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Biological Reaction of Periodontium to Alteration of
Occlusal Load by Occlusal Buildup

Peerapong Santiwong* Busayarat Santiwong**

Abstract

Objective: Despite extensive clinical use of posterior composite buildup to single tooth, the potential of
periodontal ligament adaptation to the occlusal overload by the appliance remained to be clarified. The purpose of
the present study was to investigate the reaction of the periodontal ligament to alteration of occlusal loading by
posterior raise bite with resin composite buildup. An experimental model was used for investigating periodontal
reaction to occlusal loading created by unilateral raise bite in vivo. Methods: The occlusal surface of the maxillary
left first molars of rats was elevated by resin composite in order to induce unilateral occlusal raise bite. The
morphological change of the periodontal ligament of the tooth opposing to the bite raising was observed and the
number of TRAP-positive osteoclasts in the area was also evaluated.

Results: Following the overload of occlusal force to the lower first molar, the periodontal width was
significantly decreased from 12 hrs. to 3 days after treatment, but returned to normal level at day 7. At day 3,
prominent compression of the periodontal ligament and osteoclast migration were observed at the inter-radicular
septum. Conclusion: Our model was useful for the detailed investigation of periodontal ligament adaptation during
increased occlusal loading. Although an increasing of TRAP-positive osteoclast number was transiently found at
the inter-radicular septum, it seems that there was no obvious sign of periodontal destruction thereafter.

Key words: occlusal buildup « osteoclast « periodontal ligament o rat ¢« TRAP
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Introduction

Some kinds of malocclusion, such as anterior
crossbite, deep overbite, or posterior scissorbite, cannot
be orthodontically treated successfully without
increasing the vertical dimension. Anterior and
posterior bite-raising by various appliances is often
performed during orthodontic treatment in the primary,
mixed, and permanent dentition."” Removable bite
plane has been commonly used as an appliance for
bite-raising for many years. After insertion of the bite
plane, occlusal surface should be ground so that
the opposing teeth are evenly contacted to prevent
the traumatic occlusion. Recently, the advanced
development of materials in adhesive dentistry has led
to extensive use of temporary bonding material buildup
on the occlusal surface of the individual tooth to
establish the un-occluded condition.** However, the
possible risk of damage to the periodontium produced
by increasing occlusal force to single tooth needs to be
clarified.

The periodontal ligament is known to function
in absorbing mechanical load to the tooth such as
occlusal and orthodontic force. Even the periodontal
ligament consists mainly of collagen fiber, it contains
also various kinds of cellular and neuro-vascular
elements, which gives it a highly adaptive response to
mechanical loading.®” Active remodeling of ligament
fibers and surrounding alveolar bone occurs in the
ligament in response to occlusion and physiological
tooth movement. However, some animal studies
revealed extensive and prolonged periodontal
destruction with excessive occlusal load.®?

The purpose of the present study was to
investigate the histological changes in the periodontal
ligament during alteration of occlusal loading by resin
composite buildup to a single tooth and to clarify
whether osteoclasts or cementoclasts would appear in
the periodontal ligament upon intermittent mechanical

loading in vivo.

Materials and Methods

Experimental model

All animal experiments were reviewed and
approved by the institutional Animal Care and Use
Committee at the Faculty of Tropical Medicine,

Mahidol University prior to the experiments (approval
number FTM-ACUC 002/2007).

Thirty male Wistar rats, 10 weeks old (350 -
400 g), were examined in the present study. The rats
were anesthetized by diethyl ether (Wako, Osaka,
Japan) and the occlusal surfaces of the upper left first
molar were raised by approximately 1.0 mm using
flowable resin composite (Filtex™, 3M ESPE Dental
Products, St. Paul, Minnesota, USA) (Fig. 1). Five rats

served as the control group.
Tissue preparation and histomorphometry

Twelve hours (hrs.), 1, 3, 7, and 14 days (d) after
inserting the appliances, the rats were deeply
anesthetized with diethyl ether, followed by an
intraperitoneal injection of sodium pentobarbital (25
mg/kg bodyweight) and perfused transcardially with
4% paraformaldehyde in 0.1 M phosphate buffer (pH
7.4). The mandibles ipsilateral to the side of the
treatment were removed and further immersed in the
same fixative for an additional 12 hrs. at 4°Celcius(C).
After fixation, tissues were decalcified in 5% ethylene-
diaminetetraacetate (EDTA, pH 7.4) for 6 weeks at
4°C and embedded in paraffin according to standard
protocol. Mesio-distal serial sections of 5-um thickness
were prepared and stained with hematoxylin-eosin.
Under light microscopy, histological sections were
subjected to digital image analysis according
to the method decribed by Kaku.® Briefly, the
periodontal ligament area and the length of cementum
facing the periodontal ligament at the inter-radicular
septum were measured. Representative sections from
each animal were selected for the analysis (three
sections per experimental period). The average width
of the periodontal ligament at the inter-radicular
septum was calculated as follows: average width of the
observed periodontal ligament = area of the periodontal
ligament/length of cementum facing the periodontal
ligament. Means and standard deviations were
calculated for each experimental period. These data
were compared across the experimental period using
one-way ANOVA followed by a Tukey HSD multiple
comparison test (p < .05).

Enzyme histochemical staining for TRAP

Mesio-distal serial sections of 5-um thickness

were prepared and histochemical demonstration of
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Fig. 1

Photograph demonstrated the method of experimental bite-raising induced by filling the resin (approximately 1 mm in height) on

the surface of the maxillary first molar (M1) and the occlusal condition of control (a), 1 day (b), and 7 days (c) after treatment.

Note that the maxillary second molar (M2) and the maxillary third molar (M3) were in non-occluded condition even after 1 day

post-treatment (1b), but contacted with opposing teeth again from 7 days after treatment (Ic).

TRAP activity was performed according to the method
of Burstone.!” Deparaffinized, rehydrated sections
were preincubated with 0.1 mol/L acetate buffer (pH
5.2) for 1 hr. at 4°C and then incubated with 0.1 mol/L
acetate buffer (pH 5.2) containing naphthol AS-MX
phosphate (Sigma, St. Louis, MO) as a substrate, N-N'-
formamide, Fast-Red Violet LB salt (Sigma) for color
reaction, and 50 mmol/L (+)-tartaric acid for 10
minutes at 37°C. The sections were then washed in
distilled water and were counterstained with hematoxylin.
Morphological changes of the periodontal ligament and
its surrounding tissues were observed at the inter-
radicular septum under light microscopy. TRAP-
positive osteoclasts in a 250 ym square region were
counted for each experimental period.

Results
Morphological observations

Macroscopically, only the mandibular first molar
was contacted with the resin composite buildup
immediately after experimental bite-raising, while the
second and third molars were out of occlusion (Fig.
1b). However, due to gradual eruption of the second
and third molar, the infraclusion of the mandibular
first molar was observed after 7 days (Fig. 1c). No sign
of inflammation was observed at the gingival tissues
around the respective teeth throughout the experimental
period.

Representative histological observations are
shown in Fig. 2. In the control, the periodontal
ligament maintained a constant width and main fibers
ran across the cementum and the alveolar bone in an
orderly manner (Fig. 2a). A thin layer of acellular
cementum was observed around the root furcation.
A few osteoclasts characteristic of bone remodeling
were observed at the inner side of the alveolar bone.
Apart from the observed area, a large number of
TRAP-positive osteoclasts were detected on the alveolar
bone surface facing the distal aspect of mesial root
(data not shown). Blood vessels in the periodontal
ligament were localized mostly on the alveolar bone side
and proximal to the blood vessels in the alveolar bone.

Twelve hours after the application of the
occlusal loading, the periodontal ligament was
compressed at the inter-radicular septum, and
periodontal ligament fibers ran almost parallel to the
cementum (Fig. 2b). The width of the periodontal
ligament became irregular and relatively narrow
in some areas. Blood vessels were moderately
compressed and blood cells could not clearly be
identified.

On day 1, the periodontal ligament was still
compressed. The periodontal ligament fibers ran
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a b

c d

Fig.2

e f

Mesio-distal sections of mandibular first molar at the inter-radicular septum stained with hematoxylin-eosin. (a) Control:

periodontal ligament had constant width, and fiber arrangement was in order. (b) 12 hrs. : periodontal ligament became narrowed,

and fibers were compressed. (c) Day 1: periodontal ligament still narrowed, and fibers ran obliquely. (d) Day 3: more osteoclasts

were observed on alveolar bone surface. (e, f) Days 7 and 14: the width of the periodontal ligament recovered to the control level.

(AB = alveolar bone, T = tooth, arrow = osteoclasts, Bar = 50 pm)

Table 1 Mean changes of PDL width

45.¢ Means with the same letter superscript are not significantly different (Tukey’s HSD test, p < .05).

obliquely to the cementum at the inter-radicular septum
(Fig. 2¢). No osteoclast migration was observed at the
inter-radicular septum, adjacent to the compressed
tissue and alveolar bone. There was also no
cementoclast on the surface of the cementum, despite
compression.

On day 3, the prominent compressed areas
became wider. At this stage, some osteoclasts were
observed in the alveolar bone at the inter-radicular
septum (Fig. 2d).

On day 7 and day 14, the width of the
periodontal ligament recovered to the control level, and

6

the arrangement of periodontal ligament fibers was
almost the same as that of the control (Fig. 2e, 2f). The
number of osteoclasts decreased to the control level.

Periodontal ligament width

Mean changes in periodontal ligament widths
and standard deviations are shown in Table 1. The
width of the periodontal ligament was tremendously
reduced at 12 hrs. and remained significantly smaller
(p < .05) until after day 3. At day 7, the periodontal
ligament width became almost the same as that of the
control.
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Table 2 Average numbers of TRAP-positive osteoclasts

Experimental period
Control
12h 1d 3d 7d 14d
Number of OCs 1.34 0.00 0.00 243 1.49 1.33
SD 0.78 0.00 0.00 0.42 0.60 0.90

OCs: TRAP-positive osteoclasts

The number of TRAP-positive multinucleated
cells

The average numbers of TRAP-positive
osteoclasts at each experimental stage are listed in
Table 2. In the control group, a few of TRAP-positive
osteoclasts were identified in the observation area.
Osteoclasts were hardly seen in the compressed
periodontal ligament 12 hrs. and 1 day after treatment.
However, slight increase in the number of osteoclasts
was found only at day 3 after treatment. On day 7
onwards, the number of osteoclasts was decreased to
the control level.

Discussion

The histological changes of the periodontal
ligament upon alteration of occlusal loading, along with
the appearance of TRAP-positive osteoclasts, were
investigated herein. Although the effects of excessive
or increased occlusal loading, including the underlying
mechanism of bone and/or root resorption, have been
relatively well defined, the possibility of periodontal
tissue destruction due to posterior resin composite
buildup to a single tooth remains to be clarified.

