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Abstract

Resin based adhesive systems are an integral part of
orthodontics and esthetic dentistry. Over the years,
there has been an exponential increase in the use of
resin based adhesive systems leading to the introduction
of multiple newer generations of these materials. How-
ever, there is a lack of evidence based data comparing
the clinical efficacy of these resin based systems. This
literature review aims to compare the strength proper-
ties of conventional etch—and-rinse adhesive systems
with that of the newer self—etch adhesive systems in or-
thodontic bracket cementation. The article discusses
laboratory tests like shear and tensile bond strength
tests, adhesive remnant index (ARI), scanning electron
microscope (SEM) examination of enamel—adhesive in-
terface and the effect of water, saliva or blood contami-
nation at different stages of adhesive application. The
adhesives discussed in this article are : Transbond XT,
Transbond Plus, Transbond MIP, Clearfil Mega bond,

Introduction

The basic requirements for a bracket—bonding system are
to obtain an acceptably high bond strength between the or-
thodontic brackets and enamel and a low failure rate, as
loose brackets delay the treatment and replacing them is in-
efficient, time—consuming and not economical. Several bet-
ter adhesive systems have been developed till now, owing to
the rapid advancement in technology. At present, 4 basic
bonding systems are commercially available ; i) Conven-
tional etch—and-rinse adhesives ii) self—etch adhesives iii)

universal adhesives and iv) resin based glass ionomer adhe-

(87)

Clearfil Protect Bond, Clearfil S3 Bond and Kurasper F
by Kuraray ; BeautyOrtho—bond by Shofu ; G—Premio
Bond by GC ; Orthomite Super—bond by Sunmedical ;
Biscem DC and All-bond Universal by Bisco Dental ;
AdheSE and Esthetic LC by Ivoclar—Vivadent ; Aegis
Ortho by Bosworth Co., iBond Universal by Kulzer
Intl., Breeze adhesive by Pentron ; C&B Metabond by
Parkell ; Assure by Reliance Orthodontic Products ;
Rely—a—bond, RelyX Unicem, Adper Prompt L-pop
and Scotchbond Universal by 3M ; Enlight by Ormco ;
OptiBond FL by Kerr Dental. Each system has its
strengths and weaknesses and by comparing the me-
chanical as well as strength properties, prospective and
current researchers as well as orthodontic practitioners
will be able to perceive an overall perspective on which
resin based adhesive system performs better in which

clinical condition.

sives. Generation wise ; the etch—and-rinse adhesives, also
referred to as total—etch adhesives fall into 4" and 5" genera-
tions while the self—etch adhesives belong to 6", 7" and 8"
generations. Based on the mechanism of adhesion, adhesives
are classified into 4 types : i) three—step including etch,
prime and bond ii) two—step including etch followed by
prime—bond together iii) two—step including etch—prime to-
gether followed by bond iv) one—step incorporating etch—
prime—bond all in one solution. That leads to 2 formulations
of primer solution, one is conventional and the other one is

self—etch type. Acidic monomers in self—etch systems simul-

taneously etch and prime the tooth surface. This simplified
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approach can provide clinically more reliable performance
(Sofan et al.). Yet there is insufficient in—vitro as well as
clinical research that can conclude on a firm note regarding
the overall comparison between conventional acid—etch and
self—etch bonding systems. Concerns have been raised about
the bonding effectiveness of different self—etch systems re-
lated to their durability (Sofan et al.). The adhesion of resin
to enamel is affected by the orthodontic force from arch—
wire as well. Occlusal force, may also lessen the bond
strength as they cause shearing force at the resin—enamel
and resin—bracket interfaces (Mohammadi et al.). For this
reason, the initial bond strength of orthodontic brackets is
important since many orthodontists activate appliances in the
mouth at the same day of bracket bonding and the bond
strength of resin adhesive increases with time due to contin-
ued polymerization of the resin under the bracket base
(Ching et al.). The adhesive containing self—etch primer is
well accepted due to its fewer steps, simple clinical applica-
tion and reduced technique sensitivity (Shakya et al.). There
are inevitable limitations of universal bonding systems as
well ; for example, the bonding efficacy of both total—etch
and self—etch prime and bond solutions to universal adhe-
sives are hampered by the intrinsic permeability of these
simplified systems to water that increases the higher chance
of bond failure. Also, the hybrid layer is liable to water
sorption and subsequent reduction in mechanical properties
(Eliades et al.). Orthodontists around the globe still use
conventional and self—etch adhesive systems (King et al.).
The traditional etch—and-rinse adhesives manifest much
higher bond strength than any other type of adhesives be-
cause of the phosphoric acid which creates micro—roughness
on the etched enamel surface and aids in stronger bond be-
tween the adhesive and enamel. But self—etch primer has the
great advantage of accelerating the bonding procedure by
combining etching and priming into a single step (Yonekura
et al.). They also minimize the potential for iatrogenic dam-
age to enamel other than saving time and reducing proce-
dural errors. Their lower etching ability is caused by a rela-
tively less acidic pH as compared with different concentra-
tions of phosphoric acid used in conventional etch—and-
rinse systems (Yonekura et al.). In recent years, a substan-
tive number of studies have been done focusing on brackets,
adhesive systems and enamel surface conditioning methods.
Therefore, the aims of this review were to :

A. Discuss the properties of different adhesive systems and

(88)
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provide an evidence—based data of their merits and demerits.
B. Compare the bond strength between conventional etch—
and—rinse technique and self—etch technique and review
their clinical performance when used with conventional, self

—etch and universal adhesives.

Methodology

A review of the literature was performed by using elec-
tronic and hand —searching methods regarding the bond
strength properties of resin based adhesive systems in ortho-
dontic bracket bonding. Only in—vitro studies were selected

from October 2000 to June 2018.

Shear bond strength

Shear bond strength (SBS) is the most significant measure
for a good orthodontic bracket bonding, as it withstands a
varying range of forces during orthodontic treatment. It can
be explained by the resistance of adhesives against the shear
sliding force (along the direction of the jaws) applied to the
orthodontic brackets (Mohammadi et al.). Mohammadi et al.
observed the shear bond strength of chemically—cured and
light—cured conventional etch—and-rinse bonding agent. In
both cases, bond strength increased along with increasing
force due to the continued polymerization reaction. The re-
sults of the experiment of Meerbeek et al. indicated that the
manner of preparation of enamel (cleaning and polishing of
enamel surface) prior to bonding procedures significantly in-
fluenced the bonding effectiveness of both etch—and-rinse
and self—etch adhesives. Yonekura et al. examined the SBS
of an etch—and-rinse adhesive, OptiBond FL and a self—etch
adhesive, Clearfil SE. The combination of thermocycling (a
laboratory test to simulate aging in oral environment) and a
torsion load significantly decreased the mean SBS for the
specimen bonded with the etch—and-rinse adhesive system,
which indicates that the torsion load contributed to degrada-
tion of this system. For self—etch adhesive system there was
no significant difference in the mean SBS between speci-
mens thermocycled with and without a torsion load. lijima
et al. also evaluated the SBS of etch—and-rinse Transbond
XT and self—etch Transbond Plus and BeautyOrtho—bond
and concluded that Transbond Plus and Transbond XT
showed higher average bond strength values (9.75 MPa and
9.14 MPa respectively) in dry condition than BeautyOrtho—
bond (6.74 MPa). However, in wet condition, Transbond XT
exhibited poor SBS (1.47 MPa) compared to Transbond Plus
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and BeautyOrtho—bond (7.74 MPa and 7.62 MPa respec-
tively). It is noteworthy that orthodontic brackets and tubes
are intended to be bonded to teeth with an adhesive material
for a limited time only. Therefore, an appropriate bond
strength would serve to ease the debonding procedure and
decrease the risk of enamel fracture (lijima et al.). In the
comparison between etch—and—-rinse and self—etch adhesives
by Saleh et al. it was concluded that the SBS values of
brackets cemented with Transbond etch—and-rinse (18.6
MPa) were significantly higher than those of the four self—
etch adhesives : Esthetic cement system, Rely X, Biscem DC
and Breeze. Vilchis et al. compared the SBS of 5 different
kinds of adhesive systems and found out that etch—and—rinse
Transbond XT and self—etch Transbond Plus promoted
higher SBS values (19.0 MPa and 16.6 MPa respectively)
than the other self—etch adhesives : Clearfil Mega Bond, Or-
tho—bond and AdheSE. An interesting study by Nakazawa et
al. found no significant difference among the three self—etch
adhesives ORTHOPHIA LC, BeautyOrtho—bond, Transbond
Plus and one universal adhesive Super—Bond C&B (with
conventional etch—and-rinse technique). However, the SBS
of Super—Bond C&B (17.5 MPa) was significantly higher
than all self—etch adhesives. Another study by Abdelnaby et
al. detected the highest SBS in Transbond XT adhesive, with
and without torsion load (11.2 MPa and 10.7 MPa respec-

tively) among the four adhesives they experimented on.

Table 1 : Shear bond strength of different adhesive systems

Saito et al. experimented on a universal adhesive Super—
Bond C&B and found no significant difference between total
—etch and self—etch technique in dry condition. But SBS de-
creased notably in etch—and-rinse technique after samples
had been immersed in water or thermocycled. Yet, Oz et al.
found that etching the enamel with phosphoric acid signifi-
cantly improved bond strengths of universal adhesives
Scotchbond Universal and All-bond Universal compared to
self—etching technique, but storage time did not significantly
affect bond strengths. Katona et al. tested different strengths
of bonding adhesives : in shear stress, traditional etch—and—
rinse produced a stronger bond than the self—etch. Even so,
when tested in tension, the etch—and—rinse bond was weaker
than the self—etch bond ; and when tested in torsion, the
bond strengths were similar. Yamamoto et al. compared the
SBS among conventional (Transbond XT and Kurasper F),
self—etch (Transbond Plus and BeautyOrtho—bond) and uni-
versal (Super—Bond Ortholite) adhesives on different follow
—up times (5,10,60 minutes and 24 hours) and came to a
summary that all materials had the highest bond strength
values at 24 hours. The comprehensive comparison of shear
bond strength values from all the reviewed studies is shown

in Table.

Efficacy of etching

The fundamental mechanism for adhesion of bonding

Researchers Materials Follow up [-)e‘riod Result
and condition (mean MPa)
Yonekura et al., 2011 Dry condition Thermocycling
Transbond XT [etch & rinse] [6000 cycles] with torsional load 8.9
Transbond Plus self—etching primer (SEP) 1:45N/cm 8.4
Beauty Ortho bond [SEP] 6.1
Iijima et al., 2008 Dry condition 24 hours
Transbond XT [etch & rinse] in 37 ¢ water 9.75
Tranbond Plus SEP 9.14
Beauty Ortho bond [SEP] 6.74
Wet condition
Transbond XT [etch and rinse] 1.47
Transbond Plus SEP 7.74
Beauty Ortho bond [SEP] 7.62
Saleh et al., 2010 Dry condition 24 hours
Transbond XT [etch & rinse] 18.6
Esthetic cement system [SEP] 6.0
Rely X [SEP] 6.0
Biscem DC [SEP] 2.2
Breeze [SEP] 8.4
ScougallVilchis et al., 2007 Dry condition 24 hours in 37 ¢ water
Transbond XT [etch & rinse] 19.0
Transbond Plus SEP 16.6
Clearfil Mega Bond FA [SEP] 11.0
Shofu Primer A and B [SEP] 10.1
AdheSE [SEP] 11.8
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Abdelnaby et al., 2010 Dry condition 24 hours in 37 ¢ water
Transbond XT [etch & rinse] 11.2
Rely—a—bond [etch & rinse+ universal] 8.8
Transbond Plus SEP 7.8
RelyX Unicem [SEP+ universal] 5.8
Rodriguez Chavez et al., 2013 Dry condition 24 hours in 37 ¢ water
Transbond MIP [etch & rinse] 6.8
Transbond Plus SEP 6.1
Tijima et al., 2010 Dry condition 24 hours in 37 ¢ water
C&B Metabond [SEP+ universal] 11.6
Transbond Plus SEP 8.8
Zeppieri et al., 2003 Dry condition 24 hours in 37 ¢ water
Transbond XT [etch & rinse] 21.3
Transbond MIP [etch & rinse] 20.7
Transbond MIP, then wet, again 13.1
Transbond MIP
Transbond Plus SEP 13.7
Transbond Plus SEP, then wet, again 13.8
Transbond Plus SEP
Wet condition
Transbond MIP 15.0
Transbond MIP, then wet, 149
again Transbond MIP
Transbond Plus SEP 12.7
Transbond Plus SEP, then wet, again 13.6
Transbond Plus SEP
Yusua et al., 2009 Dry condition 2 years or thermocycling [6000 cycles]
Transbond XT [etch & rinse] 9.8
Transbond Plus SEP 9.1
Beauty Ortho bond [SEP] 7.4
Cacciafesta et al., 2003 Dry condition 24 hours in 37 ¢ water
Transbond XT [etch & rinse] 11.95
Transbond MIP 12.76
Transbond Plus SEP 12.29
Wet condition
Transbond XT [etch & rinse] 4.54
Transbond MIP [etch & rinse] 8.01
Transbond Plus SEP 10.87
Oztoprak et al., 2007 Dry condition 72 hours in 37 ¢ water
Transbond XT [etch and rinse] 15.28
Transbond Plus SEP 13.76
Assure hydrophilic primer 16.40
Saliva contamination
Transbond XT [etch and rinse] 3.79
Transbond Plus SEP 13.80
Assure hydrophilic primer 10.66
Blood contamination
Transbond XT [etch and rinse] 3.08
Transbond Plus SEP 5.28
Assure hydrophilic primer 6.83
Turk et al., 2008 Dry condition Thermocycling
Transbond XT [etch and rinse] 0 cycle 18.08
2000 cycles 17.14
5000 cycles 16.70
Transbond Plus SEP 0 cycles 18.15
2000 cycles 14.50
5000 cycles 14.68

agent to enamel is resin penetration into the enamel surface.
Etching enamel surface is crucial because this creates micro
—porosities on the surface of enamel by exposing enamel
prisms. Afterwards, the resin monomers penetrate into the

etched surface of enamel which micro—mechanically bond

(90)

through the surface resin tags upon polymerization (Sofan et
al.). Ilijima et al. examined the interface between the adhe-
sive resins (Transbond XT, Transbond Plus and BeautyOrtho
—bond) and enamel through scanning electron microscopy

(SEM) to evaluate the etching depth of the adhesives. SEM
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Minicket al., 2009 Dry condition
Aegis Ortho [SEP+ universal] 30 minutes 5.31
Clearfil Protect Bond [SEP+ universal] 7.05
iBond [SEP+ universal] 391
Clearfil S3 Bond [SEP+ universal] 3.80
Transbond XT [etch and rinse] 24 hours in 37 ¢ water 10.05
Aegis Ortho [SEP+ universal] 7.17
Clearfil Protect Bond [SEP+ universal] 6.09
iBond [SEP+ universal] 3.86
Clearfil S3 Bond [SEP+ universal] 6.60
Transbond XT [etch and rinse] 10.11
Turk et al., 2007 Transbond Plus SEP 24 hours
¢ Dry condition 17.61
 Saliva contamination after priming 10.94
 Saliva contamination before priming 10.05
¢ Saliva contamination before and after priming 9.79
Otsby et al., 2008 Dry condition 30 minutes
Transbond XT [etch and rinse] 4.2
Adper Prompt L-Pop [SEP] 59
Clearfil Mega bond [SEP+ universal] 6.5
Arhun et al., 2006 Dry condition 48 hours in deionized water
Adper Prompt L—Pop [SEP] 9.62
Clearfil Protect Bond [SEP+ universal] 13.85
Transbond Plus SEP 6.39

showed that the resin penetration depth of self—etch adhe-
sives into intact enamel was very shallow (0.5 um or less)
due to mild etching effect. In comparison, the micro resin
tags were longer in etch—and-rinse adhesive (7 to 10 um).
In addition, self—etch primers had relatively less acidic pH
values (1.89 and 2.20) while 35% phosphoric acid showed
the strongest etching effect on enamel due to relatively
stronger acidic pH value (1.39). Also, according to Pamir et
al., phosphoric acid etching led to higher bond strength be-
tween the adhesive and tooth enamel, due to its ability to

create micro—porous enamel surface more efficiently.

Adhesive remnant index

Adhesive remnant index (ARI) is a functional measure of
the strength between adhesive and the surface of enamel. It
can be measured in different scales according to experiment
design and can be calculated from the quantity of material
retained on the enamel surface after debonding of the adhe-
sive. The more residual adhesive that remains on the enamel
surface after debonding, the stronger bond there is between
the adhesive and enamel (Mohammadi et al.). Meerbeek et
al. experimented on etch—and—rinse type (OptiBond FL) and
self—etch type (Clearfil SE) adhesive and concluded from
their ARI scores that different magnitudes of bonding force
had significantly different failure modes in each adhesive
group. The failure area shifted from bracket—adhesive inter-

face to the adhesive—enamel interface with heavier bonding

(91)

force. Another study obtained ARI scores of two different
types of bonding systems (etch—and-rinse Transbond XT ;
self—etch Transbond Plus and BeautyOrtho—bond), both in
dry and wet conditions. They found a significant difference
in wet condition. Transbond etch—and-rinse adhesive re-
tained no material on the enamel surface in 91.7% of the
teeth. Contrarily, both self—etch adhesives, Transbond Plus
and BeautyOrtho—bond had all or more than 90% material
remaining in 75% of the teeth. This result supports their
SBS test result that found Transbond XT performing
stronger than the self—etch adhesives in dry condition but
much poorer than self—etch types in wet conditions (lijima
et al.). Vilchis et al. reported BeautyOrtho—bond as the
weakest adhesive (compared to etch—and-rinse Transbond
XT, self—etch Transbond Plus, universal Clearfil Mega Bond
and AdheSE), 51.4% of the sample of which had no residual
adhesive after debonding ; and 48.5% had less than half of
the adhesive left on the tooth surface. On the other hand,
Transbond XT showed the highest ARI scores : 40% of the
teeth retained all adhesive with a distinct impression of the
bracket mesh while 48.5% retained less than half. In another
study by Hosein et al. there was a significant difference in
the ARI scores between etch—and—rinse Transbond XT and
self—etch Transbond Plus adhesive, with more adhesive re-
maining on the enamel surface in the etch—and-rinse group.
However, another study by Chavez et al. reported no signifi-

cant difference between the ARI scores of self—etch adhe-
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sive Transbond Plus and moisture —insensitive adhesive
Transbond MIP ; neither after 1 hour nor after 24 hours. In
both groups, 66.7% of the samples retained less than half of
the adhesive after 24 hours of followup while after 1 hour of
followup, 33.3% and 40.0% sample retained more than half
adhesive in Transbond MIP and Transbond Plus respec-

tively.
Enamel surface and color modification

Acidity of the etching agent, either as a separate solution
or incorporated in primer, is an important determinant for
enamel surface change that is caused by application of these
solutions. Strong acidic solutions with lower pH values (val-
ues below 7.0 exhibit acidic properties) create micro porosi-
ties on the surface of enamel by exposing the enamel prisms
(Sofan et al.). Iijima et al. measured the pH between 35%
phosphoric acid and Transbond plus, BeautyOrtho—bond self
—etch primers and found that the pH for phosphoric acid
was 1.39 compared to 1.85 for Transbond Plus and 2.20 for
BeautyOrtho—bond. Both self—etch primers with relatively
less acidic pH values had a milder etching effect on intact
enamel. Contrarily, 35% phosphoric acid showed the strong-
est etching effect for intact enamel as expected with its rela-
tively stronger acidic pH value. In case of enamel color al-
teration, it is caused not only by the residues of resin tags in
enamel, but also by a host of other factors such as clean—up
method (grinding and polishing using bars and discs) at the
time of bracket removal. The study by Hosein et al. sug-
gested that enamel loss with a self—etch primer was signifi-
cantly less than conventional etching with 37% phosphoric
acid and the greatest enamel loss was seen after conven-
tional etching (—1.11 to —4.57 um) and least with the use of
the self—etch primer (—-0.03 to —0.74 um). Based on the
study by Bishara et al. the lower etching abilities of self—
etch bonding systems minimized the potential for iatrogenic
damage to enamel. Pashley et al. used three self—etch prim-
ers with different pH values : Clearfil Mega Bond (Kuraray)
with pH 2.0, Non—Rinse Conditioner (Dentsply) with pH 1.2
and Prompt L-Pop (3M) with pH 1.0 in their study. It was
found that the etching patterns of aprismatic enamel were
dependent on the aggressiveness of the acids, but there was
no correlation between the degree of aggressiveness of
etchants and the bond strength of adhesives to intact enamel.
However, the findings of this study are debatable, consider-

ing they used self—etch primers that had stronger acidic pH

(92)
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values than one of the conventional phosphoric acid concen-
trations, 35% (1.39). Ireland et al. also reported more
enamel loss when teeth were etched with 37% phosphoric

acid, compared to using self—etch primer.

