â“ß (transantral lateral
approach) ·≈â«∑”°“√Ωíß√“°‡∑’¬¡∑—π∑’‚¥¬‰¡à„ à°√–¥Ÿ°
ª≈Ÿ°∂à“¬ “¡“√∂‡æ‘Ë¡§«“¡ Ÿß¢÷Èπ‰¥â‡©≈’Ë¬ 3.25 ¡‘≈≈‘‡¡µ√
·≈–¡’‚Õ°“ ª√– ∫§«“¡ ”‡√Á®√âÕ¬≈– 91.8 ·µà„π°√≥’∑’Ë
¡’ —π°√–¥Ÿ° Ÿß‡æ’¬ß 2-3 ¡‘≈≈‘‡¡µ√ æ∫≈—°…≥– marginal
push out
À“°¡’ —π°√–¥Ÿ° Ÿßµ—Èß·µà 5 ¡‘≈≈‘‡¡µ√¢÷Èπ‰ª®–‰¡à
æ∫≈—°…≥–¥—ß°≈à“«·≈–æ∫«à“¬‘Ëß„™â√“°‡∑’¬¡¬“« °Á∑”„Àâ¡’
°√–¥Ÿ° √â“ß¡“°¢÷Èπ14 ·µà Muroinoi ·≈–§≥–6 æ∫«à“À“°
‰¡àΩíß√“°øíπ‡∑’¬¡∑—π∑’®–¡’°“√À¥µ—«¢Õß‡≈◊Õ¥ ¡’°“√≈¥
√–¥—∫§«“¡ Ÿß¢Õß —π°√–¥Ÿ°≈ß‰¥â„π 2-6 —ª¥“ÀåÀ≈—ß∑”
ªï1997 Blomquist ·≈–§≥–15 »÷°…“„π°“√∑”°“√
ºà “ µ— ¥ Ωí ß √“°‡∑’ ¬ ¡∑— π ∑’ æ ∫«à “ ®–∑”„Àâ ∑‘ » ∑“ß°“√Ωí ß
√“°øíπ‡∑’¬¡¡’°“√∫‘¥‡Õ’¬ßÕÕ°‰ª∑“ß‡æ¥“πª“° ¡“°°«à“
°“√Ωíß√“°‡∑’¬¡„π¿“¬À≈—ß
Ellegaad ·≈–§≥– ‰¥â∑”°“√‡ √‘¡°√–¥Ÿ°„µâ∞“π‚æ√ß
Õ“°“»¢“°√√‰°√∫π·≈–Ωí ß √“°‡∑’ ¬ ¡ ¥â « ¬«‘ ∏’ ° “√
transantral lateral approach ·µà‡≈◊Õ°∑’Ë®–‰¡à„ à·ºàπºπ—ß
°√–¥Ÿ° (bone window) §◊πæ∫«à“ ¡’°“√À“¬‡ªìπ soft tissue
healing ·∑π°“√ √â“ß°√–¥Ÿ° Wiltfang ·≈–§≥–4 °≈à“««‘∏’
π’È‡°‘¥®“°°“√∑’Ë√à“ß°“¬ºŸâªÉ«¬‰¡à “¡“√∂ √â“ß≈‘Ë¡‡≈◊Õ¥‰¥â
µ“¡ª°µ‘ · ≈–¡’ ª √‘ ¡ “≥ÕÕ°´‘ ‡ ®π‰ª‡≈’È ¬ ß∫√‘ ‡ «≥∑’Ë ª ≈Ÿ °
°√–¥Ÿ°πâÕ¬

Table 1: Indication criteria for the different methods of sinus floor elevation3
Residual bone height
method and timing for implant placement
<4 mm
two step transantral lateral approach and implant placement 6-8 mo later
4-6 mm or more
one step transantral lateral approach and simultaneous implant placement
> 6 mm
osteotome technique and simultaneous implant placement
°“√‡ √‘¡°√–¥Ÿ°∫√‘‡«≥‚æ√ßÕ“°“»¢“°√√‰°√∫π ”À√—∫Ωíß√“°‡∑’¬¡
ª“≈‘¥“ ®—π∑√»—æ∑å ªí∑¡«√√≥ ¡‚π ÿ∑∏‘ »‘√‘™—¬ ‡°’¬√µ‘∂“«√‡®√‘≠ ≥—∞‡¡»√å «ß»å»‘√‘©—µ√
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°“√„™â ° ≈â Õ ß à Õ ß¿“¬„π (endoscope) ®“°
°√–∫«π°“√«‘ π‘ ® ©— ¬ √— ° …“¢Õß·æ∑¬å ÀŸ §Õ ®¡Ÿ °
∑—πµ·æ∑¬å‰¥âπ”¡“ª√–¬ÿ°µå„™â ‡æ◊ËÕµ√«®¥Ÿ ‚æ√ß®¡Ÿ° ·≈–
‚æ√ßÕ“°“»¢“°√√‰°√∫π¡’§«“¡º‘¥ª°µ‘‰¥â·°à °“√∫«¡
¢Õß‡¬◊ËÕ∫ÿ‚æ√ßÕ“°“» ¡’ “√§—¥À≈—Ëß À√◊Õ¡’‡π◊ÈÕßÕ° (polyp)
°“√„™â°≈âÕß àÕß¿“¬„πµ√«®À“§«“¡º‘¥ª°µ‘°àÕπ √–À«à“ß
·≈–À≈—ß°“√√—°…“°“√‡ √‘¡‚æ√ßÕ“°“»¢“°√√‰°√∫π‰¥â
°“√∫“¥‡®Á∫À√◊Õ°“√∫«¡¢Õß‡¬◊ËÕ∫ÿ‚æ√ßÕ“°“»¢“°√√‰°√
∫π “¡“√∂µ√«®‰¥âÀ≈—ßºà“µ—¥¬°‡¬◊ËÕ∫ÿ‚æ√ßÕ“°“»¢“
°√√‰°√∫π
¡’°“√√“¬ß“π«à“¡’°“√Õ—°‡ ∫¢Õß‚æ√ßÕ“°“»À≈—ß
°“√ºà“µ—¥¡’Õÿ∫—µ‘°“√≥å√âÕ¬≈– 8-1016 ·≈–¡’º≈„Àâ¡’°“√
‡ª≈’Ë¬π·ª≈ß∑“ß¿“æ√—ß ’
¥—ßπ—ÈπÀ“°‰¥â∑”°“√µ√«®°àÕπ°“√ºà“µ—¥°Á®–™à«¬
ª√–‡¡‘π§«“¡‡ ’Ë¬ß·≈–ªí≠À“·∑√°´âÕπ∑’Ë®–‡°‘¥¢÷Èπ‰¥â ·¡â
µ√«®æ∫‰¥â°àÕπ«à“¡’°“√Õ—°‡ ∫‡æ’¬ß‡≈Á°πâÕ¬∑’Ë‡¬◊ËÕ∫ÿ‚æ√ß
Õ“°“»¢“°√√‰°√∫π°Á “¡“√∂∑”°“√ºà“µ—¥‡ √‘¡°√–¥Ÿ°
ª≈Ÿ ° ∂à “ ¬„µâ ‚ æ√ßÕ“°“»¢“°√√‰°√∫π‰¥â ‚ ¥¬‰¡à ‡ ªì π ¢â Õ
Àâ“¡„π°“√ºà“µ—¥16

∫∑ √ÿª
°“√‡ √‘¡°√–¥Ÿ°„µâµÕà ‚æ√ßÕ“°“»¢“°√√‰°√∫π‡ªìπ
«‘∏°’ “√‡ √‘¡°√–¥Ÿ°‡æ◊ÕË „Àâ‰¥â§«“¡ ßŸ π— °√–¥Ÿ°∑’æË Õ‡À¡“–∑’Ë
‡æ◊ËÕΩíß√“°øíπ‡∑’¬¡„Àâ¡’§«“¡¡—Ëπ§ß ®”‡ªìπµâÕß¡’°“√
ª√–‡¡‘πºŸâªÉ«¬„Àâ¥’°àÕπ°“√√—°…“‡æ◊ËÕ‡≈◊Õ°«‘∏’°“√ºà“µ—¥∑’Ë
‡À¡“– ¡°—∫ºŸâªÉ«¬ ∑—Èßπ’È‡∑§π‘§µà“ßÊ¡’§«“¡´—∫´âÕπ „™â
‡§√◊ËÕß¡◊Õ‡©æ“– ·≈–µâÕß„™â‡∑§π‘§·≈–§«“¡™”π“≠¡“°
„π°“√ºà “ µ— ¥ ‡ √‘ ¡ °√–¥Ÿ ° ª≈Ÿ ° ∂à “ ¬„µâ ‚ æ√ßÕ“°“»¢“
°√√‰°√∫ππ’È °Á Õ “®∑”„Àâ ‡ °‘ ¥ °“√©’ ° ¢“¥¢Õß‡¬◊Ë Õ ∫ÿ ‚ æ√ß
Õ“°“»‰¥âßà“¬ ¥—ßπ—Èπ∑—πµ·æ∑¬åµâÕß¡’ª√– ∫°“√≥å¡“°
‡æ◊ËÕºà“µ—¥·≈–µâÕß¡’§«“¡√Ÿâ∑“ß°“¬«‘¿“§µ≈Õ¥®π¢âÕ∫àß™’È
„π°“√‡≈◊Õ°«‘∏°’ “√ºà“µ—¥‡π◊ÕË ß®“°·µà≈–‡∑§π‘§°Á¡¢’ Õâ ®”°—¥
√–¬–‡«≈“∑’Ë„™â„π°“√ºà“µ—¥·≈–§«“¡√ÿπ·√ß„π°“√ºà“µ—¥
µà“ß°—π
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®¥À¡“¬π” ßà ∫∑§«“¡
‡√’¬π ∫√√≥“∏‘°“√«‘∑¬“ “√∑—πµ·æ∑¬»“ µ√å ¡À‘¥≈
¢â“æ‡®â“¡’§«“¡ª√– ß§å®– ßà ∫∑§«“¡‡√◊ÕË ß (¿“…“‰∑¬) ç........................................................................................
............................................................................................................................................................................................é
‡æ◊ËÕ≈ßµ’æ‘¡æå„π«‘∑¬“ “√∑—πµ·æ∑¬»“ µ√å ¡À‘¥≈ ‚¥¬‡ªìπ∫∑§«“¡ª√–‡¿∑
❒ ∫∑«‘∑¬“°“√
❒ ¿“æ ’
®”π«π..........¿“æ
❒ ∫∑§«“¡ª√‘∑—»πå
❒ ¿“æ¢“«¥” ®”π«π..........¿“æ
❒ ª°‘≥°–
❒ ‰¡à¡’¿“æ
∑—Èßπ’È¢â“æ‡®â“√—∫∑√“∫ ·≈–æ√âÕ¡®–ªØ‘∫—µ‘µ“¡¢âÕµ°≈ßµàÕ‰ªπ’È
1. ºŸâπ‘æπ∏å∑’Ëª√– ß§å®– àß∫∑§«“¡®–µâÕß àßµâπ©∫—∫ 1 ™ÿ¥ ”‡π“ 4 ™ÿ¥ ‰¡àµâÕß‡¬Á∫°√–¥“… „™â§≈‘ªÀπ’∫¡“‡ªìπ
™ÿ¥ Ê ”À√—∫¿“æª√–°Õ∫·≈–µ“√“ß àß®”π«π 3 ™ÿ¥ µâπ©∫—∫µâÕß‰¡àæ—∫·≈– àß¡“∑“ß‰ª√…≥’¬å≈ß∑–‡∫’¬π‡æ◊ËÕ
ªÑÕß°—π°“√ Ÿ≠À“¬ æ‘¡æå‚¥¬„™â‚ª√·°√¡ WORD ·∫∫Õ—°…√§Õ‡¥’¬π‘« (Cordia New) ¢π“¥ 16 ·≈–¡’√–¬–Àà“ß
√–À«à“ß∫√√∑—¥ Õß™àÕß (double spacing) æ‘¡æåÀπâ“‡¥’¬«≈ß∫π°√–¥“…æ‘¡æå —Èπ¢π“¥‡Õ ’Ë (A4) æ‘¡æå„ÀâÀà“ß®“°
¢Õ∫°√–¥“… 2.5 ‡´πµ‘‡¡µ√∑ÿ°¥â“π æ√âÕ¡„ àÀ¡“¬‡≈¢Àπâ“°”°—∫∑“ß¡ÿ¡¢«“∫π∑ÿ°Àπâ“ §«“¡¬“«¢Õß∫∑§«“¡
§«√Õ¬Ÿà√–À«à“ß 10-20 Àπâ“°√–¥“…æ‘¡æå —Èπ ´÷Ëß√«¡√Ÿª¿“æ·≈–µ“√“ß¥â«¬ ‚¥¬®”π«π√Ÿª¿“æ·≈–µ“√“ß∑—ÈßÀ¡¥
‰¡à§«√‡°‘π 10 Àπâ“
2. ºŸπâ æ‘ π∏å§«√µ√–Àπ—°∂÷ß§«“¡ ”§—≠„π°“√‡µ√’¬¡∫∑§«“¡„Àâ∂°Ÿ µâÕßµ“¡√Ÿª·∫∫¢Õß∫∑§«“¡∑’«Ë ∑‘ ¬“ “√°”Àπ¥
µ≈Õ¥®πµ√«® Õ∫§«“¡∂Ÿ°µâÕß·πàπÕπæ√âÕ¡∑—Èßæ‘ Ÿ®πåÕ—°…√„Àâ‡√’¬∫√âÕ¬‡ ’¬°àÕπ °àÕπ∑’Ë®– àß∫∑§«“¡π’È„Àâ°—∫
∫√√≥“∏‘°“√
3. °“√æ‘®“√≥“ ®–‰¥â√—∫°“√æ‘®“√≥“°≈—Ëπ°√Õß‚¥¬ºŸâ∑√ß§ÿ≥«ÿ≤‘„π “¢“«‘™“π—Èπ Ê Õ¬à“ßπâÕ¬ 2 ∑à“π ‚¥¬„™â
‡«≈“ª√–¡“≥ 4 ∂÷ß 8 —ª¥“Àå ®“°π—Èπ®–·®âßº≈°“√æ‘®“√≥“„ÀâºŸâ‡¢’¬π∑√“∫
4. µâπ©∫—∫∑’Ë‰¥â√—∫°“√æ‘®“√≥“‡æ◊ËÕ®–µ’æ‘¡æå„π«‘∑¬“ “√ ∫√√≥“∏‘°“√®–®—¥ àß∫∑§«“¡„ÀâºŸâπ‘æπ∏å·°â‰¢ß“π „π
°√≥’∑’ËºŸâ∑√ß§ÿ≥«ÿ≤‘‡ πÕ·π–„Àâ·°â‰¢ „Àâ·°â‰¢À√◊Õ™’È·®ß‡æ‘Ë¡‡µ‘¡®π‡ªìπ∑’Ë‡√’¬∫√âÕ¬°àÕπ®÷ß®–µ’æ‘¡æå ·≈–µâÕß àß
‡Õ° “√∑—ÈßÀ¡¥°≈—∫§◊π¡“µ“¡‡«≈“∑’Ë°”Àπ¥ ¡‘©–π—Èπ®–∂◊Õ«à“∑à“π‰¡à≈ßµ’æ‘¡æå·≈â«
5. °√≥’∑∫’Ë ∑§«“¡‰¥â√∫— °“√æ‘®“√≥“„Àâµæ’ ¡‘ æå∫√√≥“∏‘°“√®–·®âß„ÀâºπŸâ æ‘ π∏å ßà ∫∑§«“¡µâπ©∫—∫∑’·Ë °â‰¢§√—ßÈ ¥ÿ ∑â“¬
æ√âÕ¡·ºàπ∫—π∑÷° (diskette) ¢π“¥ 3.5 π‘È« À√◊Õ·ºàπ´’¥’√Õ¡ (CD ROM) ∑’Ë∫√√®ÿ‡π◊ÈÕÀ“·≈–¢âÕ¡Ÿ≈∑’Ë¡’Õ¬Ÿà„π∫∑§«“¡
∑—ÈßÀ¡¥∑’Ë‰¥â·°â‰¢·≈â« ∑—Èßπ’ÈºŸâπ‘æπ∏åµâÕß¡’ ”‡π“‡°Á∫‰«â¥â«¬‡æ◊ËÕ°“√Õâ“ßÕ‘ß·≈–¬◊π¬—π„π¿“¬À≈—ß
6. °√≥’∑Õ’Ë ¬Ÿ„à π¢—πÈ µÕπ°“√®—¥æ‘¡æå ∑“ß∫√√≥“∏‘°“√®– ßà µâπ©∫—∫ (artwork) „Àâº√Ÿâ ∫— º‘¥™Õ∫‡æ’¬ß§π‡¥’¬«µ√«®æ‘ ®Ÿ πå
Õ—°…√·≈–§«“¡∂Ÿ°µâÕß∑“ß«‘™“°“√‡æ’¬ß§√—Èß‡¥’¬« (À“°ºŸâ√—∫º‘¥™Õ∫‰¡à àß§◊πµ“¡‡«≈“∑’Ë°”Àπ¥ ®–∂◊Õ«à“
∑à“π‰¡à≈ßµ’æ‘¡æå·≈â«) À≈—ß®“°π—Èπ∑“ß∫√√≥“∏‘°“√®–µ√«®„Àâ 2-3 §√—Èß ‚¥¬‰¡àºà“πºŸâπ‘æπ∏å‡æ◊ËÕ§«“¡√«¥‡√Á«„π
°“√µ’æ‘¡æå
7. ”À√—∫∫∑§«“¡∑’Ë‰¡à‰¥â√—∫°“√µ’æ‘¡æå®–¡’°“√·®âßº≈æ√âÕ¡§◊πµâπ©∫—∫∫∑§«“¡π—Èπ·°àºŸâπ‘æπ∏å ∑“ß°Õß
∫√√≥“∏‘°“√¢Õ ß«π ‘∑∏‘Ï∑’Ë®–‰¡àæ‘®“√≥“∫∑§«“¡´÷Ëß¡’°“√‡µ√’¬¡∫∑§«“¡‰¡à∂Ÿ°µâÕß
8. ºŸâπ‘æπ∏å∑ÿ°∑à“πµâÕß≈ß≈“¬¡◊Õ™◊ËÕ„π°“√¡Õ∫≈‘¢ ‘∑∏‘Ï·≈–¬◊π¬—π«à“∫∑§«“¡µâπ©∫—∫∑’Ë àß¡“µ’æ‘¡æåπ—Èπ‰¥â àß¡“µ’
æ‘¡æå‡©æ“–„π«‘∑¬“ “√ “√∑—πµ·æ∑¬»“ µ√å¡À‘¥≈‡æ’¬ß·Ààß‡¥’¬«‡∑à“π—Èπ ‚¥¬®–‰¡àæ‘®“√≥“∫∑§«“¡∑’Ë‰¥â√—∫µ’
æ‘¡æå„π«‘∑¬“ “√Õ◊Ëπ¡“°àÕπ À√◊Õ∫∑§«“¡∑’Ë°”≈—ß‡ πÕ‡æ◊ËÕµ’æ‘¡æå„π«‘∑¬“ “√Õ◊Ëπ Ê ‰¡à«à“®–‡ªìπ°“√√Õµ’æ‘¡æå
À√◊ÕÕ¬Ÿ√à –À«à“ß¢∫«π°“√‡ πÕ≈ßµ’æ¡‘ æå À√◊Õ·¡â«“à ∫∑§«“¡π—πÈ Õ“®®–‡µ√’¬¡‡ªìπ¿“…“‡¥’¬«°—πÀ√◊Õµà“ß¿“…“°Áµ“¡
¬°‡«âπ∫∑§«“¡¥—ß°≈à“«Õ¬Ÿà„πÀ≈—°‡°≥±å«à“¥â«¬°“√µ’æ‘¡æå´È” (multiple publication)