In this study, we used an animal model for
simulating clinical situation of bite-raising by resin
composite buildup to a single tooth. After bite-raising,
we found that the second and third molars were in non-
occluded condition. Thus it is reasonable that all
functional occlusal forces might transmit to only the
lower first molar, resulting in immediate reduced
periodontal width followed by osteoclastic bone
resorption at inter-radicular septum. However, gradual
eruption of second and third molars and possible
attrition of the resin composite bite plane led to
complete recovery of occlusal contact which was
evidenced by infraclusion of the lower first molar at
day 7 post-treatment. This is confirmed by histological

observation at the same stage, the number of
osteoclasts and periodontal width returned to normal
levels at 7 days onwards. Although some previous
studies®” showed greater destruction and no recovery
of rat periodontal ligament, our study demonstrated
minimal destruction and quick recovery of periodontal
ligament. This contrast may be explained by the
difference in the height and material used for bite
raising. In their studies, steel wire was used, so the
recovery of occlusal contact should be in slower rate
due to the hardness of the steel wire.

Apart from periodontal disease by dental plaque,
occlusal trauma is thought to be one of the etiologies of
periodontal tissue destruction, including bone
resorption. However, occlusal trauma alone causes only
reversible bone resorption but not periodontitis.!!:!?
Altogether, our findings show that occlusal overload
induces transient and reversible osteoclastic bone
resorption at inter-radicular septum of the tooth
opposing to posterior resin composite buildup, but does
not cause any extensive root resorption. Furthermore,
the results of this study are in accordance with the
results of the studies where the finite element method
was used, suggesting the dominant role of the
periodontium in adaptability of tooth when subjected to
mechanical load.""> However, prolonged usage of the
bite-raising appliances should be avoided, since several
reports have shown that alteration of mandibular
position, head position, posture, mandibular length,
mandibular growth and chewing pattern would occur
after long-term raise bite.14!”)

Conclusion

The present study has shown that increased
occlusal force induces temporal histological changes in
the periodontal ligament of tooth opposing to the
posterior composite raise bite. Such abnormalities



WIIA FUANA uasane

2 9ua oAl T 8 2552

comprise decreasing periodontal width for at least 3

days following bite-raising and transient inter-radicular

bone resorption. However, they become undetectable

once an adaptation of the tooth and surrounding tissues

are established.
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Comparison of Shear Bond Strength of Brackets Bonded to Enamel using
Halogen and Light Emitting Diode (LED) Light

Ekachai Chunhacheevachaloke* Kamolapatr Janyaprasert*

Abstract

The use of LED light has become an alternative source for bonding in orthodontics. The purpose of this
study was to evaluate the effect of halogen and LED light curing units (LCUs) on the shear bond strength of
orthodontic brackets bonded to tooth surface. One halogen LCU (Optilux 501, SDS Kerr, Orange, Calif, U.S.A.)
and two LED LCUs (Elipar FreeLight2, 3M ESPE, St. Paul, Minn, U.S.A.; L.E. Demetron II, SDS Kerr) were
evaluated. Ninety metal orthodontic brackets were bonded to extracted human premolars and the specimens were
divided into 9 groups. Each group was cured with one of the three LCUs for 10, 20 and 40 seconds. Shear bond
strength of brackets was measured on a universal testing machine. Adhesive remnant index (ARI) was determined
after debonding the brackets.
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Using two-way ANOVA, significant differences among the effects of light type and cure time were observed.
The curing light from halogen LCU of 10 seconds yielded significantly lower shear bond strength (p < .05). For the
20 seconds of curing period, halogen LCU showed significantly lower bond strength than that of Elipar FreeLight
2 (LED) only (p < .05). For the 40 seconds of curing period, no significant differences were found among all
groups (p > .05). The high power LED LCUs and halogen LCU produced equivalent bond strength at 40 seconds.
However, for the curing period of 10 seconds, LED LCUs showed a better performance. The new comparatively

inexpensive LED LCUs seem to be an alternative to halogen LCU for bonding orthodontic brackets.

Key words : halogen  LED e shear bond strength

Introduction

Direct bonding of orthodontic brackets to
enamel has been in practice for over half a century.!"
At present, commercially available orthodontic
bonding materials are either chemically-cured or light-
cured. While chemically-cured adhesives render better
bond strength®, it will take 24 hours to reach the
maximum strength. On the other hand, light-cured
adhesives achieve acceptable clinical bond strength
which permits immediate wire placement and loading
of brackets.®) Their other advantages include ease of
use and sufficient time for bracket positioning.*

Tungsten-quartz halogen light curing units have
been conventionally used as the source of visible light.
A limited part of the halogen light spectrum is useful
because the absorption spectrum of photoinitiator
camphorquinone (CQ) is comparatively narrow.
However, several shortcomings are associated
with halogen lamps. For example, their power output
is less than 1% of the consumed electric power.®
Additionally, in order to achieve sufficient bond
strength when bonding brackets with halogen lights,
a polymerization time of at least 20 seconds per tooth
is required due to the low power density of light
sources.”® The increased chair time for light curing a
full arch causes inconveniences to patients and
clinicians.

At the turn of the century, a self etched primer
(SEP) has been introduced to reduce steps in
conventional “etch and rinse” bonding approach® and
thus lessens chair time and increases cost-effec-
tiveness.!” It was found that the shear bond strength of
orthodontic brackets bonded with SEPs was similar to

those with conventional acid-etch technique.!”

10

Furthermore, several attempts have been made
to reduce light curing time without compromising
bonding efficiency. Those include plasma arc curing
units. However, their cost is high compared with
halogen sources. Most of them are heavy and bulky.'V
In 1995, Mills er al'® first described light emitting
diode (LED) lights for resin composite polymerization.
They offer several advantages over halogen lights.
LED curing units require no filter to produce blue light
as their spectral output falls within the absorptive
region of camphorquinone, the common photoinitiator
used in orthodontic bonding adhesive. They are also
resistant to shock and vibration and take little power to
operate.'? Besides, they generate minimal amount of
heat and their diodes are long-lasting.!’ As LED LCUs
are increasingly available in the market, it is interesting
to verify if they work as well as or better than halogen
LCUs.

The purpose of this study was to compare the
shear bond strength of orthodontic brackets bonded to
human premolars with a halogen light curing unit and
two types of LED light curing units. The null
hypothesis tested was that there was no difference in
shear bond strength of orthodontic brackets bonded to
enamel either with halogen light curing unit or LED

light curing unit.

Materials and Methods

A total of ninety extracted premolars were
collected and stored at room temperature in distilled
water mixed with thymol crystals to inhibit bacterial
growth. Exclusion criteria included the presence of
caries, restorations, enamel defects and abnormal
cracking. The teeth were randomly divided into nine
groups of 10 teeth and embedded in acrylic placed in
Polyvinyl Chloride (PVC) rings. The specimens were
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Table I Mean shear bond strength and S.D. in MPa and the result of Tukey post hoc tests

Halogen LED
Type of LCU
Group I (Optilux 501) | Group II (Elipar Free Light 2) Group III (L.E. Demetron II)
Curing period Mean S.D. Mean S.D. Mean S.D.
10 seconds 7.16 1.97 8.63 0.57 8.87 0.54
20 seconds 8.95 1.74 11.68 1.85 10.34 1.42
40 seconds 10.02 1.81 12.03 1.82 10.25 1.95
Post hoc tests
I-I1 I-III  II-IIX All samples were thermocycled between two water
Curing period at 10 seconds * * NS baths containing distilled water at 4°C and 55°C,

Curing period at 20 seconds * NS NS
Curing period at 40 seconds NS NS NS
Type of LCU * * NS

*significance (p < .05) NS = not significant (p >.05)

kept in distilled water at all times except during the
bonding and testing procedures.

Before bonding, the teeth were cleaned and
polished with pumice to remove soft-tissue remnants
and debris. Except for the light activation by LCUs, a
premolar bracket, Gemini (3M Unitek, Monrovia,
Calif, U.S.A.), was bonded on each tooth. Transbond
Plus Self-Etching Primer (TPSEP) (3M Unitek) and a
light-cured adhesive, Transbond XT (3M Unitek), were
used in all specimens. The activated TPSEP was rubbed
onto the enamel surface for 3 seconds and lightly air
thinned. Each bracket was bonded to enamel surface
with Transbond XT light cure adhesive paste. Excess
resin was removed with an explorer before it was cured
with following procedures:

Group 1, 2 and 3: Each group was polymerized
by a halogen LCU, Optilux 501 (SDS Kerr, Orange,
Calif, U.S.A.), for 10, 20 and 40 seconds respectively.

Group 4, 5 and 6: Each group was polymerized
by an LED LCU, Elipar FreeLight 2 (3M ESPE, St.
Paul, Minn, U.S.A.), for 10, 20 and 40 seconds
respectively.

Group 7, 8 and 9: Each group was polymerized
by an LED LCU, L.E. Demetron II (SDA Kerr), for 10,
20 and 40 seconds respectively.

The cure time for each activation was equally
divided on the mesial and distal wings of the bracket.

with 30-second interval between cycles, for 24 hours.

The brackets were debonded with a shear-peel
force exerted parallel to the bracket base using a
universal testing machine (Instron, Canton, Mass,
U.S.A)) in an occluso-gingival direction at a crosshead
speed of 0.5 mm/minute. The force in Newton unit was
recorded for each specimen and divided by the area of
the bracket base (10.58 mm?) to obtain the shear stress
value in MPa.

Results

The mean shear bond strength data are reported
in Table I. The results of the 2-way ANOVA are also
presented in Table I. The 2-way ANOVA found
statistically significant differences among the main
effects of light type (p < .001) and polymerization
time (p < .001) but the interaction was not significant
(p > .05).

The Tukey post hoc test was performed to assess
two factors, curing period and LCU type. For the
curing period of 10 seconds, Halogen showed signifi-
cantly lower bond strength than the other two LEDs,
which were not statistically different from each other.
For the 20-second curing period, Optilux 501
(Halogen) showed significantly lower bond strength
than that of Elipar Free Light 2 (LED) only. No other
statistically significant differences occurred. For the
40-second curing period, no significant differences
were found among the three LCUs. For the type of
LCUs, Optilux 501 (Halogen) was inferior to Elipar
Free Light 2 (LED) and L.E. Demetron II (LED).
However, there was no statistically significant
difference between the two LED LCUs.

11
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Table II Frequency distribution of the Adhesive Remnant Index (ARI)

Group Curing period (seconds) ARI n
1 2 3 4 5

10 6 1 3 0 0 10

Optilux 501 20 6 0 4 0 0 10
40 6 0 4 0 0 10

10 8 0 2 0 0 10

Elipar Free Light 2 20 6 0 4 0 0 10
40 3 0 7 0 0 10

10 7 0 3 0 0 10

L.E. Demetron II 20 6 0 4 0 0 10
40 7 1 2 0 0 10

ARI scores: 1 = all of the resin composite remained on the tooth; 2 = more than 90% of the resin composite

remained on the tooth; 3 = more than 10% but less than 90% of the resin composite remained on the tooth; 4 = less

than 10% of the resin composite remained on the tooth; 5 = no resin composite remained on the tooth.