Effect of saliva contamination and thermocy-
cling

To simulate aging method as in clinical environment, the
most common method is thermocycling (TC) which has
been widely used to investigate bracket bond strength
(Shakya et al.). In this experiment, samples are exposed to
cyclic thermal fluctuations to simulate one of the many fac-
tors in the oral environment affecting bond strength labora-
tory tests. The degradation mechanism that occurs near an
adhesive during water storage (WS) tests is thought to be
mainly related to the hydrolytic degradation of the adhesive
(Sfondrini et al.). TC tests, however, can accelerate degrada-
tion near the adhesive layers due to thermal stress ; this is
because of both the discrepancies between the thermal ex-
pansion rates of the substrates and the hydrolytic degrada-
tion caused by the water bath (De Munck et al.). In the
study by Iijima et al. the adhesive systems were evaluated
by contamination with saliva. The etch—and-rinse adhesive
Transbond XT exhibited such a significantly low SBS value
(1.47 MPa) that it would not be clinically acceptable. By
contrast, SBS of self—etch adhesives Transbond Plus and
BeautyOrtho—bond (7.74 and 7.62 MPa respectively) were
not adversely affected by saliva contamination. Interestingly,
to simulate the exact clinical conditions where ideal isolation
is often difficult during bracket bonding, Nakazawa et al.
submerged their sample groups water for 24 hours followed
by thermocycling and found no significant difference be-
tween the bond strength of self—etch adhesives ORTHO-
PHIA LC, BeautyOrtho—bond, Transbond Plus and etch—and
—rinse adhesive Super—Bond C&B. Other studies by Zep-
pieri et al. and Yusua et al. found that saliva had no effect
on the bond strength of the Transbond self—etch system
while Schaneveldt et al. reported after examining the mois-
ture—insensitive primers Assure (Reliance Orthodontic Prod-
ucts) and Transbond MIP (3M) that moisture contamination
decreased SBS if occurred before application of the first
layer in both primers. However, according to Cacciafesta et
al. and Oztoprak et al. water, saliva and blood contamination
caused significant decrease in SBS of the conventional and

hydrophilic primers, yet self—etch primer was least affected



The Dental Journal of Health Sciences University of Hokkaido 37(2) 2018

by saliva contamination. So, contamination of enamel with
saliva after priming decreased the bond strength although it
was still clinically adequate. As for universal adhesive sys-
tems, Suzuki et al. experimented with Scotchbond Universal,
G-Premio Bond and All Bond Universal and found that
they were not affected by water contamination (both thermo-
cycled group and 3—months, 6—months, 1—year and 2—years
water—stored group). Nevertheless, Cartas et al. examined
the action of alcoholic beverage on bonding agents and de-
tected that bonding strength varied with the type of solution
used, either experimental solution or actual beverage. In the
experimental solution which imitated alcohol, universal ad-
hesive Enlight was stronger than conventional Transbond

XT while it was opposite in rum.

Conclusion

Looking into all the studies reviewed it is evident that
there is a clear difference between conventional etch—and—
rinse bonding systems and self—etch bonding systems in
terms of bond strength. In dry condition, the etch—and-rinse
adhesives exhibit better bond strength between adhesive—
enamel interface compared to the self—etch adhesives. How-
ever, the same adhesives fail drastically in wet contaminated
condition. Phosphoric acid of etch—and-rinse adhesives re-
sults in stronger etching of enamel surface than the mild
etching caused by the self—etch adhesives, but causes sub-
stantial loss to enamel surface. However, the result of ARI
analysis is significantly different in dry and wet condition.
Regarding the bond strength against water, a few studies
found no significant difference between dry or wet condi-
tion. But some studies found low SBS in both etch—and—
rinse adhesives and moisture —insensitive adhesives espe-
cially when contamination occurred before and/or after prim-
ing. Yet self—etch adhesives are least affected by saliva con-
tamination. In the reviewers’ opinion, conventional acid-—
etch bonding agents are better in overall strength outcomes

as long as the tooth surface remains dry.
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Abstract

Purpose : This study aims to examine the change in Oral
Assessment Guide (OAG) and intraoral condition after a
dental intervention in a special nursing home for the eld-
erly.

Methods : We asked 80 residents of the special nursing
home to participate in a survey. Of them,56who provided
consent were included in the study. The facility staff were
instructed on oral care methods. We compared the OAG

scores, the number of bacteria in the oral cavity, and the

*

HHMEICBUI L HEREHEBLONETLICADNLIE
WM T L, RIS & 2 HIERPIR T34 2 & T
WENETE RSB S % . “PRe294F o N ITE) gt o sE K
TIEMER A, O, RIS, BRI T
KPS Lo THEY (FEAEEHE, 2018), Misgko )
H70% I EANBHEFRMEIZ L 25D THLH LEDNLTVS
(Teramoto et al., 2008). F 7z, HkiHE DMK D H Lk

I

(97)

number of fever days before and after the intervention.
Results : After the dental intervention, four OAG items im-
proved. Moreover, the number of bacteria in the oral cavity
decreased. The number of fever days also reduced.
Conclusions : Dental intervention increased the awareness of
nursing caregivers’ oral care, improving the condition of the
mouth, oral cavity function, and oral environment of nurs-

ing home residents.

BEIHE 2 B RRABEVERT 203 2 W 2 L iy ST wd (R

h, W, 2001). HIEEZ 7 %479 2 &2 X 0 LG
FiRaE, W ECH, MEUMMEAE 7R &L v o 2z LR RE
DOREIMRAESIND Z L0 5, FEOMRMEL LT
ORIEVBHS P> TETWA CRil, FHH, 2001).
L TICEANCE BV 77T, il E 2 &
WX HEW T, R R SR A X 5 EY
FTICHEEND D, FEE Tl A AR RE R AR RE D

BTNV TIFITEITIZEDNHEEE 25 2



12 B IEHE
ENRLIELEHS. LA Lads, ¥y 7TOHWETHA
FAlbhl - LA~ TS T 2B IATD
NTELHY, FM—L7a ba—uABnnizolpk
TR FATERB TR VOREIRTH D R,
SFRE, 2014). F 2 TARBIZETIE, SFEEEAR— LA
BV CHRBHMERE RIS 7 oisE %2179
Z&T, OEERmAERBOIBE TH % Oral Assessment
Guide (OAG) (Eilers, Berger,. 1988) & [TJF& A B 4%,
FEBFEAEFRE D X HITET B Er L7z,
b;] &

1. x%
HEEEANR—LADASGH § 2=y b
AT ) A A L 7.

2. WrzEIm

SER264F 2 A28 H ~ 3 H25H 2 AT O LHEP A %
FEhL, PFH274E 1 H15H ~27 HAr A o IENIRAE %
1107z FEBIEEBROFH 2 P25 6 H 1 HH» 5
1%264F 3 H31H £ T& A AR, FH265E 6 H 1 HA» 5
274 3 H3IH £ CaAMABOMEE L7z (K1).

3. WEmH

1) [IpEis A IRTE

71804412

WI5E 121X Eilres2SB%E L7-OAGE M L7- (F12). 7%
oMKk GF), WeTIRE (KT), DEoREE (0

B), HoWRE (F), WEROVEIR (MR, REoIRE
CREBE), o) - BN OIRRE (BIN), BB & O'Fepi o2

flERom (B &) O 8HHIZOWT, fEFETHN

EAITHL, iR 2, AREFEZ3 LBk,

WEAITI324, WEKATT7TIE8ERD. Thbb b—

F VA a7 O EFIIEREAIRBOEALZ FIRT 5.
2) TENOMREDS X OHIR L~

FRk254

Tri264E

FR26%F2H28A~FH2643A25H .

)

’ SE25%6 A1 H~F/2653H31H
68 9A 121 3R

& YRR EE N R — L2 B SRR ORLY) #lA — Oral Assessment Guide (OAG) & FHEEPLIRIE D ZEAL —

WE A 7% ONFVZy 2 AVZAFT) L
W L7z (B3). W& &R AR B 2 bk
TOTHHERIREE 1 enDPHET 3442, #20gfD 1 Tl
B & 350 L IR O PRI & 4T 5 72.

3) BEGEERTO LK

I AR D37.5C UL TR 72 A%
4. AT

FRC264F 4 A SRR R 3 X OV AR R IC X 0 FH
fili - LA 7T OB EBI Vv, OESr 70
MEBLOEERICOWTIRE L2, F72, ARV YT
FIRFTIT— b LEHCTHEEE 217, Oy
TOTFHEZPELTH o7 Z0HKEI=y FTEIC
W7 vREM Ty, ARYYTT Y, WEAL e
ROMH B EEFAL, EBROOES 72 AL TH
Lol HIMLTWDARENIIET 7RI N3l
HC& iR 2 IR, M EORELT- 7.

K264 4 H 20 6 FR274E 3 H £ Cof, H 1 Bk
~NEF L, A AR CEIRE L 2 D IBRICEE O S
N7 N OWEHER B L OFEM - AL~ OpEsr
TORER BT,

5. 5 Mk

FIENBA I EE O THIC X 282 C7zdll 1
ZOWFHERC X e E 177 - 7z

BONTT — % OMEHFINABEAOBEITE, FEAHR
Bla, Wilcoxon D5 5 AR E, x MEZ AT - 7.

HEK#ER 5 %& L7z (IBM SPSS Statistics22) .

6. fPLHYBCRE

REB L OREICARIFEO B, #2%E, BANEHRD
RIEIZOWTEHML, FMEFIELEZGL. SRR
Mnl, el BH S B L7z, AR AL i EE
KEFBFHB - R B Al e R B % B & O f PR A 2

AHATL 72

TER274F

6A 98 12R 3R

ER2741 8158 ~F/K2741 8278 .

)

| TR2646 A1H~FR2743A31H

D oernzzomm [ sascsusann | ORs7oEEEG oM

1 S AT OBFZEH

FURENAR A 2 AT o 72311, 8RR B 5l L7010, A AT 2R 9.

(98)



The Dental Journal of Health Sciences University of Hokkaido 37(2) 2018

Eilers Oral Assessment Guide (OAG) Eilersap7ezxr 1K

BiE | RREMAPRR ERORAR TER TR ALEMIAY BESS W0 HARE

2011%6RR

7 REEZT7
HE FPHEAXV BESE
DFBR 2 3
| oo . BELEETS E® B ATHhTVS SENRE AT
- EFELTH5S
BT - BE BARKFAOLDICEEFE ERBET BTBICHAY S5/ ETHEE BETATERW
FOROBHITRELHTRLTIS
om | BB | - mazemL i BRLTVS/ RBHH5/
- 2B #oTH3 ‘ et Lo VUHNTLS HMLTVS
. ; EEHHB/
s | -EB | - mscw). ;fggﬁ‘ ATHHEL Kinss,
- B KEERETS v FHUB B VUENTLS
RAEESCELHD
- & § m/' X
| s zgzg;ﬁz’:;;‘. Koz ; | mwrsss | mmrRshEL
oy = H5HSLTNS FISZILTVSD (BABLTVS)
¥ = e
RIEDSHD/
5 JARBEE i .
= & ECI&T. BECEDNATVLS FHEFBHY.
| RN e . (@ HTIE), HIEHSTEBHS
- A M‘ | EmRED
s | B | - sETvEEORET ST s . BN,/
- BEEF RELESERT w;; RREFSITEDHD BYEEmTS
> TUL3)
e - EORE. 2l F A maeic ERDEY
ws | P EEOBRBBHE AECRESE | b ) BEERBLHC
BRTS (Er5388. BEEE) ERPREFHS

Elers J, Berger A, Petersen M. D

ion of the oral

X 2

testing, and

Eilersl IE7 22 2~ M A4 F (OAG)

guide. Oncol Nurs Forum 1988; 15(3): 325-330.€%%. June Eilers, AN, PAD#5BRIREXURTONRTIERALTVET,

#[orJd. [/ TRAL VST,

13

SV 720AGD 3
DARGEEFTEmL 72 (

&

AT 8T ).
R

1, Ng#

AR#ES04D 9 5564 (70.0%) DI EE. W5
HOWFIL, BI04, K464, FIFEEIZ86.3+
8.8 THh o7z (£1). ENEEIIENE2D5%,
Il 3 D325%, B A D205, BAHEST6HTH-
72 (362). F|EEARNIZ, EMEEES X OS5 HE

R1 HRBEOEH
R H56% DR B X CERO IR
Bk e s Gt
601 70K 1 0 1
701 L 804 2 9 11
A 80LL I 904 i 6 15 21
901 1005k 1 19 20
1008 1 0 3 3
frit 10 46 56
K2 AGHOENHEE
xR H 565 DA-HEEE DN
IN
il 2 5
i 3 2
i 4 20
X3 M T4 5 ;

ME Ay OSFv=v )

(99)



14 Masayoshi AKANUMA et al./Dental efforts in a special elderly nursing home : Oral Assessment Guide (OAG), intraoral situation,and change in the number of fever days

2 HHL TV ED36HTH 72,

HELEFED) LHEEHFON L o72F (208), B
Rk 2B L2 (34%), CL® (14%) ©
RPIE AR B
2, IIPEf A IRTE

fisx OWEOWNFIE, Bl 7 4, Hi#EL0%TH -
7z.

MAROHREr 71, FBBROLIES 7idfrbh T
2%, 8=y PENENOHETITONTBIH—L
Ze7a ba— Wik o7z HYLTOEFRZIT->T
W54, ML BS54 TH - 7.

AAFHZETOOAGE K L 24 R &2 RT (M4). &
(- AR 98+0. 11 S Af%1.25+0.44), MEH (4 AR
1.32%0.47 A A1£1.04=0.19), BA (M AHiL 50+

0.50 JrAf21.23+0.43), #§L 3k (M- ARl 88+
0.51 JrA#%1.36+0.48) IZBWTHAKRIZAITHA

IS L7z, 2P COAGHERHE L (e ATi11. 07
£1.48 S AT£9.07+1.39) bAEIHA L (M5).
3, CFENARRES L OH L~

I AR TR B JBE L 725 R, Ao A2, 6 X 107 =
2.4x107, AFAHE TS 0x10°+8.5X 10°CTH B/ Ath
WA L7, FRRICH LNV H A AR 8+1.1, SvAtk
3.8+ 1.2 e DVABITHMA L (K6, 7).

4, FEFEEAK

I ABE DFEEFEA B RN (30%) TH o 72Dk
L, S ABORBISAEERII14% (25%) LA ABDTT
WYl o e WEEAETRD SN o7z (£3).

Z &

EEE O E (MERBR S —F VY Yk
E) A& ) BARBERE OB E RN X 2 F RO
T, FRAMEIC X B REMRSREOIR T IS X D RIS X B Ik
T WEEE R B ENH L. FICHENEEE AR — A
D NEE NI BN O R F 055 { DG RARED A
BTHoHIEMNMEESRTWS (HES, 2000). [Tk
FTIZE )RR R AR S LN TES
ZEAGEHEINATE D CRIL, WH, 2001), DS T
OEFEMIFBMENTETWS, EhEEHE T 5
CIEr 7 OREICOWTIE, Bk %% & oFb,
ORBFE o7t - HEANOERN RS O Tldk
{, MROFPRPLEAW TREEOLH L Vo7 B I
BB LIZOVWTHHFESNTEY (FHS, 2004),

= A AR
13 ! - = A
~
Pr<I12
i 11
4
@ 10
3
9
8

TTARY ITAR
P<0.05 WilcoxonD A5 NERL M 5E
5 OAGERIAa Tl
OAGEEID A a7 % KL 72k H, AMARICHEEIC

WED AR ST,
2.5 ’, B u [T = AR
= TAR
N2 l
n
X
9}
%
I 15
o)
A NI
B WK OB & EE jE EAR ECESE

4 OAGODIL#K

¥P<0.05 Wilcoxon? {45 3 A M 52

OAGZ ILBE L7458, &, MEM, PRI, & WIS OWTHRBICESESA b,

(100)



A PR R A R A

—— = AR
" NAR

5x107
4x107

3x107
2x107

EUESE QD)

1x107

-

TAR

¥P<0.05  WilcoxonD P55 A AL A2

TR

6 WlLNLorix
WLV E IR L 724G, MARBRICAERICEEEN RS

nz.
| * LW
6 J Al
LN
5
=
Z 4
D
w3
2
1 o 4,
JTTABD ITAR
¥P<0.05 WilcoxonDf5 5 MARL K2
7 RO LK
R L L 728528, A ARRICH RIS R D A
D7,
x£3 HESABROHK

S AT #2107 H 1237 5C UL Lo FE#h % 2 L7z A%
ZILB L 72, AEEER Lo 72d DD AR

FEHBHA LTz,
X e A
SRS (%) 17 (30) 14 (25)

¥P<0.05  yHE

QOLDHEHRE « M FICII AN RTHBEEZEZ L. Lo L
BHE HEOFERLNEOHTIIMO HHEFEB IS EDI
e TICETARE LSRNV ENEL/AZTONE S
EHHIRTH 5.

ARNWFFE CIE LI AR O 82 & L CTEilres & 2B 3¢
L 720AG% HI\:7z. OAGIZ B Rl o B "Bk LIAL ¢ & fif fi
PORBINICIIENIREZ G § 2 2 & TE 5. B
SOWBICEIBEOETEARAY FHA FOMHEHICED
FlRiOOWEr 71T 20 EmE ), AkBEHEOO
e A ARE OMERS - SN2 LT D (S, fi
M, 2018). 7, Y 7I2TZOMBE R %R X2
HIETEDLLEHEINTVDZERD (A5
2004) F FOMREEE OENREOREE L L THW .

At 37(2) PS04 15

OAGOIHH®H %, &, MEW, A, &k 43
HIZOWTHRBIIEESNIMERE oz, ERITHEW
PR A FCRA Lz, S0 Lo, 1
WD 720 ORMEEIC L) LV pRDEN, 7oA
Ax—7 [4] Z#F#L L, 2RO LI
WLV L ERL TS, AR TIIAMARDR I T A
4.8TH DM ARICIBEARBICYHESINDRRE 5o
72, THODORRIE, B - LD IENGE TS
FIRERMBA R IT -2 2 LT, LY 7T 5 &
REMBMEL-2EI2Lbb0EEZOND. 5%
F Bl R A 112 OAG 2 IV TS TUEE N % ST
LTHHW, ZIT7OEBENALNLEVEREILL 2
B, EHIREOZAIT X BUR O 7 1 Tl kb i i
Yol Bl EC A I CHEER T E R R RE L
BEAIT) VAT AEMEL TV ELVWEE RS, T2
FIENZ LT 59 2 & THRECIRIFHRIINT 55
BASHICEED, BRHEEORLIRERICS 2% 5 L
FR A, TENRILS OHEIC L 5 & 2 EHOHATIE
FEEGE AT B X OGRMENENG RIS & OFEDIE T T 1%
WCAHBIWCEA L7z ShTwad CRIL, %, 2001).
L2 LARFZE CIIBEHERICHBAEDBA LN Lo 72,
I AR OFBIEA B HEHIHG E ToOME % 2 2
ARG Lizlz, DY 7 OHMA AR b
HEINTVELDTERVPLEEZ L. T2, KWf%ET
(ZFEBRIE A O CRRMEVEI 95 & ST S 7z oI &
BIhoTWhwv., SHIIFEEAIEAH & eI 258 hE
HOMBIZOVWTHTAEEZBI R )LENH L LEE X
5. PLEoZ &5 NaE omRWERIRED S E S ik
WHEDSRA L, TN BEER 7 & o RERREAST L
mEEZOLNT

i

WM ALY, ABREOOMENERZUET S 2
ENTE LA LAd S, B0 kEm, ko
Vo ME DGR & 2 bR EE AT 5 ARE
BICE R LS 7 24T 5 72 & LT ORI
AT v, IR AR AR & RIS HERE 3 5 72D 12
AN OENORB O LB L IT, Oy 70
A% LR LFEAT S 5 LESH Y, @ 2 5l b KA
HhWeER 5L, SRIE, Rt e gL, HHho
A, FIEK - B o FEE ML EE Z/ED 7ov. F
o, M—LOEsr 7 7o b a—Vva RS 5 2 & T
W Bl o L2 RS & & B ITHRERI D ORI E B
TELYVATAERELTVE W,

%

(101)



16 G IR S REIAREE N R — 212 BT AR OELY #lA — Oral Assessment Guide (OAG) & TIFEPIRIL D ZEAL —

FHEMEK
AWFFEICBVTHETRECOMREIZ 2.
B 23

AHANE 7272 & F L2 JER H 0 5 % 123 <
WL L B E T

ZEX®

Eilers J, Berger A, Petersen M. Development, testing, and
application of the oral assessment guide. Oncol Nurs Fo-
rum 15(3) : 325-330, 1988.

