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ABSTRACT

Accelerating the rate of orthodontic tooth movement would be beneficial to the
shortening of treatment time and to diminish adverse effects in orthodontic treatment. The
acceleration of tooth movement should be achieved by new simple technique without risks and
harmful procedure. Objectives In this study, the effects of mechanical stimulation by vibration were
evaluated on tooth movement and cytokine secretion. Materials & Methods Ten subjects (2 males
and 8 females, mean age 20.5 years) who received the upper first premolar extraction from both
sides for canine distalization were participated. With the split mouth design, canine on the
experimental site was applied with orthodontic force (60 g) in combination with the vibratory
stimulation from the electrical toothbrush for 1 month compared to orthodontic force alone. The
amount of canine movement was measured from the study model. The gingival crevicular fluid was
collected from both mesial and distal region of each canine at each appointment. IL-1P3 level was

analyzed by ELISA. Results Tooth movement in the experimental group was significantly (p<.05)

greater than in the control group. Enhanced IL-1f secretion was observed in the distal site of the
experimental group after vibratory stimulation for 1 month which was significantly (p<.05)
increased over the control group. Clinically, there were no pathological findings in either group.
Conclusion The application of vibration in this study can accelerate orthodontic tooth movement

via enhanced IL-1[3 secretion in the gingival crevicular fluid.
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CHAPTER 1

INTRODUCTION

Background and Rationale

Orthodontic tooth movement is the result of periodontal tissue response to the
mechanical stimuli generated from orthodontic appliances that alter the homeostatic condition
causing the transient change, resulting in tooth movement into the more equilibrium
environment through periodontal tissue adaptation including bone remodeling. This process
involves in bone cell activities regulated via many signaling pathways and mechanisms. The
acceleration of orthodontic tooth movement is brought about by raising the remodeling activity
of bone. The velocity of orthodontic tooth movement is related to cytokine release which can be
detected in gingival crevicular fluid (GCF).” Among these cytokines, interleukin 1-beta (IL-1[3)
is one of the potent inflammatory mediator that showed positive correlation to faster tooth
movement.’

Triggering the bone remodeling process for the aim of increase in rate of tooth
movement can be done to provide each patient with the benefits of less treatment time including
administration of inflammatory agentsf’5 electrical stimulationf’7 laser application,g’9 and also
surgical enhancement of tooth movement. ' Some of these methods can increase movement
speed according to the literatures. However, they are not yet the common procedures base on the
concern in unsatisfied effects and further studies in human are necessary.

The rate of tooth movement apparently depends on the magnitude and duration
of force."” However, the up-regulation of bone remodeling by keeping the force increase is
absolutely useless. According to the tissue tolerance, the hyalinization occurs followed by
prolonged treatment time when the force is beyond the optimum limit.” Ideal orthodontic
treatment requires an optimum force that leads to the maximum rate of tooth movement with
minimal irreversible damage to the root and periodontium.14 However, a large inter-individual

variation was found in experiment attempted to define the optimum force. Even with



standardize, constant and equal force, the rate of orthodontic tooth movement may vary
substantially among and even within individuals.”"’

Accordingly, the light magnitude force was introduced for satisfied result by
avoidance of necrotic periodontal tissue. Unfortunately, the maximum biologic response may not
be achieved by low magnitude in some individuals.””

Any assault on up-regulated bone remodeling process with non-aggressive
mechanical stimulation was showed in studies that meant to reduce the incidence of osteoporosis
by using the principle of short duration, extremely small magnitude, high-frequency mechanical
stimuli. ™ The results illustrated the significantly up-regulated bone remodeling activities due
to increase in capillary filtration and number of blood vessels. In addition, vibratory stimulation
applied in animal model was shown to increase rate of orthodontic tooth movement without
additional damage to tissues nearby.23 The osteocytes might be the one that believed to act as the
mechano-sensor of the bone. Within the lacunar space in bone, the cytoplasmic processes of
osteocytes and contained bone fluid are evidently responsible for mechanical signal transduction
to surrounding osteocytes and bone lining osteoblasts through the lacunocanalicular network.”"”’