No significant differences between any of the groups’ ARI scores (p > .05).

The ARI of nine groups tested are showed in
Table II. The results of the chi-square comparisons
indicated that there were no significant differences
between any of the groups’ARI scores (p > .05).

Discussion

It is universally known that direct bonding with
visible light-cured adhesive is a popular technique for
bracket placement among orthodontists. One recent
study revealed that first molar tubes had more first-time
failure rate than bands cemented with glass ionomer
cement.'¥ Bonding of all teeth may be more common
in today’s practice and bracket and molar tube
placement methods using minimal chair time are in
demand. Since 1970s, the halogen LCU has been the
instrument of choice for polymerization. However,
LED LCUs have gained popularity among clinicians in
the past decade.

In this study, the mean shear bond strength value
in each group either fell within or exceeded the range
of 6 - 8 MPa, a clinically acceptable range of bond
strength.(M) However, the significant differences in
mean shear bond strength with respect to LCU type and
curing duration were observed. When light source was
considered, the halogen LCU, Optilux 501, produced
significantly weaker bond strength than did the other

12

two LED LCUs. Dunn and Taloumis""> found that,
regardless of which light-curing unit was used, shear
bond strength values of orthodontic brackets were not
statistically different. This was despite the fact that the
first generation LED LCUs in their study generated
mean power density nearly 7 times lower than halogen
LCUs. In our study, the second generation LED LCUs
with an irradiance exceeding 1200 mW/cm? and
Optilux 501 halogen LCU with 1000 mW/cm? output
were used. High light intensity provides more photons
in the higher energy absorption region of the
photoinitiators, thus contributing to produce better
conversion result.!®

When curing periods of both 10 and 20 seconds
were considered, halogen group produced the lowest
bond strength. However, when 40-second curing
periods were evaluated, there was no statistically
significant difference of mean shear bond strength
among the three groups; halogen group still showed
the aforementioned lower bond strength. This can be
explained by the differences in light intensity. In
addition, the narrow spectral emission band of LED
LCUs (440 - 550 nm) closely overlaps the spectral
absorption peak of the common dental photoinitiator,
camphoroquinone, at 468 nm.'? Both may have
caused a higher bond strength in LED groups.
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Tiirkkahraman and Kiiciikemen!'” determined
that fast mode LED LCUs were as effective as halogen
LCUs, but they used different curing periods which
were 20 and 40 seconds respectively. In contrast to the
result of our study, their mean shear bond strength in
the soft-start mode LED was 23.86 MPa, which was far
beyond the clinically acceptable range of bond strength
of 6 - 8 MPa. The newly marketed LED LCU with soft-
start mode was aimed to reduce higher contraction
strain during polymerization which may contribute to
insufficient bond strength, a major concern in
restorative dentistry. However in orthodontics, the
adhesion of bracket to tooth is not as critical.!'® While
clinicians expect the brackets to remain in place for
approximately 24 to 36 months without failure, it is
also important to be aware that damages can occur on
the enamel if the bond strength is too high.(!*

While halogen lights are widely used in dental
practice, it was found that about 30 percent of halogen
units used in private practice had an output of less than
200 mW/cm?. This output is inadequate to provide
optimal polymerization.®” Periodic test with a
radiometer, lamp replacement, regular cleaning and
crack inspection are strongly recommended to ensure
that the light curing unit emits an optimal power

density.!

The ARI indicated that most of the resin
composite remained on the tooth surface after bracket
debonding regardless of light source and curing time.
This type of failure suggested that the weak link was
between the metal bracket and the resin composite.
According to the results obtained in our study and other
advantages of LED LCUs, the use of an LED device is
viable in orthodontic clinic. There will be a trend
toward a greater LED utilization.

Conclusion

Under the conditions of this study, the effects of
LCU type and curing time on the mean shear bond
strength of orthodontic brackets bonded to teeth were
significant. The high power density LED LCUs were
more effective than halogen LCUs in bonding brackets
at 10 seconds of curing time. Halogen light produced
less mean shear bond strength of 10-, 20-second curing
time. All three LCUs produced comparable shear bond
strength of 40 second- curing time.
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Magneto Appliance for Artificial Eruption of
Palatally Impacted Maxillary Canine

Dhirawat Jotikasthira* Nitaya Jotikasthira**

Abstract

Magneto appliance is a removable appliance in which neodymium iron boron magnets are applied to
facilitate artificial eruption of palatally impacted maxillary canine. A case report is described in which a palatally
impacted maxillary left canine of a girl was treated with the Magneto appliance. This appliance offered an option
for tooth movement. The oral hygiene was easier to control. The canine had been moved vertically for 14 weeks by
the Magneto appliance and then moved into proper alignment by fixed orthodontic appliances.

Key words: artificial eruption « Magneto appliance ¢ neodymium iron boron magnets o palatally impacted

maxillary canine

Introduction

Many orthodontic techniques have been
suggested to facilitate artificial eruption of palatally
impacted maxillary canines after surgical exposure.
During orthodontic movement of palatally impacted
maxillary canines, stable anchorage is vital to reduce
side effects and to maintain arch dimension. Vertical
movement of the palatally impacted maxillary canine
can be implemented by using a palatal cantilever spring
with a trans-palatal bar or with a Nance holding arch.
Other optional orthodontic techniques may be an

implant anchorage system in the palatal area'" or a
double archwire technique.® Those orthodontic
systems cause difficulty in oral hygiene control. This
article describes a Magneto appliance, or an alternating
orthodontic appliance, which functions as a fixed
appliance as well as a removable appliance. With this
appliance, the oral hygiene is easier to control. In
Magneto appliance, neodymium iron boron magnets
are applied to facilitate artificial vertical eruption of a
palatally impacted maxillary canine.
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Fig. 1 The Magneto plate components: a) Adam’s clasp,
b) labial bow, c) acrylic base plate, d) magnet, e) nickel

titanium wire, and f) Gurin lock.

Fig. 3

Magneto appliance

In addition to conventional removable appliance
components, a neodymium iron boron magnet, an
orthodontic nickel titanium wire and a Gurin lock are
combined to create a Magneto appliance. The Magneto
appliance components are shown in Figure 1. The
magnet used in the Magneto appliance is commercially
available for dental applications, and is fabricated using
neodymium iron boron alloy with a nickel coating. The
magnet’s characteristics are: cylindrical; d4 x 1.5
mm; grade- N45 (1.37 Tesla); Item no. MZ-000019-45;
maximum operating temperature 80°C, manufactured
by Neotexx, Berlin, Germany (Fig. 2a).

The Gurin lock (Dental Morelli Ltda, Sorocaba,
Brazil) (Fig. 3a-b) functions both to secure the nickel
titanium wire in relation to the neodymium iron boron
magnet and to permit the wire to move as it produces
tooth movement. The nickel titanium wire is bent so

16

Fig. 2 a, Neodymium iron boron magnet. b, Magnet
attached to a bondable lingual button using light

curing adhesive.

Gurin lock: a, combined. b, separated.

that the magnet is located at the desired position. The
force direction and magnitude can then be adjusted for
orthodontic movement of the palatally impacted
maxillary canine.

The magnet that is attached at the end of the
nickel titanium wire is used to connect to a second
magnet, attached to a bondable lingual button using
light curing adhesive (Fig. 2b). The combination of this
second magnet and button is previously bonded to the
impacted canine. Whenever both magnets are pushed to
contact each other, an attracting force is generated. The
attracting force of the magnet is intended to mimic
orthodontic adhesive. This appliance design enables the
Magneto appliance to alternate between acting as a
fixed appliance that generates light and continuous
force and a removable appliance that can generate
intermittent force.
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The orthodontic force is generated from
the nickel titanium wire which is deflected from its
original position. The nickel titanium wire tends to
move toward the original position, and this causes
orthodontic tooth movement. The orthodontic tooth
movement force does not exceed the attracting force
between the two magnets (approximately 200
milliNewton) (Fig. 4). If the deflection of the nickel
titanium wire is too great, the attracting force would
not be strong enough to withstand the force of the
nickel titanium wire and both magnets would be pulled
apart. The orthodontic force would, therefore,
disappear. So, this Magneto appliance can prevent
excessive orthodontic force.

25
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Fig. 4

Newton) in relation to the distance between two magnets.

Fig. 5

impacted maxillary left permanent canine.

Case report
History, clinical examination and diagnosis
A 16-year-old girl presented Class I occlusion

and bi-maxillary dental protrusion. Her medical history
was normal. She was referred for orthodontic treatment

a-g Pre-orthodontic-treatment frontal (a), profile (c), and intra-oral photographs (b, d, e, f, g) of a 16-year-old girl with palatally

because her maxillary left permanent canine was
impacted. Her maxillary left central incisor was
accidentally traumatized, endodontically treated and
restored two years ago. The extra-oral examination
showed a symmetrical face with a convex profile and
protruded upper and lower lip positions (Fig. 5a-g).

17

Graph shows the attracting force generated by two neodymium
iron boron magnets (dimension: d4 x 1.5 mm) (mN: milli
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Fig. 6 Pre-orthodontic-treatment lateral cephalometric
radiograph (with tracing superimposed) of the same

patient.

C

Fig. 8 a-c Pre-orthodontic-treatment peri-apical radiographs

(shifted-tube technique) (a and b) and an occlusal
radiograph (c) of the same patient.

The pre-orthodontic-treatment lateral cephalo-
metric radiograph showed a Class I sagittal skeletal
relationship with orthognathic maxilla and mandible
(Fig. 6). The pre-orthodontic-treatment panoramic

18

Fig. 7  Pre-orthodontic-treatment panoramic radiograph of the

same patient.

radiograph showed that the developments of all
permanent teeth were normal and that the maxillary left
permanent canine was impacted (Fig. 7). Two pre-
orthodontic-treatment peri-apical radiographs (using
the shifted-tube technique) and a pre-orthodontic-
treatment occlusal radiograph confirmed that the
maxillary left permanent canine was palatally impacted
(Fig. 8a-c).
Treatment planning

The treatment plan was to accept her bi-
maxillary dental protrusion and skeletal relation, and to
orthodontically move the palatally impacted maxillary
left permanent canine toward the proper position.
Extraction treatment was not selected because of the
doubtful condition of the maxillary left central incisor.
The treatment plan was divided into three phases. The
first phase was to surgically expose the palatally
impacted maxillary left permanent canine for magnet
attachment. The second phase was to move the
impacted canine vertically. The third phase was to
align the canine and to establish normal occlusion with
fixed orthodontic appliances.