BIRE N, KINE—, IHE &, FEsel], IR
Z, HIROEE, AIHRY. SrERER R BT B
TFTIZET B8 L SRR & 1
e 7 ORI OWT. HFHERERE 39 (1) :
05-25, 2004.

JEAG7B) . P294E NITERERTRT OBENL. 5 6 £,
2018.

HHfRE, Hb e b, ik B DS R TR
b & HHE M 2 it & L2 ER T RIS T %
TiEfe E ORI O AR, DIPER AR X5 54 ¢ 539 —
549, 2004.

&, X5, ZHIE—, SR, RIE
NG V'3, &% K. FHEEEAF—LICBET5
I PRBR O BEAFEIRTE X 5312 & % PRI & 1Tk
7 OMERIZOWT. BEHMEY 14 (3) 1 237-
336, 2000.

Teramoto S, Fukuchi Y, Sasaki H, Sato K, Sekizawak,
Matsuse. High incidence of aspiration pneumonia in com-
munity— and hospital-acquired pneumonia in hospihospi-
talized patients : a multicenter, prospective study in Japan.
J Am Geriatr Soc 56 : 577-579, 2008.

W% M ETHFE. RIS X B EAEAREEO

Wﬁv e
% = i IEHE

S

S

S

S

S

S

S

S

%

% SEIR2TAE A H ERREA

(102)

FH204E 3 H LB R A A3

FH204FE 4 H o AbiERBER SR - WR 2 ) =y 7 HESEEHER

FR2IAE 4 H o dbiERERER R - WR 2 U =y 7 BRBI T I

P25 3 H ALiE AR AR B A SR R BT

P25 4 H ALHERRER AR TIERRRRIE 1 - PR
Iy Y AT Ty MVERESE AR T

BAEL R CwAHRRIZ Y=y s B

TR e e e e e e e e e e el e el e e e e e e e e efeS

LI TICBIF A5 72 A X v bEEHWHS1
JE7 A X2 o AEOWE. JLHAF#ESYS 20
(2):21-35, 2018.

WIRERE, FREE. ®EOMHERRICBT 2 0
TR 2 A HEE B A DFERER A, B R
EE% 29 (2) :166-76, 2014.

Kiliaag, WHDGH. B SR (O 5 LR A
DFRMEVENG 2 PRI R R A 0%, H PR ARk
20 : 58—68, 2001.

KILRFE, MWHEE. CIPEr 7 &Rtk 27 b, &
EWFHESE 16 (1) @ 3 =13, 2001.

§

IR R R R R e VR e Ve G T Ca e



b RO A B SRS

(R&)

SWIAMRERLEE N OEL 7T ¥ MREDHH & 3

Al B, =g

EZY, AP HERY, BGE RN, B WY, k5

37(2) (17-22) “FR304: 17

L—3 3 YOKE

gy, W P

1) A E il b - IR BB SR 00 B
2) JCiREEFR AR TUERRRRIE - MEER2 0 27 ) v ¥ - A 2T T v MRS

3) AeHREERER A AR -

WREESR MR LIRS VR 25 1

Study of preoperative simulation of oral implant treatment by 3D FEA
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Abstract

Purpose : The aim of this study was to investigate the most
mechanically useful treatment of dental implants to each
case by creating an analysis model using CT data of an ac-
tual patient, reproducing postoperative conditions of pros-
thesis superstructure based on waxing up in a working
model, and simulating preoperatively the mechanical move-
ment after inserting implants.

Methods : The stent for the CT imaging of implants was
created and the CT data in an actual patient while using the
stent were simulated preoperatively with implant simulation
software BIONA (Wadaseimitsu Inc., Japan).The simulated
program files, the 3Ddata of the model and the data of

*

AMES 75 Y MBEICBWCHBEE TEIIC b5
3UWICA IREF L% H 728 R I e bt b h
TE BRENDBLEL > 75~ MBI RITT
(fH, KEr, 1997), RBMKXLHHBIZREIC X B HF%E,
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MO TR @wAVREN, SHDA 77 ¥ MEEFIZK
ELHGLTE L LI BB 22 Sk &
TAIC Lo TRECERY, PHHEIC L BHEIZLTL
DEFREEMA L2 B LIELIETHS (WS,

il

waxing up in superstructure were double—scanned, and thus
the STL file was created and analyzed.

Results : The equivalent stress was calculated regarding the
implant surrounding bone, the implant body and the implant
superstructure respectively. Consequently, in this case it
was recognized that as the implant size grew lager, the
equivalent stress didn’t decrease, and that the equivalent
stress increased or decreased depending on the implant in-
serted site or its size.

Conclusions : The mechanical simulation can be performed
preoperatively by constructing the STL file from the CT

data in an actual patient using implant simulation software.

2008 ; By 5, 2012).
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Fig.3 Stl-model
Upper left : Stl-model of final restration. Upper right : Stl-model

of tooth. Bottom left : Stl-model of mandibular. Bottom right :
Stl-model of Implant
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FEM model

Fig.4 FEM-model

7= % ORI A 75 v MEEFUL L LCE P
LY HRIRICGEREL. 47Ty MEEEE &, b
ML A > 77 Y MRL ) Zhehghit L7

XHR LT o 72 BHIEFANCHIA L, HEHFICELE
7=, F7-, FEOMM, @hPhEroBEBSF L.
ENT P AES| AP ENS) YN kN U ke g B
TREOKR GRBFESH1315) L b R K 1
HAEEBRR Y v 8 — MW EE X OKE ORBFTH
2016_0177) %4+ CTHEMiL 7z,

] £

SO TV TS LIRS S05 FEEE C,  fEAT
R 5 A DINTH - 72 L L, FEBIRFRIT SIS
X o TR S KIFIC R 22 2 e b PS5,
1. 477 MNEAWREOHYBIES

Fig. 5IC LIRS TF & VB4 &1 7Y v FOYHE
WA 77 MRBEICHEA LR KOM YL T %R
3. REEESTF Y OgE, L1A YT T Y MEME
WZHRAETAMHYIENIEFELEEIETHIL2A v T T
Y NEBEICRET AHMINT LD NS Ko kD
KE MBS IIEZ 7R L 72 O 374 43812 B A£4. 2mm
DA YTV PRMALIZEGETHY, RO/NSHMHY
JETMEZ 7R L 72 D13 36 4 I S OmmD £~ 7 7
YANEMALLEETH 72

LEREEDINA T v FOWE, STHSIRIZERS. 7
mm& BES. OmmDA > 7T ALY EICTFS
Y XY MHYIRIENRA L, Tt T Ty A
AZBWT LEEDRT 7 Y AE0%E L 0 BET 54

Table.1 Material properties

Material Young’s modulus Poisson’ratio
Bone 14,800 MPa 0.4
Tooth 60,000 MPa 0.3

Titanium 108,000 MPa 0.28

Hybrid regin 20,000 MPa 0.3

W titanium

®hybrid

implant

‘ 36-3710 37-3710 ‘ 36-4210 ‘ 37-4210 ‘ 36-5010 ‘ 37-5010 ‘
Fig.5 Maximum equivalent stress generated in the surrounding
bone of the implant when the superstructure is comeposed of a ti-
tanium alloy and a hybrid.

PISINEWIM L7248, Z0EEIbTLTHIAL v TV

MHA X ERATZINTOBBRLFE L TH - 7.

2. 477 b EEEEICIEAT 2 A IS T)

Fig. 61 LS F 7 v A& LAt 7 v Fogs
WA Y75 v b RERRERE IS L 7 i RO MG ) % 7R
T, LEHEEYz TS Y EEOWE, A YT T v NEME
Ebk, 477 MROBEEIIIPDLTLLIA V7
7 v b IR AT A MLISIEL2 4 7T v b
WCHRAET MBI L VRS oz, b RE LY
I % 7R L 72 D137 S E I E RS, OmmD £ >~ 7 5
YIEMALZLLETHY, /DS BMHISTEZ R
L7036 4 FHICEEE4. 2mmD A > 75~ M2 A
L7-%ETh-o 7.

FEHEEDNA T v RO, F¥ A4 R hEE
ERBRICA 7T v MEOBEEIZhPDOLTLLA V7
7 v b IR SR AT AMLISIEL2 4 7T v b
WCRAET MBI L VRS oz, b RE LY
I % 7R L 72 D137 S E I EAES. OmmD £ >~ 7 5
YIEWMALZLLAETHY, /DS BMAISTMEZ R
L 72 D336 43 RICEFEL 2mmD 4 > 77~ b w2 A
L7-ETho 7.

MPa

3,000 1~

2,500 1~

2000 1~
y W titanium
1,500 +~ whybrid
1,000
500 1~
0 . . . .
36:3710  87-3710 364210  37-4210  36:5010  37-5010  implant

Fig.6 Maximum equivalent stress generated in the superstructure
of the implant when the superstructure is comeposed of a tita-
nium alloy and a hybrid.
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Fig.7 Maximum equivalent stress generated in the implant when
the superstructure is comeposed of a titanium alloy and a hybrid.
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Fig.8 Contour diagram of stress equivalent to bone around the

implant.

(106)



b PR R A R

Fig.9 Contour diagram of the stress equivalent to the superstruc-
ture of the implant.
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Development of bacteria measurement system aimed at rapid
quantification of periodontal pathogenic bacteria
— Experimental study on measurement of bacteria by QCM method —
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Abstract

Various methods for identifying and quantifying bacterial
species present in periodontal pockets have been studied. If
identification and quantification of bacterial species can be
carried out simply and rapidly at the chair side, it would be
highly useful in the evaluation of treatments and predictions
of the prognosis. The Quartz crystal microbalance (QCM)
method is a method for measuring trace amounts of mass
changes from resonance frequency changes when a sub-
stance is adsorbed on a quartz oscillator oscillating at high
frequency. In this study, we attempted to quantify periodon-
tal pathogens simply and quickly using the QCM method,
with Anti—E. coli and anti—-A. actinomycetemcomitans anti-
bodies used to prepare sensors and set conditions.

The study used a QCM twin sensor system which is able

to offset environmental factors. Protein A concentration to

(109)

be adsorbed on the titanium sensor surface, the anti—E. coli
antibody, and the bound anti—A. actinomycetemcomitans an-
tibody concentration were determined from the QCM meas-
urements. With these QCM measurements using the twin
sensor modified with anti—FE. coli antibody and the anti—A.
actinomycetemcomitans antibodies, it was possible to deter-
mine a calibration curve for E. coli and A. actinomycetem-
comitans. It was confirmed that the E. coli and A. actino-
mycetemcomitans could be quantified in the 10° to 10" CFU
/mL concentration range.

These results suggest that the twin sensor modified QCM
anti—E. coli antibody and the anti—A. actinomycetemcomi-
tans can be considered confirmed to be able to quantify the
E. coli and A. actinomycetemcomitans simply and quick-

dely.
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*

FERIZB1T 2POCT (point of care testing) DHE& AN
HENTWwb. POCTIIHERHE O F TRBIEHE A A
L. ZO#REERPIBIRITEPTHRED L ATH
% (Matsuo, 2011). MRAEER O EHGEB L OB ERE 2
BRI L L E W) Rz iEr L, Bl d) 0w 7%
ZWB L OHRBEICHFGTL2D0THY, hFHIBIT L
ML MRS, HEERICBWTD, ko kihE
(L OHFEHIRIZ OV CEHIL TV A D TH Y, K
BOTENIRRE ORI, HHICH 3 2 B OFFHli B & 07
BPUMICEY, BHEORBZERZYT 28 L skl
EALEE SN, POCTOBZIZIEH SN TS (Sri-
vastava et al., 2017).

BREEHEIC B\ T, Renvert 5 1319904F 12 Aggregati-
bacter actinomycetemcomitans SH 8 N5 AL T, B
JABEABIREOR v MRS, Tu—E YRS
LT 89 F AL P LRVOYEDNE o722 L 2 Hi
HLTW2S (Renvertet al., 1990). F 72, Socransky b &
19984F IZRed complex |2 53 & L % Porphyromonas gin-

il

givalis, Treponema denticola, Tannerella forsythia 75 7R
Fo MITHFIEL, Ry MRS ETu—¥ r IFHOM
MOMICHE MDD 5 & Hii5 LTvwb (Socransky
etal, 1998). L7:255TC, IS0 AY v bAM
WORER ER & >R EIZF = 7H A FTITH 2
ERTENR, BHROFNDB L O TROTUIAH 214
WMEMDEI LDV TES.

AR, COHMTEAR 7 v PRICHIEL TSR
EMB L OERT 572012, AHZEBEMEEIC X 2 MW
DOHEEEILH, B4, Real-time polymerase chain reac-
tion (qPCR) %, MIEH ¥ ¥ & —\Z X ZMHE B O 7
BLUOBFRHERE 2 EOTEIMH SN TS, Ly
L. (ARSI COEBBIE T = 74 F TR
EWETE 2, WHOREIETE SV, BEETIIRM
ETRET B2 EDSHRET D B 25, MR HE 7% HEPH I3
RWHEDTO%FEEE L2 7\ (Kohyama, 1989). #ith L 72\
BAEMHPRA L F > TOBBIET2 5 —7 Y ML TH
Mg L, R OB & 17 9 qPCRIE I MO TIREE A3 <
FEOHB LUORHEE L EETE LM HAHSH (Heid
etal, 1996), MEMEH L 2 REMFREEEL F =7+ 4 FT
THOICIEEL, BEFESVW T HDNADE AL
Lo THBEEPAEL 2SS H S (Corless et al.,
2000). MEAH Y & —%HWEHZEE, FEKET
WA OME 2 BEMICHESE, [ Y E—F 2021t
Z R L CRRAR v oo il i B & 59 B I E J T

(Suehiro et al., 2002), HWHEBOEEAHH 1 5> THHET
BB EV) DD BH (Suehiro et al., 2002), fil5] D
WOEEITTE v, FEFH 3 A [ C A 12 b ]
IR OTRER T DOEREZIT) T ENTELEVHF)
FIIH 205, FEOWB X RO &R WO M2
EHSkE RV, 2o k91T, BATHEICIEAT & IR D
%<, WAy PNITHEAE S 2 R o o R R & &
D fEE 2> D JHIRE R CE T & B9 L Wl AR A Bl o 8
BHEENT VD,

BUTHEDORE % AN—F 2 72 DI EIERBE» DR EIS
EHT X BMEHMBILETH ), ZODITITHMAR
FHETH 2 12 ERBEEIE. ZO—2DFHEL LT,
e i W) R % SR ] CIEAE IS 2 5 T & A KEIRE) T~
A 7 1sNF » A (quartz crystal microbalance, QCM) {73
HDH. AEOFEIZL, SEBEE TR % K MIRE 12
WE WA L7z & & IR B EIRT 2 & Wil oWy
ZEETDHEV)DDOT (M1), Sauerbreyll & - TJH
WAL & B 2L MU B2 eI IR s fR S
72 (Sauerbrey, 1959) :

Af = —kAm
F7203

Am = -k’ Af
ZTT, Af (<0) EWAE ) FBEEBACT, Amidis
HL7-WEoER, kF3e 3EERAORKTH
5. ZOBMRNIE, IRE RIS L WE AR T

H AWTiRED

KRR

b 33 EE M

I 5 A

WAs
fo (WAERD —p= f (AR

----- initial mass
— mcreased mass

time

Ri1 AKEFEEFA 7073522 (QCM) O JEH
FWRBATEFRIRL TV A RMCWEI WA (e ¥

&, ZOERICHH L TTHEEMET T2 (3 <p) 2&

WX, BIRT-FREE OMEA % SR CRHITE 5.
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E— RO FNAHTHEB T 2 X 9 RREVER & OWE 12K
L, HWEMREGEOL WL LDy T HIZHE
MT&5%.

QCME L 53T D W75 -85 2 3% 253 T AL IR 0 9
Hilpgt — ¥ — OB E BT CTRIETE 2 L)
FlEZHELTWSE. ZNHOREZET LT, QCMD
BRI HUEZ KA S S THENOWE LM 22 5354
Tt =5 EH ST &7z (Ivnitski et al,, 1999). [E
FHEIZB W TIE, QCMiE % H W T Candida albicans
(Muramatsu et al., 1986), Salmonella typhimurium (Xiao
—Li Su et al., 2005), Escherichia coli (Mao et al.,
2006), CRP (Kurosawa et al., 2002) 7 & @ FHHI 2V &
LNTET7.

QCMiEIZ, FFEO X 9 (T Hls iy S IR 5 1 w8 & <l
ETELARUID 705, Rk UTHEBISHET SN
THEEEACLINC SRR, KR, IREE, RS, £
WZERBIF O NG, HEROQCMIMN & I T I JH P Bk
BAHR R ZLIC X 2D D% 0h, HIEASHEET,
QCMiE & W TR SE 2 g 3 % 7201213, BREGEN
DRABEBEH R SV TRPLETH 7. O
BRI 51218, EiEE 2 A0 L CHEEBSR & xR
TRISEHIL T2 L uE L vwas, EFICKRERIX
NSar%. 7z, BIEETH S L EBREERN T A2 54
MBS 52 L3RR THL. 22T, 1 BOKSIRE)
T RIS O BME % TR H—OBREE T TR -
MOZAZEHIT 28 (V4 vy =T A7 L4) AH
3, FHbs A (JELS, 2009). VA vu s —
(&, KRR RIS 2 Mo/ NEMAERIT S, %
AR CHNA R 2 WE T 2 A R0, MG
FHEORRZ 200BROESZWET S LT, HH
HNC I 2L DM R e b % O & e 2 BRI 1
T RCHETES (M2). F72, HIBMPCE MHEE
HENT/I (17.6 emx4.5 cem X 9.2 cm) O 211X
FxT7H A FTOERIZHEL T3,

COMBEER?S, KERIEY 4 vt ¥ —RQCeMm
EHWT, F 7Y A R TR DD 8 72 5 5 U
DEREREFEHTLIEEZHME L., £F, HEORY
HEEMERT 572012, HERMOHEMQCM THIFEFE A D
B B EE. coliDPufR % FlTHURY 4 V& 9 — R
PO 2R Y, Ft o —2HWIE coliDy 4 ¥
QCMER Z 1T o 72, WIZ, REVERFEROEREE & L
THEHSINTEY, o EME & i L TSRPIZ
X35 e D #E (Renvert et al., 1990) %, =2 —
F U0y RMWENI BT 5% RN S E RS
(Muller et al. 2002) POCTDX% & 7 W # B A. actinomy-

25

cetemcomitans DER %, E. coliDFFAEFHI S5 57z
IR E T 5 72,

wekik Io
A 2 4
m
Jo S
(- () —w.” (~)
& \J
VA Y T o
vV v v

f(l) chl ch2 f m

o | |

K2 QCMHIFEIZBT AT DN LK

Peke: WA EEm AN, BUE%Ee, BUEREY, BE
T, BYWFCIo S IRNT 2l BE b &IN5,

VA vy —ik o W OKBEIRT ISR 2, A
DRI D ZOOBEBTHESFHNL, WaEEmm DAt O BB
TEMBT 5.

M EFHE
1. W

VA VQCMIE TR U — 2 W THRIET 5 ¥ —
iy MW E LT, RN KR DA actinomy-
cetemcomitans (LL'F, A.a.) Wz F72, HR4ER
Y U AR E R IR ML T B 720, T
¥ EToBuEE S L7238 RI e O SEBENFTE AN A T
BE. coliz 7= (C—600%k).

A a iR, MERRRRPA o v ¥ FIE (i
BERAY REBATH L X DIRM) 2w E coli
Pufk & LCid, iy % FE colibifk (Agilent Technol-
ogy, Inc, Santa Clara, CA, USA) & H\w7z. I oDl
KaeF s v FICEET 570D AR—H%— & L TProtein
A (Staphylococcus aureus % ; Sigma—Aldrich, St. Louis,
MO, USA) MW7z, £7:, F4 Y EKE~ORXEDOH
WA OWAE Z kS % 70y F 2 7#lE LT0.1% 7 ¥
MiF7 V7 3 ¥ (BSA : ADGHESE) % w7z,

ETOEBRTIOONMY » BHEMK (pH7.0 : LT
PBS) ZHw7z.

2. VA ey —=RQCMIZ X WAl E

1) ¥iE

AIFFETIZY A ¥ & v —QCMEEE & L TNAPICOS
Lite (HABEWTIHE) %, FEARFIRE W30 MHzOAT
7y MREIRE T ICTiEME ZMEE LTy oA v

(111)



26 Kenro KANADA et al.//Development of bacteria measurement system aimed at rapid quantification of periodontal pathogenic bacteria— Experimental study on measurement of bacteria by QCM method -

¥ — (LLFTik ¥ ¥ — : PSA-SB-3002Y, HA®E
W) LlaabETHN 2oty —I3EFH
FEHAR LIS AR ST, REHEADE FL—V
HEDOHEHNT DY 7RI EPMLT, I —F
Va— bk LTEBEREDZ Ty MIEET B HERIC
oTWwWh.