In this study, the vibratory stimulation is hypothesized to promote the velocity
of tooth movement via the combination of light orthodontic force and vibratory stimulation in
clinical practice. By using an already available instrument for tooth cleansing, the electrical
toothbrush, is the oral hygienic device that uses electric power to generate oscillatory pattern,
which in term creates the vibratory motion to the brush head that result in up-regulation of the

mechanical signals for alveolar bone remodeling.

Review of Literature

Optimal orthodontic treatment requires a mechanical input that leads to a
maximum rate of tooth movement with minimal irreversible damage to the root and
periodontium. It is assumed that an optimal force system is important for an adequate biological
response in the periodontal ligament. Throughout time, many studies are conducted to seek the
optimum force for tooth movement. However, a large inter-individual variation is recognized in

both human research and animal experiments. In literature, different opinions can be found about



the force level that results in optimal mechanical conditions within the periodontal ligament for

orthodontic tooth movement.

Optimum force magnitude for orthodontic tooth movement

Recently, a thorough systematic study of the literature pertaining to the
efficiency of tooth movement in human subjects indicated that no optimal force magnitude, or
more accurately no optimal pressure magnitude, could be defined.”” The main problems
encountered are related to the inability to estimate stresses or stress distribution in the
periodontal ligament, the lack of control of bodily or tipping movement, the variation in follow-
up periods, and large individual variations.”

Regardless, this issue is generally based on the purposed models for the
relationship between force magnitude and rate of tooth movement.

The best model that is supported by experimental and clinical data illustrate the
force threshold is indicated for tooth movement initiation. With forces above the threshold, a
linear dose-response relationship is assumed. The higher forces are generally more efficient in
moving teeth. Then a plateau is reached, the higher forces do not necessarily lead to faster tooth
movement.” A minimal force, leading to a minute change in pressure, might be able to switch on
tooth movement. This implies that higher forces often used in orthodontic practice do not
necessarily produce more efficient tooth movement. On the contrary, they might overload the

periodontal tissues and cause negative effects that will delay tooth movement.

Mechanotransduction in bone biology and homeostasis

Mechanotransduction is the process by which mechanical energy is converted
into electrical and/or biochemical signals. In principle, the loading information must then be
communicated to effective cells that can make new bone or destroy old bone. Mechanical
adaptation is a cellular process that senses the applied mechanical loading.30 Osteoblasts are the
cells that produce new bone by synthesizing bone matrix and making calcification. In the other

hand, osteoclasts are the cells that can degrade bone matrix by subsequent demineralization and



collagen degradation. However, the great majority of the cells of bone tissue are osteocytes,
lying within the bone matrix, bone lining cells and also lying on the surface. Osteocytes are
derived from osteoblasts that have stopped producing bone matrix and later buried in bone
matrix. Osteocytes remain in contact with the bone surface cells and with neighboring osteocytes
via long slender cell processes that connect by means of gap junctions called canaliculi. Like a
neuron, individual cytoplasmic process connects to surrounding osteocytes and superficial
osteocytes also are connected with osteoblasts lined on the bone surface.”

At the tissue and cellular levels, mechanism of signal transduction in bone is
still unclear. Somehow, in response to the external mechanical loading, bone cells may sense and
transduce mechanical signals through the lacuno-canalicular network. According to the cell
morphology and environment, the osteocytes might be the cell that believed to act as the
mechanosensing of the bone.” Within the lacunar space, osteocytes and their processes are
contained and filled with bone fluid. According to the canalicular fluid flow hypothesis, when
bone is loaded, interstitial fluid is squeezed through the thin layer of non-mineralized matrix
surrounding cell bodies and cell processes toward the Haversian or Volkmann channels, thereby
producing fluid shear stress at the osteocyte cell membrane.