1) Surgical exposure phase

Under local anesthesia, surgical exposure
with a palatal flap for magnet attachment was
performed by a periodontist. The bone covering the
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Fig. 9

a, Surgical exposure of the impacted maxillary left canine with palatal flap. The bone covering the clinical crown of the impacted

canine was removed. b, The neodymium iron boron magnet which was attached to the lingual button (Figure 2b) was bonded to

palatal surface of the impacted canine. ¢, The wound was sutured. d, Two weeks later, the wound was properly healed.

Fig. 10

a, The Magneto plate was inserted in the same patient. b, The nickel titanium wire was then bent to adjust the deflection force of the

nickel titanium wire. ¢, The magnet at the end of the nickel titanium wire was pushed to connect to another magnet that was bonded

to the impacted canine. d, The maxillary left canine has been vertically moved for fourteen weeks by the Magneto plate. e, A peri-

apical radiograph showed the root and alveolar bone condition of the maxillary left canine after artificial eruption.

clinical crown of the impacted canine was removed
(Fig. 9a). The neodymium iron boron magnet, which
was attached to a bondable lingual button (Fig. 2b) by
using a light-cured adhesive (Solo, 3M Unitek,
Monrovia, CA, USA.), was then bonded to the palatal
surface of the impacted canine by using the same light-
cured adhesive (Fig. 9b). The wound was sutured (Fig.
9¢c). Coe pack was used to cover the wound. Two
weeks later, the wound was properly healed (Fig. 9d).
Impressions were taken in order to fabricate the
Magneto appliance.

2) Vertical canine movement phase

The Magneto appliance was inserted (Fig.
10a). The Gurin lock was located about 15 to 20 mm

distal to the impacted canine. The nickel titanium
rectangular wire (0.016 x 0.022 inches) was secured
by the Gurin lock. An electric orthodontic wire-bending
device (Soarer X, Tomy, Tokyo, Japan) was used to
bend the nickel titanium wire in order to adjust the
force (Fig. 10b). The patient used her finger or the tip
of her tongue to push the magnet at the end of the
nickel titanium wire to contact another magnet that was
bonded to the enamel surface of the impacted canine
(Fig. 10c). The force generated by the deflected nickel
titanium wire moved the impacted canine occlusally.
Fig. 10d shows the intra-oral canine position after
fourteen weeks of vertical movement by the Magneto
appliance.
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Fig. 11

20

c d
a, The neodymium iron boron magnet on the maxillary left permanent canine was removed. The pre-adjusted orthodontic brackets were
fixed in both maxillary and mandibular arches. b, The maxillary left permanent incisor was banded. The lingual button was fixed to
the buccal surface of the maxillary left permanent canine. The 0.016 inch diameter super-elastic nickel titanium wire was used to align
the maxillary teeth. The Gurin lock was attached to the archwire. The ligature wire was used to tighten the archwire and the button in
order to move the maxillary canine. ¢, The maxillary left permanent canine after 30 weeks of movement. d, After 46 weeks.

f

Fig. 12 a-g Post-orthodontic-treatment frontal (a), profile (c), and intra-oral photographs (b, d, e, f, g) of the same patient.




J Thai Assoc Orthod Vol 8 2009

Dhirawat Jotikasthira et al

Table 1 Pre- and Post-orthodontic-treatment cephalo-

metric values of the patient

Fig. 13

3) Canine alignment and occlusion establish-
ment phase

After vertical movement of the impacted canine
was completed, pre-adjusted appliances were fixed in
both maxillary and mandibular arches (Fig. 11a). A
lingual button was fixed to the buccal surface of the
impacted canine (Fig. 11b). Another Gurin lock was
attached to the super-elastic nickel titanium arch wire
in order to direct the orthodontic traction force during
canine movement (Fig. 11b). Forty six weeks later, the
maxillary left permanent canine was successfully
moved toward its proper position in the maxillary
arch (Fig. 11c-d). Fig. 12 shows post-orthodontic-
treatment intra-oral photographs of the same patient.
Fig. 13 shows the post-orthodontic-treatment lateral
cephalometric radiograph of the same patient. Fig. 14
shows the post-orthodontic-treatment panoramic
radiograph of the same patient. Table 1 shows pre- and
post-orthodontic-treatment cephalometric values of the

patient.

Fig. 14
Fig. 13 Post-orthodontic-treatment lateral cephalometric
radiograph (with tracing superimposition) of the same
patient.
Fig. 14  Post-orthodontic-treatment panoramic radiograph of the

same patient.
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Discussion

The surgical flap operation procedure is
important. Loss of attachment as well as gingival
recession must be considered. Instead of reflecting the
flap from the gingival margin, the incision line was
made about three millimeters away from the palatal
free gingival margin of the maxillary incisors. This
incision technique preserves the gingival collar and the
free gingival margin. The incision line is intentionally
short. The undermined flap is used to widen the field of
operation.

The Magneto appliance is not intended to
replace conventional orthodontic fixed or removable
appliances, but to facilitate orthodontic treatment in
certain situations. Oral hygiene control is easy while
using the Magneto appliance. The appliance design is
simple. The safety of the orthodontic tooth movement
is high, especially for force magnitude control. The
orthodontic force, from Magneto appliance, which is
light and continuous, is similar to that generated by
fixed orthodontic appliances.

Becker et al concluded that the prognosis for
successful orthodontic resolution of an impacted canine
in an adult was lower than that in a younger patient,
and that the prognosis worsened with age.® This
appliance can be used to re-evaluate the orthodontic
treatment planning in terms of whether the impacted
canine should be preserved or removed. The Magneto
appliance offers this information with a rather simple
and efficient technique.

The side effects from wearing the Magneto
appliance are minimal because it is similar to a
removable retainer. However, problems that may be
taken into consideration are magnet acceptance by
clinicians (because of irreversible magnetic loss if
heated), brittleness and low corrosion resistance.*®
The neodymium iron boron magnets are susceptible to
corrosion assault by saliva or normal saline solution
with a release of corrosion products.”” When the
neodymium iron boron magnets are corroded, there are
risks of deteriorated magnetic properties and loss of
magnetic force, as well as the cytotoxic effects of the
corrosion products. The short term cytotoxic effects
range from no effect®!? to mild effects.'"’ Cytotoxic
effects of corrosion products on epithelium and
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alveolar bone have also been reported.'*!® So, proper
magnet coating and corrosion resistance need further

investigation.

Conclusion

The Magneto appliance is a removable appliance
in which neodymium iron boron magnets are applied to
facilitate artificial eruption of impacted canines. Its
components as well as its functions are also explained.
A case report is shown in which a palatally impacted
maxillary left canine of a girl was treated with the
Magneto appliance. The anticipated benefits as well as
problems that limit magnet application in dentistry are
also discussed. Although this article has focused on the
artificial eruption of a palatally impacted maxillary
canine, the clinical technique can be applied for

assisted eruption of other teeth.
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Biofilms: An Interesting Area in Orthodontics
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Abstract

The purpose of this article was to review the current articles on biofilms regarding their composition and
formation in an intra-oral environment. Their formation on orthodontic micro-implants and adhesives was also
emphasized. In addition, various interventions were suggested to control the development of biofilms during an

orthodontic treatment. A better understanding of biofilms will lead to an innovative and effective control of biofilm-

related iatrogenic damages as well as to improve a better management in orthodontic patients.

Keywords : biofilms e orthodontics

Introduction

The existence of biofilms has been recognized
since the mid 1940’s) and it is now widely accepted
that biofilm environments are the preferred mode of
growth for bacteria. A biofilm is defined as bacterial
aggregates, usually existing as closely associated
communities, that adhere to assorted natural or
artificial surfaces, usually in an aqueous environment
that contains a sufficient concentration of nutrients to
sustain the metabolic needs of the microbiota.” Dental
plaque is an example of a biofilm which is defined as a
community of bacteria and their extracellular polymers
that are attached to a surface.’) Interest in biofilms is

an emerging trend in orthodontics, they have the ability
to attach to hard tissue surfaces in the oral cavity as
well as fixed and removable appliances. The build-up
of dental plaque on teeth and dental materials is a
problem in Orthodontics.” Despite advances in
orthodontic materials and techniques in recent years,
the development of enamel decalcification and dental
caries around orthodontic appliances continues to
be a problem. This review aims to introduce to the
orthodontic communities, a perspective on the
problems related to the daily use of biomaterials in
orthodontics, with a focus on biofilm formation.
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Biofilm structure

With the application of confocal laser scanning
microscopy to observe fully hydrated biofilms at high
resolution, it has become apparent that biofilms can
have very complex structures.® Detailed observations
of biofilms grown in a laminar or low shear
environment showed that bacterial cells in biofilms
tend to be concentrated into discrete aggregates or cell
clusters and are held together by a highly hydrated
extra-cellular polysaccharide (EPS) matrix, which
connect cell strands and anchor them to each other and
to the surface to which they are attached.® Within this
structure aerobic and anaerobic bacteria thrive
alongside each other, sharing this complex structure of
nutrients and water passageways; water flows in
connective patterns through the channels delivering
nutrients and removing wastes in the same manner as a
circulatory system. It may take weeks or months for the
biofilm to reach maturity and the emerging picture of
biofilm structure is one of great diversity with a high
degree of spatial and temporal complexity.

Composition of orthodontic biofilm

By far, most of the research on the intra-oral
biofilms had focused on enamel plaque, and
information on biofilms on other dental surfaces stems
largely from the extensive research conducted on
enamel biofilm. Orthodontic biomaterials, like other
surfaces in the oral cavity, are covered with biofilms
consisting of host and bacterial constituents. However,
the different physico-chemical properties of the various
orthodontic biomaterial surfaces may lead to the
formation of biofilms that differ from one another in

their components and properties.

Early biofilm formation by Streptococcus
sobrinus (S. sobrinus) on different types of orthodontic
appliances, using a model consisting of host and
bacterial constituents revealed dissimilar adsorption
profiles of salivary proteins and biofilm formation on
various orthodontic biomaterials such as metallic
brackets, elastomeric modules, coil springs and intra-
oral elastics.”’ Elastomeric modules demonstrated the
highest adsorptive capacity to salivary albumin and
amylase which also had the highest affinity for S.
sobrinus.

Salivary pellicles collectively play a significant
role in the initial adhesion of oral streptococci to
various orthodontic brackets manufactured from
stainless-steel metal alloy, monocrystalline sapphire,
polycrystalline alumina, and polycarbonate plastic.®
Streptococcus gordonii (S. gordonii) adhered in a
significant amount to salivary coated brackets. In
contrast, saliva coating generally decreased the binding
affinity of Streptococcus mutans (S. mutans) to the
bracket surfaces, metallic brackets being the least
colonized.® Recently, an ex vivo study revealed similar
levels of S. mutans and Lactobacillus acidophilus
isolated from mature biofilms on retrived metallic and
ceramic brackets.'? Nonetheless, the role of S. mutans
in the development of a cariogenic biofilm in caries-
active individuals or patients with poor oral hygiene
cannot be discounted, since microbial mass increases
primarily as a result of cell division."" Significantly
higher amount of periodontopathogens Aggregatibacter
actinomycetemcomitans (A. actinomycetemcomitans)
previously Actinobacillus actinomycetemcomitans,
Treponema denticola, Fusobacterium nucleatum ss
vicentii, Streptococcus anginosus, and Eurobacterium
nodatum, were also found on metallic brackets than on

ceramic brackets.!?