2) B —ofpf

Tit ¥ —DZOOEME (chl, ch2) 2¥F=7
B CTLOA g LR, SHORAF 7T L — A
TOHEEM (ch2) %0.1%BSATIONH 71 v ¥~
7 (REAL) WL, BMNER (chl) ZHEHIBLT
UFo Xz 7z :

(1) RALH : Protein ADTINOWHE & fafl S D IRET

(2) [EEREEDProtein ARLEE (1043FH) : Protein A~
DOHME (E. coli, A. a.) FRYURDWIE & fafl Gtk DR
AR o — D5 tiE)

(3) 2R DProtein ARLIRFE |2 [ 78 i B2 D Al TR P4
W (Z2h2 105 ) SRR R 2 —~OMRR &
FEOBETD (> —MEREDRREE)

UMD K THT, Wik kO RFREHIPBS10
UL T 5 [\ L 72,

3) wH

et & JABHFE P IG L, FEZF O PCA & Hil 8 L TRl
WEIF-72. A vk v =R CTREBAOREZLE)
DB MR TE 720, WERIREREI T b @
DFEBREME23CHETMEEITo 7. (FRLZ2E Y
F—FiZ, 100 uLOPBS % EA L CTEMALL, 20
BRI A 50 WLEA L7z, R BRZEE BRI E %20
AR O AFRF %40 uLOPBS THEWIE L, &
®%®Hﬁﬁkﬁﬂﬁkﬁmwmﬁﬁ®%%,ﬁﬂ%%
2 & B EGEW LA & L7z, Protein A, $UiK, #i
WIZOWT, H7%2REORE 2 RE FA OIS B RIE
¥ BfEETEHI L. 2ok X, ZhFhoRku
AREDAfE%Z B LC, RWEMEAF % 2 ORBHRET
DREWEZEAL L L.

A TORHING 3 [l Y & U FEHE L 7z,

3. MR oY — OERD LMl E Toih
F 8RR T HMBERR L Y —1, PURORAE
AR TH DRV 7 Il &2 & ) ISR 5
:t@&—fvh%%kﬁ%i<%%ﬁ%é.%@t
. RN KM ORAF & M Z ML XD, V>
#1— & L CTProtein A% 4 L CHUR%E F % » FAICE % T

Lkt L, s HNWOMBEOFRE TUTORAT Y 7
TEHII 24T 5 72
1) 7% VIiCHiE
e

fifi 2 DPLIE DProtein A% F ¥ RIEIIWAE S8, figfl
Wi & 7 B Protein A% WL L 72, faflmAKiREE %
Protein ADE BRI L L7z,

g5 1) ¥ H —Protein AD W ED

2) Protein AIZHEA S8 2 M PUA O I E O g

1) TEIN-EHEDProtein AIEE TTik v —%
S g7, 20X — LI 4 OREDE. colififk
R S, SRS & 7 BPUKIRE R B Lz, fafl
AR X E. coliBtRD B#IRE L L7z, A aPUKIZO
WX, MERAER A o v FEE v, fix
DFAFIEH T IR DE. coliffifh & [RIARI S B e &
7wy, SRR R B % TR e & L7z,

3) MIE O

1), 2) TESN7/zProtein AB L OHLARD T
J& TTi/Protein A/YUAD RARREE & F OB & > % — 73
BoHNT E coliBITA alZOWTIDOLH) BTNET
LY —EER, Ihr e CllFoMEE 23 L,
Bt L7z, E. colilZP\WTId, E.coli C— 6008k % %
KEEH TR L7z, BRI RSN T, 37CTiio
7o, 1 H¥: 48, WRZPBSZ W CTEE - ML 10°
CFU/mL (ODw=1.0) (ZFH#L 72, (R 10°
CFU/mL ¥ CTHAEIOFE MM LE. colit ¥ ¥ —THitk &%
FHIL7: (¥ T A Zn=3, ¥ TVHEN=1).
—JF., A allowTiE, A a(Y4) #%%30mg/mLD
Todd Hewitt Broth (TH, Becton Dickinson and company,
MD, USA) 125 mg/mL @ Yeast Extract (Becton Dickin-
son) RN L 7cHAEE L CREFE L 7. B53813 5% CO0
IR 4T, 37C T17 5 72.10° CFU/mL (ODs» = 1. 0)
7% ET2 AR, Wii310° CFU/mLE TPBS% H
WCHEFBIOE AN LA a &y —CTHiEELFHIL 72
(F ¥ TN A An=3, ¥ TVEN=4).

. IR X BE. coli DA D IR

mmmwt/ﬁ NODE. coliDFEE % BT 5 HIG
T, Ly — LR UM LALEE % i L CRRICIR L 72
T TR O GREZWEL, PR LBz L
DOMNLEF 5 74 A7 LB L7 BEEL2 mm, JES 3
mm®DJISH 2 flifiF & > 7 1 A2 (JIS, Japan Industrial
Specification H 4600, 99.9 mass% Ti ;
Osaka, Japan) % 3204 )L % v CHE S E

Morita Corp.,
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L, ¥ -z L7z. 20%, QCMt ¥ % — oL
& A UFNE TProtein A (QCMillE THRAE D S /- F
B T2050H), E. colififk (QCMMllE THAED b7
T 1IRR) 2 CoMHICF ¥ Y REICHEA S &
7o, ZOWMBTRIISDOF ¥ v BEMEIX, 0.1%BSAT
1057 ay v 70 L7z, wEhog b 458
DOPBSTARIIEW L7z, BOF & 74 A7 R
BT, WFEZICBSAT O Y F ¥ ZILEO Rt L 72,
INOEFRELZIRET, ODw=1.0ICH#E L/2E
coliMiz37C, 1WA »F2~X—FL7. PBSTH
Htk, 25% 7 VFZ VT VT FTHZEEL, 50,
60, 70, 80, 90, 100% % J — )V TRHIBiK (%205
5 100% =% 7 — VO &KRI105H x 3 1) #%, CO.HH
HHZ R A AT 5 7z

GG RCE ERIZ O EE (CM-600d ; KONICA MI-
NOLTA) ZHWT, 1HOTF 4 A7 IIx LEL 22 2
TD65YGR, #EFH10°, SCIE— FT5 RllEx4T-
7o, BREEEE L 72T % v 574 A e & L ChUiRME
WLEE O A7 T O W AT A IRE C R %2 51, TER L 7.
(> 7IH 4 Zn=10, ¥ 7IVEN=2)

{0

5. MEEHENT

Tukey’s testsiZ & 2 i IE % #¥ ) One—Way ANOVA#HT
T U'Student t—test® W THERT T 2 1TV, p<0.05%
AEAEDH & LT

] R

1. WA & QCM D JE P HUS 4

QCMMll % TH5 & L 72 BURKE A K 0 S R 1 73 JE P Bt
BEK3IRT. B (chl), MM (ch2) &3
RERE AR BAMET L K 7 b2ski 25, Z0#%

2227 Y500HzDiv X5008/Div

REDHA

Af l

L B

\ JE G A
(KU 7 hIlfgEans)

Af=Af(Ch1)-A(Ch2)

Ch1:@RIE R
K3 QCMY A ¥+t r#—IiZ X 5FHI
[l —OKHIRE T LOBIREM (ch1) &xtBEM (ch

2) OWEDES (Af) ZWMAHZ L2, Y7 hRAHER
IAADWE XX VLV TE S,

WD EBOTRITIE—EMEICPOR L, RN ORKE LEA
L 72BN IR 223 o T b Wiah HI Sk O S B — g fil
WCHORS 2 2 bbb,

T 72, IRPEHIRY TEE 2 BRI L 7236 D0
W R DZEACZ B 4 1R S. ABEEAT B 72N
BB T LT Z eavbh b, FEHEAILS
C7HBBIT (4f, Af, ) ZRBELZZDD (4 +
Afs + ...) W5, TOWRETOIERDJHWEBEALE 2 5.

2. Tik ¥ % —~DProtein ADOW 5

Protein AjfF£10, 20, 50, 100, 150, 200, 500, 1000
ug/mLTOQCMJE M 2 bAF % X 5 127”3, Protein A
IR DN VAR LT L7225, SR TZ&kI3/h
L oz MRREES X ORI TE NS ERT

12151 Y:200HzDiv X1200/Div

AEADEA

i Afy

{ — \ 2
K+ My
'}\ 1

k|

LN

7849600 Timels]
4 QCMillE CTHIM & 2 R B 2L
RERE AR O L PR ROk 0XEE, AL D
[ R L] &35,
Afy : READ F AL
Afy - FRFB O JE I ZEAL
ZOBITIZAL > ARTH Y, ADWAEREEDHABLY b
KEWZ EZRT.

0
-100
-200
-300
-400 g
-500 &
o [

-800 ~ K{—
-900 —

-1000

AF (Hz)

0 500 1000
C protein o (H/mL)
5 QCMIZ & % Protein AP HLFNE A I D YL
Protein Ai# 10, 20, 50, 100, 150, 200, 500, 1000 pg/
mL T OB EZEACAF . STBIERRE O 28 1D & SRR A R
300ug/mL & HAE D - 7=
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WCZELTBY, TORNEEEMICRERAINE Ak
L7z, ZOFHPT X D Protein ADELFINL A5 B % 300 pg
/mL& L7z

3. Protein A% fufllf g X E7-Tik ¥ —~DHADOY
#H

300 pg/mL Protein A TW A5 fufll ¥ 7-Tit ¥ — 124
E. coliPufk %50, 100, 250, 500, 1000, 1500 ug/mL T
W S 728 EOQCMEI R BZALAF 2 6 12R"9 . $T
R EDOBNME AR IR T L7z, BERZ N E T
Axray T, HEPAERBRISENLTKFEERS
RAB00 pg/mLAH Il S h-7-0, 2 ORE % fufl
WeERE L L7z,

U bdb, E colit ¥ — %85 % B OProtein Al
300 uL, PUAREEE X500 uLASTE#HRE TH 5 & e S
.

kL2, 300ug/mL Protein A CHLHE fafll S € 7:-Tit ~
=12, PlA.a Pufk 2 ABUE=R500, 250, 150, 100 (A

BER0.002, 0.004, 0.0067, 0.01) THEIELLEZD
QCME W FZEALAF 2 X 7T 1R § . MBAEE250 (Al
#0.004) P ETAF DZALHIFFITNS K holzl &h
SWAENRH L7z AL, IhZAa ik ffg
BEEET b b BB LIS A AR L L7z,

4. E. colit V¥ —~DE. coliDft#5 & €&
1) E colit v —DOWKER

Protein A3 X UHUADIREE % £ 21300 ug/mL, 500
ug/mL & F BE colit v —%2HWTREDR L BE
coli B (10°~10" CFU/mL) 22\ CQCMM %E % 47 -
TeRERER IR T. IREAMNBRETIRAMETT Y b
%479 L10°~10" CFU/mL D B #i P TR AL & D

=200 ¢
-400 |
-600
-800 |
-1000 |

41200 |

-1400 *_ T
-1600 :{,. T! 4}:
-1800 | 1

-2000 | T
25 250 2500
C coli ab (Hg/mL)
6 QCMIZ X BE. colibifk D SafI 5 I D P
E. coli LR S0, 100, 250, 500, 1000, 1500 pg/mL T
DB EEACAF . PUARBEE O BN A v P EOIAR T
L. 500pg/mLEL L CHIFIATED 57z,

AF (Hz)

BNCEARBIR I A B (r=—0.99), WEMRERESED
ZEPTET

2) E. colifd# D56 EIC X B AR
Pk %A L CE. coliZ 75 SE72TiT 4 A7 (E. coli
Ab—coated Ti) &, 0.1%BSAT7 U v ¥ 7 LTE. coli
AP EE72TiT 4 A2 (BSA-blocked Ti) O §# %
K 9IZRY. B AEREOSEMBIZD7-DIZT 4 A2
REA—T AT LEOT, HBLETIT A AZI4E
=T 4 7% L2RMORFH%2100% & L, %74
AZICBT LR EHER L7z PR LoT 1
A7 EHBLT, HifRERESETA AZ7ITBVTK
A RIS T L7z,

5. A at Y —~DA a DL ER

Protein AJEFEE %300 pg/mL, A. a. PURIEEEE (5 RES
%) #2508 LTERLZA et v —2 VT, A a
WO FEF P 10°~10" CFU/mIC R M B2 b % W5E L
TR E MR T. IREZNEE TS 7Tay b

-1900

-1950 \\

-2000

-2050 \ Lﬁ
\

-2100

AF (Hz)

0 0.002 0.004 0.006 0.008 0.01 0.012
Dilution

7 QCMIZ X B A. a Uik FIFIN A 1 D P

A. a. ViR O T HAEH500, 250, 150, 100 (A BER0. 002,
0.004, 0.0067, 0.01) TORPWEKZEA. HPAEE220L D &
B TS DRI FI AR H 7z,

0

;\\ r=-0.99
50 —% \\\%\
-100 -
\»

-150

AF (Hz)

-200

-250

-300

10° 108 107
CE. coli(CFU/mL)
8 E. colit ¥ —"~DE. coli DWF&
E. coliiff 1 x10°, 1 x10° 1 x10" CFU/mLT® &%
ZALAF. 1 X100~ 1 X 10D FEFEPHTAF Llog Craa D HIIZ
EHRBE RS A & 7=,
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X

91

90

89

88

87

Reflectivity (%)

86

85

84

E. coli Ab-coated Ti BSA-blocked Ti
X9 E coliff#2 & 550D ZAL
PUEZE N L TCE coli WA SETiT4 A2 &, 0. 1%BSA
T7Hy X Y7 LTE coli®ft 8 SETiT 4 A7 O R4
K PUAEEGESELTA AZI2BWT, AT EITAK
TL (%p<0.05), $ikzxd 5 L TE coliDfF A w A
mL7zZ EhmEns.

0

-20
P K
-60
T

I
-100 T

-120 \i
-140
-160

-180

=-1.00

AF(Hz)

10° 106 107
C , . (CFU/ml)
10 A a k¥ —~DA. a DU
A a B 1 x10°, 1x10° 1x10" CFU/mLC® ¥k 521t
AF. 1X10°~ 1 X 107D FEHPH TAF & log Cu . D B R
BRAIA SN Tz

#4719 £ 10°~10" CFU/mL O i PH TRk &b & o
RICHERERDSA SN (r=-1.00), ZOHPHTA a. D
X RS H L7z,

Z =

1. QCMiEY £ vt v ¥ —72 H w7z B A o b &
D g

MIBWETI > A 7 & & LCTHHRAQCMEE R, JE1T
T5HEL KT 5.

QCMIZEDF M & LCld, K 7 JIakAs b BE CRAS Y
RSN D T T2 KM D A7 % K7 ) 2 PCRiEIC
HART305 R L CTREOFA 2 2 b AR GREY
Fraidhna s, HoRBIZNATOEEXET S
ENRTELRVHMBE A Y V7 —ICHRTHRAT L AL RO
= TLE LM RN OERP IR TH S 2

&, flifES L - EHORS S TR A Y v 7 —12%
LBVWIENBITONS. I, BRERETH ) 2P
LQCMD G TH - 72 HEORKE S, WELR EDOREE
K12 & B BILREN OB Y 4 2 v —fLd i
Z LTS NARITRE W,

—7, QCMLIZMIMEEOE S, —EIZZMOWIC
DWTHIEE (10~104#) TEMWE =R TE 2 FIE
PETIFPCRIZEICKIET, BAIA b, HEOHSH S, M
- S THIEE A Y v & — ISk L C otk g
EREL B

s s, BHIRTIEQCMEY [ & v ¥ —
EEHIRE RIS 3B\ TR 722%, MR MR CHRE 2 5%
ThHAHMIBBEDOH TRIL Y gPCRIEN D7 VB TH
L. F7, FHUEERICEI L CIZMIE » 7 v & — DB T
Hb. Ky FRICHFEL TV AR ZEEETICHIkE
LTHWT, ZOHICHEET S 1 WiEZFHIT 242 2
T AT, MIBEEICEHLTUIELZ LM B2k 51
b, WMEOTHFEE LT, AFETIIQCME ¥ —I128t
HEMLTHEMNESEWELTWED, L r¥— ki
7 L7220 L2 S HICZ ORICHFR 2 ik 2 &5 6
HHILICE - THRTE B HEMEEDH 5. FHIEER LS
LT, RIFZEDE. coli DHRND KA BUS T I 55
S105FE TIOR L Cwizs, £ oREHZE L (FY
TN Bholicd, KHERT5MELE L7
o T, QCMIZ & ZHEHAEIC OB REDS T - & D L
T AUSHEB A IR R A4 C & 2 W RETE I D 5.

2. E. coliB X UA. actinomycetemcomitans DR EHR
KFETIEZ, QCMY A v v H—FERwT, 7
SZPHMEDENE. coli DY Z FI VTl > — DFE# %
PEaRAESL L, ZIUTHi > TA. actinomycetemcomitans D
UH—EERL, EREITo7. QCMETIER L -
OB HED S, 100~10" CFU/mID #iPH TE. coli % 5E
HTE5QCMLE Y —DREN TR TH S5 2 & %5 <
REE NIz (K8). 20064FIXMao 5 IXE. coli’® QCM T
L TWwab (Mao et al., 2006). D FEE, E. coli
R R ARDNAT O — T %L v — ZEELT 5 D0
T, BIREA10°~10° CFU/mLO P T OEHI 25w i T
o7z, KWL TEHTE 2 REHPHIZ10°~10" CFU/
mLT®H D, Maob Ot & g LT, FHUHIPHIZHk <
otz 72721, MaobDHETIIDNATHE— T 245
F CIEHREORERMPLETH ), TORDOE Y
P— DB 1 RMEEZET S, Zhe KT LK
WFFET D& > — QLB T3S FT i | R 22 AT A 2
ELBVWZENRETHD. F/2, E coli L Bk )ik
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Tty — L MERDOIEE Z T VA, actinomycetemcomi-
tans\iZOWCEHIIL 728 2 A, [EkIZ10°~10" CFU/mL
DIRTERWHETH 5 2 LRSI Nz (K10). 20
RS, PURIURRUBAHE. L TV 5 b D THIUI,
Atk o> 1 ] 9 741 R° 2 0 BOUGH L S RIS ST & %)
REMED S D, BRBENOHTEIIEWE b 3.

QCMTHIH O Emx ERET 5 2 L 2 HIFT 45D
FEETIE, QCMTOEMDEIEE LT, E coliDff %
HE VT EHRE L CTWzF 7 v ORBOZED H3E L
Motz v WIRBIEICER LT, 2aa=ile =
fio7z. TOMRE, E colik OFflZIE, 7uyF o7
DRDUIL AT > T2F 7 74 A 7 RO KFFFRIZIER
T, PUMUILBE 2T 572 F % 7 14 A 7 F T REIX
Kotz F% 574 A2 K%, Protein A% 4L CE.
coli LR TIES L 72 IRBEIZ Y 4 ~ & ¥ ¥ — o Bl B R
(chl) B L, BSAT7 By F 7 L7721 IRE
VA v —OxER (ch2) [THBELTW5S.
COTEDNL, HICAREBROKERIL, QCMIllE 2
LT, MURERA ST 4 A7 OB HAHEICE.
colinfFFE LIz W) famE B OMEN S LFRELTW
5.

FEND SR LN > FIVICIENER, 759—27,
WKRIBE R EBH T oS, WEARORWRIRE LIRS 2
WWEEER T Y NAOY TV EELLERS D, o
fEEICIRET AL E2EBRETLET T D TP
HWLTwWa, LeL, BIAEETIZQEMTT 7 — 27 ol
ExAT o 72BN R\, Xiao—Li-su & 23S, typhimurium %
QCMTHISE L 2B5121%, ¥ VDA %0. 1% 1E <
ThUKICRAIL, —=F2L =% —THLZDOBIC
FHNVERATE—ZRRAL, BN LEY%PBST
BB LW 2HETY Y 7V ELTWwA (Xiao-Li Su et
al.,, 2005). %7z, Muramatsu % 25C. albicans % QCM T illl
LB, ZVva—A2%, "RTb22%, A —Ab
W1 %2 a5t THEELZOL, pH7.0, 0.05
M®OPBSIZH% L T 5% (Muramatsu et al., 1986). A
BRCHi TNy 77 —ICPBSE VT WA D, 7I—
7% TV EPBSICHHURBICIEE L, W7
LCHHWREE EZ b 5.