9. ∫∑§«“¡∑’Ë≈ßµ’æ‘¡æå„π«‘∑¬“ “√∑—πµ·æ∑¬»“ µ√å¡À‘¥≈ ∂◊Õ‡ªìπ≈‘¢ ‘∑∏‘Ï¢Õß§≥–∑—πµ·æ∑¬»“ µ√å
¡À“«‘∑¬“≈—¬¡À‘¥≈ Àâ“¡ºŸâ„¥π”‰ª¥—¥·ª≈ß §—¥≈Õ°À√◊Õ‡º¬·æ√à‡æ◊ËÕ°“√„¥ Ê ‚¥¬‰¡à‰¥â√—∫Õπÿ≠“µ®“°
∫√√≥“∏‘°“√«‘∑¬“ “√∑—πµ·æ∑¬»“ µ√å¡À‘¥≈
10. ‡π◊ÈÕÀ“∫∑§«“¡À√◊Õ¢âÕ§‘¥‡ÀÁπ„¥ Ê „π«‘∑¬“ “√∑—πµ·æ∑¬»“ µ√å¡À‘¥≈ ∂◊Õ‡ªìπ§«“¡§‘¥‡ÀÁπ¢ÕßºŸâ‡¢’¬π
‚¥¬‡©æ“–‡∑à“π—Èπ °Õß∫√√≥“∏‘°“√‰¡à®”‡ªìπµâÕß‡ÀÁπæâÕß¥â«¬‡ ¡Õ‰ª
∑—Èßπ’È¢â“æ‡®â“ºŸâ¡’≈“¬™◊ËÕ¢â“ß∑â“¬ ‰¥â√—∫∑√“∫·≈–æ√âÕ¡®–ªØ‘∫—µ‘µ“¡¢âÕµ°≈ß
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‡°≥±å√—∫‡√◊ËÕß¢Õß«‘∑¬“ “√∑—πµ·æ∑¬»“ µ√å¡À‘¥≈
«—µ∂ÿª√– ß§å¢Õß«‘∑¬“ “√
1. ‡æ◊ËÕ‡º¬·æ√à§«“¡√Ÿâ∑’Ë‰¥â®“°°“√«‘®—¬À√◊Õ»÷°…“§âπ§«â“∑“ß«‘™“°“√¥â“π∑—πµ·æ∑¬»“ µ√å ·≈– “¢“«‘™“«‘∑¬“»“ µ√å°“√·æ∑¬å∑’Ë‡°’Ë¬«¢âÕß
2. ‡æ◊ËÕ àß‡ √‘¡ π—∫ πÿπß“π«‘®—¬ ·≈–°“√§âπ§«â“∑’Ë¡’§ÿ≥§à“‡æ◊ËÕ§«“¡°â“«Àπâ“∑“ß«‘™“°“√
3. ‡æ◊ÕË ‡ªìπ Õ◊Ë ¡— æ—π∏å∑“ß«‘™“°“√√–À«à“ß∑—πµ·æ∑¬å ·≈–ºŸÕâ π◊Ë „π “¢“«‘™“∑’‡Ë °’¬Ë «¢âÕß„Àâ°“â «∑—π°“√‡ª≈’¬Ë π·ª≈ß§«“¡√Ÿ∑â ¡’Ë °’ “√æ—≤π“µ≈Õ¥‡«≈“
4. ‡æ◊ËÕ‡º¬·æ√à‡°’¬√µ‘§ÿ≥¢Õß ∂“∫—π ¡“§¡»‘…¬å‡°à“§≥–∑—πµ·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬¡À‘¥≈
«‘∑¬“ “√π’È‰¥â√—∫∑ÿπÕÿ¥Àπÿπ®“°§≥–∑—πµ·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬¡À‘¥≈
§”·π–π” ”À√—∫ºŸâπ‘æπ∏å∫∑§«“¡
°“√ àß∫∑§«“¡‡æ◊ËÕµ’æ‘¡æå∑’Ë
∫√√≥“∏‘°“√«‘∑¬“ “√∑—πµ·æ∑¬»“ µ√å¡À‘¥≈
Àπà«¬ àß‡ √‘¡æ—≤π“∑“ß«‘™“°“√ µ÷° 4 ™—Èπ 9
¡À“«‘∑¬“≈—¬¡À‘¥≈ §≥–∑—πµ·æ∑¬»“ µ√å
6 ∂ππ‚¬∏’ ‡¢µ√“™‡∑«’ °√ÿß‡∑æ¡À“π§√ 10400
‚∑√»—æ∑å 0-2660-7769 ‚∑√ “√ 0-2660-7767
E-mail.dtrstp@diamond.mahidol.ac.th
√Ÿª·∫∫∫∑§«“¡
ª√–‡¿∑¢Õß∫∑§«“¡¡’¥—ßπ’È
1. ∫∑«‘∑¬“°“√ (original article) ‰¥â·°à √“¬ß“πº≈ß“π«‘®—¬„À¡à∑’Ë‡ªìπª√–‚¬™πå √“¬ß“π°“√ ”√«®∑“ß√–∫“¥«‘∑¬“ √“¬ß“πºŸâªÉ«¬ (case
report) ∑’πË “à π„® ·≈–√“¬ß“π ß‘Ë ª√–¥‘…∞åÀ√◊Õ√“¬ß“π‡∑§π‘§ (technical report) ∑’¡Ë ª’ √–‚¬™πåµÕà «‘™“™’æ∑—πµ·æ∑¬å´ß÷Ë ‰¡à‡§¬µ’æ¡‘ æå„π«‘∑¬“ “√„¥ Ê ¡“°àÕπ
2. ∫∑§«“¡ª√‘∑—»πå (review article) ‡ªìπ∫∑§«“¡∑’Ë√«∫√«¡§«“¡√Ÿâ®“°µ”√“ Àπ—ß ◊ÕÀ√◊Õ«‘∑¬“ “√„À¡àÀ√◊Õ®“°º≈ß“π·≈–ª√– ∫°“√≥å¢Õß
ºŸâπ‘æπ∏å¡“‡√’¬∫‡√’¬ß¢÷Èπ ‚¥¬¡’°“√«‘‡§√“–Àå «‘®“√≥å ‡ª√’¬∫‡∑’¬∫ ‡æ◊ËÕ„Àâ‡°‘¥§«“¡≈÷°´÷ÈßÀ√◊Õ‡°‘¥§«“¡°√–®à“ß„π‡√◊ËÕßπ—Èπ¡“°¬‘Ëß¢÷Èπ
3. ª°‘≥°– (miscellany) ‰¥â·°à
3.1 √“¬ß“πæ‘‡»… (special report) ‡ªìπ√“¬ß“π π—È Ê ∑“ß«‘™“°“√∑’‡Ë °’¬Ë «¢âÕß°—∫∑—πµ·æ∑¬å Õ“®¡’≈°— …≥–‡ªìπ∫∑«‘‡§√“–Àå «‘®“√≥å À√◊Õ∫∑§«“¡
«‘™“°“√∑’Ë‡ªìπª√–‚¬™πå ∫∑§«“¡∑∫∑«π§«“¡√Ÿâ ‡√◊ËÕß·ª≈¬àÕ§«“¡®“°«‘∑¬“ “√µà“ßª√–‡∑» °“√· ¥ß§«“¡§‘¥‡ÀÁπ «‘®“√≥å ·π–π”‡§√◊ËÕß¡◊Õ µ”√“
À√◊ÕÀπ—ß ◊Õ„À¡à ∑’Ëπà“ π„® À√◊Õ¢à“«°“√ª√–™ÿ¡∑—Èß√–¥—∫™“µ‘·≈–√–¥—∫π“π“™“µ‘
3.2 «‘∑¬“°“√ªí®®ÿ∫—π (current concept) ‡ªìπ·π«§‘¥À√◊Õ«‘∑¬“°“√∑’Ë¬÷¥∂◊Õ·≈–„™â„πªí®®ÿ∫—π Õ“®‡ªìπ‡√◊ËÕß„¥‡√◊ËÕßÀπ÷Ëß„π “¢“«‘™“µà“ß Ê ∑’Ë
‡ªìπª√–‚¬™πå ‚¥¬°“√‡¢’¬π À√◊Õ·ª≈‡√’¬∫‡√’¬ß®“°«‘∑¬“ “√©∫—∫Õ◊Ëπ∑’Ë‡ªìπ∑’Ë¬Õ¡√—∫„π‡√◊ËÕß¡“µ√∞“π
3.3 ∂“¡ºŸâ‡™’Ë¬«™“≠ (ask the expert) ‡ªìπ°“√µÕ∫ªí≠À“∑“ß«‘™“°“√À√◊Õªí≠À“ß“π„π§≈‘π‘°¢ÕßºŸâÕà“π ‚¥¬ºŸâ‡™’Ë¬«™“≠‡©æ“– “¢“«‘™“π—Èπ
Ê À√◊Õπ”‡Õ“ªí≠À“∑’Ëπà“ π„®®“°°“√∂“¡µÕ∫„π√–À«à“ß°“√ª√–™ÿ¡«‘™“°“√µà“ß Ê ¡“µ’æ‘¡æå‡æ◊ËÕ„ÀâºŸâ∑’Ë‰¡à‰¥â‡¢â“√à«¡ª√–™ÿ¡‰¥â¡’‚Õ°“ √—∫∑√“∫
3.4 ®¥À¡“¬∂÷ß “√“≥’¬°√ (letter to the editor) ‡ªìπ§”∂“¡À√◊Õ¢âÕ§‘¥‡ÀÁπ∑“ß«‘™“°“√∑’Ë‡ªìπª√–‚¬™πåµàÕºŸâÕà“π·≈–«‘™“™’æ‚¥¬ à«π√«¡
3.5 ∫∑¬àÕ√“¬ß“π«‘®—¬ À√◊Õ∫∑«‘®“√≥åÀπ—ß ◊Õ„À¡à∑’Ëπà“ π„®
°“√‡µ√’¬¡∫∑§«“¡
(‡√‘Ë¡„™âµ—Èß·µà ªï∑’Ë 27 ©∫—∫∑’Ë 1 æ.». 2550 ‡ªìπµâπ‰ª)
1. µâπ©∫—∫µâÕß‰¡àæ∫— ·≈– ßà ¡“∑“ß‰ª√…≥’¬≈å ß∑–‡∫’¬π‡æ◊ÕË ªÑÕß°—π°“√ ≠
Ÿ À“¬ æ√âÕ¡∑—ßÈ ·∫∫øÕ√å¡°“√ ßà µâπ©∫—∫‡æ◊ÕË ¢Õ„Àâæ®‘ “√≥“≈ßµ’æ¡‘ æå
‚¥¬ àßµâπ©∫—∫ 1 ™ÿ¥ ”‡π“ 4 ™ÿ¥ ‰¡àµâÕß‡¬Á∫°√–¥“… „™â§≈‘ªÀπ’∫¡“‡ªìπ™ÿ¥ Ê ”À√—∫¿“æª√–°Õ∫·≈–µ“√“ß àß®”π«π 3 ™ÿ¥ æ‘¡æå‚¥¬„™â‚ª√·°√¡
WORD ·∫∫Õ—°…√§Õ‡¥’¬π‘« (Cordia New) ¢π“¥ 16 ·≈–¡’√–¬–Àà“ß√–À«à“ß∫√√∑—¥ Õß™àÕß (double spacing) æ‘¡æåÀπâ“‡¥’¬«≈ß∫π°√–¥“…æ‘¡æå —Èπ
¢π“¥‡Õ ’Ë (A4) æ‘¡æå„ÀâÀà“ß®“°¢Õ∫°√–¥“… 2.5 ‡´πµ‘‡¡µ√∑ÿ°¥â“π æ√âÕ¡„ àÀ¡“¬‡≈¢Àπâ“°”°—∫∑“ß¡ÿ¡¢«“∫π∑ÿ°Àπâ“ §«“¡¬“«¢Õß∫∑§«“¡§«√Õ¬Ÿà
√–À«à“ß 10-20 Àπâ“°√–¥“…æ‘¡æå —Èπ ´÷Ëß√«¡√Ÿª¿“æ·≈–µ“√“ß¥â«¬ ‚¥¬®”π«π√Ÿª¿“æ·≈–µ“√“ß∑—ÈßÀ¡¥‰¡à§«√‡°‘π 10 Àπâ“
2. ∫∑§«“¡¿“…“‰∑¬„Àâ„™âµ—« –°¥µ“¡æ®π“πÿ°√¡©∫—∫√“™∫—≥±‘µ¬ ∂“π (©∫—∫≈à“ ÿ¥ªï æ.». 2542) »—æ∑å¿“…“Õ—ß°ƒ…∑’Ë„™âªπ°—∫¿“…“
‰∑¬„Àâ·ª≈‡ªìπ¿“…“‰∑¬ §«√‡¢’¬π§”‡¥‘¡°”°—∫‰«â„π«ß‡≈Á∫‡©æ“–§√—Èß·√°∑’Ë°≈à“«∂÷ß À“°§”„¥∑’Ë√“™∫—≥±‘µ¬ ∂“π∫—≠≠—µ‘‰«â·≈â«„Àâ„™â»—æ∑å∫—≠≠—µ‘
π—Èπ ∂â“‰¡à‰¥â∫—≠≠—µ‘‰«â„Àâ„™â«‘∏’°“√‡¢’¬π∑—∫»—æ∑å¿“…“‰∑¬µ“¡À≈—°‡°≥±å°“√∑—∫»—æ∑å·≈–«ß‡≈Á∫§”‡¥‘¡°”°—∫‰«â‡©æ“–§√—Èß·√°‡™àπ‡¥’¬«°—π
(À“¢âÕ¡Ÿ≈‡æ‘Ë¡‡µ‘¡‰¥â®“° www.royin.go.th) °“√„™âµ—«‡≈¢„π∫∑§«“¡ „Àâ„™â‡©æ“–‡≈¢Õ“√∫‘°‡∑à“π—Èπ
3. Àπà«¬¡“µ√∞“π°“√«—¥ (Unit of Measurement) ‰¥â·°à Àπà«¬¢Õß§«“¡¬“« §«“¡ Ÿß πÈ”Àπ—° ª√‘¡“µ√ ‡ªìπµâπ §«√„™â√–∫∫‡¡µ√‘° (metric
units) Õÿ≥À¿Ÿ¡‘§«√„™â‡ªìπÕß»“‡´≈‡´’¬ §«“¡¥—π§«√„™â‡ªìπ¡‘≈≈‘‡¡µ√ª√Õ∑ (¡¡.ª√Õ∑) °“√«—¥∑“ß‚≈À‘µ (hematologic) ·≈–∑“ß‡§¡’§≈‘π‘° (clinical
chemistry) §«√„™âÀπà«¬‡ªìπ√–∫∫‡¡µ√‘° Àπà«¬°“√«—¥Õ◊Ëπ Ê §«√„™â·∫∫¡“µ√∞“π “°≈π‘¬¡ §”¬àÕ·≈– —≠≈—°…≥å„™â‡©æ“–§”¬àÕ¡“µ√∞“π (standard
abbreviation) ‰¡à§«√„™â§”¬àÕ„π™◊ËÕ‡√◊ËÕß·≈–∫∑§—¥¬àÕ §”‡µÁ¡¢Õß§”¬àÕ§«√Õâ“ß‰«âµàÕ∑â“¬§”¬àÕ§√—Èß·√°„π‡π◊ÈÕ‡√◊ËÕß ¬°‡«âπ‡ªìπÀπà«¬¡“µ√∞“π„π°“√«—¥
°“√√–∫ÿ´’Ëøíπ Õ“®„™â°“√‡√’¬°™◊ËÕÕ¬à“ß‡¥’¬« ‡™àπ øíπ‡¢’È¬«∫π´â“¬ (À√◊Õ upper left canine „π∫∑§«“¡¿“…“Õ—ß°ƒ…) À√◊Õ„™â —≠≈—°…≥åµ“¡√–∫∫ FDI
two-digit notation ·≈–¡’™◊ËÕ„π«ß‡≈Á∫µàÕ∑â“¬‡©æ“–§√—Èß·√°∑’Ë°≈à“«∂÷ß ‡™àπ øíπ #31 (øíπµ—¥´’Ë°≈“ß≈à“ß´â“¬)
√Ÿª·∫∫¢Õß°“√‡µ√’¬¡∫∑«‘∑¬“°“√
à«π∑’ËÀπ÷Ëß æ‘¡æå‡ªìπ¿“…“‰∑¬‡√’¬ßµ“¡≈”¥—∫¥—ßπ’È
1. ™◊ËÕ‡√◊ËÕß §«√„™â¿“…“‰∑¬„Àâ¡“°∑’Ë ÿ¥ §«√ —Èπ °–∑—¥√—¥ ·≈– ◊ËÕ‡ªÑ“À¡“¬À≈—°¢Õß°“√»÷°…“
‰¡à„™â§”¬àÕ §«“¡¬“« ‰¡à§«√‡°‘π 100 µ—«Õ—°…√
2. ™◊ËÕºŸâπ‘æπ∏å „Àâ„™â™◊ËÕ·≈–π“¡ °ÿ≈‡∑à“π—Èπ ∂â“¡’ºŸâπ‘æπ∏åÀ≈“¬∑à“π„Àâ‡¢’¬πµ“¡≈”¥—∫§«“¡ ”§—≠¢Õß°“√√à«¡∑”ß“π«‘®—¬
3. «ÿ≤‘°“√»÷°…“ „Àâ„ à§ÿ≥«ÿ≤‘ Ÿß ÿ¥¢ÕßºŸâπ‘æπ∏åµàÕ∑â“¬™◊ËÕºŸâπ‘æπ∏å§π≈–‰¡à‡°‘π 2 ‚¥¬„™âµ—«¬àÕ¢Õßª√‘≠≠“·≈–§ÿ≥«ÿ≤‘µ“¡∑’Ë‰¥â¡“„π°√≥’
∑’Ë®∫®“°µà“ßª√–‡∑»„Àâ„™â¿“…“π—Èπ Ê
4. ∑’ËÕ¬Ÿà ¢ÕßºŸâπ‘æπ∏å·µà≈–§π §«√„™â∑’ËÕ¬Ÿà¢ÕßÀπà«¬ß“πÀ√◊Õ ∂“∫—π„ à„Àâ≈–‡Õ’¬¥ ∂â“‰¡à‰¥â —ß°—¥Àπà«¬ß“π„¥„Àâ„™â∑’ËÕ¬Ÿà§≈‘π‘°
5. „Àâæ‘¡æå§”«à“ çµ‘¥µàÕ‡°’Ë¬«°—∫∫∑§«“¡é „Àâ¡’™◊ËÕºŸâπ‘æπ∏å‡æ’¬ß§π‡¥’¬« π“¡ °ÿ≈ µ”·Àπàß ∂“π∑’Ë∑”ß“π À¡“¬‡≈¢‚∑√»—æ∑å∑’Ë
∑”ß“π ‚∑√»—æ∑å¡◊Õ∂◊Õ ‚∑√ “√ √«¡∑—ÈßÕ’‡¡≈å (E-mail) ∑’Ë “¡“√∂µ‘¥µàÕ‰¥â –¥«°·≈–√«¥‡√Á«