In steady state, fluid flow keeps the osteocytes viable and also ensures
osteocyte activation and signaling, thereby suppressing osteoblastic activity as well as
osteoclastic function. During overuse, the osteocytes are over-activated by enhanced fluid flow,
leading to release of osteoblast-recruiting signals. Subsequent osteoblastic bone formation
reduces the overuse until normal mechanical use is re-established, thereby re-establishing the
steady state of basal fluid flow. During disuse, the osteocytes are inactivated by lack of fluid
flow. Inactivation either leads to release of osteoclast-recruiting signals or to lack of osteoclast

suppressing signals, or both. ¥

Vibratory stimulation and bone remodeling

Regarding to the response of osteocytes caused by stress-induced fluid flow
stimulation, osteocytes are obviously sensitive to stress applied. There are many kinds of
mechanical stress that might be sensed by osteocytes. In case of vibratory stimulation, vibration

refers to mechanical oscillations about an equilibrium point with periodical change. The effects



of vibration on bone tissue/cells have widely been studied in the reason for treatment of
osteoporosis. This concept arises from the extremely low-level, high-frequency strains on bone
mass that caused by muscle contractibility during postural control which have recently been
shown to be anabolic to bone tissue. Animal studies indicate that low-magnitude high-
frequency strains, induced through vibration, can stimulate bone formation in weight-bearing
regions of the skeleton.™ ™

It would seem that higher frequencies are also stimulatory to bone cells. An
investigation of bone cell responses to vibration stress at a wide frequency range (5-100 Hz)
showed positively nitric oxide release correlated. COX-2 mRNA expression increased in a
frequency-dependent manner, which relates to increased nitric oxide release at high frequencies.
On osteoblastic function, osteocalcin mRNA was up-regulated 2.6-fold after 7 days of vibratory
stimulation. Therefore, osteoblasts might be sensitized to mechanical loading by low amplitude,
broad frequency mechanical vibration.”

In human studies, reported that having adult stand on a platform with high-
frequency vibration for 20 minutes each day for 5 days a week over 1 year with load applied to
bone from this vibration is about 5 microstrain could increase femoral trabecular bone density by
32%.” Bone trabeculae were also shown to have closer spacing, which was consistent with
stronger bone. Histomorphometric studies of bone turnover suggested that this effect may due to
the increase in bone formation and mineralization. The potential for brief periods of low-
magnitude, high-frequency mechanical signals to enhance the musculoskeletal system was
evaluated in young women with low bone marrow density. Twelve months of this non-invasive
signal, induced as whole body vibration for at least 2 minutes each day, increased bone and

. . .. . 37
muscle mass in the axial skeleton and lower extremities compared with controls.

Periodontal ligament cells and mechanical stimulation

In homeostasis of alveolar bone, periodontal ligament (PDL) cells have intimate
role in regulation of bone remodeling activities. PDL cells initiate bone remodeling in response
to the load applied during orthodontic tooth movement.” On the pressure side, osteoclasts resorb
bone. Osteoclast formation and differentiation are regulated by a balance between the receptor

activator of nuclear factor kappa B ligand (RANKL) and osteoprotegerin (OPG). PDL cells



express both RANKL and OPG. PDL fibroblasts are functionally different but may have dual
effects. They are capable of inducing the formation of osteoclast-like cells and also inhibiting
them according to the conditions examined.” ™ It was shown that weak intermittent force could
effectively induce the expression of RANKL in human PDL cells under optimal compression

. . 40, 42
forces in vitro.

Vibratory stimulation and orthodontic tooth movement

The complex of tooth and PDL is considered to be viscoelastic. It was reported
that an intermittent vibrating force is mechanically more effective than a static force in changing
the PDL’s viscoelasticity, and this effect persists over a certain period of time.” The ultrasonic
vibration was used to accelerates tooth movement in vivo." However, ultrasonic vibration of
teeth might be associated with certain hazards, such as thermal damage to the dental pulp.

Interestingly, the effects of 60 Hz resonance vibration for 8 minutes on the
speed of tooth movement and root resorption during experimental tooth movement in rats clearly
demonstrated the stimulatory effects in accelerating the speed of tooth movement with no
collateral damage to periodontal tissues.” In addition, the study demonstrated the activation of
the RANK/RANKL signaling pathway in response to the loading of resonance vibration.