Different orthodontic adhesives have been
shown to have variable effects on the formation of S.
sanguis, S. mutans and lactobacilli biofilms.(1>14
Composite resins (CRs), the most commonly used
orthodontic direct bonding adhesive, have a polymeric
matrix that can host and nurture a variety of aerobic
and anaerobic micro-organisms acting alone or in
consortia.'” These bacterial biofilms develop where
air has an access and have been found to carve well
delineated pockets and channels into the cured
adhesive layer. The adhesive alterations either spread
uniformly on larger areas at the enamel/adhesive
interface rendering it porous, or generate randomly
distributed pits. Excess CR around the bracket base and
the polymerization shrinkage gap of approximately 10
pm in width at the CR-enamel interface have invariably
harboured biofilms of morphotypes including cocci,
rods, and filaments."'® These biofilms can lead to
premature debonding and eventually caries lesions.
Glass ionomer cements (GICs) are primarily used in

orthodontic band cementation. They are known to
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release fluoride ions which may influence the growth
or vitality of adhering oral bacteria.!*!” Biofilms
grown on fluoride-releasing orthodontic adhesives
were devoid of S. mutans in virro.'® In addition, it is
generally believed that the major cariostatic mechanism
of fluoride is by inhibiting demineralization and
increasing remineralization of mineral loss during
the caries process.'??” Low doses of free fluoride
sustained long-term are of great benefit in tipping the

balance towards the regrowth of depleted crystals.??

Biofilm formation on micro-implants

Micro-implants have become very popular in the
orthodontic community in recent years as skeletal
anchorage devices.**?® They are an excellent alter-
native to conventional orthodontic anchorage system
such as intra-oral dental anchoring units and extra-oral
headgear devices. Unlike conventional osseointegrated
implants, complete osseointegration is neither expected
nor desired with orthodontic micro-implants anchorage
systems.??>> Although the number of micro-implants
failures is numerically low, exfoliation of micro-
implants following uneventful primary healing does
occur clinically. This appears to be the result of either
extensive occlusal stress or of biomaterial-centered
infections®”’, which occur despite extensive oral

hygiene and the use of antimicrobial mouthrinses.®®

Stainless steel as well as titanium (Ti) and its
alloys are commonly used as micro-implant
biomaterials. They are well known for their good
mechanical properties, high corrosion resistance, and

excellent biocompatibility?®

, the latter mainly
attributable to their surface oxide characteristics. The
surface of Ti consists of a thin oxide, principally TiO,,
covered by a carbon-dominated contamination layer
and trace amounts of N, Ca, P, CI, S, Na, or Si.®? It has
been demonstrated that initial adhesion of bacteria to a
biomaterial surface is influenced by the surface
physico-chemical properties of the bacterial cell and
the substratum surface, such as surface roughness,
surface charge, hydrophobicity and elemental surface
composition.®) The surface morphology, roughness
and chemistry of the passive oxide layers present on
the Ti micro-implant surfaces are important parameters
to be investigated in relation to their effects on early
biofilm formation. A titanium surface which had been
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finished to an R less than or equal to 88 nm strongly
inhibited bacterial adhesion and biofilm maturation in a
24 hour period.®? Because biofilm formation on
orthodontic microimplants is governed by their surface
roughness, a study to determine surface compositions
of micro-implants deviation from their bulk
compositions and the effect of sterilization procedures
recommended by the manufacturers and the alteration
of their surface chemistry should be performed.

Biofilm formation on orthodontic adhesives

Despite advances in orthodontic materials and
techniques in recent years, the development of enamel
decalcification and dental caries around orthodontic
appliances continues to be a problem. Nearly 50% of
orthodontic patients exhibit clinically visible white spot
lesions during treatment that last for approximately 2
years.®® Because it is known that white spot lesions
form early®?, it is important to understand the effects
of biofilm build-up around orthodontic bonding
materials following placement of fixed orthodontic
appliances.

CRs and GICs are widely used in securing fixed
orthodontic devices. During the 1990s, a major
development of hybridization technology underlying
CRs and GICs has popularized the use of resin-
modified glass ionomer cements (RMGICs) and
polyacid-modified composites (compomers) in
Orthodontics.

Composites used as orthodontic direct bonding
adhesives have a polymeric matrix that can host and
nurture a variety of aerobic and anaerobic micro-
organisms acting alone or in combination. Their
accumulation can lead to premature debonding and
eventually enamel decalcification and periodontal
diseases.®” The use of fluoride containing orthodontic
bonding materials both in vitro®**> and in vivo®® has
shown variable results in their ability to help prevent or
reduce decalcification. Significantly elevated levels of
fluoride in plaque have been found adjacent to GIC-
retained brackets compared with those adjacent to
CR-retained brackets up to 6 months after the onset
of treatment.®” However, there is no report in the
literature describing how the plaque biofilm is affected
by fluoride in the early stages.
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Preventive programs in orthodontic patients
using fluoride mouthrinses and topical fluoride in the
form of vanishes, solutions or gels have been
recommended.!**® O’Reilly and Featherstone??
found that toothpastes were unable to stop the
development of carious lesions. They suggested that
the use of a fluoride mouthrinse (0.05% sodium
fluoride) used daily, in addition to fluoride toothpaste
(1100 ppm F) could completely inhibit or even reverse
demineralization. In addition, chemical plaque control
with chlorhexidine digluconate has been reported.*4?
Anderson et al*" concluded that the use of 0.12%
chlorhexidine mouthrinses could be beneficial to
orthodontic patients in maintaining better oral hygiene.
Evidence of the efficacy of chlorhexidine in biofilms
was reported by Pratten et al.*?) Their results demon-
strated that chlorhexidine killed biofilms in vitro after
pulsing twice daily over a period of 4 days.

Intervention strategies

Unlike many other medical and surgical
specialties where biomaterial-centred infection of
implanted medical device is a serious clinical problem
that contributes to high levels of mobidity and
mortality, the damage induced by orthodontic biofilms
formed on an array of fixed and removable appliances
is readily preventable. This could be achieved by
means of meticulous oral hygiene measures, aiming at
mechanical removal of the biofilms. Given the
remarkable resistance of biofilm cells to host defense
mechanisms and antimicrobial agents, the logical first
step in the control of these biofilms would be their
removal by physical means, i.e. toothbrushing and
professional mechanical debridement. In the case of
micro-implants, a compressed water spray has recently
been recommended to dislodge biofilm formed on their
surfaces.*? Tt is when this behavioral approach fails,
the importance and thence the development of less
patient-dependent biofilm control strategies become
indispensable.

Invention strategies currently used biofilm
control in orthodontics either 1) minimize initial
microbial adhesion to the biomaterials, 2) prevent
initial surface contamination of biomaterials, 3)
penetrate the biofilm matrix and kill the biofilm-
associated cells, or 4) remove the appliances. One of

the methods applied concentrated on the use of
antimicrobial/antiplaque agents in the form of
mouthrinses. Such mouthrinses have become a
common addendum to daily oral hygiene products,
particularly since they provide a fast and convenient
method to create a fresh breath. Active ingredients like
fluoride and antimicrobials such as chlorhexidine,
tricosan, zinc, cetylpyridinium chloride, phenolic
compounds, and sanguinarine have been incorporated

into many commercially available rinses.

Discussion

Orthodontics is concerned with the correction of
dental irregularities and modification of facial growth.
This is achieved by the placement of metallic, ceramic
and polymeric appliances in the mouth for relatively
long periods of time. Many of these are bonded to the
teeth after etching of the enamel surface with different
materials. Unfortunately, increased levels of cariogenic
bacteria are present in the oral cavity following
orthodontic treatments. In particular, metallic
appliances have been shown to induce ecologic
changes in the oral environment, such as decreased
pH and increased biofilm accumulation.""” Newer
approach and innovation to more complex dento-
alveolar and skeletal problems involve the use of
micro-implant for anchorage purposes. This extends the
range and possibilities of conventional appliance
therapy and involves the insertion of one or more
micro-implants into the alveoli, with their screw head
emerging in the oral cavity for comparatively short
periods, in contrast to the established osseointegrated
implants for support of prosthetic devices. This has
shown promising clinical success, but biofilm
formation on micro-implant surface has led to chronic
biomaterial-centred infection in the peri-implant
region. This not only results in bone loss and soft tissue
destruction but constitutes the main reason for surgical
removal of the device and compromised treatment

outcome.

The use of antimicrobial agents in the form of
mouthrinses can be an effective chemotherapeutic
strategy to control biofilm formation for patients
undergoing fixed orthodontic appliances treatment.
Biofilm quantity and viability are significantly reduced
by commercially available chlorhexidine and sodium
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fluoride mouthrinses. Furthermore, using fluoride-
containing adhesive biomaterials for orthodontic
bonding has beneficial effects in preventing peri-
bracket enamel decalcification. Consequently, biofilm-
induced iatrogenic damage in orthodontics can likely
be controlled by the following means:

1. Appropriate selection and effective clinical
handling of orthodontic biomaterials;

2. Improvement in the surface quality of ortho-
dontic biomaterials;

3. Incorporation of antimicrobial regimes during
orthodontic treatment;

4. Maintenance of optimal oral hygiene status
during orthodontic treatment.

Conclusion

Enamel decalcification, in the form of white
spot lesions, affects many patients undergoing fixed
orthodontic treatment. This treatment outcome
comprises the results of a costly and lengthy course of
orthodontic therapy. Increased biofilm formation
during orthodontic treatment also exacerbates gingival
inflammation and soft tissue infections in the oral
cavity. The initial bacterial adhesion is a surface-
specific process, and the wide range of biomaterials
used in an orthodontic environment all react differently
to biofilm accumulation. Understanding biofilm
formation, and controlling biofilm accumulation during
orthodontic treatment are important challenges in
clinical orthodontics.
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Interleukin-1beta (IL-1f) in Gingival Crevicular Fluid as a Biomarker
during Orthodontic Tooth Movement: A Review of the Literature

Arunee Kaewkhampa* Dhirawat Jotikasthira**

Abstract

Orthodontic force application induces biologic responses, resulting in bone remodeling and tooth movement.
Interleukin-1 beta (IL-1f3) is a cytokine that initiates bone resorption and connective tissue destruction. IL-1f3 in the
gingival crevicular fluid has been used as a biomarker in periodontal disease and orthodontic tooth movement.
This article reviews studies on IL-1f3 levels in the gingival crevicular fluid during orthodontic treatment. Variations
in IL-1f3 levels in the gingival crevicular fluid should be used to identify the optimal force for rapid tooth
movement, without damaging the periodontium or loss of anchorage.