6. „Àâæ‘¡æå§”«à“ ç·À≈àß‡ß‘π∑ÿπ:é ∂â“¡’·À≈àß∑ÿπ π—∫ πÿπ°“√»÷°…“„Àâ„ à¥â«¬ „Àâ∫Õ°√“¬≈–‡Õ’¬¥‡√’¬ßµ“¡≈”¥—∫¥—ßπ’È ™◊ËÕ∑ÿπ ™◊ËÕ ∂“∫—π
∑’Ë„Àâ∑ÿπ ªï∑’Ë‰¥â√—∫∑ÿπ À¡“¬‡≈¢¢Õß∑ÿπ«‘®—¬ (∂â“¡’)
7. „Àâæ‘¡æå§”«à“ ç«—π√—∫‡√◊ËÕß:é „Àâ„ à«—π∑’Ë∫√√≥“∏‘°“√¡’Àπ—ß ◊ÕµÕ∫√—∫‡√◊ËÕß
8. „Àâæ‘¡æå§”«à“ ç«—π¬Õ¡√—∫µ’æ‘¡æå:é „Àâ„ à«—π∑’Ë∫√√≥“∏‘°“√¡’Àπ—ß ◊Õ¬Õ¡√—∫µ’æ‘¡æå
9. „Àâæ¡‘ æå§”«à“ ç∫∑§—¥¬àÕé ∫∑§—¥¬àÕ§«√‡¢’¬π„Àâ‰¥â„®§«“¡∑—ßÈ À¡¥¢Õß‡√◊ÕË ß ®–µâÕß‰¡à¡¢’ Õâ √ÿª®“°°“√«‘®“√≥å ‰¡àµÕâ ßÕâ“ßÕ‘ß‡Õ° “√ √Ÿª¿“æ
À√◊Õµ“√“ß ”À√—∫øíπ∑’Ë√–∫ÿ‡ªìπ´’Ë„Àâ‡¢’¬π‡ªìπ™◊ËÕ·∑π°“√„™â —≠≈—°…≥å ‰¡à„™â»—æ∑å¿“…“Õ—ß°ƒ…„Àâ·ª≈À√◊Õ‡¢’¬π∑—∫»—æ∑å‡ªìπ¿“…“‰∑¬·≈–‰¡àµâÕß
«ß‡≈Á∫¿“…“‡¥‘¡ ∫∑§—¥¬àÕ§«√‡¢’¬π‡ªìπÀ—«¢âÕ¥—ßπ’È
«—µ∂ÿª√– ß§å §«√°≈à“«∂÷ß®ÿ¥¡ÿàßÀ¡“¬¢Õß°“√»÷°…“√«¡∑—ÈßÕâ“ß∂÷ß ¡¡µ‘∞“π¢Õß°“√»÷°…“
«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√»÷°…“ §«√°≈à“«∂÷ß«— ¥ÿÀ√◊ÕºŸâªÉ«¬∑’Ëπ”¡“»÷°…“ ®”π«π ™π‘¥ ª√–‡¿∑ «‘∏’°“√»÷°…“ À√◊Õ«‘∏’°“√
∑¥≈Õß ·≈– ∂‘µ‘∑’Ëπ”¡“„™â
º≈°“√»÷°…“ §«√ª√–°Õ∫¥â«¬º≈∑’Ë‰¥â®“°°“√»÷°…“∑¥≈Õß·≈–§à“ ∂‘µ‘ (∂â“¡’°“√«‘‡§√“–Àå)
∫∑ √ÿª §«√°≈à“«∂÷ßº≈°“√»÷°…“∑’Ë ”§—≠∑’Ë‰¥â®“°°“√∑¥≈Õß
10. „Àâæ‘¡æå§”«à“ ç√À— §”: é §«√¡’ 3-6 §”´÷Ëß¡’ª√“°ØÕ¬Ÿà„π∫∑§—¥¬àÕ¥â«¬ „Àâ‡√’¬ß§” ”§—≠µ“¡Õ—°…√ ·≈–§—Ëπ¥â«¬‡§√◊ËÕßÀ¡“¬®ÿ≈¿“§ (,)
à«π∑’Ë Õß æ‘¡æå‡ªìπ¿“…“Õ—ß°ƒ… ‚¥¬æ‘¡æå¢âÕ§«“¡∑’Ëµ√ß°—∫¿“…“‰∑¬„π à«π∑’ËÀπ÷Ëß∑ÿ°ª√–°“√ ‰¥â·°à
1. ™◊ËÕ‡√◊ËÕß¿“…“Õ—ß°ƒ…„Àâ¢÷Èπµâπ¥â«¬µ—«æ‘¡æå„À≠à πÕ°π—Èπµ—«æ‘¡æå‡≈Á° ¬°‡«âπ™◊ËÕ‡©æ“–‡ªìπµ—«æ‘¡æå
„À≠à‰¥â
2. ™◊ËÕºŸâπ‘æπ∏å „Àâ„™â™◊ËÕµ—«µ“¡¥â«¬π“¡ °ÿ≈‡∑à“π—Èπ
3. «ÿ≤‘°“√»÷°…“ ‚¥¬„™âµ—«¬àÕ¢Õßª√‘≠≠“·≈–§ÿ≥«ÿ≤‘∑’Ë‡ªìπ “°≈
4. ∑’ËÕ¬Ÿà ¢ÕßºŸâπ‘æπ∏å·µà≈–§π µàÕ®“°√À— ‰ª√…≥’¬å„Àâ„ à§”«à“ çThailandé ¥â«¬
5. „Àâæ‘¡æå§”«à“ çcorrespondence author: é æ√âÕ¡™◊ËÕ·≈–∑’ËÕ¬ŸàºŸâπ‘æπ∏å∑’Ë„™âµ‘¥µàÕ‡°’Ë¬«°—∫∫∑§«“¡
6. „Àâæ‘¡æå§”«à“ çresearch grant: é æ√âÕ¡·À≈àß‡ß‘π∑ÿπ∑’Ë π—∫ πÿπ°“√«‘®—¬
7. „Àâæ‘¡æå§”«à“ çreceived:é §◊Õ«—π∑’Ë∫√√≥“∏‘°“√¡’Àπ—ß ◊ÕµÕ∫√—∫‡√◊ËÕß
8. „Àâæ‘¡æå§”«à“ çaccepted:é §◊Õ«—π∑’Ë∫√√≥“∏‘°“√¡’Àπ—ß ◊Õ¬Õ¡√—∫µ’æ‘¡æå
9. „Àâæ‘¡æå§”«à“ çAbstracté §«√¡’§«“¡¬“«‰¡à‡°‘π 250 §” „Àâ‡¢’¬π‡ªìπÀ—«¢âÕ Ê ¥—ßπ’È objective, materials and methods, results,
conclusion
10. „Àâæ‘¡æå§”«à“ çkey words:é §«√¡’ 3-6 §” ‡√’¬ßµ“¡≈”¥—∫·≈–¡’§«“¡À¡“¬µ√ß°—∫√À— §”¿“…“‰∑¬
à«π∑’Ë “¡ ‡π◊ÈÕ‡√◊ËÕßæ‘¡æå‡ªìπ¿“…“‰∑¬À√◊ÕÕ—ß°ƒ…°Á‰¥â
À—«¢âÕ¢Õß‡π◊ÈÕ‡√◊ËÕß
æ‘¡æå„Àâ™‘¥À—«·∂«´â“¬¡◊Õ ÿ¥ ·µà≈–À—«¢âÕ„Àâ¢÷Èπ°√–¥“…·ºàπ„À¡à ‚¥¬‡√’¬ß≈”¥—∫À—«¢âÕ¢Õß‡π◊ÈÕ‡√◊ËÕß¥—ßπ’È
1. ∫∑π” (introduction)
‡ªìπ à«π°≈à“«π”‚¥¬Õ“»—¬°“√µ√«®‡Õ° “√ (Literature Review) ¢âÕ¡Ÿ≈®“°√“¬ß“π«‘®—¬ §«“¡√Ÿâ ·≈–À≈—°∞“πµà“ß Ê ®“°Àπ—ß ◊ÕÀ√◊Õ«‘∑¬“
“√∑’Ë‡°’Ë¬«¢âÕß°—∫‡√◊ËÕß∑’Ë»÷°…“ ·≈–°≈à“«∂÷ß‡Àµÿº≈À√◊Õ§«“¡ ”§—≠¢Õßªí≠À“„π°“√»÷°…“ ¡¡µ‘∞“π¢Õß°“√»÷°…“ µ≈Õ¥®π«—µ∂ÿª√– ß§å¢Õß°“√»÷°…“
„Àâ™—¥‡®π ¢Õ∫‡¢µ ·≈–«‘∏’°“√¥”‡π‘π°“√«‘®—¬ §«√¡’°“√°≈à“«Õâ“ß∂÷ß∫∑§«“¡À√◊Õ‡Õ° “√∑’Ë‡°’Ë¬«¢âÕß°—∫‡√◊ËÕß∑’Ë°”≈—ß∑”°“√«‘®—¬ ‡æ◊ËÕ· ¥ß§«“¡
¡— æ—π∏å¢Õßß“π∑’‡Ë πÕ„π∫∑§«“¡π’°È ∫— §«“¡√Ÿ‡â ¥‘¡‡∑à“∑’∑Ë √“∫°—πÕ¬Ÿà ‡ªìπ «à π¢Õß∫∑§«“¡∑’∫Ë Õ°‡Àµÿº≈ π”‰ª °Ÿà “√»÷°…“ ·µà‰¡àµÕâ ßµ√«®‡Õ° “√ (Literature
Review) ∑’Ë‰¡à‡°’Ë¬«°—∫®ÿ¥¡ÿàßÀ¡“¬¢Õß°“√»÷°…“ §«√‡ªìπ à«π∑’ËÕ∏‘∫“¬„ÀâºŸâÕà“π√Ÿâ«à“®–µÕ∫§”∂“¡Õ–‰√ „Àâ√«¡«—µ∂ÿª√– ß§å¢Õß°“√»÷°…“‡ªìπ√âÕ¬·°â«
„π à«π∑â“¬¢Õß∫∑π” ·µà‰¡àµâÕß„ àº≈°“√»÷°…“·≈– √ÿª
2. «— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√»÷°…“ (materials and methods)
·¬°‡ªìπ 2 À—«¢âÕ„À≠à §◊Õ
2.1 «— ¥ÿÕÿª°√≥å (materials)
°≈à“«∂÷ß√“¬≈–‡Õ’¬¥¢Õß«— ¥ÿÕªÿ °√≥å ™◊ÕË ‡§¡’¿≥
— ±å ·À≈àß∑’¡Ë “ ≈—°…≥–‡©æ“–À√◊Õ√“¬≈–‡Õ’¬¥¢ÕßÕÿª°√≥å‡§√◊ÕË ß¡◊Õ‡§√◊ÕË ß„™âµ“à ß Ê µ— «å∑¥≈Õß
À√◊ÕºŸªâ «É ¬∑’„Ë ™â‡ªìπ°≈ÿ¡à µ—«Õ¬à“ß„π°“√»÷°…“∑¥≈Õß °“√«‘®¬— ´÷ßË ∑¥≈Õß„π¡πÿ…¬åÀ√◊Õ µ— «å∑¥≈Õß „Àâ∫Õ°√“¬≈–‡Õ’¬¥¢Õß ß‘Ë π”¡“»÷°…“ Õ“∑‘ ºŸªâ «É ¬ §πª°µ‘
™π‘¥¢Õß —µ«å æ◊™ œ≈œ √«¡∂÷ß®”π«π·≈–≈—°…≥–‡©æ“–¢Õßµ—«Õ¬à“ß∑’Ë»÷°…“ ‡™àπ ‡æ» Õ“¬ÿ πÈ”Àπ—° œ≈œ
°“√«‘®—¬´÷Ëß∑¥≈Õß„π¡πÿ…¬åÀ√◊Õ —µ«å∑¥≈Õß ºŸâπ‘æπ∏å§«√√–∫ÿ„Àâ‡ÀÁπ«à“‰¥âªØ‘∫—µ‘µ“¡·π«∑“ßÀ√◊ÕÀ≈—°‡°≥±å¥â“π®√‘¬∏√√¡‡°’Ë¬«°—∫°“√
»÷°…“«‘®—¬·≈–°“√∑¥≈Õß„π¡πÿ…¬åÀ√◊Õ —µ«å∑¥≈Õß·≈– “¡“√∂· ¥ßÀ≈—°∞“π«à“‰¥âºà“π°“√æ‘®“√≥“¢Õß§≥–°√√¡°“√®√‘¬∏√√¡¢ÕßÀπà«¬ß“π·≈â«
2.2 «‘∏’°“√»÷°…“ (methods)
µâÕßÕ∏‘∫“¬∂÷ß«‘∏’°“√∑¥≈Õß °“√ —ß‡°µÀ√◊Õ«‘∏’°“√∑’Ë‰¥â¢âÕ¡Ÿ≈¡“ ¢—ÈπµÕπµà“ß Ê ¢Õß°“√∑¥≈Õß ¡“µ√°“√∑’Ë„™â»÷°…“ «‘∏’°“√‡°Á∫¢âÕ¡Ÿ≈ «‘∏’
°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈ ·≈– ∂‘µ‘∑’Ëπ”¡“„™â«‘‡§√“–Àå¢âÕ¡Ÿ≈ ‚¥¬„Àâ≈–‡Õ’¬¥æÕ∑’ËºŸâÕà“π “¡“√∂∑”°“√∑¥≈Õß´È”‰¥â
3. º≈°“√»÷°…“ (results)
‡ªìπ°“√· ¥ßº≈∑’Ë‰¥â®“°°“√»÷°…“∑¥≈Õß·≈–«‘‡§√“–Àåº≈ß“π §«√®”·π°º≈ÕÕ°‡ªìπÀ¡«¥À¡Ÿà·≈– —¡æ—π∏å°—∫«—µ∂ÿª√– ß§å¢Õß°“√»÷°…“
∂â“º≈‰¡à´—∫´âÕπ‰¡à¡’µ—«‡≈¢¡“° ∫√√¬“¬‡ªìπ√âÕ¬·°â« ·µà∂â“µ—«‡≈¢¡“° µ—«·ª√¡“° §«√„™â¿“æª√–°Õ∫ µ“√“ß °√“ø À√◊Õ·ºπ¿Ÿ¡‘·ª≈§«“¡À¡“¬
¢Õßº≈∑’Ë§âπæ∫À√◊Õ«‘‡§√“–Àå ·≈– √ÿª‡ª√’¬∫‡∑’¬∫°—∫ ¡¡ÿµ‘∞“π∑’Ë«“ß‰«â (√–«—ß°“√∫√√¬“¬¢âÕ¡Ÿ≈∑’Ëª√“°Ø„π¿“æÀ√◊Õµ“√“ß´È”Õ’°„π‡π◊ÈÕ‡√◊ËÕß)
4. ∫∑«‘®“√≥å (discussion)
°“√‡¢’¬π∫∑«‘®“√≥åππÈ— “¡“√∂«‘®“√≥å‰¥âµßÈ— ·µà«µ— ∂ÿª√– ß§å ¡¡ÿµ∞‘ “π¢Õß°“√«‘®¬— º≈∑’‰Ë ¥â®“°°“√»÷°…“‡À¡◊ÕπÀ√◊Õ·µ°µà“ß‰ª®“°º≈ß“π
∑’Ë¡’ºŸâ√“¬ß“π‰«â°àÕπÀ√◊Õ‰¡à Õ¬à“ß‰√ ‡æ√“–‡Àµÿ„¥®÷ß‡ªìπ‡™àππ—Èπ ‡æ◊ËÕ„Àâ¡’§«“¡‡¢â“„®À√◊Õ‡°‘¥§«“¡√Ÿâ„À¡à∑’Ë‡°’Ë¬«¢âÕß°—∫ß“π«‘®—¬π—Èπ √«¡∑—Èß¢âÕ¥’ ¢âÕ‡ ’¬
¢Õß«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√ ‡ πÕ·π–§«“¡§‘¥‡ÀÁπ„À¡à Ê ªí≠À“µà“ß Ê ∑’Ë‰¥â®“°°“√»÷°…“∑¥≈Õß§√—Èßπ’È «‘®“√≥åº≈∑’Ë‰¡àµ√ßµ“¡∑’Ë§“¥À«—ßÕ¬à“ß‰¡àªî¥∫—ß
·≈–™’È„Àâ‡ÀÁπ·π«∑“ß∑’Ë®–π”‰ª„™â„Àâ‡°‘¥ª√–‚¬™πå¥â«¬
5. ∫∑ √ÿª (conclusion)
‡ªìπº≈‚¥¬¬àÕ¢Õß°“√»÷°…“ º≈∑’Ë‰¥âµ√ß°—∫«—µ∂ÿª√– ß§å°“√«‘®—¬À√◊Õ‰¡à ¢âÕ √ÿª®“°°“√«‘®“√≥å „Àâ¢âÕ‡ πÕ·π–∑’Ëπ”º≈°“√«‘®—¬‰ª„™â