Furthermore, vibration was hypothesized to accelerate orthodontic tooth
movement by alleviation of blood flow obstruction at the pressure side which may result in

delayed tooth movement because of hyalinization.23

Gingival Crevicular Fluid (GCF)

From Dictionary of Dentistry Jablonski (1982) illustrated the meaning of GCF
as a fluid occurring in minute amounts in the gingival crevice, believed by some authorities to be
an inflammatory exudate and by others to cleanse material from the crevice, containing sticky
plasma proteins which improve adhesions of the epithelial attachment, have antimicrobial
properties, and exert antibody activity. GCF was discovered accidentally and had been described

by Niels Brill and Bo Krasse in 1956.°



They observed the fluid oozing out of the periodontal pocket and washed out
the idodine solution while the healthy gingival of a dog was disinfected for microflora
collection. It is now widely appreciated that GCF is formed as a blood ultra-filtrate but
accumulates elements of the metabolism from both bacterial and host cells from the gingival
crevice environment. The interest of GCF is focused primarily on the identification of
components that could be used to identify persons at risk in terms of periodontal disease activity.
The significant function of GCF is an important determinant in the ecology of the periodontal
sulcus. The first important characteristic associated with GCF flow is its flushing action. GCF
flow creates a flushing action for the rapid removal of substances from the gingival sulcus. The
other relevant characteristic associated with GCF flow is the isolation effects which restrict the
penetration of substances from the periodontal pocket. In addition, the important role that GCF
may have in transporting antibacterial substances, either of host origin or those obtained into the
circulation such as antibiotics, to the crevicular space.46

The diagnostic potential of GCF flow has long been recognized. GCF flow rate
is the process of fluid moving into and out of the gingival crevice in a small stream, usually only
a few microliters per hour. The amount of crevicular fluid is correlated to the level of gingivitis.
An increase in vascular permeability chronically inflamed gingival showed an increase in GCF
production and periodontal therapy can result in a decrease in fluid flow.” A good correlation
between GCF flow rate and the level of gingival inflammation and even higher correlation
between flow rate and pocket depth had been demonstrated. In contrast, only a weak correlation

between GCF flow and pocket depths had been described.”

GCF analysis

The composition of GCF has been a controversial issue. This may be a result of
variations in the amount and nature of the fluid produced under different clinical conditions and
the use of a wide variety of sampling methods. Problems with GCF collection and data
interpretation mostly are caused by contamination. The major sources of contamination of GCF
samples would be blood, saliva, or plaque. The presence of any contamination on filter paper
strips used for collecting GCF would influence volume determinations, which would be

expressed as volume of GCF. Careful isolation should be performed in an effort to minimize the



potential for contamination. Alternative approaches to sampling techniques have been developed
in an effort to increase the volume of GCF sample available for subsequent laboratory analysis.
The problem with prolonged collection times is that the nature of the GCF sample collected is
likely to change with the protein concentration of the initial GCF collected comparable to
interstitial fluid, whereas prolonged sampling at the site resulted in protein concentrations
approaching those of serum.” In essence of volume determination, evaporation is considered to
be a significant problem in accurate volume determination of GCF samples. This is particularly
the case as the total volumes collected are usually less than 1 ml. When the small amount of
GCF is collected, the percentage of error is considered to be of major signiﬁcance.48 There are
conventional methods for measurement of GCF volume. Each approach collects the liquid
sample and measure the GCF volume in related to time. Ideally, the method should provide short
collecting time with adequate amount of GCF and less contamination from both environment
and new GCF release. The key to this collection is to select a sampling time that is small enough
so the resting volume of the pocket is not allowed to re-establish. The analysis of specific
constituents in the GCF may provide quantitative biochemical indicators for using to evaluate
the local cellular metabolism, reflecting the periodontal health status and bone remodeling
process during orthodontic treatment. In recent years, the expression of regulatory proteins in the
GCF has been recognized as a promising diagnostic tool for monitoring orthodontic treatment
outcome. Currently, the information from individual studies on the relationship between
regulatory proteins in GCF and orthodontic tooth movement is focused. The interest of most
reports is pointed on the presence of new mediators and on the up-regulation/down-regulation of