Keywords : biomarker o gingival crevicular fluid o Interleukin-1 o orthodontic tooth movement

Introduction vasodilatation and the migration of leukocytes

An application of mechanical force to the teeth through periodontal capillaries. The leukocytes and

initially induces an acute inflammatory reaction in periodontal cells may produce and release cytokines as

the periodontal tissue, and activates the biological ~ nflammatory mediators during bone remodeling and
extracellular matrix metabolism. Pro-inflammatory
cytokines, such as interleukin (IL) -1f3, -6, -8 and

tumor necrosis factor-alpha (TNF-a), are the bioactive

processes which cause bone resorption in order to
create room for tooth movement.!!"? The initial
periodontal tissue responses consist of local ischemia,
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molecules that regulate the inflammatory process,
principally by paracrine and autocrine signaling. These
cytokines can also diffuse into the gingival crevicular
fluid. The purpose of this article was to review a basic
knowledge of IL-1f3, a biomarker function of IL-1f in
the gingival crevicular fluid, methods of collection of
the gingival crevicular fluid sample, a determination of
IL-1P levels in the gingival crevicular fluid sample,
and a changing of IL-1p levels in the gingival
crevicular fluid during orthodontic treatment.

Interleukin-1 beta

Interleukin-1 (IL-1) is a cytokine which initiates
the bone resorption by participating in survival, fusion,
and activation of osteoclasts. Interleukin-1 exists in two
forms: Interleukin-1 alpha (IL-1a) and Interleukin-1
beta (IL-1). They are encoded by separate genes.
IL-1a is not commonly found in the circulation or
the body fluid, but IL-1f is a major physiologic form.
IL-1p is generally secreted by monocytes, and partly
by macrophages, endothelial cells, fibroblasts, and
epidermal cells. This secretion can be activated by
mechanical stimuli. IL-1f3 has been localized in the
tissue surrounding orthodontically treated teeth in
cats') and in the gingival crevicular fluid in humans
during orthodontic tooth movement.® It has been
also identified in the crevicular fluid around dental
implants® and around miniscrew implants.®

IL-1P produces a wide range of biologic effects,
such as induction of osteoclast proliferation which
leads to bone resorption, prostaglandin E2 (PGE2)
synthesis, secretion of proteinases, stimulation of
collagenase, and inhibition of bone formation.®:®
Therefore, IL-1f3 is a contributor to the initiation of
bone resorption, and plays roles during orthodontic
tooth movement. IL-1f3 also can reveal the degree
of inflammation and destruction of the periodontal
tissue." 11

A study in the daytime variation of IL-1f levels
in the gingival crevicular fluid showed circadian
variation. In the morning, the IL-1f levels are lower
than those in the afternoon, and are stable during
12:00 to 18:00 hrs. In the evening, they are increased.
Consequently, in studies on IL-1f levels in the
gingival crevicular fluid, the times of crevicular fluid
sampling should be controlled.'”

IL-1f in the gingival crevicular fluid as
a biomarker

IL-1P in the gingival crevicular fluid has been
used as a biomarker in several studies.>*78:10.11.13-16)
IL-1P can induce the bone resorption and connective
tissue destruction that are characteristics of a
periodontal disease. Accordingly, periodontal
researchers monitor IL-1f levels in the gingival
crevicular fluid in order to detect the severity of
periodontal disease. IL-1f levels in the gingival
crevicular fluid are much higher in pocket sites and
in the underlying inflamed gingival tissue than in
healthy sites. They are obviously decreased following

periodontal therapy."!V

They have been used in orthodontic research to
clarify mechanisms of cellular response during tooth
movement.(!” They may identify the status of the
bone remodeling process during orthodontic tooth
movement. It has been reported that IL-1f levels in
the gingival crevicular fluid were related to the velocity

of tooth movement.'¥

Methods of collection of the gingival
crevicular fluid sample

The gingival sulcus is selected as the site for
sample collection due to the connection of the sulcus
to the periodontal ligament. This is an indirect and
non-invasive measurement of changes of deeper
periodontal status during orthodontic movement.
The direct measurement of cytokine changes, using
tissue samples of the periodontal ligament or bone
undergoing resorption, is more invasive for the human
subject, while the gingival crevicular fluid analysis is

simple and non-invasive.('¥

There are several techniques for gingival
crevicular fluid collection depending on the objectives
of the particular study. The techniques are mainly
divided into three approaches as follows:!®)

1. Gingival washing method
The gingival crevicular fluid is perfused
with a specific volume of an isotonic solution. The
crevicular fluid sample obtained from this method is a
dilution of cells and soluble ingredients, such as plasma
proteins.
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2. Microcapillary method
A micropipet is inserted into the opening of
the gingival crevice, and the sample is collected by
capillary action.

3. Absorbent filter paper strips method

This method is devided into two techniques

as follows:

3.1 Intracrevicular: the end of the filter paper
strip is gently inserted into the pocket
until there was a mimimum resistance.

3.2 Extracrevicular: the filter paper strip is
inserted into the opening of the gingival

crevice.

The sample is collected by absorption. This
method is fast and causes less trauma to the gingival
epithelium than the other methods because it is easy to
place the filter paper into the sample site.

A determination of IL-1f8 levels in the
gingival crevicular fluid sample

IL-1f levels in gingival crevicular fluid samples
can be determined by an enzyme-linked immuno-
sorbent assay (ELISA).4810-10 Thig method uses two
different antibodies. The first antibody reacts with an
antigen of unknown concentrations. A fixed quantity of
the first antibody is attached to a series of replicate
solid supports, such as plastic microtiter wells.
The experimental solution containing an antigen
of unknown concentration, or a series of standard
solutions with known concentrations of antigen is
added to the wells and allowed to bind. Unbound
antigen is removed by washing, and the second
antibody, which is enzyme-linked, is allowed to bind.
The antigen serves as a bridge, so the more antigens in
the experiment or standard solutions, the greater
amount of enzyme-linked or radiolabeled second
antibody will bind. The results from the standard are
used to construct a binding curve for the second
antibody as a function of antigen concentration, from
which quantities of antigen in the experiment solutions

may be interpreted.!”

IL-1p levels in the gingival crevicular fluid
and orthodontic tooth movement

Orthodontic tooth movement is a result of the
remodeling of alveolar bone when the orthodontic

32

force is applied. One study of gingival crevicular fluid
samples during orthodontic tooth movement showed
increases in the volume of the gingival crevicular
fluid and IL-1P levels.!*) There was no significant
difference in IL-1p levels during the stages of leveling
and canine distalization, and this implies that a low
force can initiate the bone resorption process.
Therefore, heavy force is unnecessary for rapid tooth

movement.( 9

IL-1p levels in the gingival crevicular fluid were
monitored in subjects during the distal movement of
canines, following upper first premolar extraction.!
IL-1P levels were significantly higher in the experi-
mental group than in those in the control group during
8 to 72 hours of tooth movement, and peaked at 24
hours." These results agreed with those of Uematsu
et al'®, who reported that IL-1f levels in the gingival
crevicular fluid peaked 24 hours after the canine
retraction was initiated. This peak demonstrates that
inflammation may involve in the response to the

mechanical stress.

IL-1P can also be identified in peri-implant
crevicular fluid (PICF). IL-1f levels in the peri-implant
crevicular fluid around failed implants were signifi-
cantly higher than those around healthy ones. IL-1f3
levels can be used as a biomarker for monitoring the
health status of dental implants.®)> During orthodontic
treatment, miniscrew implants are used as anchorage
for tooth movement. Sari and Ucar® monitored
IL-1p levels around miniscrew implants that were
placed in the alveolar bone between the maxillary
second premolars and the first molars during distal
movement of the maxillary canines. IL-1f3 levels
were not significantly elevated at 24 or 48 hours. This
result confirmed the utility of the miniscrew implant as

an absolute anchorage device.®

The velocity of tooth movement correlated with
IL-1p and IL-1 receptor antagonist (IL-1RA) levels in
the gingival crevicular fluid. Seven individuals
undergoing orthodontic treatment involving maxillary
first premolar extractions and the distal bodily
movement of maxillary canines participated in the
study. One canine was loaded by 18 g of force which
produced distal canine movement 0.87 mm/month.
The other was loaded by 60 g of force which produced
distal canine movement 1.27 mm/month. IL-1f} levels
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were analysed relative to total protein in the gingival
crevicular fluid. This study showed velocity of canine
retraction related to Activity Index (Al), the ratio of
IL-1p levels in the gingival crevicular fluid and
Interleukin-1 receptor antagonist (IL-1RA) in
experimental sites to control sites.!® IL-1B Activity
Index was stronger in pressure sides than in tension
sides. This showed difference of IL-1f3 production
in area with different stress.!?)

Comparison between light continuous force with
a nickel-titanium coil spring and interrupted force with
a screw-attached retractor for canine retraction showed
no significant difference in IL-1p levels in the gingival
crevicular fluid between the two types of force, but
significant elevation of IL-1f} levels in the gingival
crevicular fluid was demonstrated at 24 hours and
maintained at high levels for 3 weeks. Interestingly,
a greater significant increase in IL-1 24 hours after
the first reactivation was observed. There was no
significant increase of IL-1 levels 24 hours after the
second reactivation.®” There were significant
differences of IL-1P levels in the gingival crevicular
fluid between experimental sites and control
sites.(15°16:20) These findings implied that IL-1
levels in the gingival crevicular fluid can be a biomarker

of bone remodeling during orthodontic tooth movement.

Orthodontic/orthopedic forces induce changes in
IL-1PB levels in the gingival crevicular fluid.*" IL-1p
levels in the gingival crevicular fluid of samples
undergoing rapid palatal expansion using a Hyrax
expander were monitored. IL-1f3 levels in the gingival
crevicular fluid collected from the maxillary first
molars were decreased after periodontal prophylaxis,
and increased at 24 hours after the activation of the
expander. The results confirm that mechanical stimulus
induces IL-1P (pro-inflammatory cytokine) secretion,

which is the early phase of bone remodeling.*"

Conclusion

Monitoring of IL-1f levels (as biomarkers) in
the gingival crevicular fluid is a non-invasive method
for the evaluation of periodontal tissue remodeling
during orthodontic tooth movement.
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In Memoriam*
Birdsall Holly Broadbent Jr., 1927 - 2009

Birdsall Holly Broadbent Jr.
Clinical Professor, Director, the Bolton-Brush Growth Study Center,

Case Western Reserve University
School of Dental Medicine
Cleveland, Ohio, U.S.A.