ª√–‚¬™πåÀ√◊Õ„Àâª√–‡¥Áπ§”∂“¡°“√«‘®—¬ ”À√—∫°“√«‘®—¬µàÕ‰ª
6. °‘µµ‘°√√¡ª√–°“» (acknowledgements)
¡’‡æ’¬ß¬àÕÀπâ“‡¥’¬« ‡ªìπ à«π∑’Ë°≈à“«¢Õ∫§ÿ≥µàÕÕß§å°√ Àπà«¬ß“π À√◊Õ∫ÿ§§≈∑’Ë„Àâ§«“¡™à«¬‡À≈◊Õ√à«¡¡◊Õ„π°“√«‘®—¬ §”·π–π”°“√„ à™◊ËÕ
§π™à«¬¡“° Ê ∑”„Àâ∫∑§«“¡¥âÕ¬§«“¡¿Ÿ¡‘∞“π‡æ√“–ºŸâÕà“π®–Õπÿ¡“π«à“ß“π à«π„À≠à¡’§π™à«¬∑—ÈßÀ¡¥
7. ‡Õ° “√Õâ“ßÕ‘ß (references)
‡ªìπ√“¬™◊ÕË ‡Õ° “√µà“ß Ê ∑’ºË πŸâ æ‘ π∏åÕ“â ßÕ‘ß‰«â„π∫∑§«“¡ ‚¥¬„ µà «— ‡≈¢Õ“√∫‘°À≈—ß¢âÕ§«“¡À√◊ÕÀ≈—ß™◊ÕË ∫ÿ§§≈‡®â“¢Õß¢âÕ§«“¡∑’ÕË “â ß∂÷ß „ÀâÕ“â ßÕ‘ß
¥â«¬µ—«‡≈¢∑’Ë‡ªìπµ—«¬° (superscript) À≈—ß¢âÕ§«“¡ ´÷Ëß‡√’¬ßÀ¡“¬‡≈¢1,3,6 À√◊ÕÀ¡“¬‡≈¢1-3 ™‘¥´â“¬‡ ¡Õ·≈–‰¡àµâÕß„ à«ß‡≈Á∫ ‡√’¬ßµ“¡≈”¥—∫°àÕπÀ≈—ß∑’Ë
°≈à“«∂÷ß„π∫∑§«“¡ ∂â“µâÕß°“√Õâ“ßÕ‘ß´È”„Àâ„™âÀ¡“¬‡≈¢‡¥‘¡ ‰¡à„Àâ„™â°“√Õâ“ßÕ‘ß®“°∫∑§—¥¬àÕ·≈–¢âÕ¡Ÿ≈∑’Ë¬—ß‰¡à‰¥â√—∫°“√µ’æ‘¡æå
°“√‡¢’¬π‡Õ° “√Õâ“ßÕ‘ß √“¬™◊ËÕ¢Õß‡Õ° “√Õâ“ßÕ‘ß„Àâ‡√’¬ß≈”¥—∫µ√ßµ“¡À¡“¬‡≈¢∑’ËÕâ“ßÕ‘ß„π‡π◊ÈÕ‡√◊ËÕß ‚¥¬„™â°“√Õâ“ßÕ‘ßµ“¡√–∫∫·«π§Ÿ‡«Õ√å
(Vancouver system) ™◊ËÕ«“√ “√„Àâ„™â™◊ËÕ¬àÕµ“¡√Ÿª·∫∫°“√‡¢’¬πÕâ“ßÕ‘ß„π Pubmed (http://www.ncbi.nlm.nih.gov/entrez/query.fcgi) „π°√≥’∑’Ë™◊ËÕ¬àÕ
«“√ “√‰¡àª√“°Ø„π PubMed „Àâ„™â™◊ËÕ¬àÕ«“√ “√µ“¡ Index Medicus ‚¥¬¡’µ—«Õ¬à“ß¥—ßπ’È
7.1 °“√Õâ“ßÕ‘ß«“√ “√
∂â“ºŸâπ‘æπ∏å‰¡à‡°‘π 6 §π „Àâ„ à™◊ËÕ∑ÿ°§π ∂â“¡“°°«à“ 6 §π„Àâ„ à 6 §π·√°µ“¡¥â«¬ çet al.é ∂â“‡ªìπ¿“…“Õ—ß°ƒ… À√◊Õ ç·≈–§≥–é ∂â“‡ªìπ
¿“…“‰∑¬
7.1.1 «“√ “√¿“…“Õ—ß°ƒ…
™◊ËÕºŸâπ‘æπ∏å. ™◊ËÕ∫∑§«“¡. ™◊ËÕ«“√ “√ ªï∑’Ëæ‘¡æå;ªï∑’Ë:Àπâ“∑’ËÕâ“ßÕ‘ß. µ—«Õ¬à“ß (¢÷Èπµâπ¥â«¬π“¡ °ÿ≈ µ“¡¥â«¬Õ—°…√µ—«·√°¢Õß™◊ËÕµâπ·≈–™◊ËÕ
°≈“ß à«πªï∑’Ëæ‘¡æå‡ªìπªï§√‘ µå»—°√“™)
Harnirattisai C, Inokoshi S, Shimada Y, Hosada H. Interfacial morphology of an adhesive composite resin and etched caries-affected
dentin. Oper Dent 1992;17:222-8.
7.1.2 «“√ “√¿“…“‰∑¬
™◊ËÕºŸâπ‘æπ∏å. ™◊ËÕ∫∑§«“¡. ™◊ËÕ«“√ “√ ªï∑’Ëæ‘¡æå;ªï∑’Ë:Àπâ“∑’ËÕâ“ßÕ‘ß. µ—«Õ¬à“ß (™◊ËÕºŸâπ‘æπ∏å„Àâ„™â™◊ËÕ‡µÁ¡∑—Èß™◊ËÕµ—«·≈–π“¡ °ÿ≈ ·≈–ªï∑’Ëæ‘¡æå
‡ªìπªïæÿ∑∏»—°√“™)
∏’√≈—°…≥å ÿ∑∏‡ ∂’¬√, ÿ∑—» √—°ª√– ‘∑∏‘Ï°Ÿ≈, ≥—∞æß»å ‘√‘π∑«—≤πå, «’√–»—°¥‘Ï ‰æ√—™‡«∑¬å, ª√–¿“°√ ®”πßª√– “∑æ√. ª√– ‘∑∏‘¿“æ
¢Õß¬“™“Õ“√åµ‘‡§π·≈–¬“™“≈‘‚¥‡§π„π°“√ºà“µ—¥øíπ°√“¡§ÿ¥≈à“ß´’Ë∑’Ë “¡. « ∑—πµ ¡À‘¥≈ 2548;25:59-66.
7.1.3 ºŸâπ‘æπ∏å∑’Ë‡ªìπÕß§å°√ µ—«Õ¬à“ß
™◊ËÕÕß§å°√. ™◊ËÕ∫∑§«“¡. ™◊ËÕ«“√ “√ ªï∑’Ëæ‘¡æå;ªï∑’Ë:Àπâ“∑’ËÕâ“ßÕ‘ß. µ—«Õ¬à“ß
§≥–ºŸ‡â ™’¬Ë «™“≠®“° ¡“§¡Õÿ√‡«™·Ààßª√–‡∑»‰∑¬. ‡°≥±å°“√«‘π®‘ ©—¬·≈–·π«∑“ß°“√ª√–‡¡‘π°“√ ≠
Ÿ ‡ ¬’ ¡√√∂¿“æ¢Õß‚√§√–∫∫°“√
À“¬„®‡π◊ËÕß®“°°“√ª√–°Õ∫Õ“™’æ. ·æ∑¬ ¿“ “√ 2538;24:190-204.
Council on Dental Materials and Devices. New American Dental Association Specification No. 27 for direct filling resins. J Am Dent Assoc
1977;94:1191-4.
7.2 °“√Õâ“ßÕ‘ßÀπ—ß ◊Õ
7.2.1 ºŸâπ‘æπ∏å∑’Ë‡ªìπºŸâ‡¢’¬π
™◊ËÕºŸâπ‘æπ∏å. ™◊ËÕÀπ—ß ◊Õ §√—Èß∑’Ëæ‘¡æå. ‡¡◊Õß∑’Ëæ‘¡æå: ”π—°æ‘¡æå;ªï∑’Ëæ‘¡æå:Àπâ“∑’ËÕâ“ß∂÷ß. µ—«Õ¬à“ß
¡π— ‚√®πå«π“°“√, ÿ∑—» √—°ª√– ‘∑∏‘Ï°Ÿ≈. øíπ§ÿ¥ æ‘¡æå§√—Èß∑’Ë 1. °√ÿß‡∑æ¡À“π§√:‚√ßæ‘¡æå ÿ∑∏‘ “√°“√æ‘¡æå;2530:14-15.
Ringsven MK, Bond D. Gerotology and leadership skills for nurses 2nd ed. Albany (NY):Delmar Publishers;1996:215-30.
7.2.2 ºŸâπ‘æπ∏å∑’Ë‡ªìπÕß§å°√
™◊ËÕÕß§å°√. ™◊ËÕÀπ—ß ◊Õ. ‡¡◊Õß∑’Ëæ‘¡æå: ”π—°æ‘¡æå;ªï∑’Ëæ‘¡æå. µ—«Õ¬à“ß
Õß§å°√ºŸâ∫√‘À“√§≥–∑—πµ·æ∑¬»“ µ√å·Ààßª√–‡∑»‰∑¬. øíπ¥’¡’„™âµ≈Õ¥™’«‘µ. °√ÿß‡∑æ¡À“π§√:‚√ßæ‘¡æå∫√‘…—∑™—µ‡µÕ√å·Õπ¥åÕ‘ß§å;2538.
Virginia Law Foundation. The medical and legal implication of AIDS. Chalottevill:The Foundation;1987.
7.2.3 ºŸâπ‘æπ∏å∑’Ë‡ªìπºŸâ‡¢’¬π·≈–∫√√≥“∏‘°“√ „πµ”√“À√◊Õ texbook
™◊ËÕºŸâπ‘æπ∏å. ™◊ËÕ∫∑∑’ËÕâ“ßÕ‘ß. „π:™◊ËÕ∫√√≥“∏‘°“√, (∂â“‡ªìπ¿“…“Õ—ß°ƒ…„™â In ) ∫√√≥“∏‘°“√. ™◊ËÕÀπ—ß ◊Õ. §√—Èß∑’Ëæ‘¡æå. ‡¡◊Õß∑’Ëæ‘¡æå: ”π—°
æ‘¡æå;ªï∑’Ëæ‘¡æå.Àπâ“∑’ËÕâ“ßÕ‘ß. µ—«Õ¬à“ß
ÿ∑—» √—°ª√– ‘∑∏‘Ï°Ÿ≈. ¿“«–·∑√°´âÕπ‡©æ“–∑’Ë®“°°“√©’¥¬“™“‡©æ“–∑’Ë. „π: ÿ∑—» √—°ª√– ‘∑∏‘Ï°Ÿ≈, ∫√√≥“∏‘°“√. µ”√“¬“™“‡©æ“–
∑’Ë@∑—πµ°√√¡. æ‘¡æå§√—Èß∑’ËÀπ÷Ëß. °√ÿß‡∑æ¡À“π§√:‚√ßæ‘¡æå‡∑Á°´å·Õπ¥å‡®Õ√åπ—≈æ—∫≈‘‡§™—Ëπ®”°—¥;2548:333-50.
Yamada KM. Fibronectin and other cell interactive glycoproteins. In: Hay ED, editor. Cell biology of extracellular matrix. 2nd ed. New
York:Plenum Press;1991:111-46.
7.2.4 ºŸâπ‘æπ∏åÀ≈“¬§π‚¥¬·¬°‡¢’¬π‡©æ“–∫∑·≈–¡’∫√√≥“∏‘°“√¢ÕßÀπ—ß ◊Õ
™◊ÕË ºŸπâ æ‘ π∏å. ™◊ÕË ∫∑∑’ÕË “â ßÕ‘ß. „π:™◊ÕË ∫√√≥“∏‘°“√, (∂â“‡ªìπ¿“…“Õ—ß°ƒ…„™â In ) ∫√√≥“∏‘°“√. ™◊ÕË Àπ—ß Õ◊ . §√—Èß∑’Ëæ‘¡æå. ‡¡◊Õß∑’Ëæ‘¡æå: ”π—°æ‘¡æå;ªï∑’Ë
æ‘¡æå.Àπâ“∑’ËÕâ“ß∂÷ß. µ—«Õ¬à“ß
ÿ∑—» √—°ª√– ‘∑∏‘Ï°Ÿ≈, ∏’√≈—°…≥å ÿ∑∏‡ ∂’¬√. °“¬«‘¿“§„π°“√©’¥¬“™“‡©æ“–∑’Ë. „π: ÿ∑—» √—°ª√– ‘∑∏‘Ï-°Ÿ≈, ∫√√≥“∏‘°“√. µ”√“¬“™“‡©æ“–
∑’Ë@∑—πµ°√√¡. æ‘¡æå§√—Èß∑’ËÀπ÷Ëß. °√ÿß‡∑æ¡À“π§√:‚√ßæ‘¡æå‡∑Á°´å·Õπ¥å‡®Õ√åπ—≈æ—∫≈‘‡§™—Ëπ®”°—¥;2548:99-146.
Philipps SJ, Whisnant JP. Hypertension and stroke. In:Largh JH, Brenner BM, editors. Hypertension:patophysiology, diagnosis, and management.
2nd ed. New York:Raven Press;1995:465-78.
7.3 °“√Õâ“ßÕ‘ß«‘∑¬“π‘æπ∏å
™◊ËÕºŸâπ‘æπ∏å. ™◊ËÕ‡√◊ËÕß (ª√–‡¿∑ª√‘≠≠“). ¿“§«‘™“,§≥–. ‡¡◊Õß:¡À“«‘∑¬“≈—¬;ªï∑’Ë‰¥âª√‘≠≠“. µ—«Õ¬à“ß
™ÿµ¡‘ “ «à“ß. º≈¢Õß¬“ ø’ πí ø≈ŸÕÕ‰√¥å∑º’Ë ¡‰´≈‘∑Õ≈µàÕª√‘¡“≥‡™◊ÕÈ ¡‘«·∑π å ‡µ√Áæ‚µ§Õ°‰´·≈–·≈§‚µ·∫´‘‰≈ (ª√–°“»π’¬∫—µ√∫—≥±‘µ).
∑—πµ°√√¡ ”À√—∫‡¥Á°, ¡À“«‘∑¬“≈—¬¡À‘¥≈. °√ÿß‡∑æ¡À“π§√:¡À“«‘∑¬“≈—¬¡À‘¥≈;2547-2548.