the levels of these regulatory proteins in different treatment designs.46

Cytokines in gingival crevicular fluid and orthodontic tooth movement

Cytokines are extracellular signaling proteins that act on nearby target cells in
low concentrations in an autocrine or paracrine fashion in cell-to-cell communications. Among
the more than 100 regulatory proteins detected in GCF, cytokines are proteins of interest.
Cytokines refer to non-hormone signaling factors, including lymphocyte-derived factors,

monocyte-derived factors, colony-stimulating factors, growth factors, and chemotactic



chemokines. Cytokines are produced by periodontal tissue cells, such as fibroblasts and
osteoblasts, and are involved in normal physiological turnover and remodeling of bone.”

Pro-inflammatory cytokines have been intimately involved in bone resorbing
activities. The elevation of the pro-inflammatory cytokines initiate signaling cascades that
stimulate local vascularity, infiltration and activation of monocytes/macrophages, and the
production of potent secondary pro-inflammatory mediators, chemoattractants, proteases, and
reactive ions that collaborate to cause marked and irreversible bone breakdown. The role of
cytokines in osteoclast formation and activation are central to the focal bone destruction that
occurs in osteolytic conditions.”

Many characteristic features of cytokines make them particularly interesting to
orthodontics. As cytokines in GCF, these mediators reflect the local microenvironment of
periodontal tissues where the effect of orthodontic forces is exerted.” Numerous studies had
shown that cytokines play pivotal roles in cell—cell signaling and mediate remodeling in bone
following mechanical stimulation.” Clinical studies on the up-regulation/down-regulation of
cytokines in GCF collected from patients have been carried out to provide a non-invasive way to
show the involvement of cytokines in orthodontic tooth movement.”” " The relationship between
cytokine production and force re-activations provide a better illustration of the high potential of
GCEF as a diagnostic tool for using to monitor clinical outcome in orthodontics. Cytokines that
were found to affect bone metabolism, and thereby orthodontic tooth movement , such as
interleukin 1, interleukin 6, interleukin 8, tumor necrosis factor alpha, and gamma interferon.
Among the cytokine expressed in GCF, interleukin-lbeta is one of the most studied in

orthodontic literatures.

Interleukin-1beta (IL-18)

Interleukins are a group of signaling molecules that were first seen to be
expressed by white blood cells (leukocytes), The term interleukine, (inter-) as a means of
communication, (-leukin) deriving from the fact that many of these proteins are produced
by leukocytes and act on leukocytes.

IL-1 is the prototypic pro-inflammatory cytokine. There are two forms of IL-1,

(IL-1a. or IL-1P) functions as a costimulator of T cell functions, primarily together with an
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antigen or a mitogen. IL-1a and IL-1f are synthesized as precursors without leader sequences.
The molecular weight of each precursor is 31 kDa. Processing of IL-1a or IL-1B to mature
forms of 17 kDa requires specific cellular proteases. There are two primary cell surface binding
proteins (IL-1 receptors) for IL-1. IL-1 type 1 receptor (IL-1RI) transduces a signal, whereas the
type 2 receptor (IL-1RII) binds IL-1 but does not transduce a signal. In fact, IL-1 RII acts as a
sink for IL-1 and has been termed a decoy receptor. When IL-1 binds to IL-1RI, a complex is
formed which then binds to the IL-1R accessory protein. (IL-1RAcP), resulting in high affinity
binding.59

IL-1 is a key mediator in a variety of activities in immune and acute-phase
inflammatory responses.13 Both 2 forms of IL-1 (O and P) directly stimulate osteoclast function
through IL-1 type 1 receptor, expressed by osteoclasts. Secretion of IL-1 is triggered by various
stimuli, including neurotransmitters, bacterial products, other cytokines, and mechanical forces.
These actions include attracting leukocytes and stimulating fibroblasts, endothelial cells,
osteoclasts, and osteoblasts to promote bone resorption and inhibit bone formation. Osteoblasts
are target cells for IL-1, which in turn conveys messages to osteoclasts for resorbing bone.
Between IL-1P and Q, IL-1P is seem to be more potential. The expression of IL-13 mRNAs
might be up-regulated in both PDL cells and osteoblasts on the compression side.” Many studies
in human showed that the level of IL-1P in GCF during orthodontic tooth movement was
elevated significantly in the first 7 days of tooth movement and highest at 24 hours and then
diminished to baseline level during the linear phase of tooth movement.” """’ The deceleration of
IL-1P level could be assumed that the restored IL-1[ levels might be due to a lack of force
consistency.®® With respect to the velocity of tooth movement, there is a study that found a