Dr. Birdsall Holly Broadbent Jr. died on
Thursday, July 9, 2009 in Cleveland, Ohio when he
was 81. Dr. B. Holly Broadbent Jr., is the son of Dr. B.
Holly Broadbent Sr., the developer of roentgenographic
cephalometer and the principal investigator on the
Bolton Growth Study. The Broadbent-Bolton
cephalometer was the primary data collection device
for several craniofacial growth studies.

Fig. 1 First Broadbent cephalometer (1926), designed to hold
the living head in a fixed position, creating the precise

and reproducible radiographs.

Dr. Broadbent Jr. received bachelor’s and dental
degrees at Western Reserve University and competed
on the Spartans’ wrestling team. During his career, he
served as the president of Cleveland’s Health Museum,
the Cleveland Dental Society and the Great Lakes
Society of Orthodontists. He was also vice president of
the American Association of Orthodontists.

Fig.2 “Research on facial growth and development has made
a marked difference in the way people are treated

orthodontically.” said Broadbent.

* Written by Wanvadee Shewinvanakitkul, D.D.S., M.S.D., Diplomate, ABO., with references to http//www.case.edu.
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Fig. 3

Dr. Wanvadee Shewinvanakitkul received B. Holly
Broadbent research award from Dr. B. Holly Broadbent
Jr. in December 2008.

Dr. Broadbent Jr. was the faculty of what
became Case Western Reserve University for 50 years.
He and his father developed the Bolton standards,
which predict the growth of children’s teeth and faces.
He and the center continued to update the standards.

Dr. Broadbent Jr. had just stepped down last year
as the director of the Bolton-Brush Growth Study
Center at the Case Western Reserve University School
of Dental Medicine.

Dr. Broadbent and his wife, Jacqueline (Owens),
had two daughters, Meredith and Elizabeth.

Dr. B. Holly Broadbent Jr. left a professional
legacy to the orthodontics that would never be
surpassed. We are grateful to him for his
extraordinarily great work. It’s a great loss of the
dentistry community.
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In Memoriam#*
Anthony A. Gianelly, 1936 - 2009

n

Anthony A. Gianelly
Chair, Professor

Boston University Henry M. Goldman
School of Dental Medicine
Massachusetts, U.S.A.

Dr. Anthony A. Gianelly, an internationally
recognized professor of orthodontics, died of a heart
attack on Thursday, May 28 at age 72 years. Dr.
Gianelly was Chair ad interim of the Department of
Orthodontics and Dentofacial Orthopedics at Boston
University Henry M. Goldman School of Dental
Medicine.

With his beloved wife, Ernestine (Painter), Dr.
Gianelly had a son, Todd, daughter Lisa and her
husband, Jeff Levinson, and grand sons William and
Matthew Levinson. He lived in Waban, Massachusetts,
for 45 years.

He received a doctor of dental medicine (DMD)
degree from Harvard School of Dental Medicine in
1961 and a certificate of advanced graduate study in
orthodontics from Harvard/Forsyth Dental Center in
1963. He earned a PhD in biology and biochemistry
from Boston University in 1967 and a doctor of
medicine (MD) degree from Boston University School
of Medicine in 1974.

Dr. Gianelly began his career as a Research
Fellow in Orthodontics at Harvard School of Dental
Medicine in 1963. He was appointed as Associate
Professor of Orthodontics at Boston University’s
School of Dental Medicine in 1967 and held the
position until 1969, when he became a full Professor
since then.

He served as a Chair of the Department of
Orthodontics and Dentofacial Orthopedics at Boston

University from 1968 to 2003 and had returned as a
Chair ad interim in 2007. In addition to teaching at
Boston University, Dr. Gianelly lectured around the
world throughout his career. He received many
prestigious awards over the course of his career,
including the 2009 Louise Ada Jarabak Memorial
International Teachers and Research Award, presented
at the American Association of Orthodontists Annual
Session in May 2009. Boston University awarded him
the Spencer N. Frankl Award for Excellence in
Teaching in 1999. The same year, the Italian Society of
Orthodontists gave Dr. Gianelly the Lifetime
Achievement Award.

Dr. Gianelly held numerous non-academic
appointments throughout his career, and co-authored 90
journal articles as well as authored or co-authored three
books: Biologic Basis of Orthodontics (1971);
Ortodonzia, Concetti Practici (1985); and
Bidimensional Technique: Theory and Practice (2000).

For over 40 years, Dr. Gianelly was a dedicated
mentor and father figure to his students as well as a
true friend. He was loved and admired by his students,
past and present. Apart from being a consummate
teacher, he had contributed profound research
knowledge in the field of orthodontics to which he had
dedicated all his professional life. We deeply regret for
his passing and would like to extend our sincerest
sympathy and condolences to his family. His passing
made our hearts filled with deep sorrow and senses of
great loss.

* Abbreviated from the Obituary in Dr. Gianelly’s memorial service held at the Boston University Henry M.Goldman School of
Dental Medicine on Friday, June 26th at 10:30 a.m. in the auditorium at 670 Albany Street. With courtesy by Assistant Professor

Poompada Jaochakarasiri.
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to Authors*

Journal of the Thai Association of Orthodontists

Objective of the Journal

Journal of the Thai Association of Orthodontists is a
publication of the Thai Association of Orthodontists to present
new knowledge and updates in orthodontics including interesting
basic sciences and researches in orthodontics.

Instructions for Authors

Type of Publication

1. Original articles. Original articles are research papers
or case reports that has never been reported in large part in a
published article or is contained in another paper that has been

submitted or accepted for publication elsewhere.
2. Review articles.
3. Clinical forum.

4. Miscellany. Includes special reports, short notes, brief

communications, letter to editor, and others.

Guidelines in Manuscript Submission

Submit the original manuscript and 2 copies along with
an electronic copy in PC Word files on a CD ROM. Tables and
figures should be printed on a separated sheet of paper. Save
tables and graphs as text-based files (Word or Excel, for
example) on the CD ROM, and not as graphic elements. Do not
embed figures in the word processing document. Digital images
should be saved as separated files in tiff, eps, or jpg format. The
authors should retain another copy of manuscript for reference. If
the manuscript is accepted for publication, the authors should
submit the final-revised manuscript, all files on a CD ROM and a
copyright released document signed by all authors. (Please refer
to the copyright section)

Guidelines in Manuscript Preparation

1. The manuscript should be printed on white bond paper
size ISO A4 (21.4 x 29.7 cm.), double-spacing throughout,
with margins of at least 1 inch. Type or print on only one side of
the paper not exceed 20 pages in length including all tables and
illustrations. Number pages consecutively, beginning with the
title page. Put the page number in the upper right-hand corner of
each page. Include the title page, abstract, text, acknowledgement,
references, individual tables, figures, and legends. The title
page should contain the title of the article, full name(s) of the
author(s), academic degrees, and institutional affiliations and
addresses. Identify the corresponding author and include an
address, telephone and fax numbers, and an e-mail address.

2. To identify a tooth on the manuscript, use full name
(i.e. upper right central incisor) or use two-digit system followed

with the full name in parentheses on the first time it is mentioned
i.e. #11 (upper right central incisor).
3. Illustrations

3.1 Send 3 copies of illustrations.

3.2 Photographs: Send sharp, glossy, black-and-white
photographic prints, 4 x 6 inches. Colored photographs are used
only if they are necessary and the authors are responsible for the
additional cost of printing.

3.3 Digital images: Should be in tif, eps, or jpg
format. The images should be at least 300 dpi and should be
saved in separated files on the CD ROM.

3.4 Radiographs: Take photograph from the x-ray to
be printed in black and white. Avoid direct print from the x-ray
which results in distortion of the image. Follow 3.3, if scanning
the x-ray into a digital image.

3.5 Drawings and diagrams: Drawings should be
professionally drawn on a paper or printed from a computer in
black ink.

3.6 Graphs: same as 3.5 with legends for x and y axes
(ordinate and abscissa)

4. Tables and graphs: Print tables and graphs on a
separate sheet of paper. Save tables and graphs as text-based files
(Word or Excel, for example) on the CD ROM, and not as
graphic elements. Number tables consecutively. Each table must
have a title and an explanatory matter in footnotes. Explain in
footnotes all abbreviations and symbols that are used in each
table.

All illustration must be in good quality. Put figure
number and mark upper margin of the figure on the back of each
figure with pencil. Include title and author’s name (first author’s
name is sufficient in group of authors) on the back of each figure.
Type or print out legends for illustration using double-spacing
starting on a separated page, with Arabic numerals corresponding

to the illustrations.

Original Articles

1. Title page The title page should carry the title of the
article, which should be concise but informative. Avoid
abbreviations. Give author name, academic degree, institutional
affiliation and position, mailing address, phone and fax numbers,
e-mail address, source(s) of financial support. If there are more
than one authors, list names consecutively according to their
significant contribution to the work.

2. Abstract. The abstract should be in brief, no more than
250 words. The abstract page should include the title of the
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article, the purposes of the study or investigation, materials and
methods, and results. Provide 3-5 key words at the end of the
abstract. Do not state anything not appear in the manuscript. No
references, pictures, tables, or discussion. Provide the full name
of the tooth instead of using symbols to avoid confusion.

3. Text. The manuscript proper should be organized in
the following sections:

3.1 Introduction. State the purpose of the article and
summarize the rationale and scope for the study. Give pertinent
review of the literature.

3.2 Materials and Methods. Describe the experimental
design procedures. Give the details of the equipment, materials,
observational methods, including statistical methods (if any).

3.3 Results. Present the results in logical sequence in
groups related to the objective of the work. Use tables, graphs,
and illustrations as appropriate.

3.4 Discussion. Discuss the implications of the
findings and their limitations, including implications for future
research. Relate the observations to other relevant studies.

3.5 Conclusion. Summarize the study and the
discussion.

3.6 Acknowledgement. Specify institution(s) or
person(s) who have contributed intellectually to the paper.

3.7 References. References should be numbered
consecutively in the order in which they are first mentioned in
the text. Identify references in text by Arabic numerals in
superscript. Reference format should conform to Uniform
Requirements for Manuscripts Submitted to Biomedical Journals
(Medical Education 1999;33:66-78). Journal names must be
abbreviated according to the list of Journal Indexed in annual

Index Medicus.

Reference format

(1) Standard journal article

List the first six authors followed by et al.

Al Qabandi AK, Sadowsky C, BeGole EA. A
comparison of the effects of rectangular and round arch wires in
levelling the curve of Spee. Am J Orthod Dentofacial Orthop
1999;116:522-9.