Rassameemasmaung S. Effects of porphyromonas gingivalis on human gingival fibroblasts (Doctor of philosophy). Oral biolgy, Mahidol
University. Bangkok:Mahidol University;2002.
7.4 °“√Õâ“ßÕ‘ß‡√◊ËÕß∑’Ë‡ πÕ„π°“√ª√–™ÿ¡«‘™“°“√
7.4.1 Àπ—ß ◊Õª√–°Õ∫°“√ª√–™ÿ¡
™◊ËÕºŸâπ‘æπ∏å. ™◊ËÕ‡√◊ËÕß. ™◊ËÕ°“√ª√–™ÿ¡.ªï ‡¥◊Õπ «—π; ∂“π∑’Ë®—¥ª√–™ÿ¡;ªï∑’Ëæ‘¡æå. µ—«Õ¬à“ß
Royce JC. Finches of Du page County. Page read at 2 nd Annual conference on practical bird-watching. 1986 May 24-26;Midland
University,Illinois:Flat Prairie;1986.
7.4.2 √“¬ß“π∑’Ë‰¥âæ‘¡æå‡ªìπ™ÿ¥
™◊ËÕºŸâπ‘æπ∏å. ™◊ËÕ‡√◊ËÕß. ª√–‡∑»∑’Ëæ‘¡æå. ‡¡◊Õß∑’Ëæ‘¡æå. ”π—°æ‘¡æå;ªï∑’Ëæ‘¡æå µ—«Õ¬à“ß
°Õß∑—πµ “∏“√≥ ÿ¢, °√¡Õπ“¡—¬, °√–∑√«ß “∏“√≥ ÿ¢. √“¬ß“πº≈°“√ ”√«® ¿“«–∑—πµ ÿ¢¿“æ·Ààß™“µ‘§√—Èß∑’Ë 5 æ.». 2543-2544.
ª√–‡∑»‰∑¬. °√ÿß‡∑æ¡À“π§√. ‚√ßæ‘¡æå∫√‘…—∑ “¡‡®√‘≠æ“≥‘™¬å (°√ÿß‡∑æ) ®”°—¥;2545.
Fluoride and human health. WHO Monograph;1970. Series no. 59.
7.4.3 √“¬ß“π √ÿªº≈°“√ª√–™ÿ¡
Hotz PR. Dental plaque control and caries. In:Lang PN, Attstrom R, Loe H, editors. Proceedings of European Workshop on Mechanical
Plaque Control;1998 May 9-12;Berne, Switzerland. Chicago:Quintessence Publishing;1998:35-49.
7.5 °“√Õâ“ßÕ‘ß∫∑§«“¡„πÀπ—ß ◊Õæ‘¡æå
™◊ËÕºŸâπ‘æπ∏å. ™◊ËÕ‡√◊ËÕß. ™◊ËÕÀπ—ß ◊Õæ‘¡æå «—π‡¥◊Õπªï∑’Ëæ‘¡æå; à«π∑’Ë:‡≈¢Àπâ“ (‡≈¢§Õ≈—¡πå). µ—«Õ¬à“ß
‡æ≈‘ß¡√°√µ. À¡Õ. Àπ—ß ◊Õæ‘¡æå‰∑¬√—∞ «—π∑’Ë 30 ‘ßÀ“§¡ 2539;23. (§Õ≈—¡πå 5).
Rensberger B, Specter B. CFCs may be destroyed by natural process. The Washington Post 1989 Aug 7;Sect. A:2(col.5).
7.6 °“√Õâ“ßÕ‘ß‡Õ° “√§Õ¡æ‘«‡µÕ√å
∫∑§«“¡®“°√Ÿª·∫∫Õ‘‡≈Á°∑√Õπ‘° å ¡’ 2 °≈ÿà¡¥â«¬°—π§◊Õ
7.6.1 ·À≈àß¢âÕ¡Ÿ≈Õ‘‡≈Á°∑√Õπ‘° åª√–‡¿∑ online ‰¥â·°à ‚Œ¡‡æ®/‡«Á∫‰´µå
™◊ËÕºŸâπ‘æπ∏å. ™◊ËÕ‡√◊ËÕß. ™◊ËÕ«“√ “√ (™π‘¥¢Õß ◊ËÕ) ªï∑’Ëæ‘¡æå («—π ‡¥◊Õπ ªï ∑’Ë§âπ¢âÕ¡Ÿ≈);ªï∑’Ë (‡≈à¡∑’Ë) : (®”π«π¿“æ). ·À≈àß¢âÕ¡Ÿ≈ µ—«Õ¬à“ß
Morse SS. Factors in the emergence of infections diseases. Emerg Infect Dis
(serial online) 1995 Jan-Mar (cited 1996 Jun 5);1(1):(24 screens). Available from:URL: http://www/cdc.gov/ncidod/EID/eid.htm.
7.6.2 ·À≈àß¢âÕ¡Ÿ≈Õ‘‡≈Á°∑√Õπ‘° åª√–‡¿∑‰¡à online ‰¥â·°à ·ºàπ CD-ROM, diskettes, other computer databases µ—«Õ¬à“ß
CDI,clinical dematology illustrated (monograph on CD-ROM). Reeves JRT, Maibach H. CMEA Multimedia Group, producers. 2nd ed.
Version 2.0 San Diego:CMEA;1995.
7.7 °“√Õâ“ßÕ‘ßÕÿª°√≥å‚ µ∑—»π«— ¥ÿ
™◊ËÕ‡√◊ËÕß («’¥‘∑—»πå). ‡¡◊Õß∑’Ëº≈‘µ:·À≈àßº≈‘µ;ªï∑’Ëº≈‘µ. µ—«Õ¬à“ß
HIV+/AIDS : the facts and the future (videocassette). St. Louis (MO):Mosby-year Book;1995.
¿“æª√–°Õ∫ (Illustrations)
¿“æª√–°Õ∫∑ÿ°ª√–‡¿∑
1. µâÕß¡’™◊ËÕ (title) ∑’Ë —Èπ°√–™—∫ ¡’‡≈¢°”°—∫µ“¡≈”¥—∫∑’ËÕâ“ß∂÷ß„π∫∑§«“¡Õ“®‡ªìπ √Ÿª«“¥ (drawing) ¿“æ∂à“¬ (photograph) ·ºπ¿Ÿ¡‘ (diagram)
°√“ø (graph) µâÕßæ‘¡æå‡ªìπ¿“…“Õ—ß°ƒ…‡∑à“π—Èπ ·≈–„™â‡≈¢Õ“√∫‘°
2. ™◊ËÕ·≈–§”∫√√¬“¬ (legend) „Àâæ‘¡æå„µâ¿“æ‡∑à“π—Èπ ‚¥¬‡√’¬ßµ“¡≈”¥—∫¿“æ„π°√–¥“…·¬°·ºàπµà“ßÀ“°®“°‡π◊ÈÕ‡√◊ËÕß¢Õß∫∑§«“¡ ™◊ËÕ ’ «‘∏’
¬âÕ¡ ·≈–§à“°”≈—ß¢¬“¬ „Àâ·®âß‰«â„πµÕπ∑â“¬¢Õß§”∫√√¬“¬¿“æ À√◊ÕÕ“®· ¥ß‡ªìπ‡ âπ· ¥ß¢π“¥ (bar) ‰«â„π¿“æ°Á‰¥â —≠≈—°…≥å ≈Ÿ°»√ µ—«Õ—°…√
„π¿“æ§«√‡ÀÁπ‰¥â™—¥‡®π
3. µâÕß‡«âπ∑’Ë«à“ß„π‡π◊ÈÕ‡√◊ËÕß‰«âæÕ‡ªìπ∑’Ë‡¢â“„® æ√âÕ¡°—∫‡¢’¬π·®âß‰«â„π°√Õ∫«à“
„ à¿“æ∑’Ë 1