positive correlation with the IL-1f3: IL-1 receptor antagonist ratio.

PDL cells and IL-1B

PDL cells produce IL-1f under mechanical stress.” The expression of IL-1p in
the human periodontium can be assessed non-invasively by GCF analysis, which reflects the
cellular response of underlying PDL space.60 IL-1B-treated PDL cells showed an increase in
bone resorbing activity compared with unstimulated PDL cells. IL-1B mediates

osteoclastogenesis by enhancing stromal cell expression of RANKL and directly stimulating the
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differentiation of osteoclast precursors.62 Therefore, IL-1P probably modulates the bone

remodeling caused by orthodontic compression forces.

Enzyme-linked immunosorbent assay

Enzyme-linked immunosorbent assay, also called ELISA, is a biochemical
technique used mainly in immunology to detect the presence of an antibody or an antigen in a
sample. The ELISA has been used as a diagnostic tool in medicine and plant pathology, as well
as a quality control check in various industries. In simple terms, in ELISA an unknown amount
of antigen is affixed to a surface, and then a specific antibody is washed over the surface so that
it can bind to the antigen. This antibody is linked to an enzyme, and in the final step a substance
is added that the enzyme can convert to some detectable signal. Thus in the case of fluorescence
ELISA, when light of the appropriate wavelength is shone upon the sample, any
antigen/antibody complexes will fluoresce so that the amount of antigen in the sample can be
inferred through the magnitude of the fluorescence. Performing an ELISA involves at least one
antibody with specificity for a particular antigen. After the antigen is immobilized the detection
antibody is added, forming a complex with the antigen. The detection antibody can be covalently
linked to an enzyme, or can itself be detected by a secondary antibody which is linked to an
enzyme through conjugation. After the final wash step the plate is developed by adding an
enzymatic substrate to produce a visible signal, which indicates the quantity of antigen in the
sample. Traditional ELISA typically involves chromogenic reporters and substrates which

produce some kind of observable color change to indicate the presence of antigen.
The generation of mechanical vibration from electrical toothbrush

An electrical toothbrush (Colgate® Motion-Multi Action) consisted of two
round-tufts of brush which are rotated at approximately 7,500 rounds per minute (125 Hz) in

opposite direction by a direct circuit (DC) motor which required two AAA alkaline batteries.

In a typical DC motor, there are permanent magnets on the outside and a

spinning armature on the inside. The permanent magnets are stationary. The armature rotates.
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The armature contains an electromagnet. As shown in Figure 5, when the electricity is run into
this electromagnet, it creates a magnetic field in the armature that attracts and repels the magnets
in the stationary unit. So the armature spins through 180 degrees. In order to keep it spinning, the
poles of the electromagnet have to be changed. The brushes handle this change in polarity. They
make contact with two spinning electrodes attached to the armature and flip the magnetic
polarity of the electromagnet as it spins. The spinning of armature magnet generates the

vibration as a by-product.
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Objectives

1. To study the effect of vibratory stimulation on the rate of tooth movement.

2. To study the effect of vibratory stimulation on the IL-1f level in GCF.

Hypothesis

The vibratory stimulation can accelerate orthodontic tooth movement by

increasing the remodeling activity of bone.

Significance of the study

This study introduces a new intervention for shorten the orthodontic treatment
time with the simply method by using the vibratory stimulation from electrical toothbrush as the

supplementary force which reduces cost and time spending in orthodontic treatment.