(2) Organization as author
WHO Collaborating Center for Oral Precancerous
Lesions. Definitions of leukoplakia and related lesions: An aids
to studies on oral precancer. Oral Surg Oral Med Oral Pathol
1987; 46:518-39.
(3) Books and Other Monographs
a) Personal author(s)

Burstone CJ, Nanda R. Retention and stability in
orthodontics. Philadelphia: WB Saunders; 1993.p.1-8.

b) Editor(s), compiler(s) as author

Athansion AE, editor. Orthodontic cephalometry.
St.Louis: Mosby-Wolfe; 1995.p.20-5.
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¢) Organization as author and publisher
Virginia Law Foundation the Medical and Legal
Implication of AIDS. Charlottevill: The Foundation; 1987.
d) Chapter in a book
Woodside DG, Reed RT, Doucet JD, et al. Some
effect of activator treatment on the growth rate of the mandible
and position of the midface. In: Cook JT, ed. Transactions of the
Third International Orthodontic Congress. London: Crosby
Lochwood Staples; 1975.p.459-80.
(4) Dissertation
Opasatian P. Correlations between the horizontal and
vertical facial morphology of Class II malocclusion in a group of
Thai young adult [thesis]. Bangkok: Mahidol University; 1991.
(5) Abstract
Nanda SK. Patterns of vertical growth in the face
(abstract). Am J Orthod 1988;93:103-116.
(6) Conference proceedings
Kimura J, Shibasaki H, editors. Recent advances in
clinical neurophysiology. Proceedings of the 10th International
Congress of EMG and Clinical Neurophysiology; 1995 Oct 15-
19; Kyoto, Japan. Amsterdam: Elsevier; 1996.
(7) In press
Sawasdison S, Apinhasmit W, Siri-upatham C,
Tungpisit- yothin M, Pateepasen R, Suppipat N, et al. Chemical
Sterilization for barrier membranes is toxic to human gingival
fibroblasts. J Dent Assoc Thai In press 2000.
(8) Journal article in electronic format
Morse SS. Factors in the emergence of infectious
diseases. Emerg Infect Dis [serial online] 1995 Jan-Mar [cited
1996 Jun 5];1(1):[24 screens]. Available from: URL: http://
www.cdc.gov/ncidod/EID/eid. htm.
(9) Monograph in electronic format
CDI, clinical dermatology illustrated [monograph on
CD-ROM]. Reeves JRT, Maibach H. CMEA Multimedia Group,
producers. 2nd ed. Version 2.0. San Diego: CMEA; 1995.

Case Reports and Review Articles

Follow the format for original articles. Provide abstract,
introduction, text (case or review), discussion, acknowledgement

and references.

Peer Review and Proof

The manuscript will be reviewed by at least 2 experts in
the field the work is in. Manuscripts that are not prepared
according to these guidelines will be returned to the author

before review.
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Copyright

The manuscript must be accompanied by a covering
letter signed by all co-authors. The letter should state that the
author(s) has read and approved the final manuscript and warrant
that the article is original, has not been previously published, and
is being submitted to the Journal only. The author(s) transfer all
copyright ownership of the manuscript to the Thai Association of
Orthodontists if the work is published. If there are published
material from other sources, the author(s) must obtain the
permission to reproduce the copyrighted material and provide a
copy of the permission to the editor. Waivers must be obtained
for photographs showing persons, unless faces are masked to
prevent identification.

Reprint

The corresponding author will receive 20 complimentary
copies of the issue in which the article appears. Additional copies
must be ordered when submitting the final version of the
manuscript and the author(s) will be responsible for the

additional cost.

Contact Information

Send manuscripts and comments to “ Editor, Journal of
the Thai Association of Orthodontists, Orthodontic Section,
Department of Pedodontics and Preventive Dentistry, Faculty of
Dentistry, Srinakharinwirot University, 114 Sukhumvit 23,
Wattana, Bangkok 10110, Thailand. Phone number (662) 664-
1000 ext 5081. Fax number (662) 664-1882.

Subscription

The Journal of Thai Association of Orthodontists is
published annually. Subscription rates and payment methods:
domestic, 300 baht per issue including postage. Cash, personal
cheque or money order payable to “Thai Association of
Orthodontists.”

Outside Thailand : USD 24 including postage send
money order in US fund payable to “Thai Association of
Orthodontists” to the Editor of the Journal at the above-

mentioned address.
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SIAM SQUARE DENTAL POLYCLINIC

211 Phayathai Road, Right Opposite Mahboonkrong Center,
Patumwan, Bangkok 10330
Tel. 0-2252-6314, 0-2658-3987 na 0



Clarlty““ SL

Self-Ligating Appliance System

SMARTCLIP .
SELF-LIGATING APPLIANCE SYSTEM c L A R I T Y | SL

SELF-LIGATING APPLIANGE SYSTEM

Key Features of the Clarity SL Bracket

Clarity™ SL Self-Ligating Brackets combine the best technologies of Clarity™ Ceramic Brackets
and SmartClip™ Self-Ligating Brackets with brand mew immovatioms.

Stainless steel archwire slot liner Bi-directional ball hook ‘

ID dimple with color ink dots ‘

. ‘ Nitinol self-ligating clips

Rounded, dome-shape tie-wing design }—»

l Finer grain, stronger ceramic

.
——

A

Clip retaining rotation arm ‘

Ceramic injection molded

Reliable Debonding

e Similar Clarity bracket-like bonding base that has been used reliably on more than
one million patients worldwide

e Debond Clarity SL trackets on or off the archwire

e Unique stress concentrator in the base initiates predictable, mesial-distal squeeze debonding

Unitek™ Self-Ligating Debonding Instrument
e Designed for optimal delivery of mesial-distal squeeze debond forces
e \Versatile design, allowing for debonding on or off the archwire

e Instrument can be used with both Clarity SL and SmartClip™ Self-Ligating Brackets

APC'II MB'T" APC PLUS

Versatile+ Appliance System
. Available in APC™ Il Available in APC™ PLUS
Aosnuneloe: Adhesive Coated Adhesive Coated

Appliance System Appliance System
D DENTAL-SIAM

ENTERPRISE CO.,LTD. m Unltek

Tel. 0-2713-3355




TENBROOK

THE TENBROOK AXIS™ passive self-ligating system is a low-friction,
light force orthodontic solution that delivers healthy tooth movement
with optimal control. The contoured trajectory of the slide and smooth
rounded edges along with its low profile design increase patient

comfort while a revolutionary new locking system replaces the need

for ligatures. The combination of the TenBrook Axis™ self-ligating

canbinnts bracket and simplified archwire sequences provide remarkable
ligating system advantages over traditional orthodontic systems.

FDA ceri lo Foreign
r ‘ s Allowing the importation of United States

products info foreign countries

ENBR K_m 2 @ﬁ& /2 Door rotates and locks into both E E
open and closed positions ——— ,1
—— | ™

Four Point Archwire
Guidance System

Smooth, Rounded Edges
for Patient Comfort

Chamfered Mesial

on3's,4's&5's
T & Distal slot opening

Superior Base Design
for Optimum Pad to Tooth Fit
& Bond Strength

TenBrook Axis Starter Kit

The perfect way to become introduced to the system. Choose between 5

or 10 case kits. Each kit includes; Axis brackets, wire, tool, typodont, 15x

model, educational DVD and a brochure.

Contact us now for more information on our full range of products.
Exclusive distributor for Ortho Classic products:

s S i C Pacific Medical Co., Ltd.

orld Class division 10/17 Soi Ladphrao 28, Ladyao, Chatuchak, Bangkok 10900
Tel : 081 644 3371 (Wan), 089 213 9087 (Aey)



USHN AUVAD LOUA 18% INA $10 A
W&H TECH CO., LTD.

Our company can supply many kinds of dental products to meet the requests you need, that include dental material and
instrument, following are just some main products, if you are interesting in it ,please contact with :
Mrs. Wang +66 (0)81 8393260 +66 (0)86 6267608

1. Bracket

* Metal Bracket:
0.018/ 0.022,
Min/Standard,
Roth/MBT /Edgewise,
3W/H ,3,4,5W/H

or 1-5W//H

* Ceramic Bracket:

0.022/0.018,
Min, Roth ,
3W/H ,
Transparent

2.Buccal Tube

4,5% 0.018/0.022, 6% 0.018/0.022, Edgewise/Roth/MBT, 7% 0.018/0.022, 6# Bracket
Edgewise/Roth/MBT Convertible Edg

ewise/Roth/MBT

— .

3.Bands

Bands with all kinds of baccal tube
and lingual click
lingual cheat Blank Bands

5. NiTi Arch Wire and Coil Spring :Super elastic  and Heat active
| Round Sizes | Rectangular Sizes
0.016"x0.016",
0.016"x0.022",
0.012", 0.017"x0.022",
0.014", 0.017"x0.025",
0.016", 0.018"x0.022",
0.018", 0.020" 0.018"x0.025",
0.019"x0.025",
0.021"x0.025"




6.Self Tapping Titanium Microscrews For Implant Anchorage

L, L1
L — -
e | | |Gty tedeions .
CBMALS-11 11 9 2 1.6 Maxilla 1
CBMAL 59 9 7 2 1.6 Mandible
CHMA2 0-8 8 6 2 2.0 Mandible m specml cases

CBGJO7-01 CBGJOT-02

Notes: All the meroscrews are aseptx sell-tapping products
Sterilive the screws prior 1o use when asepss & not specially mdicated.

Advantages
@ Simple performance for insert and removal.

® Minimal trauma and discomfort.easily Acceptable

by the patients.

® Lowerrisk and cost.
® Highersuccessful rate

@ Superiorto borderline cases.

Registration No. SFDA-MI (Au) 2004-3460446
License No. ZDA-MI (Au) 20000230 (Rev)
Registration Criteria: YZB/S 1646-2003

7. Stomatological Appliance Box For Single Use

Stomatological Appliance Box include one
piece of mouth mirror plane, one piece of mouth

explorer , one piece pliers and one piece of

- o [ a 4 o o
cloth(option). The products have been sterilized LI SULATUBRAIEY I S109
and the period of validity expires in 2 years. ( H )N & H TECH CO., LTD.

g Tel. : +66 (0)2 7217075

Fax : +66 (0)2 7217074

Email : wandhtech@yahoo.com

Please contact with :

Mrs. Wang +66 (0)81 8393260
+66 (0)86 6267608




NOW YOUR
PATIENTS CAN HAVE

STRONGER TEETH

AND HEALTHIER GUM!
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Patients facing with both g Listerine Fluoride is
cavities and gingivitis should be et highly recommended for
advised to rinse with Listerine

Fluoride because .
* Patients above 12

years old who can
not brush well and

LRI LT

e Listerine antiseptic is clinically

proven to A |
- Reduce plague up to 56% ! face with both caries
- Reduce gingivitis up to 36% 2 and gingivitis
* 100 ppm fluoride in Listerine
Fluoride is proven to be effective in ,
promoting enamel remineralization. 2 * Orthodontic
patients who are
i more susceptible to A\
1. Charles CH, et al. J AM Dent Assoc 2001;132: 670-75 d.ent.a! panes and
2. Overholser CD, et al. J Ciin Periodontol 1990;17: 575-0 glngwms due to their ]
races.

8. Zero DT, et al. J AM Dent Assoc 2004;135: 231-7
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