3. Protein A& HLE. coliViRD#E G =t

QCMiZ: /K dt 3R ) 1~ D JL RS P B D &AL Af & B &8 D
ZALAm O WHIBFRICIE D WTEB Y, EE&NY 2RI
Sauerbrey D3

2
Ap=-—2h_ 4
f AVHg 04 "

THEZO6NL. [ LARETIE, An @ HEEAL,
Af © AL, A EmR oA (FHI Mm@ 2.5
mm®), 0, KFEDEE (2.65g/cm®), u,: KHIRET D
AIESE (2.95% 10" g/em + §%), fi @ & ¥ —DOIEAKIRE
#% (30 MHz) T, _Eitd®Sauerbrey® i

Am (pg) = —12.34f (Hz)
&Y, BB SEREELERINTE S, 204k
PRI EW DS > — & — R TH) < WRBAE RE S h
TWA72D, HTEPZNUIERE %L, MEORT
WK Y7 HTHNIL S DA EMRE TS
5.

Protein A%3300 pg/mL T Sl L 7R o ik £
MIER750 HzTH D (K 5), Sauverbrey D\ & WA
& LTI9, 225 pg b HINE NS, Protein AD ST =i
%942, 0007 DT, 0.2 pmol (1.322x10"5F) & 7% 5.
¥ 72, BLE. coliPfifRI2D W TIE500 pg/mL T A5 S e
LR OB BEBART 2391, 650 HzTH ) (X6 ),
Sauerbrey D37 H W F & & L TI320,29 pgk At
5. PLE coliifk D5y ¥ & % #9150,000& 35 £0.1
pmol (0.81x10"4F) & HED SNL. THEDHHE
IdProtein AL PUEDFI 2 @ 1 ORI THELTwEZ L
RS 5. —JF, Protein AlZ 1 530 F 720 4 AOHLk
EAEGSELIEVPMEENTEY, SRR LR
HoTwh, ZOHMEE LT, Protein ADF ¥ ¥ K~
DA IR WG TH 572012, kL O
GBI oM E ZHETE T, HWEMEO—EBAF & Ml
ZIWZIREBTHE LTIy 7 3w bilE
AbNhb.

b LYUfR Protein A% 4 S FIZBSAT U v 7 i3 R5E 4
mFE REIWAE LGETH, RITH Y &K
W7 UL iR ST 2 i T ILIEH IR A TE 5
2%, FBITF & Y RMIZWAET S L ZITIEIHETE
v, IRTOFENR7Hy 7 ENDLDIFTERWA
L DEEE LA O 3PUEZFMTF ¥ > I [E
FALLF 70y 7 &Mk ), ko aiBio
& ZHET 08N DL LEZ LN

4. ey —~ofuko e sk

AWFFE TR LM & v H—i&, M8 O Pk % Pro-
tein A% A L CRSIRE) T LICHEE T 55851 T, Pifko
Foib &P, FA & Protein ADKE AL Z OFERMEEN S 1
ICERE EF 2 SN b, —T, Protein AL IKERIRE) T D
TiEBO MR GO RED v, €2 T, hbe
LEICH A ST D T EDEFE L.

L2*L, Protein AZTilZHEEREES 5 &, F% KMl
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W E N TV B RILED I FEROEETRAE LTS
Y8y B OME ERRRICEL R 52 5 2 L ST
w5 (Sundgren et al., 1986, Grinnell & Feld, 1981 ; Iul-
iano et al., 1993 ; Pettit et al., 1994 ; Garcia et al., 1999).
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(Oya et al., 2009).

C DY RE MR 7HARDTIHER A O R 5E J 12D T
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Abstract

This study compared the slot tolerance and the fric-
tional resistance between new and recycled brackets.
Passive type premolar self—ligating bracket (Damon®
Q™) with 0.022 x 0.028 inch slot size were selected.
The new and recycled brackets (forty each) were pur-
chased. The slot tolerance of the brackets was estimated
using an optical microscope with 10x magnification (n=
40). Static friction of the brackets was measured by
drawing archwires (copper nickel—titanium wire with
0.018 x 0.025 inch cross—sectional dimensions and
stainless steel wire with 0.019 x 0.025 inch cross—sec-
tional dimension) though bracket slots, with 0° angula-

tion, using a mechanical testing machine (n=20). Re-

Introduction

With the main purpose of decreasing the environmental
impact of human activity, recycling has taken an important
role in present—day society ; many companies now recycle
and launch eco—friendly products. In orthodontics, recycling
of appliances is controversial (Basudan & Al-Emran, 2001).
The US Department of Health and Human Services has es-
tablished that the reuse of materials is only allowed if the
manufacturer can guarantee the technical requirement of
each appliance.

Many authors have studied the characteristics of recycled

sults were subjected to the Kruskal-Wallis and the
Mann—Whitney U tests. The mean values of the bracket
slot dimensions for the recycled bracket (slot height :
0.0225 inches, slot depth : 0.0287 inches) were signifi-
cantly higher than those for the new bracket (slot
height : 0.0222 inches, slot depth : 0.0285 inches).
However, there was no statistically significant differ-
ence in frictional resistance between the new and recy-
cled brackets. In conclusion, recycled brackets might
have an equivalent clinical performance in orthodontic
tooth movement compared to the as—received new or-

thodontic brackets.

orthodontic brackets, including size of slot (slot tolerance)
(Buchman, 1980 ; Hixson et al., 1982), mechanical proper-
ties (Buchman, 1980 ; Eliades et al., 2003), bracket bond
strength (Cacciafesta et al., 2004 ; Sfondrini et al., 2012),
and corrosive properties (Reiman et al., 2012). Buchman
(1980) investigated the dimensional stability and mechanical
properties of recycled brackets from different recycling com-
panies and reported that the number of brackets with a
changed slot width was statistically significant, although the
difference from the standard dimensions were in reality only
=0.0015 inches. Hixson et al. (1982) also compared the slot

tolerance of recycled brackets from three different compa-

(121)



36 Enrique Ezra ZUNIGA-HEREDIA et al.”Slot Tolerance and Frictional Resistance of New and Recycled Self-Ligating Brackets

nies and reported no statistically significant changes in the
tolerance. The clinical bonding performance of reconditioned
and recycled brackets have also been studied using bond
strength (Cacciafesta et al., 2004 ; Sfondrini et al., 2012).
Eliades et al. (2003) investigated the composition and micro-
structure of recycled brackets and reported that the composi-
tion of the wing and base of the brackets were changed by
the recycling process, which was in agreement with the mi-
cro—hardness findings, although there was no alteration in
the bulk composition of the recycled brackets.

The frictional force between the bracket and the archwire
(resistance to sliding) during tooth movement is a primary
issue in orthodontics (Kusy et al., 1992 ; Burrow, 2009 ;
Muguruma et al., 2018). If the frictional force can be de-
creased, then the efficiency of tooth movement may be im-
proved. The efficiency of orthodontic tooth movement may
be influenced by a modification of the bracket slot and also
by a change in the hardness of the surface, because they are
subjected to the frictional properties between the bracket slot
and the archwire in fixed appliance therapy.

The slot tolerance has a predominant role in torque ex-
pression and an adequate torque of each tooth is one of the
six significant characteristics of normal occlusion described
by Andrews in 1972. Therefore, a number of studies have
reported the torque expression in different situations, such as
slot size (Arrengiene et al, 2014), ligating system (self-ligat-
ing brackets and conventional brackets) (Al-Thomali, et al,
2017), archwire alloys and cross—sectional dimension of the
archwires (Archambault, et al 2010), bracket fabrication
materials (Morina et al, 2008). If the bracket slot tolerance is
affected by the recycling process, the torque expression by
archwire could be modified and then the achievement of
ideal occlusion is influenced.

Recently, self-ligating brackets with slide or clip opening
—closing system for ligature—free systems (involving the
elimination of certain utilities or materials such as elas-
tomeric modules, along with the process or tools associated
with their application), such as Damon® (Ormco™) and In—
Ovation® (Dentsply GAC™) have been introduced and be-
come popular given their purported advantages, including
less chair—side time, increased patient comfort, less frictional
resistance, and shorter treatment time (lijima et al., 2017). If
the recycling self—ligating brackets does not affect their
properties, then a new low—cost option could be available,

with the additional benefits to the environment.

The purpose of the present study was to compare the slot
tolerance and the frictional resistance between new and recy-

cled self-ligating brackets using two different archwires.

Materials and Methods

Materials

Forty right second premolar passive—type self—ligating
stainless steel recycled brackets (Damon Q™) with 0.022 x
0.028—inch slot size were purchased from a recycling com-
pany (Ortho—Cycle Co., Inc., Hollywood, FL, USA) and
used in the present study. The used period and the method
for recycling by the company are unknown. The same type
of new brackets (Damon Q) were purchased from an ortho-
dontic material company (Ormco, Glendora, CA, USA)
served as a control. Two preformed arch wires [copper
nickel—titanium with 0.018 x 0.025—inch cross—sectional di-
mensions (Ormco) and stainless steel with 0.019 x 0.025-
inch cross—sectional dimensions (Ormco)] were used for the
drawing—friction test. In clinical orthodontics using bucal
brackets copper nickel—titanium with 0.018 x 0.025-inch
cross—sectional dimensions complete leveling and aligning ;
resolve remaing rotations and begin torque control. On the
other hand, the stainless steel with 0.019 x 0.025—inch cross
—sectional dimensions finish torque control and consolidate

posterior space for the final detailing.

Bracket slot dimension measurement

All new and recycled brackets (n=40) were mounted on
an optical microscope, and their dimensions were estimated
with a 10x magnification (XSZ—-107BN ; Zenith Lab, Po-
mona, CA, USA) (Fig. 1). The bracket slot depth and height

Main Slot Auxiliary Slot

— Sliding door

Fig. 1 : Ilustration of the self-ligating brackets used in the present
study. (D), The green double—headed arrow shows the bracket
slot depth ; (H), The red double—headed arrow shows the bracket
slot height.
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were measured using the scale of a stage micrometer.

Frictional properties measured using the drawing-—fric-
tion test

The static frictional forces generated with each wire/
bracket combination were measured at room temperature
(25° C) using a custom—fabricated drawing—friction testing
device attached to a universal testing machine (AGS-X ;
Shimadzu, Kyoto, Japan) (Fig. 2). Each bracket was im-
mersed in artificial saliva for 24 hours before the friction
test and then washed with distilled water to eliminate impu-
rities. Four brackets were bonded with cyanoacrylate glue to
a specimen stage using a full-size stainless steel wire (0.022
x 0.025—inch cross—sectional dimension), which allowed an
accurate positioning on the stage. A segment of wire ob-
tained from the posterior straight portion of each preformed
wire was then fixed to each self-ligating bracket and tested
in a closed position. The upper end of the wire was fixed
with a grip that was attached to the load cell, and each wire
was drawn through the bracket slot at a crosshead speed of
10 mm/min for a distance of 5 mm. The static frictional
force was determined from the load-displacement curves
(Burrow, 2009). The sample size for each bracket/wire com-

bination was 20.

Statistical analysis

A statistical analysis was performed using SPSS Statistics
(version 25.0 for Mac ; IBM Corp., Armonk, NY, USA).
The static frictional force values were not homogenous
(Levene test), and the Kruskal-Wallis test was applied to

Pull-up

A B I

Archwire

Archwire | Acrylic plate  Bracket

5 mm

Acrylic plate
2 mm thick

Fig. 2 : (A) Overall view of the experimental setup of custom—
fabricated drawing—friction testing device attached to a universal
testing machine. (B) Squematic representation of cross sectional
view of the brackets/arch wire assembly in the acrylic plate.

determine whether a significant difference existed between
the new and the recycled brackets. The Mann—Whitney U
test was then used for two independent bracket/wire combi-
nations, and the Bonferroni correction was applied (p <

0.005).

Results

Mean values and standard deviations for the bracket slot
dimensions are shown in Table 1. The mean value obtained
for recycled brackets (slot height : 0.0224 inches, slot depth :
0.0287 inches) were significantly higher than those for new
brackets (slot height : 0.0222 inches, slot depth : 0.0285
inches).

Figure 3 and 4 shows the frictional forces for the new and
the recycled brackets combined with two different wires.
The average frictional forces with the copper nickel—tita-
nium wire with 0.018 x 0.025—inch cross—sectional dimen-
sion were 1.06 N for the new brackets and 1.06 N for the
recycled brackets. The average frictional force with stainless
steel wire with 0.019 x 0.025—inch cross—sectional dimen-
sion were 1.08 N for the new brackets and 0.95 N for the
recycled brackets. With both wires, there were no statisti-

cally significant differences for the frictional forces between

Table 1. Mean values and standard deviation for the bracket slot
dimension.

New Recycled Kruskal-Wallis
Mean Mean P value
Slot height, H 0.0222£0.0032  0.0225£0.0002 0.005
(inches)
Slot depth, D 0.0285+0.0002  0.0287 £0.0003 0.005
(inches)
p< 0.005 Kruskal-Wallis and Mann—Whitney U test.
Sub-group A Sub-group B

0.018 X 0.025 inch CuNiTi
M 0.019X0.025 inch SS

| New bracket
I Recycled bracket

NS
NS NS

N —

| T'

Recycled bracket

i

°

e 2 = -
52 = = i

Static frictional force
°
=

e
o

o
0.018 X 0.025 inch CuNiTi  0.019 X 0.025 inch SS

New bracket
Fig. 3 : Static frictional forces for two different wires, 0.018 x
0.025-inch copper nickel—titanium (CuNiTi) wire ; 0.019 x 0.025
—inch stainless steel (SS) wire, and each bracket (new and recy-
cled). p<0.05 in the Mann—Whitney U test ; NS stands for non-
significant. Divided in two subgroups : (3A) Comparation be-
tween brackets same arch wire. (3B) Friction comparative be-

tween different arch wires same bracket type.
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the new and the recycled brackets. For comparing with two
different wires, there were no statistically significant differ-
ence for the frictional forces between both new and recycled

bracket.

Discussion

The precise fit between the bracket slot and the archwire
is of great interest in clinical orthodontics, because proper
three—dimensional tooth movement using fixed appliances is
dependent on the geometry of the archwire and the bracket
slot. The intimate fit of the archwire into the bracket slot de-
livers full transmission of the bracket prescription to the
tooth and its supporting tissues, which in theory, should cre-
ate an individualized optimal occlusion. In clinical orthodon-
tics there is a gap of information expressed on the tooth
movement, most of it related to the tolerance of appliance
components. A previous study (Lombardo et al., 2015)
found that archwires are oversized and some undersized in a
range between —6.47% and +5.10%. In addition, the bracket
slot geometry influences the “play” between the archwire
and bracket slot, which indicates how many degrees the
archwire must be rotated within the bracket before its edges
come into contact with the slot wall. The results of the pre-
sent study showed that the bracket slot dimensions obtained
for the recycled bracket (slot height : 0.0225 inches, slot
depth : 0.0287 inches) were significantly higher compared to
the new bracket (slot height : 0.0222 inches, slot depth :
0.0285 inches). The tolerance values for the recycled brack-
ets in this study (0.0002 inches sloth height, 0.0003 inches
slot depth) may be clinically insignificant, as reported previ-
ously by Buchman et al. (1980) (slot width : 0.0015 inches).
However, further research is necessary to elucidate the effect
of the tolerance values on the orthodontic tooth movement.

Frictional force between the bracket and the wire during
orthodontic tooth movement is an important factor in clinical
orthodontics ; if the frictional force can be decreased, the ef-
ficiency of tooth movement can be improved. Friction dur-
ing clinical tooth movement depends on the size and shape
of the wire (Miles et al., 2006), the bracket type (Thorsten-
son & Kusy, 2003), the bracket and wire materials (Kusy &
Whitley, 1999), the angulation of the wire relative to the
bracket (Torstenson & Kusy, 2002), and the type of ligation
(Kusy et al., 1992). Although the efficiency of orthodontic
treatment may be affected by any change in bracket slot

size, the dimensional changes calculated for the recycled

brackets in the present study did not influence the static fric-
tional resistance for both a copper nickel—titanium wire with
0.018 x 0.025—inch cross—sectional dimensions and stainless
steel wire with 0.019 x 0.025-inch cross—sectional dimen-
sions. A previous study (Prososki et al., 1991) reported that
the nickel—titanium alloy wire showed greater surface rough-
ness and higher frictional force compared to the stainless
steel wire. Therefore, it should be worthwhile to investigate
the roughness change of the recycled brackets, the Otho cy-
cle company states that their recycling process do not in-
crease roughness.

The self—ligating appliance has acquired popularity, in
part because of the elimination of certain utilities or materi-
als, such as elastomeric modules, along with the processes
or tools associated with their application (lijima et al.,
2017). The slide or clip open—close system of self-ligating
brackets increases chair—side efficiency due to the elimina-
tion of the ligaturing process. One important finding of the
present study was that the slides on the outside face of three
recycled brackets failed after the open—close procedure dur-
ing the drawing—friction test using copper nickel—titanium
wire. This deterioration might be due to recycling process ;

further study is necessary to verify this hypothesis.

Conclusions

Under the study conditions, the following conclusions were
drawn :

The dimensional changes that occurred in the recycled
slots did not affect the static friction results for neither the
copper nickel—titanium nor the stainless steel wire—drawing,
eventhough the slot dimensions of the recycled brackets
were statistically significantly grater than that of the new
brackets.

The recycled brackets might produce equivalent clinical
performance in orthodontic tooth movement compared to the

as—received new orthodontic brackets.
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Abstract

Burning mouth syndrome (BMS) is an intraoral burn-
ing or dysaesthetic sensation recurring daily for more
than 2 hours per day over more than 3 months without
the presence of any clinically evident causative lesions.
It occurs predominantly in females during the peri— or
post — menopausal period. The etiopathogenesis and
treatment of BMS are complex due to its neuropathic
and psychological origin. There is no specific treatment
protocol for patients with BMS. Anti—anxiety and anti—
depressant drugs have been found to be effective in re-
ducing the symptoms of BMS ; however, the appropri-
ate choice of these drugs varies from case to case.

Herein, we present a case series of 4 patients with

Introduction

Burning mouth syndrome (BMS) is an intraoral burning
or dysaesthetic sensation that recurs daily for more than 2
hours per day over more than 3 months in the absence of
any clinically evident causative lesions (International Head-
ache Society, 2018). The neuropathic origin of this condition
has been reported in some studies, while others have demon-
strated the involvement of psychogenic factors (Galli et al.,
2017 ; Jaaskelainen, 2018). The treatment of BMS is com-
plex and varies from the use of topical agents like alpha—
lipoic acid and capsaicin, to the ingestion of anti—anxiety
and anti—depressant drugs ; in addition, cognitive behavioral

therapy has been employed for patients with BMS (de Souza

BMS, who received various types of anti—anxiety and
anti—depressant medications based on their symptoms.
The combination of ethyl loflazepate and milnacipran
was effective in case 1 patient. The case 2 patient could
not tolerate milnacipran well and was substituted by
amitriptyline which reduced pain. The case 3 patient
tolerated milnacipran well but was not effective in re-
ducing pain and was substituted by amitriptyline. The
case 4 patient did not respond well to various combina-
tions of drug initially but felt comfortable after combi-
nation therapy with ethyl loflazepate, venlafaxine and
mirtazapine. This report also discusses the rationale be-

hind the use of these drugs.

et al., 2018 ; Matsuoka et al., 2017). Studies regarding the
judicious use of anti—anxiety and anti—depressant drugs on a
case to case basis in patients with BMS are limited (Kremer
et al., 2018 ; McMillan et al., 2016). Herein, we present 4
patients with BMS treated with anti—anxiety and anti—de-

pressant drugs.

Case Presentation

Case 1 (Use of ethyl loflazepate and milnacipran)

A 78-year—old female visited our clinic with a chief com-
plaint of dull pain in the tongue that began a few months
ago. All the secondary causes of burning sensation were
ruled out. A psychological assessment test revealed mild

anxiety. The pain intensity on the Visual Analog Scale
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(VAS) was 70. An initial stage of candidiasis was suspected,
and topical application of Amphotericin B (4 ml/day) was
prescribed. After a follow—up period of 1 week, the symp-
toms did not improve and a diagnosis of BMS was reached.
An anti—anxiety drug, ethyl loflazepate (0.5 mg/day), was
prescribed for the patient. After 2 months of treatment with
the drug, the pain had reduced and the VAS score was low-
ered to 20. The same medication was continued for another
2 months with no change in pain intensity. A serotonin no-
repinephrine reuptake inhibitor (SNRI), milnacipran (12.5
mg/day) was added to the treatment regime ; the dose was
increased to 25 and 50 mg/day during the next 2 months
follow—up after reviewing the symptoms. After 6 months,
the pain had reduced and the VAS score was further low-
ered to 10. After another 6 months, the pain had almost dis-
appeared and was limited to a few hours in a month. The
patient is on regular follow—up and planning to stop the

medication gradually.