4. ¿“æ∂à“¬ „Àâ„™â‰¥â∑—Èß¿“æ ’À√◊Õ¢“«¥” „π°√≥’‡ªìπ¿“æ∂à“¬„ÀâÕ—¥¥â«¬°√–¥“…¡—π¢π“¥ 8.9×14 ´¡. (‚ª °“√å¥) ·≈–¿“æ∂à“¬µâÕß™—¥‡®π
¥â“πÀ≈—ß¢Õß¿“æ„Àâ‡¢’¬π¥â«¬¥‘π Õ„™âπÈ”Àπ—°¡◊ÕæÕª√–¡“≥‡æ√“–∂â“‡¢’¬πÀπ—°¡◊Õ‡°‘π‰ª®–∑”„Àâ√Õ¬‡¢’¬πª√“°Ø¥â“πÀπâ“¿“æ §ÿ≥¿“æ¢Õß√Ÿª¿“æ
Õ“®¥âÕ¬≈ß §«√∫Õ°™◊ËÕ‡√◊ËÕß ™◊ËÕºŸâ‡¢’¬π À¡“¬‡≈¢µ“¡≈”¥—∫¢Õß¿“æ·≈–∑”‡§√◊ËÕßÀ¡“¬· ¥ß¢Õ∫∫π¢Õß¿“æ·≈–„ à´Õß·¬°µà“ßÀ“° (∑—Èßπ’È‰¡àµâÕßµ‘¥
¿“æ∂à“¬°—∫ ‘Ëß„¥ Ê „Àâ„ à´Õß·¬°µà“ßÀ“°) °√≥’‡ªìπ¿“æ·∫∫¥‘®‘∑—≈ (digital) §«√¡’·øÑ¡¢âÕ¡Ÿ≈·¬°µà“ßÀ“°‰¡à§«√ Õ¥·∑√°„π‡π◊ÈÕ‡√◊ËÕß ‚¥¬„™â√Ÿª
·∫∫„¥°Á‰¥â ‡™àπ (tiff, gps, fpg) µâÕß “¡“√∂‡ªî¥‰¥â¥â«¬‚ª√·°√¡®—¥°“√¿“æ (adobe photoshop) ·≈–§«√∫—π∑÷°¿“æ≈ß„π·ºàπ∫—π∑÷° (diskette) À√◊Õ ´’
¥’√Õ¡ (CD ROM) ¥â«¬§«“¡≈–‡Õ’¬¥¢Õß¿“æ‰¡àπâÕ¬°«à“ 300 ¥’æ’‰Õ (dpi) ¿“æ‚æ≈“≈Õ¬¥å ‰¡à§«√„™â‡π◊ËÕß®“°¿“æ‰¡à™—¥‡®π
5. ¿“æ√—ß ’ „Àâ∂à“¬√Ÿª®“°øî≈å¡‡Õ°´‡√¬åµâπ©∫—∫‡ ’¬°àÕπ ·≈â«π”‰ªÕ—¥‡ªìπ¿“æ¢“«-¥” ‰¡à§«√Õ—¥¿“æ®“°øî≈å¡‡Õ°´‡√¬å ‡æ√“–®–‰¥â¿“æ∑’Ë
º‘¥®“°§«“¡‡ªìπ®√‘ß ·≈–‰¡à§«√π”¿“æ√—ß ’‰ª°√“¥¿“æ (scan) ‡æ◊ËÕ·ª≈ß‡ªìπ¿“æª√–°Õ∫√Ÿª·∫∫¥‘®‘∑—≈
6. °√≥’¿“æ≈“¬‡ âπ °√“ø À√◊Õ·ºπ¿Ÿ¡‘ „Àâ‡¢’¬πÀ√◊Õæ‘¡æå≈ß∫π°√–¥“…¡—π §«√„™âÀ¡÷° ’¥” ·≈–µâÕß¡’§”∫√√¬“¬·°πµ—Èß (ordinate) ·≈–
·°ππÕπ (abscissa)
7. ‰≈¥å ®–µâÕßÕ—¥¡“‡ªìπ¿“æ°àÕπ
8. °“√„™â¿“æª√–°Õ∫∑’Ë¡“®“°·À≈àßÕ◊Ëπ µâÕß‰¥â√—∫Õπÿ≠“µ®“°‡®â“¢Õß ·≈–‡¢’¬π°”°—∫‰«â

µ“√“ß (Tables)
1. µâÕß∑”µ“√“ß·¬°µà“ßÀ“°®“°‡π◊ÈÕ‡√◊ËÕß ‚¥¬æ‘¡æåÀπâ“≈– 1 µ“√“ß ‚¥¬‡«âπ∑’Ë«à“ß„π‡π◊ÈÕ‡√◊ËÕßæ√âÕ¡∑—Èß‡¢’¬π·®âß‰«â„π°√Õ∫ ·≈–æ‘¡æå‡ªìπ
¿“…“Õ—ß°ƒ…‡∑à“π—Èπ
2. µâÕß¡’™◊ËÕ (title) ∑’Ë —Èπ ◊ËÕ‡π◊ÈÕÀ“¢Õßµ“√“ß ¡’‡≈¢°”°—∫µ“¡≈”¥—∫∑’ËÕâ“ß∂÷ß„π∫∑§«“¡ „Àâæ‘¡æå‡Àπ◊Õµ“√“ß §”∫√√¬“¬µ“√“ß„Àâæ‘¡æåµàÕ
®“°™◊ËÕµ“√“ß·≈–§«√¡’‡©æ“–∑’Ë ”§—≠·≈–®”‡ªìπ
3. ‡™‘ßÕ√√∂ (footnote) „µâµ“√“ß∫√√¬“¬§”¬àÕ —≠≈—°…≥å À√◊Õ‡§√◊ËÕßÀ¡“¬∑’Ëª√“°Ø„πµ“√“ß µ≈Õ¥®π§à“∑¥ Õ∫∑“ß ∂‘µ‘ (∂â“¡’) Õ¬à“ß§√∫
∂â«π ‡™‘ßÕ√√∂‰¡à§«√„™â‡≈¢°”°—∫‡æ√“–Õ“® —∫ π°—∫‡≈¢°”°—∫¢Õß‡Õ° “√Õâ“ßÕ‘ß „Àâ„™â‡ªìπ —≠≈—°…≥å µ—«Õ¬à“ß ‡™àπ *, +, #, ** ‡ªìπµâπ
4. ‰¡àµâÕß¡’‡ âπ¥‘Ëß·≈–‡ âπ¢«“ß„πµ“√“ß ‰¡àµâÕß¡’°√Õ∫µ“√“ß
°“√æ‘®“√≥“°≈—Ëπ°√Õß
ºŸπâ æ‘ π∏å§«√µ√–Àπ—°∂÷ß§«“¡ ”§—≠„π°“√‡µ√’¬¡∫∑§«“¡„Àâ∂°Ÿ µâÕßµ“¡√Ÿª·∫∫¢Õß∫∑§«“¡∑’«Ë ∑‘ ¬“ “√°”Àπ¥ µ≈Õ¥®πµ√«® Õ∫§«“¡∂Ÿ°
µâÕß·πàπÕπæ√âÕ¡∑—Èßæ‘ Ÿ®πåÕ—°…√„Àâ‡√’¬∫√âÕ¬‡ ’¬°àÕπ °àÕπ∑’Ë®– àß∫∑§«“¡π’È„Àâ°—∫∫√√≥“∏‘°“√
°“√æ‘®“√≥“ ®–‰¥â√—∫°“√æ‘®“√≥“°≈—Ëπ°√Õß‚¥¬ºŸâ∑√ß§ÿ≥«ÿ≤‘„π “¢“«‘™“π—Èπ Ê Õ¬à“ßπâÕ¬ 2 ∑à“π ‚¥¬„™â‡«≈“ª√–¡“≥ 4 ∂÷ß 8 —ª¥“Àå
®“°π—Èπ®–·®âßº≈°“√æ‘®“√≥“„ÀâºŸâ‡¢’¬π∑√“∫
µâπ©∫—∫∑’Ë‰¥â√—∫°“√æ‘®“√≥“‡æ◊ËÕ®–µ’æ‘¡æå„π«‘∑¬“ “√ ∫√√≥“∏‘°“√®–®—¥ àß∫∑§«“¡„ÀâºŸâπ‘æπ∏å·°â‰¢ß“π „π°√≥’∑’ËºŸâ∑√ß§ÿ≥«ÿ≤‘‡ πÕ·π–
„Àâ·°â‰¢ „Àâ·°â‰¢À√◊Õ™’È·®ß‡æ‘Ë¡‡µ‘¡®π‡ªìπ∑’Ë‡√’¬∫√âÕ¬°àÕπ®÷ß®–µ’æ‘¡æå ·≈–µâÕß àß‡Õ° “√∑—ÈßÀ¡¥°≈—∫§◊π¡“µ“¡‡«≈“∑’Ë°”Àπ¥ ¡‘©–π—Èπ®–∂◊Õ«à“
∑à“π‰¡à≈ßµ’æ¡‘ æå·≈â«
°√≥’∑’Ë∫∑§«“¡‰¥â√—∫°“√æ‘®“√≥“„Àâµ’æ‘¡æå ∫√√≥“∏‘°“√®–·®âß„ÀâºŸâπ‘æπ∏å àß∫∑§«“¡µâπ©∫—∫∑’Ë·°â‰¢§√—Èß ÿ¥∑â“¬ æ√âÕ¡·ºàπ∫—π∑÷° (diskette)
¢π“¥ 3.5 π‘È« À√◊Õ·ºàπ´’¥’√Õ¡ (CD ROM) ∑’Ë∫√√®ÿ‡π◊ÈÕÀ“·≈–¢âÕ¡Ÿ≈∑’Ë¡’Õ¬Ÿà„π∫∑§«“¡∑—ÈßÀ¡¥∑’Ë‰¥â·°â‰¢·≈â« ∑—Èßπ’ÈºŸâπ‘æπ∏åµâÕß¡’ ”‡π“‡°Á∫‰«â¥â«¬‡æ◊ËÕ°“√
Õâ“ßÕ‘ß·≈–¬◊π¬—π„π¿“¬À≈—ß
°√≥’∑ÕË’ ¬Ÿ„à π¢—πÈ µÕπ°“√®—¥æ‘¡æå ∑“ß∫√√≥“∏‘°“√®– ßà µâπ©∫—∫ (artwork) „Àâº√Ÿâ ∫— º‘¥™Õ∫‡æ’¬ß§π‡¥’¬«µ√«®æ‘ ®Ÿ πåÕ°— …√·≈–§«“¡∂Ÿ°µâÕß∑“ß
«‘™“°“√‡æ’¬ß§√—Èß‡¥’¬« (À“°ºŸâ√—∫º‘¥™Õ∫‰¡à àß§◊πµ“¡‡«≈“∑’Ë°”Àπ¥ ®–∂◊Õ«à“∑à“π‰¡à≈ßµ’æ‘¡æå·≈â«) À≈—ß®“°π—Èπ∑“ß∫√√≥“∏‘°“√®–µ√«®„Àâ 2-3
§√—Èß ‚¥¬‰¡àºà“πºŸâπ‘æπ∏å‡æ◊ËÕ§«“¡√«¥‡√Á«„π°“√µ’æ‘¡æå
”À√—∫∫∑§«“¡∑’‰Ë ¡à‰¥â√∫— °“√µ’æ¡‘ æå®–¡’°“√·®âßº≈æ√âÕ¡§◊πµâπ©∫—∫∫∑§«“¡π—πÈ ·°àºπŸâ æ‘ π∏å∑“ß°Õß∫√√≥“∏‘°“√¢Õ ß«π ∑‘ ∏‘∑Ï ®’Ë –‰¡àæ®‘ “√≥“
∫∑§«“¡´÷Ëß¡’°“√‡µ√’¬¡∫∑§«“¡‰¡à∂Ÿ°µâÕß
≈‘¢ ∑‘ ∏‘Ï
‡æ◊ËÕ„Àâ‡ªìπ‰ªµ“¡°ÆÀ¡“¬≈‘¢ ‘∑∏‘Ï ºŸâπ‘æπ∏å∑ÿ°∑à“πµâÕß≈ß≈“¬¡◊Õ™◊ËÕ„π·∫∫øÕ√å¡„∫¡Õ∫≈‘¢ ‘∑∏‘Ï∫∑§«“¡„Àâ·°à«‘∑¬“ “√∑—πµ·æ∑¬»“ µ√å
¡À‘¥≈æ√âÕ¡°—∫∫∑§«“¡µâπ©∫—∫ πÕ°®“°π’È ºŸâπ‘æπ∏å∑ÿ°∑à“πµâÕß¬◊π¬—π«à“∫∑§«“¡µâπ©∫—∫∑’Ë àß¡“µ’æ‘¡æåπ—Èπ‰¥â àß¡“µ’æ‘¡æå‡©æ“–„π«‘∑¬“ “√ “√∑—πµ
·æ∑¬»“ µ√å¡À‘¥≈‡æ’¬ß·Ààß‡¥’¬«‡∑à“π—Èπ ‚¥¬®–‰¡àæ‘®“√≥“∫∑§«“¡∑’Ë‰¥â√—∫µ’æ‘¡æå„π«‘∑¬“ “√Õ◊Ëπ¡“°àÕπ À√◊Õ∫∑§«“¡∑’Ë°”≈—ß‡ πÕ‡æ◊ËÕµ’æ‘¡æå„π
«‘∑¬“ “√Õ◊πË Ê ‰¡à«“à ®–‡ªìπ°“√√Õµ’æ¡‘ æåÀ√◊ÕÕ¬Ÿ√à –À«à“ß¢∫«π°“√‡ πÕ≈ßµ’æ¡‘ æå À√◊Õ·¡â«“à ∫∑§«“¡π—πÈ Õ“®®–‡µ√’¬¡‡ªìπ¿“…“‡¥’¬«°—πÀ√◊Õµà“ß¿“…“°Áµ“¡
¬°‡«âπ∫∑§«“¡¥—ß°≈à“«Õ¬Ÿà„πÀ≈—°‡°≥±å«à“¥â«¬°“√µ’æ‘¡æå´È” (multiple publication)
∫∑§«“¡∑’Ë≈ßµ’æ‘¡æå„π«‘∑¬“ “√∑—πµ·æ∑¬»“ µ√å¡À‘¥≈ ∂◊Õ‡ªìπ≈‘¢ ‘∑∏‘Ï¢Õß§≥–∑—πµ·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬¡À‘¥≈ Àâ“¡ºŸâ„¥π”‰ª
¥—¥·ª≈ß §—¥≈Õ°À√◊Õ‡º¬·æ√à‡æ◊ËÕ°“√„¥ Ê ‚¥¬‰¡à‰¥â√—∫Õπÿ≠“µ®“°∫√√≥“∏‘°“√«‘∑¬“ “√∑—πµ·æ∑¬»“ µ√å¡À‘¥≈
‡π◊ÈÕÀ“∫∑§«“¡À√◊Õ¢âÕ§‘¥‡ÀÁπ„¥ Ê „π«‘∑¬“ “√∑—πµ·æ∑¬»“ µ√å¡À‘¥≈ ∂◊Õ‡ªìπ§«“¡§‘¥‡ÀÁπ¢ÕßºŸâ‡¢’¬π‚¥¬‡©æ“–‡∑à“π—Èπ °Õß
∫√√≥“∏‘°“√‰¡à®”‡ªìπµâÕß‡ÀÁπæâÕß¥â«¬‡ ¡Õ‰ª
®¥À¡“¬Õπÿ≠“µ„Àâµ’æ‘¡æå‡Õ° “√ ß«π ‘∑∏‘Ï
∂â“À“°¡’°“√„™â¿“æÀ√◊Õµ“√“ß∑’Ë‰¥â√—∫°“√µ’æ‘¡æå‰«â°àÕπ„π«‘∑¬“ “√Õ◊Ëπ·≈– ß«π ‘∑∏å (¬°‡«âπ„π°√≥’‡ªìπ°“√Õâ“ßÕ‘ß) ºŸâπ‘æπ∏åµâÕß¢ÕÕπÿ≠“µ
‡®â“¢Õß≈‘¢ ‘∑∏‘Ï‡ªìπ≈“¬≈—°…≥åÕ—°…√ æ√âÕ¡∑—Èß· ¥ßÀπ—ß ◊Õ∑’Ë‰¥â√—∫°“√¬‘π¬Õ¡µàÕ∫√√≥“∏‘°“√ °àÕπ∑’Ë∫∑§«“¡®–‰¥â√—∫°“√µ’æ‘¡æå
°“√Õâ“ß§”æŸ¥ (quotations) ®–µâÕß‡¢’¬π‰«â„π‡§√◊ËÕßÀ¡“¬ —≠ª√–°“» (quotation marks) æ√âÕ¡°—∫√–∫ÿ‡Õ° “√Õâ“ßÕ‘ß ∑—Èßπ’È∂â“¡“°°«à“ 5
∫√√∑—¥®–µâÕß‰¥â√—∫Õπÿ≠“µ®“°ºŸâπ‘æπ∏åµâπ©∫—∫
√Ÿª¿“æ¡πÿ…¬å (photograph of person) ∂â“¿“æπ—Èπ¡’‚Õ°“ ∑’Ë®–∫àß∫Õ°‰¥â«à“‡ªìπ∫ÿ§§≈„¥®–µâÕß· ¥ßÀ≈—°∞“π°“√‰¥â√—∫Õπÿ≠“µ®“°‡®â“¢Õß
√Ÿª¿“æ«à“Õπÿ≠“µ„Àâ‡º¬·æ√à‰¥â
”‡π“æ‘¡æå
ºŸâπ‘æπ∏å∫∑§«“¡®–‰¥â√—∫ ”‡π“æ‘¡æå (reprint) ‡√◊ËÕß≈– 20 ™ÿ¥ ·≈–«‘∑¬“ “√ 1 ‡≈à¡ À“°ºŸâπ‘æπ∏åµâÕß°“√ ”‡π“æ‘¡æå¡“°°«à“π’È À√◊ÕµâÕß°“√
”‡π“æ‘¡æå‡ªìπ¿“æ ’ À√◊ÕµâÕß°“√«‘∑¬“ “√¡“°°«à“π’È ®–µâÕß·®âß„Àâ∫√√≥“∏‘°“√«‘∑¬“ “√∑√“∫‡ªìπ≈“¬≈—°…≥åÕ—°…√æ√âÕ¡°“√ àß∫∑§«“¡©∫—∫
·°â‰¢§√—Èß ÿ¥∑â“¬ ·≈–µâÕß¬‘π¬Õ¡‡ ’¬§à“„™â®à“¬ à«π∑’Ë‡°‘π 20 ™ÿ¥À√◊Õ ”‡π“æ‘¡æå‡ªìπ¿“æ ’ À√◊Õ«‘∑¬“ “√„π à«π∑’Ë‡°‘π µ“¡¢âÕ°”Àπ¥¢Õß‚√ßæ‘¡æå
§”·π–π” ”À√—∫ºŸâÕà“π
ºŸâÕà“π “¡“√∂· ¥ß§«“¡§‘¥‡ÀÁπ‡°’Ë¬«°—∫∫∑§«“¡„π«‘∑¬“ “√·≈–¢âÕ‡ πÕ·π–Õ◊Ëπ Ê ‰¥â ‚¥¬ àß∑“ß‰ª√…≥’¬å ‚∑√ “√ À√◊Õ E-mail ∂÷ß
∫√√≥“∏‘°“√«‘∑¬“ “√µ“¡∑’ËÕ¬Ÿà¢â“ß∫π
°“√µ‘¥µàÕ‚¶…≥“·≈–°“√ ¡—§√ ¡“™‘°
°“√µ‘¥µàÕ‚¶…≥“ °“√ —Ëß´◊ÈÕ ·≈–°“√ ¡—§√‡ªìπ ¡“™‘°«‘∑¬“ “√∑—πµ·æ∑¬»“ µ√å¡À‘¥≈ °√ÿ≥“µ‘¥µàÕ∫√√≥“∏‘°“√µ“¡∑’ËÕ¬Ÿà¢â“ß∫π
Õ—µ√“§à“«‘∑¬“ “√
°”Àπ¥ÕÕ°«‘∑¬“ “√ªï≈– 3 ©∫—∫ (¡.§.›‡¡.¬., æ.§.› .§., °.¬.›∏.§.) ®”Àπà“¬„πª√–‡∑»√“§“©∫—∫≈– 150 ∫“∑ (√«¡§à“ àß) à«π∑’Ë
®”Àπà“¬µà“ßª√–‡∑»√“§“©∫—∫≈– 400 ∫“∑ (√«¡§à“ àß)
°“√™”√–§à“«‘∑¬“ “√·≈–§à“ ¡“™‘°
„Àâ™”√–‡ªìπ∏π“≥—µ‘ —Ëß®à“¬ ª≥. π“¡‡ªÑ“ „ππ“¡ ç§ÿ≥»‘√‘≈—°…≥å æ√À¡«‘ ÿ∑∏‘Ïé ·≈– àß¡“∂÷ß∫√√≥“∏‘°“√µ“¡∑’ËÕ¬Ÿà¢â“ß∫π