CHAPTER 2

Research Methodology

Subjects and Treatment

Ten patients (8 females and 2 males, age between 19-25 years) from the
Orthodontic clinic, Faculty of Dentistry, Prince of Songkla University were involved in this
study. The representative samples were selected from the population by simple random sampling

following the criteria as below:

Inclusion Criteria

1. Good general health

2. Demonstrated good oral hygiene and had been planned to be extracted the
maxillary first premolars and distalized the maxillary canines

3. Probing depth values not exceeding 3 mm. in the whole dentition

4. No NSAIDs taking within 6 months before the experiment

Exclusion Criteria

1. Loss of any permanent tooth during experiment (except the third molar)
2. Failure of bonding on the maxillary canine and/or movement unit
3. Present of periodontitis

4. Taking NSAIDs during the study

14
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All patients were informed about the experimental procedure and the informed
consent and assent were obtained according to the Institutional Ethical committee Board. The
patients were instructed to avoid NSAIDs during the study. Acetaminophen was prescribed as
necessary to alleviate discomfort from the orthodontic treatment. The patients received repeated

oral hygiene instructions for the use of toothbrush and dental floss during the study.

Orthodontic mechanics

For each patient, Roth’s prescription preadjusted edgewise brackets (3M
Gemini metal brackets, 3M Unitek Corporation, Monrovia, CA, USA) with 0.022 x 0.025-inch
slots were attached on maxillary canines and posterior teeth after the first premolars were
extracted. For anchorage preparation, the upper second molar through second premolar were tied
together with 0.010-inch stainless steel wire and bind bilaterally with 0.021 x 0.025-inch
stainless steel wire segment to engage passively the tubes and slots of the edgewise appliances.
The wires were left in situ for 1 month to become passive before starting to retract canines.

As shown in Figure 1, the mechanic for canine distalization consisted of a
customized retraction hook fabricated from 0.021 x 0.025-inch stainless steel arch wire on the
mesial of each canine and second premolar bracket. The height of the hook was just matched the
estimated center of resistance (CRE) position for the specific canine. In addition, lingual botton
(3M Unitek Corporation, Monrovia, CA, USA) was placed on lingual surface of each canine and
second premolar. The retraction forces, on average of 60 g, were applied through the elastic
chains (AlastikTM, 3M Unitek Coperation) linked between two retraction hooks on buccal side
and also between two lingual bottons on lingual side. Each canine was retracted for 3 months.
The patients were scheduled for every month. At each appointment during the experimental

period, the elastic chains were replaced.
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Fig.1: The mechanic for canine diatalization

Vibratory stimulation with electrical toothbrush

After the first month of canine retraction, right or left canine was randomly
selected for the additional stimulation with electrical toothbrush (Colgate® Motion-Multi Action)
The patients were informed to apply themselves the mechanical vibration by placing the
electrical toothbrush on the labial surface of selected canine (Figure 2) as long as feasible per
day for the last 2 months of experiment. The participants were assigned to report the duration of

using electrical toothbrush and discontinue the vibration in the object of any inconvenience.

Fig.2: The demonstration of vibrating application via electrical toothbrush
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The appointment schedule and data collection

A list of planned appointment for each patient is shown in Table 1. The GCF
collection and upper impression taking for reference model were performed 5 times throughout

the study.

Table 1: The appointment schedule and data collection

Visit Treatment Model & GCF
1
Initial record J
(baseline)
2 bracket and wire placement =
3
start canine retraction \/
(TO)
4
1 month after canine retraction \/
(T1)
5
2 months after canine retraction with or without 1-month vibration \/
(T2+V1)
6
3 months after canine retraction with or without 2-month vibration \/
(T3+V2)
GCF collection

GCF samples were collected from the mesiolabial and distolabial site of both
left and right maxillary canines. Before GCF collection, the site was isolated with lip retractor.
Any supragingival plaque was removed without invasion of gingival margin. The cervical area
was gently dried with an air syringe.

The GCF was collected with No.30 standardized absorbent paper point
(Hygenic®, Germany) which was inserted into the crevice at each site until mild resistance was

felt and then left in place for 60 seconds while maintaining isolation as shown in Figure 3.
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Fig.3: GCF collection from the gingival sulcus with No.30 standardized absorbent paper

point.