Case 2 (milnacipran intolerance)

A 53-year—old Japanese female was referred to the De-
partment of Oral Medicine at our university hospital with a
chief complaint of burning sensation on the tongue. The
dental history revealed that she was treated for temporoman-
dibular disorders (TMD) a year ago and the TMD pain was
improving. She complained of generalized burning sensation
in the tongue for the past 4 months. The burning sensation
was asymptomatic in the morning but gradually increased
during the day. She also complained that she did not know
where to rest the tongue in the oral cavity. A psychological
assessment test revealed mild anxiety, and a VAS score of
80. A diagnosis of BMS was established after the secondary
causes of burning mouth were ruled out. Ethyl loflazepate (1
mg/day) was prescribed, and the patient was asked to pre-
sent at the department after 2 weeks. On her second visit,
the patient reported that she was feeling better, and pre-
sented with a VAS score of 50. The same medication was
continued for about 3 months with a follow—up every
month. After 3 months, the symptoms had improved consid-
erably, although they persisted when the patient was
stressed. The VAS score during this period was 25. Subse-
quently, 12.5 mg/day of milnacipran was prescribed to the
patient. However, the following week she complained of in-
creased heart rate and blood pressure after taking the drug,

and was advised to stop taking the medication. A tricyclic

anti—depressant (TCA), amitriptyline (10 mg/day) was pre-
scribed instead. The dosage of the new drug was gradually
increased to 20 mg/day and then to 30 mg/day within the
next 2 months. After 12 months of treatment, the VAS score
was lowered to 5, and the BMS was considerably lower than
the tolerance level (limited to 1-2 hours/day). Currently, af-
ter 16 months of treatment, the burning sensation is limited
to a few days/month, and we are considering decreasing the

amitriptyline dose gradually.

Case 3 (substitution of milnacipran with amitriptyline)

A 72-year—old Japanese female visited the Department of
Oral Medicine of our university hospital with a chief com-
plaint of burning sensation on left side of the tongue for the
past few months. Her personal history revealed that she was
very active physically and kept herself engaged in sports
most of the time. However, the psychological assessment
test revealed mild anxiety. The VAS score was measured at
90. After ruling out the secondary causes of the symptoms, a
diagnosis of BMS was established. Ethyl loflazepate (1 mg/
day) was started, and a reduction in symptoms as well as
VAS score (54) was noted after 2 weeks of follow—up. The
patient complained of disturbed sleep, so triazolam (0.25 mg
/day) was added to the treatment regime for a month. After
2 months of treatment the VAS score was 35. Subsequently,
milnacipran (12.5 mg/day) was also prescribed to the pa-
tient, and the dose was increased to 25 mg/day the following
week after reviewing the symptoms. However, 5 months
later, the VAS score remained at 30 ; thus, the patient was
asked to take amitriptyline (10 mg/day), instead of mil-
nacipran, with a gradual increased in the dose to 30 mg/day
over the next 2 months. After 10 months of treatment, the
VAS score was reduced to 10, and another 16 months later,
the VAS score was limited to 5. The patient was feeling

much better, and plans to taper the dose of amitriptyline.

Case 4 (combination of ethyl loflazepate, venlafaxine, and
mirtazapine)

A 61-year—old Japanese female visited to our department
4 years back with a chief complaint of burning sensation in
the tongue for the past few months. Psychological assess-
ment revealed mild anxiety, and the VAS score was 76. The
patient showed no significant improvement in symptoms af-
ter a month of ethyl loflazepate (1 mg/day) treatment. After

discontinuing the treatment at our hospital for 2 years, the
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patient returned with a complaint that her pain had increased
(VAS score, 80). After considering her drug history and du-
ration of pain, venlafaxine (SNRI ; 37.5 mg/day) and ami-
triptyline (10 mg/day) were prescribed, and the patient was
advised a weekly follow—up. After 2 months, the pain had
subsided and the VAS score was lowered to 5. However,
due to a complaint of sticky saliva in the oral cavity, ethyl
loflazepate (1 mg/day) was added to the treatment regime. A
month later, the pain had increased (VAS score, 30). The
dose of amitriptyline was increased to 20 mg/day. After 2
months follow—up, the patient complained of increased pain
(VAS score, 50) and dry mouth ; therefore, amitriptyline was
stopped and a selective serotonin reuptake inhibitor (SSRI),
sertraline (25 mg/day) was started. However, the patient
complained of nausea during the next follow—up (1 month)
and requested to stop sertraline, and indicated that the com-
bination of venlafaxine, ethyl loflazepate, and amitriptyline
worked best for her. The amitriptyline could not be started
again because of the occurrence of dry mouth. Thus, mir-
tazapine (15 mg/day), a noradrenergic and specific seroton-
ergic anti—depressant (NaSSA) was prescribed. The patient
felt comfortable during the next appointment and presented
with a VAS score of 5. A maxillary and mandibular splint
was also prescribed for symptomatic treatment. The patient

is on constant follow—up and doing well.

Discussion

BMS is a diagnosis of exclusion, where a diagnosis is
reached after all the secondary causes of burning sensation
have been excluded. The etiopathogenesis of BMS is com-
plex owing to the two schools of thought with regard to the
factors involved ; neuropathic and psychogenic. The nature

of chronic pain in BMS resembles the symptoms of neuro-

Table 1 : Clinical presentation and treatment summary of patients
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pathic pain and various studies have provided evidence of
the neuropathic origin of this condition (Jaaskelainen, 2018).
However, the role of psychological factors has been shown
to be equally important (Galli, et al., 2017). BMS patients
are interviewed for the presence of underlying psychological
factors using psychological assessment tools, such as State—
Trait Anxiety Inventory, Diagnostic and Statistical Manual
of Mental Disorders or Psychiatry in Primary care (PIPC-—
Japan, 2018). The patients are referred to a psychiatrist if
these assessments indicate the presence of a serious underly-
ing psychological disorder. However, most of the BMS pa-
tients have mild stress and anxiety (Galli, et al., 2017). All
the cases in this report presented with mild anxiety, and did
not need to be referred to psychiatrist. They were prescribed
ethyl loflazepate, a potent benzodiazepine, during the first
appointment resulting in a reduction in VAS scores in all 4
patients. Benzodiazepines can reduce anxiety and stress by
acting on the hypothalamus—pituitary —adrenal axis, which
generates pain (Kim & Kho, 2018). In addition, benzodi-
azepines have an anti—hyperalgesic effect (Vuilleumier et al.,
2013). The ethyl loflazepate used in this report may affect
both neuropathic and psychological symptoms of BMS. The
main advantage of ethyl loflazepate is its non—sedative prop-
erty and the long elimination time, thereby reducing the in-
cidence of drug dependence (Fukami et al., 2010). These
findings indicate that ethyl loflazepate can be a considered
as a valid option for the initial treatment of BMS.

Although BMS symptoms were reduced by ethyl loflaze-
pate, the patients complained of residual symptoms. There-
fore, anti—depressants including TCA, SSRI, SNRI, and
NaSSA were prescribed after initial treatment with ethyl lof-
lazepate (Table 1). The patient in case 1 responded very

well to ethyl loflazepate and milnacipran. Milnacipran acts

Case | Age/Sex Clinical presentation Drugs used Patient’s response Drug substitution Effective combination of drugs
1 78/F Dull pain in tongue since 4 | Ethyl loflazepate, Well tolerated Not required Ethyl loflazepate,

months, mild anxiety, Milnacipran Milnacipran

VAS=70
2 S53/F Generalized burning sensa- | Ethyl loflazepate, Increased heart rate and | Milnacipran  substituted | Ethyl loflazepate,

tion in tongue, mild anxiety, | Milnacipran, Amitriptyline | blood pressure due to | with amitriptyline Anmitriptyline

VAS=80 milnacipran
3 72/F Burning sensation in left side | Ethyl loflazepate, Ethyl loflazepate and | Milnacipran  substituted | Ethyl loflazepate,

of tongue, mild anxiety, Milnacipran, Amitriptyline | milnacipran well toler- | with amitriptyline Anmitriptyline

VAS=90 ated but no reduction in

pain

4 61/F Burning sensation in tongue, | Ethyl loflazepate, Dry mouth due to ami- | Amitriptyline substituted | Ethyl loflazepate,

mild anxiety, VAS=76 Venlafaxine, Amitriptyline, | triptyline, Nausea due | with sertraline, Sertraline | venlafaxine and mirtazapine

Sertraline, Mirtazapine to sertraline substituted with mirtazap-
ine
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by inhibiting the reuptake of serotonin and norepinephrine
(Welsch et al., 2018), and has been used for patients with
BMS (Kato et al., 2011). It is considered as a relatively a
safe drug owing to fewer drug interactions and side effects
when compared with TCA (Pae, et al., 2009).

In case 2, milnacipran was used after 3 months of ethyl
loflazepate monotherapy. However, it was discontinued be-
cause the patient complained of increased heart rate and hy-
pertension after taking milnacipran. Milnacipran can also
cause nausea, dizziness, hot flashes, and sweating (Xu et al.,
2016). Amitriptyline was then used in this patient, and
proved effective in reducing the pain. Amitriptyline, a TCA,
is commonly used for the treatment of BMS, and acts
through various mechanisms (Fenelon et al., 2017). One
mechanism involves the antagonistic effect on N—methyl-D
—aspartate (NMDA) glutamate receptors, which reduces the
sensitization of second order neurons (Watanabe et al.,
1993). The other mechanism comprises the inhibition of
serotonin, norepinephrine reuptake, and potentiation of endo-
genous opioid, which act on the descending anti—nociceptive
pathway to suppress pain (Dharmshaktu et al., 2012). In
some patients, as seen in case 3, milnacipran is well toler-
ated but not effective in reducing pain. Therefore, mil-
nacipran was stopped and substituted with amitriptyline,
which reduced the symptoms in the patient in the current re-
port.

The patient in case 4 had a long history of BMS and did
not respond to ethyl loflazepate. Her stress levels were high
owing to the long duration of the pain. Combination thera-
pies can be effective in patients who do not demonstrate any
reduction in pain after anti—anxiety or anti—depressant
monotherapy ; nonetheless, drug interactions should be taken
into consideration (Moret, 2005 ; Rojo et al., 2005). A com-
bination of venlafaxine and amitriptyline was prescribed in
case 4. Venlafaxine has minimal effect on CYP2D®6, and
does not alter amitriptyline levels (Gomez Gomez & Teixido
Perramon, 2000). The symptoms were reduced within 2
months ; however, the patient presented with symptoms of
dry mouth. Amitriptyline is a potent anti—cholinergic drug
and can cause dry mouth (Lawson, 2017). It is also known
to cause sedation, tachycardia, cardiac arrhythmia, seizure
precipitation, and weight gain (Lawson, 2017). Amitriptyline
was substituted with sertraline, a SSRI, which acts by inhib-
iting the reuptake of serotonin into the presynaptic cell and

increasing the amount of serotonin in the synaptic cleft

(Maina et al., 2002). This can reduce pain, as serotonin
plays a role in nociception and mood regulation, and has
been shown to be effective in the treatment of BMS (Fleuret
et al., 2014). However, the consumption of sertraline re-
sulted in nausea in the patient, and was therefore replaced
by mirtazapine, a selective serotonin 2, serotonin 3, and 02—
adregenic receptor antagonist. The effects of mirtazapine on
chronic pain associated with psychology have been demon-
strated previously (Arnold et al., 2008 ; Freynhagen et al.,
2006). Eventually, the symptoms had subsided and the con-
dition of the patient was considerably improved. The combi-
nation of ethyl loflazepate, venlafaxine, and mirtazapine
worked best for this patient. Many BMS patients have ad-
mitted that they felt less pain when they had something in
their mouth. We used a thin clear thermoplastic splint cover-
ing the maxillary and mandibular teeth for this purpose in
few patients, as in case 4, which showed good results. The
reduction in pain might be because of a placebo effect and

must be evaluated in future studies.

Conclusion

The 4 cases presented in this report showed that BMS can
be effectively treated by anti—anxiety and anti—depressant
drugs. The choice of drug can vary from patient to patient,
and the adverse effects of each drug should be well moni-

tored.

References

Arnold P, Vuadens P, Kuntzer T, Gobelet C, & Deriaz O.
Mirtazapine decreases the pain feeling in healthy partici-
pants. Clin J Pain 24 : 116-119, 2008.

de Souza I F, Marmora B C, Rados P V, & Visioli F.
Treatment modalities for burning mouth syndrome : a sys-
tematic review. Clin Oral Investig 22 : 1893—-1905, 2018.

Dharmshaktu P, Tayal V, & Kalra B S. Efficacy of antide-
pressants as analgesics : a review. J Clin Pharmacol 52 : 6
-17, 2012.

Fenelon M, Quinque E, Arrive E, Catros S, & Fricain J C.
Pain—relieving effects of clonazepam and amitriptyline in
burning mouth syndrome : a retrospective study. Int J Oral
Maxillofac Surg 46 : 1505-1511, 2017.

Fleuret C, Le Toux G, Morvan J, Ferreira F, Chastaing M,
Guillet G, & Misery L. Use of selective serotonin reup-
take inhibitors in the treatment of burning mouth syn-

drome. Dermatology 228 : 172-176, 2014.

(130)



The Dental Journal of Health Sciences University of Hokkaido 37(2) 2018 45

Freynhagen R, Muth—Selbach U, Lipfert P, Stevens M F,
Zacharowski K, Tolle T R, & von Giesen H J. The effect
of mirtazapine in patients with chronic pain and concomi-
tant depression. Curr Med Res Opin 22 : 257-264, 2006.

Fukami G, Hashimoto T, Shirayama Y, Hasegawa T,
Watanabe H, Fujisaki M, Hashimoto K, & Iyo M. Effects
of etizolam and ethyl loflazepate on the P300 event—re-
lated potential in healthy subjects. Ann Gen Psychiatry 9 :
37, 2010.

Galli F, Lodi G, Sardella A, & Vegni E. Role of psycho-
logical factors in burning mouth syndrome : A systematic
review and meta—analysis. Cephalalgia 37 : 265 -277,
2017.

Gomez Gomez J M, & Teixido Perramon C. Combined
treatment with venlafaxine and tricyclic antidepressants in
depressed patients who had partial response to clomi-
pramine or imipramine : initial findings. J Clin Psychiatry
61 : 285-289, 2000.

Headache Classification Committee of the International
Headache Society (IHS) The International Classification
of Headache Disorders, 3rd edition. Cephalalgia 38 : 1—
211, 2018.

Jaaskelainen S K. Is burning mouth syndrome a neuro-
pathic pain condition? Pain 159 : 610-613, 2018.

Kato Y, Sato T, Katagiri A, Umezaki Y, Takenoshita M,
Yoshikawa T, Sato Y, & Toyofuku A. Milnacipran dose—
effect study in patients with burning mouth syndrome.
Clin Neuropharmacol 34 : 166—169, 2011.

Kim M J, & Kho H S. Understanding of Burning Mouth
Syndrome Based on Psychological Aspects. Chin J Dent
Res 21 :9-19, 2018.

Kremer M, Yalcin I, Goumon Y, Wurtz X, Nexon L, Dan-
iel D, Megat S, Ceredig R A, Ernst C, Turecki G, Cha-
vant V, Theroux J F, Lacaud A, Joganah L E, Lelievre V,
Massotte D, Lutz P E, Gilsbach R, Salvat E, & Barrot M.
A dual noradrenergic mechanism for the relief of neuro-
pathic allodynia by the antidepressant drugs duloxetine
and amitriptyline. J Neurosci 2018.

Lawson K. A Brief Review of the Pharmacology of Ami-
triptyline and Clinical Outcomes in Treating Fibromyal-
gia. Biomedicines 5 : 2017.

Maina G, Vitalucci A, Gandolfo S, & Bogetto F. Compara-
tive efficacy of SSRIs and amisulpride in burning mouth
syndrome : a single—blind study. J Clin Psychiatry 63 : 38
—43, 2002.

(131)

Matsuoka H, Chiba I, Sakano Y, Toyofuku A and Abiko
Y. Cognitive behavioral therapy for psychosomatic prob-
lems in dental settings. BioPsychoSocial Medicine 11 : 18,
2017.

McMillan R, Forssell H, Buchanan J A, Glenny A M, Wel-
don J C, & Zakrzewska J M. Interventions for treating
burning mouth syndrome. Cochrane Database Syst Rev
11: CD002779, 2016.

Moret C. Combination/augmentation strategies for improv-
ing the treatment of depression. Neuropsychiatr Dis Treat
1:301-309, 2005.

Pae C U, Marks D M, Shah M, Han C, Ham B J, Patkar A
A, & Masand P S. Milnacipran : beyond a role of antide-
pressant. Clin Neuropharmacol 32 : 355-363, 2009.

PIPC, Psychitry in Primary Care. http : //pipc—jp.com,
2018.

Rojo J E, Ros S, Aguera L, de la Gandara J, & de Pedro J
M. Combined antidepressants : clinical experience. Acta
Psychiatr Scand Suppl 25-31, 36, 2005.

Vuilleumier P H, Besson M, Desmeules J, Arendt—Nielsen
L, & Curatolo M. Evaluation of anti—hyperalgesic and an-
algesic effects of two benzodiazepines in human experi-
mental pain : a randomized placebo —controlled study.
PLoS One 8 : e43896, 2013.

Watanabe Y, Saito H, & Abe K. Tricyclic antidepressants
block NMDA receptor—mediated synaptic responses and
induction of long—term potentiation in rat hippocampal
slices. Neuropharmacology 32 : 479-486, 1993.

Welsch P, Uceyler N, Klose P, Walitt B, & Hauser W.
Serotonin and noradrenaline reuptake inhibitors (SNRIs)
for fibromyalgia. Cochrane Database Syst Rev 2 : CD
010292, 2018.

Xu Y, Bai S J, Lan X H, Qin B, Huang T, & Xie P. Ran-
domized controlled trials of serotonin—norepinephrine re-
uptake inhibitor in treating major depressive disorder in
children and adolescents : a meta—analysis of efficacy and

acceptability. Braz J] Med Biol Res 49 : 2016.



46 Durga PAUDEL et al./Treatment of Burning Mouth Syndrome using Anti—Anxiety and Anti-Depressant Drugs : A Case Series.

Durga PAUDEL

Education :

2008-2014 : Bachelor of Dental Surgery (BDS) from Tribhuvan University.

2017 : Joined Health Sciences University of Hokkaido, School of Dentistry as a graduate stu-
dent.

Professional experience :

2014-2015 : Dental Surgeon at Kathmandu Dental Clinic, Nepal.

2015-Present : Dental surgeon/ Faculty at Kathmandu University Hospital, Dhulikhel, Nepal.

€PN eSS

eRefefefe e efeeefeSeere



LB PR E MRS 37(2)  FIK304F 47

[BEDRE Y 7 ]

BRI EZEH L VWEDOERT A b= T

[ -

AR s e

HE, ORI b=V ZI2IdF 74 AKT A b=V
7, R=AFRTA M= U7 EHIEBIEAMEH ST
Wh. BBRAEYE, Ot BR EOERIIC XY S,
OHT Y h NEFAL, ZOOHT ¥V A IVHEDHEL DR
K& % GO _ERE G2 5B T 28, Ak
W (fad) ST S 22 5 (BEHE, 2011).
B L 2R 4 b=V ZIEEEIRA TS H W
W B B 2 JEBLT Ak h 5 —T5, EMER L L
T, M - WEROHEBBREIRRL AT A b= v I MO
WAOEMNTEER T 2 REIEAZET 6N 5. & Al
FBBHERIEFT A M= ZOREWREIEHTH Y,
FERERE, WAL DI EED IRV A — Ak T A b
ZUZIZBVTH0~50% L ENTEY), ZOIFEAL
B—#BETH2b00, FRMICIZEHRTE Z2WEET
H5H (FS,2011). AFBBEEED A 7 = X 2346 4
ORTHPHERINTVDEYS, BB 2V ESR
I XNVHEORE, MR Oy ERELT, T
AN - GFBNET B LML, 2 MENE R
EL TR, WA S TR ELS L)
WPHENTHS.

B EHH LR, £ XY Y2 ERGETEEY
APV TPV F-TRHESINWEHSIA TS, [
XY EFIAE, IIAF, U= R EOMPICX
STHELNLEHHO—MTH B, KK O—H, F
WOBEAEEK (T2 5 Y) O—FTHY, FEOMBIZ
IBMHRBETHLTFT VTV ERLRY, oW
TRAEARET, KEOBNMEEIC X > TE LD TR
WS N DAL EOKREBEEY#ME L LTaShTw
. AR) VIR TULNA T4 7 ATHLH Y,
BNIZBWTE 7 4 AAWRIHBR D X ) GHIR R W%
BRI S, N7 TFuAf 7R, ZJUAbMYT4 2
LDX) BAEROMEIEZIMNZ 5 2 EPWHLNIIINT
2% (Gibson et al., 1995). A7 A F = FIZDNVWTD
T ZERBR XA SN TV RWAS, £ XY VA8
OB DOE LT &7 LA, THEREOE LA 4k
L, a—b—, #NaABEWIBATA VDBBRESIND

LwbhTnas,

CDOVATAWZEDLER—LFTIAL =0T Fy IS
Floradyle® &\ 9 B it 44 C, $-_XTOEU (BRINHES)
WEOLHEZR W72 TCEY— 27 Z2WH L TW5b. 5#%E
WTOMRGTEAREPIIFINS.