Mahidol Dental Journal
Information for Authors
Objectives of the Journal
1. To disseminate knowledge gained from academic research in dentistry and other related medical sciences;
2. To promote valued research for academic advancement;
3. To create an academic network and to build relationships among dentists and others in related fields in order to keep up with constantly
developing knowledge;
4. To enhance the reputation of the Faculty of Dentistry and Mahidol University Dentistry Alumni Association.
Mahidol Dental Journal is financially supported by the Faculty of Dentistry, Mahidol University.
Submission of Manuscripts
Manuscripts for publication should be addressed to
The Editor, Mahidol Dental Journal
Academic Promotion and Development Unit, Bld. 4, Fl. 9
Faculty of Dentistry, Mahidol University
6 Yothi Road, Ratchathewi District
Bangkok 10400
Tel. 0-2660-7769 Fax. 0-2660-7767
Email: dtrstp@diamond.mahidol.ac.th
Manuscript Types
Mahidol Dental Journal publishes several types of articles. These include the following:
1. Original articles are articles including new research reports, survey reports in epidemiology, relevant case reports, and reports concerning
new dental materials and technical procedures. These articles should be useful to the profession of dentists and must be previously unpublished.
2. Review Articles are articles that derive knowledge from new textbooks and journals or from the author’s own work and experience. They
should be composed in an analytical, critical, and comparative style for the advancement of knowledge.
3. Miscellany encompasses the following:
3.1 Special reports are short academic reports pertinent to dentists. These may be analyses; discussions; summaries of other useful academic
papers; articles reviewing aspects of the body of knowledge; summarized translations from international journals; commentaries; reviews; papers introducing
medical appliances or interesting books and textbooks; or reports of both national and international conferences.
3.2 Current concepts are concepts or knowledge in any certain areas that are useful. They can be translated or composed from other journals
recognized for their high standard.
3.3 Ask the expert are responses to readers’ academic or clinical problems by experts in a particular field. Interesting questions and answers
from conferences may also be published for the benefit of those who have not attended the conferences.
3.4 Letters to the editor are questions or academic comments valuable to readers and the profession.
3.5 Research summaries or book reviews that are noteworthy.
Preparation of Manuscripts
(effective from Volume 27 Number 1 2007)
1. Manuscripts must not be folded. One original and four copies of the manuscript as well as three copies of illustrations and tables must be
submitted along with a submission form for consideration for publication via a registered mail to protect against loss. Each copy of the manuscript should
be clipped, not stapled. The manuscript should be 10-20 pages including illustrations and tables of no more than 10 pages. The manuscript must be
double-spaced on one-sided portrait A4 paper with an equal margin of 2.5 centimeters at all sides and paginated with the number on the top right corner.
The manuscript file must be operated on Microsoft Word with the Cordia New 16 font.
2. The Thai spelling must conform to the Dictionary of the Royal Academy (1999 edition). English technical terms must be translated into Thai
with the original words provided in parentheses only the first time they appear. Words that have been coined by the Royal Academy must be used. Words
that have not been coined must be transliterated in accordance with the criteria for transliteration set by the Royal Academy with the original words
parenthesized for their first time use. (See www.royin.go.th for more information.) Only Arabic notation can be used in the manuscript.
3. Units of length, weight, volume, etc. should be given in metric measures. A measurement of temperatures must be in Celsius. Pressure must
be in mercury millimeter. A hematologic measurement and a measurement of clinical chemistry should also be in metric unit. Other measurements
should follow the universal standard. Only standard abbreviations and symbols must be employed. No abbreviations should appear in the title or
abstract. When an abbreviation is used, its full form should be provided after its first use in the text, with an exception of units of measurement. For
manuscripts written in English, a tooth may be identified either by its name such as upper left canine or with FDI two-digit notations followed by its name
in parenthesis the first time it is mentioned, for instance, Tooth #31 (lower left central incisor).
Manuscript Format and Structure
Part One must contain the following headings written in Thai and sequentially ordered.
1. Title: The title should be written in as much Thai as possible, be concise, and convey the main objective of the study. It must contain no
abbreviations and should not exceed 100 letters in length.
2. Name of the author: Only first name and last name should be given. If there are many authors, their names should be organized according
to their contributions to the research with the most important one listed first.
3. Degree of education: A maximum of two highest degrees should be provided after the author’s name in their official abbreviated forms. If
the author has graduated from a university outside Thailand, the degree must be given in the language of the country from which he or she has obtained
the degree.

4. Address: All authors should provide the detailed address of their organization. If they are not affiliated with any institution, their clinic
address must be given.
5. Corresponding author: One author must be designated as the corresponding author. The last name, position, professional affiliation, office
phone, cell phone, fax, and e-mail address must be provided for the corresponding author for fast and convenient contact.
6. Research grant: If the study is financially supported, specify grant citing in a sequence name of the grant, organization awarding the grant,
year the grant is awarded, and grant number (if any).
7. Received: Write the date appearing in the editor’s acknowledgement upon the receipt of the manuscript.
8. Accepted: Write the date appearing in the editor’s letter confirming the manuscript will be published.
9. Abstract: The abstract is a summary of the whole paper. However, no conclusion should be drawn from the discussion. Neither must there
be any references, illustrations and tables. A tooth must be identified by its name rather than symbols. No English terminologies can be used. Instead
they may be either translated or transliterated into Thai. No originals are needed.
The following are to be included in the abstract:
Objectives along with the hypotheses of the study must be given.
Materials and Methods provide information on materials or patients employed in the study, number, type, method of the study or experiment,
and statistics utilized in the study.
Results present findings of the study including experimental study and statistical study (in case there is an analysis).
Conclusion.
10. Key words: 3-6 key words from the abstract are to be provided in alphabetical order and separated from one another with commas (,).
Part Two presents the information from Part One written in English.
1. Title: The first letter of each word in the English title must be capitalized while the rest, except for proper names, are written in lower case
letters.
2. Name of the author: Use the author’s first name followed by last name only.
3. Degree of education: Use universal abbreviated forms of degrees.
4. Address: Provide an address of every author. Add the country “Thailand” after area code.
5. Corresponding author: Give name and address of the corresponding author for later contact regarding the manuscript.
6. Research grant: Cite source of funding.
7. Received: Write the date appearing in the editor’s acknowledgement upon the receipt of the manuscript.
8. Accepted: Write the date appearing in the editor’s letter confirming the manuscript will be published.
9. Abstract: The abstract should not exceed 250 words and include objectives, materials and methods, results and conclusion.
10. Key words: There should be 3-6 key words whose meanings match the Thai key words and arranged in alphabetical order.
Part Three can be written in Thai or in English.
Headings of Part Three must not be indented. Use a new page for each heading. The headings are ordered sequentially as follows:
1. Introduction
This first section introduces the whole paper by reviewing literature presenting knowledge and evidence from research as well as books or
journals related to the study. In addition, the introduction provides rationale or significance, hypotheses, objectives, scope and methods of the study with
references to other articles to relate the present study to the known prior knowledge. In other words, it should address reasons leading to the study and
inform readers what questions the study is trying to answer. Thus, the introduction should review only pertinent literature and leave out those outside the
scope and objectives of the study. Neither should it report results and conclusion of the study.
2. Materials and Methods
Under this second heading, two subheadings are to be included.
2.1 Materials
The material section imparts on details of the materials employed in the study citing chemical names, sources, characteristics or specifications
of materials, and experimental samples of animals and patients. Experimentation involving human and animal subjects requires the presentation of
relevant details, for instance, whether the samples are patients or normal persons, animal and plant types, number of samples as well as other specific
characteristics such as gender, age, weight, and so on.
Research involving experimental procedure on humans and animals must be conducted in full accordance with ethical principles. In this case,
the author must be able to identify that the research has been conducted as such and supply evidence that it has been approved by the organization’s
ethical board.
2.2 Methods
The method section explains experimental methodology, observations or techniques for securing data, experimental procedures, measures of
study, data collection, data analyses, and statistics utilized in the analysis of data. The explanation should be adequately detailed so as to allow for
repeated experimentation.
3. Results
This part presents findings obtained from experiments and analyses categorized into sections based on objectives of the study. Straightforward
findings without too many numbers can be descriptively presented. Complicated findings with numerous numbers and variables should be presented
using illustrations, tables, graphs, or charts with the interpretation of the findings in comparison with the suggested hypotheses. (Be careful not to
reiterate the results given in the illustrations or tables in the text.)
4. Discussion
Discussion can be drawn from objectives, hypotheses, and findings of the study. It can be discussed whether the present study reveals findings
similar to or different from those previously presented, how they are alike or differ, and reasons for such similarities and differences in order for readers
to understand and obtain novel knowledge created by the study. The author may discuss advantages and disadvantages of materials and methods
employed in the study. New ideas or problems from the study can also be put forward. The author should discuss unexpected findings candidly and
offers recommendations on how those findings can be of any use.
5. Conclusion
The conclusion part encompasses the following: a summary of the findings of the study, a statement to show whether the findings correspond
with the hypotheses, a conclusion drawn from the discussion, and suggestions for further use of the results as well as further study.

6. Acknowledgements
This one-paragraph section is where the author acknowledges organizations and persons who have made substantive contributions to the study.
(It should be remarked, however, that citing in the acknowledgements too many organizations and persons can undermine the article as readers may
assume that most of the study has been carried out with assistance from others.)
7. References
References include the list of documents the author has cited in the text. References are indicated by superscript Arabic numbers right after the
cited names or statements and should be numbered consecutively (for example, 1,3,6 or 1-3. They should be neither indented nor parenthesized. The same
numbers must be used for repeated references. Using abstracts as references and unpublished data must be avoided.
All references in the list should be numbered consecutively as they appear in the text, following the Vancouver system. Abbreviated names of
journals must follow the reference style in the PubMed (http://www.ncbi.nlm.nih.gov/entrez/query.fcgi). If a journal name does not appear in the PubMed,
then the Index Medicus should be applied.
7.1 Journal references
Names of all authors must be included if there are no more than six authors. If there are more than six authors, only the first six names are
included followed by ‘et al.’ in English and ‘·≈–§≥–’ in Thai.
7.1.1 English Journals
References of English journals should contain the following: name of author. title of article. title of journal followed by year of
publication;volume:page numbers. (As for the author’s name, last name precedes first initials of first and middle names. Christian calendar is used for
publication year.) Below is an example:
Harnirattisai C, Inokoshi S, Shimada Y, Hosada H. Interfacial morphology of an adhesive composite resin and etched caries-affected dentin.
Oper Dent 1992;17:222-8.
7.1.2 Thai Journals
References of Thai journals must have the following: name of author. title of article. title of journal followed by year of publication;volume:Page
numbers. (Both first and last names are written in full forms. Buddhist calendar is used for publication year.) An example is given below:

∏’√≈—°…≥å ÿ∑∏‡ ∂’¬√, ÿ∑—» √—°ª√– ‘∑∏‘Ï°Ÿ≈, ≥—∞æß»å ‘√‘π∑«—≤πå, «’√–»—°¥‘Ï ‰æ√—™‡«∑¬å, ª√–¿“°√ ®”πßª√– “∑æ√. ª√– ‘∑∏‘¿“æ¢Õß¬“™“Õ“√åµ‘‡§π·≈–¬“
™“≈‘‚¥‡§π„π°“√ºà“µ—¥øíπ°√“¡§ÿ¥≈à“ß´’Ë∑’Ë “¡. « ∑—πµ ¡À‘¥≈ 2548;25:59-66.
7.1.3 Organizational authors
Journal references with organizational authors should have the following: name of organization. title of article. title of journal followed by year
of publication;volume:page numbers., e.g.,

§≥–ºŸâ‡™’Ë¬«™“≠®“° ¡“§¡Õÿ√‡«™·Ààßª√–‡∑»‰∑¬. ‡°≥±å°“√«‘π‘®©—¬·≈–·π«∑“ß°“√ª√–‡¡‘π°“√ Ÿ≠‡ ’¬ ¡√√∂¿“æ¢Õß‚√§√–∫∫°“√À“¬„®‡π◊ËÕß®“°°“√
ª√–°Õ∫Õ“™’æ. ·æ∑¬ ¿“ “√ 2538;24:190-204.
Council on Dental Materials and Devices. New American Dental Association Specification No. 27 for direct filling resins. J Am Dent Assoc
1977;94:1191-4.
7.2 Book references
7.2.1 Book references with individual authors
Book references with individual authors must be written as follows: name of author. title of book followed by edition. city of publication:publisher;
year of publication:page numbers., e.g.,

¡π— ‚√®πå«√“°“√, ÿ∑—» √—°ª√– ‘∑∏å°Ÿ≈. øíπ§ÿ¥ æ‘¡æå§√—Èß∑’ËÀπ÷Ëß. °√ÿß‡∑æ¡À“π§√:‚√ßæ‘¡æå ÿ∑∏‘ “√°“√æ‘¡æå;2530:14-15.
Ringsven MK, Bond D. Gerotology and leadership skills for nurses 2nd ed. Albany (NY):Delmar Publishers;1996:215-30.
7.2.2 Book references with organizational authors
Book references with organizational authors should be written as follows: name of organization. title of book. city of publication:publisher; year
of publication., e.g.,

Õß§å°√ºŸâ∫√‘À“√§≥–∑—πµ·æ∑¬»“ µ√å·Ààßª√–‡∑»‰∑¬. øíπ¥’¡’„™âµ≈Õ¥™’«‘µ. °√ÿß‡∑æ¡À“π§√:‚√ßæ‘¡æå∫√‘…—∑™—µ‡µÕ√å·Õπ¥åÕ‘ß§å;2538.
Virginia Law Foundation. The medical and legal implication of AIDS. Chalottevill:The Foundation;1987.
7.2.3 Book or textbook references with authors and editors
References of books with authors and editors must contain the following: name of author. title of cited chapter. In:name of editors, (use the word
„π in Thai) editor. title of book. edition. city of publication: publisher;year of publication.page numbers.,e.g.,

∑ÿ —» √—°ª√– ‘∑∏å°Ÿ≈. ¿“«–·∑√°´âÕπ‡©æ“–∑’Ë®“°°“√©’¥¬“™“‡©æ“–∑’Ë. „π: ÿ∑—» √—°ª√– ‘∑∏å°Ÿ≈, ∫√√≥“∏‘°“√. µ”√“¬“™“‡©æ“–∑’Ë@∑—πµ°√√¡. æ‘¡æå§√—Èß∑’Ë
Àπ÷Ëß. °√ÿß‡∑æ¡À“π§√:‚√ßæ‘¡æå‡∑Á°´å·Õπ¥å‡®Õ√åπ—≈æ—∫≈‘‡§™—Ëπ®”°—¥;2548:333-50.
Yamada KM. Fibronectin and other cell interactive glycoproteins. In: Hay ED, editor. Cell biology of extracellular matrix. 2nd ed. New York:Plenum
Press;1991:111-46.
7.2.4 Book references with editors and several authors writing separate chapters
The following are needed for references of books with editors and several authors writing separate chapters: name of author. title of cited
chapter. In:name of editors, (use the word „π in Thai) editor. title of book. edition. city of publication: publisher;year of publication.page numbers.,e.g.,

ÿ∑—» √—°ª√– ‘∑∏å°Ÿ≈, ∏’√≈—°…≥å ÿ∑∏‡ ∂’¬√. °“¬«‘¿“§„π°“√©’¥¬“‡©æ“–∑’Ë. „π: ÿ∑—» √—°ª√– ‘∑∏‘Ï°Ÿ≈, ∫√√≥“∏‘°“√. µ”√“¬“™“‡©æ“–∑’Ë@∑—πµ°√√¡. æ‘¡æå
§√—Èß∑’ËÀπ÷Ëß. °√ÿß‡∑æ¡À“π§√:‚√ßæ‘¡æå‡∑Á°´å·Õπ¥å‡®Õ√åπ—≈æ—∫≈‘‡§™—Ëπ®”°—¥;2548:99-146.

Philipps SJ, Whisnant JP. Hypertension and stroke. In:Largh JH, Brenner BM, editors. Hypertension:pathophysiology, diagnosis, and management.
2nd ed. New York:Raven Press;1995:465-78.
7.3 Dissertation references
Dissertation references should be written as follows: name of author. title of dissertation (type of degree). department,faculty. city:university;year
of degree conferring.,e.g.,

™ÿµ¡‘ “ «à“ß. º≈¢Õß¬“ ø’ πí ø≈ŸÕÕ‰√¥å∑º’Ë ¡‰´≈‘∑Õ≈µàÕª√‘¡“≥‡™◊ÕÈ ¡‘«·∑π å ‡µ√Áæ‚µ§Õ°‰´·≈–·≈§‚µ·∫´‘‰≈ (ª√–°“»π’∫µ— √∫—≥±‘µ). ∑—πµ°√√¡ ”À√—∫
‡¥Á°, ¡À“«‘∑¬“≈—¬¡À‘¥≈. °√ÿß‡∑æ¡À“π§√:¡À“«‘∑¬“≈—¬¡À‘¥≈;2547-2548.
Rassameemasmaung S. Effects of porphyromonas gingivalis on human gingival fibroblasts (Doctor of Philosophy). Oral biology, Mahidol
University. Bangkok:Mahidol University;2002.
7.4 Conference paper references
7.4.1 Conference documents
References of conference documents are written as follows: name of author. title of document. title of conference. year month date;venue;year
of publication.,e.g.,
Royce JC. Finches of Du page County. Page read at 2nd Annual conference on bird-watching. 1986 May 24-26;Midland University, Illinois:Flat
Prairie;1986.
7.4.2 Reports published in series
The following must be included for references of reports published in series: name of author. title. country of publication. publisher;year of
publication.,e.g.,

°Õß∑—πµ “∏“√≥ ÿ¢, °√¡Õπ“¡—¬, °√–∑√«ß “∏“√≥ ÿ¢. √“¬ß“πº≈°“√ ”√«® ¿“«–∑—πµ ÿ¢¿“æ·Ààß™“µ‘§√—Èß∑’Ë 5 æ.». 2543-2544. ª√–‡∑»‰∑¬.
°√ÿß‡∑æ¡À“π§√. ‚√ßæ‘¡æå∫√‘…—∑ “¡‡®√‘≠æ“≥‘™¬å (°√ÿß‡∑æ) ®”°—¥;2545.
Fluoride and human health. WHO Monograph;1970. Series no. 59.
7.4.3 Proceedings
References of proceedings should contain the following: name of author. itle. In:ame of editors, (use the word
proceedings;year month date of conference; venue. city of publication:publisher;year of publication:page numbers.,e.g.,

„π in Thai) editors. title of

Hotz PR. Dental plaque control and caries. In:Lang PN, Attstrom R, Loe H, editors. Proceedings of European Workshop on Mechanical Plaque
Control;1998 May 9-12;Berne, Switzerland. Chicago:Quintessence publication; 1998:35-49.
7.5 Newspaper article references
Newspaper article references contain the following: name of author. title of article. title of newspaper followed by date month year of
publication;section:page numbers (column number).,e.g.,

‡æ≈‘ß¡√°µ. À¡Õ. Àπ—ß ◊Õæ‘¡æå‰∑¬√—∞ «—π∑’Ë 30 ‘ßÀ“§¡ 2539;23. (§Õ≈—¡πå 5)
Rensberger B, Specter B. CFCs may be destroyed by natural process. The Washington Post 1989 Aug 7;Sect. A:2(col.5).
7.6 Electronic references
Electronic references are of two groups:
7.6.1 Online references from homepages and websites
Online references must be written as follows: name of author. title of article. title of journal (media type) followed by year of publication (date
month year of retrieval); volume (number): (illustration). source.,e.g.,
Morse SS. Factors in the emergence of infections disease. Emerg Infect Dis (serial online) 1995 Jan-Mar (cited 1996 Jun 5);1(1):(24 screens).
Available from:URL:http://www/cdc.gov/ncidod/EID/eid.htm.
7.6.2 Other electronic references including CD-ROM, diskettes, other computer databases
An example of other electronic references is given below:
CDI,clinical dematology illustrated (monograph on CD-ROM). Reeves JRT, Maibach H. CMEA Multimedia Group, producers. 2nd ed. Version
2.0 San Diego:CMEA;1995.
7.7 Audio-visual aid references
Audio-visual aid references should be written as follow: title of article (videocassette). city of manufacturing: manufacturer;year of
manufacturing.,e.g.,
HIV+/AIDS: the facts and the future (videocassette). St. Louis (MO):Mosby-year Book;1995.
Illustrations
1. All illustrations must be concisely titled in English and numbered in order of appearance in the text using Arabic notation. They can be
drawings, photographs, diagrams or graphs.
2. Titles and legends must be typed underneath the illustrations which are submitted on separate pages. Color names, dying techniques, and
magnification rates may be provided after legends or designated as bars within the illustrations. Symbols, arrows, or letters within the illustrations must
be clearly identified.
3. A box must be left in the text to indicate the area where each illustration will be put and marked within the illustration “Illustration 1”, e.g.,

Illustration 1
4. Both color and black & white photographs can be used. As for color photographs, high-quality glossy prints of 8.9×14 cm. (postcard) are
required. The title, number and author’s name should be indicated on the back of each photograph lightly in pencil so as not to leave any unwanted mark
on the front. Also indicate the top edge of each photograph. All illustrations should not be adhered to anything and must be placed in a separate envelop.
Digital photographs should not be embedded in the text. Instead they should be separately filed. High resolution photographs of no less than 300 dpi must
be saved on a diskette or a CD-ROM. They can be in any format that can be opened using Adobe Photoshop (tiff, gps, fpg, etc.). To avoid blur and fuzz,
polaroids should not be used.
5. Radiographs should not be printed directly from the x-rays as the prints may be different from their originals. Black & white prints should be
obtained from copies of the original x-rays. Scans of radiographs should not be used either.
6. Line drawings, graphs or charts must be drawn or printed with explanatory ordinate and abscissa in black & white on glossy paper.
7. Prints from slides are required.
8. If all or parts of previously published illustrations are used, permissions must be obtained from the copyright holder concerned and the
permissions must be indicated.
Tables
1. Each table should be typed on a separate page. A box must be left in the text to indicate the area where each table will be put and marked
within table “Table 1”.
2. Tables should be numbered consecutively and should have a concise explanatory title in English written over each table. Tables should be
kept to the minimum essential for proper presentation of the results.
3. Each table must be typed with the footnote explaining abbreviations, symbols, or statistical values (if any) appearing on the table. Table
footnotes should not be numbered using Arabic numerals as they may be mixed up with the references. To avoid such confusions, symbols such as *, +,
#, ** may be used instead.
4. Tables should contain no vertical lines, horizontal lines, and borderlines.
Review Process
It is imperative that authors prepare manuscripts in accordance with the format guidelines of the Journal. The manuscripts must be checked and
proofread for accuracy before being submitted to the editor.
Manuscripts will be reviewed by at least two experts in the field. Review process generally takes two to eight weeks. The Journal then informs
the corresponding author of the result of the review process.
Manuscripts with potential for publication will be sent to the authors for revision. When all revisions and changes are made according to the
referees’ comments, revised manuscripts must be submitted to the editor within a set period. Otherwise, the Journal will assume the author no longer
wants to publish his or her manuscript.
The Editor will notify the author when the manuscript is accepted for publication. The final version of revised manuscript must be saved on
diskette or CD-ROM and submitted along with the diskette or CD-ROM. The author must keep a copy of the manuscript for later reference or confirmation.
During the printing process, the Editor will send the artwork of the manuscript to the corresponding author once for proofreading and checking
for academic accuracy. (If the author does not return the proofread manuscript within a set period, the Journal will assume the author no longer
wants to publish his or her manuscript.) The Editor will not send the manuscript to the author for proofreading again but more proofreading will be
carried out by the editorial board to enable faster printing process.
Authors will be informed of review results and manuscripts unaccepted for publication will be returned to the authors. The Journal reserves the
right not to consider manuscripts that have not been prepared in accordance with the Journal’s guidelines.
Copyright
To conform to the copyright law, all authors are required to assign and transfer the copyright on their articles and original manuscripts to
Mahidol Dental Journal. Authors must also attest that the manuscript is previously unpublished and that the manuscript is submitted to the Journal only
and is not currently under consideration elsewhere and the research reported will not be submitted for publication elsewhere no matter in what languages
the manuscript is prepared. Manuscripts under multiple publication policy are exempt from the said practice.
Articles published in Mahidol Dental Journal are the copyright of the Journal. No part of the articles may be copied, modified, reproduced or
utilized in any form for any purposes without permission from the Journal.
The contents and opinions presented in the articles published in Mahidol Dental Journal belong specifically to the author, not necessarily shared
by the Journal’s editorial board.
Permission and Waivers
Permission of the copyright holders must be obtained in writing for the direct use of illustrations or tables previously published and under
copyright (except for reference use). Written permission must be submitted to the Editor before the manuscript can be published.
Quotations must be written in quotation marks and references must be identified for each quotation. Permission of author is required for
quotations exceeding 5 lines.
Waivers must be obtained in writing for photographs showing potentially identifiable persons and waivers must be presented to the Editors.
Reprints
Authors will be given 20 copies of reprints and 1 copy of the Journal. If additional reprints and journal or reprints with color illustrations are
desired, they must be ordered when the final revised version of the article is submitted to the Editor. An extra amount will be charged for additional
reprints, journals, and color illustrations based on the price fixed by the publishing house.
Readers’ Comments
Readers’ comments on articles or other matters are welcome. These should be sent to the Editor via mail, fax or e-mail at the address given
above.
Advertising and Subscription
Contact the Editor at the above address for advertising, order and subscription.
Subscription Rates
Mahidol Dental Journal is published as one volume of three issues annually (January-April, May-August, and September-December). Subscription
rates for one issue are: 150 Baht for domestic order and 400 Baht for international order (including shipping and handling).
Subscription and Membership Payment
Please mail an order form with money order payable to “Ms. Sirilux Promvisut” to the Editor at the address provided above.