SCHR

1. Gibson GR, Beatty ER, Wang X & Cummings JH. Se-
lective stimulation of bifidobacteria in the human colon
by oligofructose and inulin. Gastroenterology 108 : 975
—982, 1995.

2. WA=, Z972o7-A72 | BEARE 3 Ik A4
=TT EREAL B0 ~EHETIZOW
T. TyFuNnAgL Y= 31:1020-1021, 2011.

3. HRFEE, SHERE. RUA =y rhoBES
A [LAL] LEbh/-6, RS 118 : 422
—426, 2011.

Floradyle®iZ+ 74 b= 7Yz, bw—AXR—Z b, LEDff=
TANL=25%%, LEDNY YA ML —dAv— 7+ Y IZHH LT
T %.

(133)



48

tmEEEXRFREFSSR] (20175 3 B 4 BH#E)

2l

(% #%)

1% AXTIMEERE K7 #74 (The Dental Soci-
ety of Health Sciences University of Hokkaido)
LR 5.

(H m)

524 AREALEEERA AR (UFARER &g
) ARG, KEHEORELMIICLY,
AR DOHEAE - HPIEAT OFEZFLY , thiie
DS - FERIZHFG T H L LI, KEOBIE
L EEHBET B,

$2E =

=]

(& H)
345 AREFILUTOEELN 5.
1. E&E
WA OMZEICHEE L, RSO HICERFT
L, RETBOE - KRFERM - Diged: -
WRRIFZEA: - BRI IRIFISEE - 263t B X
OARZFEERTCHE RS CTHRES DR 15
Y=
. BESH
DO F ISR, FRCDY0H -
BT, WEBEEEHERL, #HES
HEESOHERIE, B, HESEIZE
MESBE R L IS E O A
L, ESE-YOB P EHILL 72w,
B
HHE -
Y=
LA H
R DS THES DK E 15
e AHL, FAESRBEIRERESBICE
TTHLDET A,
. BMaH
SOHMBLOEEICERL, W - X
o AN - HHAZE T, BRERLSORBEE
Y=

LIRBRE CHE L OKEE 15

(A &)
4%k RRIAKEHETLHHEL, FrEOH LiAKE
WCLEHEZ RADO EASEHRICH LAT D

DETH.

GE £)

H55% SHTESTHLTLIHIL, #ericzoigr
AREHBRIWEATH . 72720, MAKA
DOEBDRZEIIITH %N,

(BEBEHEER)

65 RBIEFUTOFHHIZL)EKREZELT .

1. 24EDESEOFRM. FTEARF 72 138G
DO\,

(134)

2. REOHZEIIRTLEEOH - 721200
T, aRIIHHES FHESOEERT
BEEEIEERIIBATLIEND 5.

(FFA%)

BT% KRBRMCL)SBEERLEELLZLDOIHA
KEHLT LGE, 2EFORMEE % MAR
AEFHREEMBLLDET S,

EIE FEHLUVEE

% B)

B84 AREBIUTOZEZBL.

LE 1%, BEMHE 1% WEEF ET4,

HE L1454, EFE24, B ETHAROE

&R AHT%

1. SEERFBEZOTR LY, HESHHRE
L, fFEESOMmERTCINERD L. &
FEIAREEREL, SBERET5.

. HBEHEIHAESOEER CEAENRET
L. BEHEEIE AT O L % S
5.

CEEHEIHEOT L) ENL, 2B
B4, HEHFIELEES ML,
SEBEESIEL, #1795 oHETLEE
X, HEEs, &Rt fede, W, Fofhe g
5.

o BRI e 5 N 3 H UL LR
OB ZITHFELZOKELE-H LT
5. HRIHES TG LEAEOHRE SR &
DB A EEFHEYERET L.

C EBERHIHESOEERCEENINERR
+5. BERIIAHBIOZOMOLSHEEE
K5, FRLEGL, PIHESICHEYT
5.

C RRRRE AR, R, BT T
BT 2135, SEOHBEIZL)HEEZD
AR EMSE T4, FFERIRES
ML, SEOZHBMIIG U TLEREE %
YD,

. WERBIHEAEZOBEERT, KGEIFIN
*BRT A, HEREIEEEE ML
L, SBOSERRICHT-5.

(DT SAF)

945 Hfia FHREXIMEED 24 1RO
(BEREED) b THIZLL, #FIEHLE
BOBWPEIZE Y Thzed %,

(f #)

H10% SHEAOEMIZ2ELFEAIE T2, 72720, #
A& PITF 2R,

FA4E E ¥
AEEE2560HMNZERT L72DICLFOH

LR

51145



EEAT).

1. #® &
BRI RROMEIZ LD E L HFEMREE
L, RBFEIIOWTHET . 72,
VBN LARIERRS T2 L
Vb

2. FRZ
FMREIFE LR EHEL, 2EOW%R
R, ZOMAMIERIZET HITH LT
I

3. TS, WHEZ

4. & R
AREIIHEBARE "t il PRI K 5 o A

(The Dental Journal of Health Sciences Un1—
versity of Hokkaido)” % 4F 2 [M31T L, &
BICEAT 5. SREEBEREHAT 52 &8
Wk s, AbilE R RS O P An
TEZ b NG A FRHLEIZ DWW TN E
D5,

5. WFFEHEEI O
AN EIZED 5.

6. ZTHS
EN I N = E L - R NP B A = oy
IZRB 2o THfkS 5. B, EBSL
FEHIFIZHNCED 5.

7. Tt
AREDHBER LT L B 723,

5% & Bt

=

>
ol
.—‘—

i =
Hﬂl

ERBIISBEOMAT LEHE, F
INWAZFHE>TINIZHTA.
SEIIDTOHEY LT 5.

W m =

)

X4 3,000 &% 5 000M

)
Bo
*%‘
A
15

O
1
iy

L 3,000/
VAN ¥:ESS =
234 10,000/ 4E£x# 30, 000
f_ttiﬁ)\xﬁ (E£EB, #aP=EH)
B 3ELL LR L 72HE I LT
HErHRT 5.
mB, FEOHMIZIGL, MEXELE
NT2Z2endhs.
2 AREOSEFHEEIZ1IA1IHEVI2H3IHE
5.
(ﬂnf“ﬁﬁﬂ:>
B13% AEONELRE
DHEFREGFT,
% 672w,

FOE M

=L

HiZowTid, #HEx, FFEAS
BRI io\ﬂ“CxE\ iﬁitfﬂj‘

A

(FHR)
4% REOFFHERIIAFAETNICE <.

(135)

(&
154

#5165

S O > W N

- AREANE
AR TAES AL H XY T 5.
AR 84 A1 H XY ATy 5.
- AKANTPHITAE 4 A 1 H XY Hfrd 5.
- RRENEPR27T4 4 A 1 H X ) AT 5.
o RRENEPH294E 4 A 1 H X 0 AT 5.

49

Rl DeBg)

COEHANZED DL DODIED, REHIOFEMIZ

VLR NBITHFEROREEETHIZED L H D

£ 5.

R OGBEITHEHE S,
SEESEIZHE L 20Ul % 52w,

Bt ]|
WEAI6LAE 8 H 1 H X V) FEfT4 %.

FHRAAOKDER



50

1

2

5

6

[AtmEEE K EFMEE] RRRE
. RIRER

FE, FAE L OISR RGO, ARRAICRS.

(4 BB <)

. ESRENOEE

1) BRRIFEIE, "V v FESOERIIZ27200

TALHEE SRR D KAEE - R bet e p B 22

BROKH /IO DET 5,

NDOBIETHN 2 ECHEE, RED [L T A

- AR ATIEZE D EHEI B X UV RE T B A

BAE] 120, [ Mo/ o - ERFBTIEZE

BT A MBEALZAER] OFETE TERO

EIREC VAR NOR

By FERE, [ B R s R B Y SE B AR
(Regulations for the Care and Use of Laboratory

Animals in Health Sciences University of Hok-

kaido) | 123D &, [bifiE& K- B W) FEBR T

H4 (Animal Ethics and Research Committee) @

BT, HEEERRARORR /LD

9 5.

B, RELGLOWZERRE TIThb N 72iFEIc o nT
1, MRS O M ERERF TRRERHFLLO
E5 5.

. FIEEHER (COI 21T

Belad Bl 2V Tid, REXOED L e
DOFFASNBIT 408t ] 1230 %, HfRkEIZHE
DOHEELZRBT L L LI, FHEMROA LA
XOmwED L IIHFFORNICHLT 52 &, &R
EOREER, AH, HRB RS D 5 a1
LR 5. 20, [HETRECoI
R EXERRLT.
FEL CIEFIAHRL (Ccon) I2BI 2 3REMZHR)

. X DEFERVUAR

1) S oM, JFERIC (Original), fEFIHE
(Clinical report), # @i (Review), f#ii (Com-

ment), Y AT YT A4 v 7 LEx— (Systematic

review), FERRHERET, (Clinical statistical survey) &

5.

L ONE, MOFIATIIZRIER DS DIZRS.
iz, I=La—, REOMEy s

A, BEENEH, AESEEETE, FRBRRLE,

AL e E R T A,

. BRBLURE

1) #hamXid, MEZEHEBIURERZAEZD
THEMRIZIDEGHIND.

2)

3)

2)
3)

(S

ﬁ

2) WEIZOVTL, EHROMRIED SHERAR
MRET 5.
. BTRERSCDIER

1) BehaamCid, BARBREZ 5 N ED S [HH
DFFI& ] \ZHERLTER ST 52 &,

2) PRk, #FK, Frv 7Y ANk, EX
ik (B00FELAIN), A3, £, M X UG
YOMEFIZEF LD 5.

3) HfmEmRE, 28 (GE1#, 2€—-1#) &¥
b F7z, pRERLEZ IO T4 —VEET T

(136)

(20184 3 H10B )

7 A M CHRRER 1 Ze-mail TR T 5

MR SCORTIZOWTIE, FAE LT, #h
(feE) ., Hi: (MEB L OHE), #E &g

ihEm CRSRE), i (WEZGBEOR), O
TR e R N R

4)

5) EXHILDOALIZOWTIX, FHlE LT, Ab-
stract (30055 LLA)), Introduction, Materials and
Methods, Result, Discussion, Conclusion, Ac-

knowledgment (WE7RBE D HA), ReferencesD I
ICRLT2bD L9 5.

Betamm LD~y F—IhEED T, 4l g, S
SR DML LR DD D5 &9 125
T 5.

Ftalks, FEHERDVWERZESIIUNFm L0
BETHLEORFKETNEA—NVTHEETLIDOL
T 5.

6)

7)

7. RIEDMEY 7 ZADIEK

1) fio ¥y 7 2%, HRHER S ITHNICED
L [ BRoTF & | 1CHERL CTERT L2 L.
BED MYy 7 20, fEkLXET 714V
(Microsoft Word) % e-mail CORMCEE L T
HTRERTCTENTLZ L.
A—)VT7 FL A FEHEM
R4 MRS, Rt by 2 X
Tr7ANG IED Ny 7 A, i
FEHL
RO My 7 21, BHAIL Py 7 212D &1
HTO/#HET 5.
RITD My 7 AL, EACTI800 TR F &
WAHI L (BIREN) A N EED). EREICK -
KERZDLEIE, DTN E-> T, FEBY A X
DI - F1 DI ERLO LT H % 500 LT AR
WZHIR S 5 2 &
Bl © AL A1800 AL
(5528% /% 15 35H M)
AIL1300FAEE + B 4 A - &
1o+ - ROFBEAL
(527 /% 15 37TH M)
AILSO0TAESE + B 4 AKX - 3
290+ FNFNDOM - FOFBHL
(5527, /% 25 109H ZR)
A0 TAELE + W B 4 A - 3
12+ - ROFAL

2)

3)

4)

8. IWRRERNXDOKIE

1) B x4 2 FHFRIEREA E LTl me§
5.

2) BAOERGSCIE, HEBIZRFEA 2 VIR ) — B LA
FIEREMNEA8EH AR E§ 2 b D & § 5. (&
A, ERER WAL, BREI) T oL
HIWrS %)

. REBAEFORIT

1) BREROZMAHIE, WEEZRKICHAE LY
EY5.

2) ZHRENDLERGEICIE, BEAVE L7211



SHGEERA A 31T 5.
10. BURIF
1) BEEE, RBY R —ANI0EEEE T 5.
2) AT—HIZ, EEET5,
3) BURPEHZDWTIL, 5058 F TR L, S hur i
T 504 (GOMBHAL) IITEHEDEBAP LTS,
1. BHRE
FOEORFEICEHBE SN FER/LOF»S [
Fim CEI(1M), [EHmLEI(2Mm) % 8UOKRE
5.
BEIRWETEEDIT).
12. EEEDRE
SRIZIRIR X N2 E W O B EHE | 2 A R R

51

WPERIRE TS, AREINOFEEYOLEIE 2
d—#z, Fv b — 7R ECEEICER - 1
W52 Enstizks, 72720, RCONEIZOWT
X, FEDPTRTCOBREEZHES.
13. EFO7O74—Jb (6. BRHRXMEKR 3) BHR)
BRIZEZDTOT 4 —VELTOT, FEEDAS
v THEREEERRNT S L.
14, FROXNBLCFREICHTIHVEDLE
fEFT © T061—0293 AL £ 47 AR 24 BT 4R 7577 H
e SRR - IR - ARB el
tiBEE R AR R R & (REE AIFAM)
Tel : 0133 —23—-1239
e—mail - hisayosh@hoku—iryo—u.ac.jp

BEODT 74N —RELESVICHRGIEICEAY 5158t (20145E 2 A26H)

JeHE B SRR S RS | I IR S D IE IS S 2
CERRITFERR LTI, BEDTITANY —Zlri#ET 572
O, T Ot 28y L 2l bz, £z, BR
FFEEE 2BV TiE, BB L S DITHERE OBt & AL
R L, MREMSICE AV VX EFERPEDE
DT RO % b ISR 2 8T L 2T hid % b
R\,

1. BEOT T ANy —R#EICHT 258

1) K&, Wvr&es, A&, 4= v )V &
LN OFFED T HE & 72 A THHUTFCH L 2\,

2) BEOFEFNIFIL v, 2721, REOFEAY
FTASRRESE IS BT A a0, X (R, ik &)
FCICRE L TRty 5.

3) BHHEORLIIL, FHETLETS.

4) BHEMALMOERERET 5 2 L TREDRE
S LG, DR IERE L 2.

5) MR THZW - WREEZIT TV A5E, Okt
B EPTEHIRLE L eV, 22 L, HEEER S
THETT DR AT R OYEIE, ZORD TldZ%
W,

6) EEEIZIZHELZT 5.

7) AR HIRE ERIERG SICEENLETE, E
Bl % F¢7E T & HIEHITHIBRT 5.

8) LLLoBE % LTy MALKIE SN L TREED &
DEid, BRICHTLFEELZEERN (2138
b L IERBA, REAEETIIRESR) 2614
5.

9) BIHO T X VWL EE, EEHEEL2ITE
f13#% (corresponding author) DR T 5 Jitii% D 1fiy
HEBROKRE 2T 5.

2. A RS fEREET

1) TERRIIZEICRE S 2 fmEtiast | (L4578 ) (P
204F 7 H31HEIE)

2) [EAWFZEIC B3 2 M Bidast | OOty - B A
A CPRi254E 4 1 HYUE)

3) Te b7/ o - BIETHATWIZEIZRS 5 RS ]

(LRt - RSB - RUTERE) CPi254E

2 1 8 HYUE)

4) [EIET-ERERERPIZECR S 5 fh#t ] CCabRl 4
- BB EE) CER204E12H 1 HEE)

5) e baEsiiaz v 2 BRI ICE S 5158 (2
@A) CER254610H 1 HEE)

6) [EAFERAIIEC B B FIZEAHS (Conflict of
Interest : COI) DEBLIZEE T 5 188t ] CFR204E 3 H
31HEA R ERR R UeE)

kb, LRLOIREEES,
LERFIESHT L2 L.

BEEFOHPICER ST

FvI) Xk LBEERASESRERE

b€

BRERES B EERAPEPRMERIERE) BLU BBOTF5IE) SR> 0THEM.
BI—EFTyIL TS,

wEZER
Frvh

[m] BEOTFM—REIET SR> TLET M 2 [m]

EETFIVY FrvyEE

BET A MBS EEETFLTVET N ?

XHRORBMAEZ EIBOFEIZ] ISR>TOEITH?

[RREIZ 280 (186, 2E—180) FRE D HFEICANE
Lih?

RROE—KBICIBHBEREBMSRHSNTOEIN?

FISCRCIE B % (A CB005E LAR) £ IZHIET D
MR FAShTLFETA?
FEIGRXICIEE XS LU ARSI T
WEFA?

AXFORPSIAXBMOESLZOREE, BIDI7O
XiHEABLTETMN?

B, ®R. FEORESIE FERLTHYFT M ?

H. X FEORESLUHALSHYFT M ?

K. &X. FEO@BEASHEAXRBOEMIMNKREE
ShTHYFETM?

EEBLURABHRIERARERATIN?

Oo|(o|ojo|o|o|o|o(o|O|oOo|O
Oo|(o|o|jo|o|jo|o|o(o|Oo|joOo|O

EEOTHLBETFEShTOEIA?

Signature Print Name Tel e-mi Date

NO1

NO2

NO3

NO4

NO5

NO6

NO7

(137)



52

HBEEEXF RS #BOF5(E (20129 6 A0HERE)

REEDEREEF—H72012, [HiaOF5 & ] |2k
WLT, THETSWET LI BENELET.
FEAIZT_XCTA4MEL, TREOHEH1)~7) OF
NT%, 2R LTI S, &FHE mdiErio
LNZBRCIE, FCER A LD 72USB A E 1) — (USB A
EBY =i, AR TRICBEERELLEY) 27U L7
WRER LG E & D IR L TT S,

1) #HRERFRK

2) FrvZ)ARY—k

3) HIbER

4) AL

5) 3CHk

6) X, *

7) RFFHIH
1. BREREEK
FANII U T OFREEZM LB LR LTRLAT S,

1) EfRofiE

2) FH#

3) FEHELBLOTIE

4) ¥F—7—F (5FELN)

5) BUkI% (50EBHAL)

6) Mk (BMHEHFS, AT, EF, e-

mail)
1) &#
(1) —fEEEAFAE L TERL W2 \WiEmsA
W\,

(2) ASCEREIZIE, FATE LTS LSt oRscrz
vz, BICAR—Z2 S & THFELND T
YT MVEMNITS.

(3) EXFBIMLFEONE L —H S5, L
DHARLFE L, MU LFET L. 72,
IZANR=Z L GO TATLHNDORLT v =7
4 PIVERAMTA.

4) FEIITELRY) AW, 72720, LERY
GIEROBNHERS 5. Bk, 2MerL DRk
FLIERED 7w,

73115 e N I O I

2) HEELBLUIE

(1) RADFEILELTIE, HITRLT, HIEHEHO
A RLF LTS (Fl: Akira YAMADA (ilI
H ).

(2) FHHOFED 2 r L EOYEIZIE, PrEO#H
%‘L: D, 2), 3) %1d-bj—é

3) F—U—F

SEEUND ¥ =7 — FEMIT 5. EXDYFIE, *

— 77— FOEHEHOIZ KLFE L, M/ LFes

% (5] : Impression materials, Bone morphogenetic

proteins) .

2. Fzv VAR —b

Fx v 7)) A PRI, BRERZ R 5.
FHEBOYA YY), LR RET 5.

3. BXH®

3007 AN DI 2 41T 5.

(138)

4. KX

1) EfIZA4 AL () 27— F7avwyyiy
Wk atEx LT, FRILTICHS S

* Windows Microsoft Word

AHIZET 3em, £H2.5cm
LFAE12R A~ b
1 H 353 X 2647
1T % 1. 517
A L) &[] (&) 2Hws. EX
DAL, AT EHHT 5.
+ Macintosh Microsoft Word
AHEIELET Sem, A2, 5em
SCEEIX12R A Vb
1 H30— 3537 x 22— 2547
1T % 1. 517
MEeax ] & [ 1(&fA) 2Hws. B0
BialE, AT HAT 5.

2) FERROTERRIZR—VHF T LT,

3) X OBFEHI R, Hw ES), Hik M
BB I UHE), R EE @HERBIUESR),
Fham (Wek), W, SOk, XKo@, MEE§
5.

4) REBLEZHWS L ZIZRONEICIEB%27:C5.

3 =+ 3) =3 —=a—a —(a

5) XHEIL, BEMHEEZRWT, FHET, #Firko
2, OB RIIOEKE T 5.

6) MTET7TIETHTEL, BHALOFFILIS - Z
82028 K U'Z820312H#E 0, [EIBZHLALR (S1) % fEH 5
X985 FIHAIZEY F FEDITF R,
(#] : GHz, MPa, kW, cm, mV, um, nA, pF,
mL, mmol, N (kgf) , K, C, min)

7) FHTHERE, FHIE LT [SCEE A AEESE] 12
HEPT 5.

8) W%, weA e &I, WRERIRY — b T
Wn [y hrdE] &35 EXFTTETEHS
X, PLOLTFORKILTIZT 5.

9) NEDO AN EOBRAAFNLEIE LCRKRE T
5.

10) s#fE L7228 [, ] To% X, REBICHAED
5. (1210, 20, 30C)

1) #ErtoRLEE () NICattaoszil L
LB L OEERr, LR, st e A
e,

Bl (B4, gt ), (S, Shkatts)
(X-3010, H7) (EPMA, HAET)
12) O ALGHT & K AN AT E T 5.
5. Xk

1) ik A Mix, 777Xy ME (A, B--ZJH)
TET 5. F 72K o5 |G T oSk
IZHEvy, RN ZRL#s 5.

B0 BEH (Tzumi, 1999) (FI4R, 1999), 2%
(Izumi & Tto, 1998) (FI%%, g, 1998),
34 L (Tzumi et al., 1970) (FI4R &,
1970), 2#®WLLE (Sato et al., 1988; Izumi,



1999) (fEjE S, 1988 Fl14%, 1999) (Izumi,
1999a, b)
¥ [ 1R[] ofkzilad, HAZOEEE
Gfy, EXOHE A EHEHTS.

2) WHE LTAEL LD D, BIZITRAKRDT—2
RHME SR E LTHIH L 2w,

3) WDOHH LR EE P EBOTE 12 et al,,
flize &9, TOLEHMELET 5.

4) FBBLDPRFR OB E IO BRIZHT O LT
DU, FTEEPEBOGEIRMBEDEZ ORI
&% A%,
¥ EHMO [and | 13RC 5 [&] 2T 2 2 L.

5) WHRORBAEDORERIIKRDEBY) LF 5.

(1) HMEEOY&

FEn (BEoOYE, Kz 1, | TKY
%.). FE-FTEA M- MRS BT
HAR—=2Y OG0 L&D ) | AT,

%1 : Izumi H, Ito Y, Sato M, Karita K & Iwat-
suki N. The effects of inhalation anes-
thetics on the parasympathetic reflex
vasodilatation in the lower lip and pal-
ate of the cat. Am J Physiol Regula-
tory Integrative Comp Physiol 273: R
168—R174, 1997.

(2) BATADL &

1) BB L2L &

5l © Weinstein L, Swartz MN. Pathologic
properties of invading microor-
ganisms.

In : Sodeman WA Jr, Sodeman WA, edi-
tors. Pathologic physiology: mecha-
nisms of disease. Philadelphia: Saun-
ders, 1974, p457-472.

i) WAXZIEBOEZORE

5 : Colson JH, Armour WIJ. Sports inju-
ries and their treatment. 2nd ed.
London: S. Paul; 1986.

i) MEE, BBEEVEEOLE

% : Diener HC, Wilkinson M, editors.
Drug — induced headache. New
York: Springer—Verlag; 1988.

iv) HIfE, MfEAEET, oMt OE

5l © Virginia Law Foundation. The medical
and leagal implications of AIDS.
Charlottesville: The Foundation;
1987.

v) Sl ERErSEII LSS

f : Vivian VL, editor. Child abuse and
neglect: a medical community re-
sponse. Proceedings of the First
AMA National Conference on
Child Abuse and Neglect; 1984
Mar 30-31; Chicago. Chicago:
American Medical Association;
1985.

(139)

53

(3) B EDE
SHEER L pHAEOERE, EL Ak
&, BT AT, GIHNR— Y O Lk
Hh.
B IR RSO — EER ) v
DO L HFHIOWT ~. R R
A 3, BRSO 0 1978, 157 —
165.
(4) FFREO%E
6 (BiRE) &% RFEHER). B4
AT, BIHAR—V O Db .
Bl : Davidge RW ($iARBAE, JHBIZ#EE) @
J 2y 7 AOME LB (Mechanical
behavior of ceramics). FL37 AR © 1982,
34-55.

6. X

1) JRUEA 4/ Git) &L, 1HFoRECT S

2) KEMIZ, MoFs, FEH, FED DL CITmE
DIRE, 1T —FIRlOGEY R 5.

3) MoKEsE, FEPHAE—MIIEEIEVDE
FLWw. R EBY)2EELC KoOKESOH
B CHENEA5 — 68 mm, T T100 — 150 mmiZ 72 %
Iy iHihae—1L, ¥, fEOKRES, Ho
KEG w2 F 2y r$h, BII7REDN Y F
YT RE R b DIZT B,

4) Ho3eiE, WY Bt TAEIFIZE L10-
13 (7-9KA4 1), MOKEIF0.15-0.3
mmiZ7 5 &) R E/ER T 5.

5) KRRIZALHETIEL T 4. —X=TIZ—2DK
HHLWIERETD. IOY A MV RO

(Figure legends) (XD % 773 4 (i 1270
5. K& ELOWAEIT BRGSO 4
IRT 2 &,

6) MXOEFL, BRAAMECHEY EHIZT 5

7) BEIL, A4HOPAICHEY, LERF, RS
G ERTAT L. BEOPARIZ, HUMESON
—THRT.

8) BEOHRHEHD L 40 —HoGEA T 5
B, HELFCIVEAIFETE WL
WKEETAL DI, BEARADLVIZERAD
LIEFICI AL L,

9) FEHLOWEZOOLMO® R &% ¥
5.

10) fim 2 @A 250NN, HWEICE2TICK
FIZANS.

7. R

1) BRI TELERY AN,

2) BE#FEE () Lz l, BEXHE
DIRIE % W) 5 72D IZHH 2 AL 5.

3) FEPELFTOLFITEIHLOAEZ KLTIC
L, ZNLRIINLTETEH L2 LBSIEZO
PR TlidZz v,

4) HA & COXREIEIFR TSk —73 4. HAL
(unit), P39 (mean), 1E#E{FZ (SD)



54

(Bl )
Table1 Mechanical properties of specimen
Speci Tensile Elongation
pecimen strength Mpa %
A 500 (20) 10.2 (3.3)
300 (15) 5.4 (2.3)
() :sD
x1 ABOIFMEE
- 5 15RoH S oy
v Mpa %
A 500 %20 10.2+3.3
300+15 5.4+2.3
g = IR
8. Tt

RHELR S [HEBROTFHE ] ICHEI R TV
WHIEIZOWTIE, WETAESIIBIHAQT S,
BEOTHE, BRHE Fzv 2V AT 74

Vit, Fs—2<=7 (http : //www.hoku-iryo-u.ac.jp/

~dental-society/) 75 ¥ 7 u— FHRFE T,

(140)



tipEERARFEHERRE &

55
timE

EREAZEZRBIOZEMAS—REEFED KA
FITEEMAR - FRINFHFSRELOVICHBERZRERLXT.

HEE D SPER314E 3 H16HMW)  FATLI0MEE
Y

At
TAT 145 128

P 5 EE (TE)
LB EFEREARET T 54 P F v 23R
Mg XA 4 4765 T H (FERG : 011-223-0205)
TGRS

E AT

[ERIEMFEDET T 545 HOES - B ()
- AoE

S PN P

SCERH AR R IR R B IR A 71 7T Ay

HE - PREAHRE
AR | 3142 H 1 HE) 298

PWEER T REOERBRERERESW LS.

ek« AR LA E#E (tnezu@hoku-iryo-u.ac.jp) ZEFELTTEW
FRNE LT, [A—aE - BB 5 23T TE L ET.
R LRAMREEE D) 33X TBERER A AR R BB LR BICRY 4.
T2, GHEEOHOZEBIE (5,000H) bHH 5

RRAT7 1M FREHRE R
JEIER © P p314E 3 A14HR)

171
FRATA FECD-RIZIRAF L, FRNZEAME L#0T (RE) FTIRST IV,
FARETE R WITIEIEE L M E TR L

THE TREMEL TF S W,
o, HEE

FEEMB (A7 4 FHEITR) 2LEE SN HIEITHEETFRE BEVL LT,
FEFIA TR0 [FER T

6% 3431 (F5E)
ZEF121E, SPC (OS @ Windows 7 Power Point 2010) % fi/H L 4.
Mac PCIZCHEEKE THLED HIZTEHH TPCO T O T % BV L 7.

(141)



56

tBEEREAYEYS HWRERERER

MS-Wordf2zX (A4 # X, BAEAF, 12p, ®EETAAOMmM) TR

. A

. REHERG HEOHIIOME DTS,

LR BERFOMEN 20U EOREE, By () THEZKBIT S,

AR —gEROYE [HE), D] [WRB X OEE] M

AR HERBEROYE [Hm], BEF] [RBIUEZ] 503 [Es L U0EE]

(&2 B O N

free odgEc- - BIRIZDOWT
Ofamzsa!, - - - - - o TEEARRY, PHRIEA
bHEE SRR AT RS - BRAESE R N R A B
PRAd Ao B
(Bm] - - -
(7] - -
(RE] - -
(G IR

X)) FZEHER (COI) DELITDONT

I L €, RESCEMNEERZLR &0 488i% R Z I 25682 T A FELD LGEIITHET L4
o 9. MO EY BE L (ESHPESWE FIsMKBREESR), BRFICFIRMENR O A &% 8~
TLZE W,

* RE (BIBEEMAR) &), BEFERHIIHPOAICTREWVWALET.

FEFE - WECE T 2 EE - AL

el E R TR RIS - AR AR Lo
3T MRS HER - HEE S (E-mail © tnezu@hoku-iryo-u.ac.jp)
T061-0293 AAFHR 4 BIHT 4R 1757 7 1y

TEL : 0133-23-1386 (¥ A YV A ») 3223 (N

FAX : 0133-23-1386

(142)



57

w5 ®&

il
cu

018D MR 2, FRRICB2NE L CIEHEE - IIRIECICHRIEEICB W TSIt HA 2 BEI Lo L &
BRELWALEY. REED, JbEERERFE AR SCEOBRBIEICBIC L, @wXofbt B & 21
W EF LA O ZHRIHINCECEHE L L E Y.

WESE20184E1L, 2 HOFEA ) v ¥y 7 THEL LS EZYN T L2 PEKEREFOLY) v Ey ZHBIRES N
LHEABRFORIERICHAFASBIEL F L7, LEEICBNTS, Y Y Ev 7 ICBbbky P EIHKRE
L7z, HCd, BETFHEEICLL 27— Jx /80 F =B LETFH = v RO A T VEEOREL,
HEERCICBER DT 2ZETLE). 20—FT, 9 HICIREE215 & Ab#EE R = AR Tos 2k L
JEHEEMICKRERTUEZFREL L7, SROHARKEEICI DV BESNERIILO 2O BREVHL EFEFdE L
12, —HORWHEEZ B ) WAL ET.

EC, RS TIERE LM, FEERLAM, ERHRSE IRELORED MYy 7 A 2MoHEfEd wiz2&F Lz, ABH
&, O BREIETEHR S5 O Tubayesha HassanZGAE 12 X 2 FBIEGEICH W O LA BEEMEHIBET 2R TH Y, HFED
AR OO EE LWERDFHICAA SN T E§. LI, Enrique Ezra ZUNIGA-HEREDIAZ:A:  (BiEHG
EE50HE), SHBTERSeE (BRI R R0 E), Al Edded (FEETE ORESVRIE55) 3 ONSARBIERE A OF
BRI LWAEE 7 ) =y 7) ICXk 28Ty, F72, JEREES EERIVERES 5% O Durga PAUDELSEAE 25,
WD MYy 7 A3 EFIERRICED S A v b aEEE AR L TR L T 72wn v 2 BRI e A (R
FEREE) 12X AHETYT. WIFNLEDTHOLET, AR IIBEEDET ORI 2 ) 3 —F ORI PR &
NTBY, 5HOEREZOS SR 8EIHHFINET.

BUE, RFEARSROWAREALED TRINICED, REOMEFR (V) 77— 9 VRS 20 OmFHES:
B by 7 AR L WMAEEEEEOREIC OV TR LA 5THAMEITH T3, I bid, RiEx S 5I0HH L
B eI, HEHEFORR - MR & 52 2K E 2N OEFEME Z L { FEBRFEFICRE ST UTEN
HYFHA. WG (BE38%E 175, 20194 3 ASIHHY)) DIBED MFMED S LR TREIIHED TV EWEESTE
DNEFTOT, B LI TEREIMNIZEVET LI EIDLIA LI BHVWLET. #HierE5 202 520195
BHRICEoTELEIDOI LV ETLIIBHDLET. (A D)

g (BE38%, %5 17) OFEFTIZ20194FE 6 H30H T .
BARERSEE OO ) 1320194F 3 A3IHLE L H L . MHEKTFOLE ITHRBZBECL I, R
BLEIL, 20184E5837%, 2 50DERE TS Z3 W,

(143)






e 111 e i
EREE ARM /\RTE\/ 2 MEDICAL LiIGHT AIR

ey 23 a

NRB1-2Dfi%HEIEDD & DIT
ZYV—=T—AL-THHTFTOHHED
EFEFhTV0EI,

O & T + | o

ATFTAALSAEITT
BERER—SEFIBH

o O T E N X HE

(o A 4] —
&= I R T158:0087 =R# HHAK T2 12513 &
BeWNBiBE &2 B % 3 % E %*iﬁmtiﬁi:' o 0B-3703558 1 fox. 0337051760 e384 tokyogiken com

HISH HLRAT AL SR

www.medical-1081.com




Spacy Articulator. (Seml-Ad|ustable) Wing

ZRAE - ﬂx‘:%%a (flquEn) '?4/7

1 PARTNER OF
R B Nz,

SINCE 1948

‘With the utmost care, and the most
advanced manufacturing technology,
our innovative products are designed
and produced !

KOXWEE &
W 5MZERDT

BARALAN—Ic&k Y, EESORSN LABETY . [14£]

THEIL—LDBEARR—ZHNEVDT. FEXALPT L BEoTVET ETEZ L—LMzEE 100m
¥t YDM EEBEMOLLR. KABARA~EE LY 5B TS, R 2 o
TF114-0014 FR#ILE Mif6-5-20 BREREHSITLTH, LESOINFOREICIYRELTEITET . 15!@%%355 ¢ M) 0~30° (5 )

wostesseoruss 0 1ELO3-3828-3161 FAX03 -3827-8991 5 | L L
R httpiliwww.ydm.co.Jpl 20 - BB ENRATES T L— MOLTET, T .
EREERLES 11B1X10
i

205
EEEEAE

BIETZS! .- ik =
EREHABERE zEtuh MHIED/NE—> - REWZZ D!

ot
o
o

-——

202V P— GS-I
7 GS-1 tvB—FvF

(FIWI-RZHEII)

23T Y— GS-1 —RERHES HERTEEERKE 13B1X00155000268 MSHRTTIT Hralatt: REMRIEDCEBE] 768 1S
E—VavEIrU—F— V-1 BEREERKES HERTEEESME 222AFBZX00130000 MSHRGET Hatt 7Y IER RREREAMITHOE 1S

- =L =Y = P = =u_= P = 5
s ML =2 memn RRAHE -2 — ) memar RS T I BERIEE
ERENREABITEE 145 ERERIEEE A 76 % 1 5 SRBNREABITEOE S
DIC GYIA YT A—vaversd—) - 415 9:00a.m.~5:00p.m. (1. HER. RH=ZHRL) H
omeneinoeomin oo BERED 88.0120-416480 505 5 ok maossmanLes, WWW.gcdental.co.jp/
%X 5 @FR (03)3813-5751 @XMk (06)4790-7333 E%PT @1LiEE (011)729-2130 @it (022)207-3370 @ZHE (052)757-5722 @Al (092)441-1286
HBEOEE. 201 8F 0 AREDODTT  HREDL RIS B3 BRODFEG<EET STENBOFI DT, TTAIZEN




One Point

12/ EE T T & (zro0E—5-)
BERFERITDTE.

EFryITERLTW kb Z/ER !
02957 —I\—THAT-HRFOEIRDATFE!

Surgical Burs New MZB*

Y—IAhILIS— === 2 500m

- q I T321-3231 HARTHEHERTETE-3 BRI 5 0951 X 00006003010
e ® (7> 5)LE%] Tel:028-667-8591 / Fax: 028-667-8593 CRERRE RIS ERAS A EA

MANI,INC. T=—tatt Exp.Sec./Phone:028-667-8592 Telefax: 028-667-8596 URL: http:/www.mani.co.jo BfE x=—h—sso ke



Thinking ahead. Focused on life. MORITA

Signo 1600

20 ) DIICISEEDIAE D e

SignoT500(&. Studio F-A- Porsche DT 1 >/ H
BFRE. EUSDTOT T vy at)UisKeEz
BENICAELCVE T, AN e. &
. fligfETCIRbo et EFIF. T o /0
I—EREDHEZDDD, SHICEZEAY
THURME, BHBABIZZ®CTRD
FERETZLTVE T,

Debut

Design by STUDIO F-A-PORSCHE




2
=
S
/H
p

=3 N
SFOoA R B OB O

(74 7 %))

ALHEE AR RS B3TE 2w
T

*PI304E12 31 H
v W o& E Hl
LTI S A3l S - PN S

T061-0293 b &E £1 47 FR 24 BIHT 4R 17577 #i
Je it R
% 0133—23-1211(#2563)
Bak/FAX 0133 —23— 1345 (i)
A=NVTFVA @ iryo-ds@hoku-iryo-u.ac.jp
L
EIRD 1 = B ER AR A 4L
ABRHEX=EOR]1 &4 THI6E 1 5
i 011(661) 7163 (f%)




Vol.37 No.2 DECEMBER 2018

Dent J Health Sci Univ Hokkal

The Dental Journal of Health Sciences University of Hokkaido
VOL.37, NO.2, DECEMBER, 2018

CONTENTS
REVIEW
1 A Review of the Strength Properties of Currently Available Adhesive Systems used in Orthodontic Practice
Tubayesha HASSAN, Preena SIDHU, Md Riasat HASAN, Takashi SAITO -wereereererrereeeeee (87)
ORIGINAL

11 Dental efforts in a special elderly nursing home : Oral Assessment Guide (OAG), intraoral situation,
and change in the number of fever days
Masayoshi AKANUMA, Hideki MATSUBARA, Mitsuyo MATSUBARA, Masumi MURAMATSU,
Yasuhiro NAK ANISHI, Yukito HIROSE, MOrio OCHT wrrrrrrrererree e (97)

17 Study of preoperative simulation of oral implant treatment by 3D FEA
Masahiro ISHIKAWA, Naoyuki MISHIMA, Yasuhiro NAKANISHI, Yukito HIROSE, Tsuyoshi SHIMO,
Hiroki NAGAYASU, MOTIO OCHIL  tvrerrerreeeee ettt <103>

23 Development of bacteria measurement system aimed at rapid quantification of periodontal pathogenic bacteria
—Experimental study on measurement of bacteria by QCM method—
Kenro KANADA, Takashi NEZU, Takashi KADO, Hiroshi MIYAKAWA, Futami NAGANO-TAKEBE,
Yukl ICHIOKA' KaZUhIkO ENDO’ YaSuShi FURUICHI ............................................................... (109)

35 Slot Tolerance and Frictional Resistance of New and Recycled Self-Ligating Brackets
Enrique Ezra ZUNIGA-HEREDIA, Noriko MURAYAMA, Ricardo ONDARZA-ROVIRA,
Roberto JUSTUS-DOCZI, Rogelio SCOUGALL-VILCHIS, Masahiro ITJIMA - ««c-eeeeereereeremeereeeeee. (121)

CLINICAL REPORT
41 Treatment of Burning Mouth Syndrome using Anti—-Anxiety and Anti-Depressant Drugs : A Case Series.
Durga PAUDEL, Masafumi UTSUNOMIY A, Koki YOSHIDA, Bhoj Raj ADHIKARI, Puja NEOPANE,
Sarita GIRI, Jun SATO, Hirofumi MATSUOKA, Michiko NISHIMURA and Yoshihiro ABIKQO -«+++-+-- (127)

DENTAL INFORMATION
A7 RECEIELOPICS ++++w+++eererreressmtets ittt ittt (133)

Dent J Health Sci

Univ Hokkaido
Vol. 37, No. 2, pp. 87- 143

DECEMBER 2018