The paper point visually contaminated with saliva or blood was discarded. The
paper point was immediately transferred to 1.5 ml plastic tube. The absorbed GCF volume was
quantified by the difference in weight of the paper point before and after GCF collection with
digital weight measuring device (Sartorius MC210S). The paper point with GCF was snapped

frozen in at —80°C until further processing was carried out.

Analysis of IL-1p level

GCF samples were assayed in triplicate to determine concentrations of IL-1f3
with commercially available IL-1[3 enzyme-linked immunosorbent assay (ELISA) kits (Cayman
Chemical, Ann Arbor, MI) as shown in Figure 4. In brief, 100 ul of diluted GCF in phosphate
buffered saline (PBS) was added to each well of 96-well plate pre-coated with a monoclonal
antibody specific for IL-1P followed with 100 ul of IL-1B (human) AChE Fab’ Conjugate. Then
covered the plate with plastic film and incubated overnight at 4°C. The wells were emptied and
rinsed five times with washing buffer. Ellman’s reagent (200 pl) was added to each well. The
plate was again covered and incubated on an orbital shaker at room temperature for 6 hours in
the dark. The plates were read by using a PowerWave microplate reader (Biotex, England) at a
wavelength of 412 nm. The concentration of IL-1B (pg/ml) was calculated from the GCF volume

which considering GCF density value = 1.
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GCEF Preparation for ELISA assay

Eluted with 350 ul phosphate buffered saline (PBS) pH 7.4

\

Centrifugation (13,000 g, 4°C, 15 minutes)

'
| B .

| _J | “ﬁ

100 ul 100 ul 100 ul (50 ul — discarded)

 ZEEE B
L U

ELISA analysis in triplicate

Fig.4: GCEF preparation for ELISA assay. The —80°C store of GCF was eluted with 350 pul of
PBS. After centrifugation at 4°C for 15 minutes, 100 pl aliquot part of elution was

transferred to each well for ELISA analysis in triplicate.



20

Measurement of the rate of tooth movement

At each selected appointment, the impression taking of the maxillary arch was
performed for stone model. The series of models from each subject were assessed the changes in
canines’ position relative to the stable landmark which was the ipsilateral median end of third
rugae for each canine. The initial model was used for making of a palatal plug with reference

wires for making measurement of canine movement as previously described by Limpanichkul.

Fig.5: Acrylic plug for measuring the canine movement

Fig.6: Acrylic plug for measuring movement of posterior units
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Fabrication of acrylic palatal plug

An acrylic palatal plug was fabricated from clear orthodontic acrylic, covering
just the medial portion of the palatal rugae with 0.9 mm stainless steel wire were set in an acrylic
plug. For measuring the canine movement, the wire pointed to the most mesial surface of right
and left canine as shown in Figure 5. For measuring anteroposterior movement of posterior units,
the wire pointed to the central pit of right and left first molar as shown in Figure 6. The lines
were marked on the exposed surface of the palatal plug coinciding with the incisive papilla point
and the median raphe for additional landmarks while the plug was transferred to the progress
models.

For measuring the canine movement, the distance between the wire end and the
most mesial surface of each canine and also for the central pit of each first molar was measured
with a digital caliper. All models were re-measured 2 weeks later. For assessing the rate of
canine movement between with or without vibratory stimulation, the mean rate of canine
movement between experiment and control side were compared among T1, T2+V1, and T3+V2.
The technical error of measurement was evaluated by using paired t-test” which showed no

statistical difference between the first and second time of measurement (p<.05).
Statistical analysis

Means and standard deviations of the rate of tooth movement, IL-1f level, and
GCF volume were obtained for the experimental and control group at each time.

The Friedman test” was used to determined whether there were any significant
overal differences in rate of tooth movement, IL-1f level, and GCF volume among the groups at
each time. Wilcoxon Signed-Rank test” was performed to determine statistically significant
differences in level of IL-1p, rate of tooth movement between, and GCF volume of experimental

and control groups at each time.



CHAPTER 3

Results

In all participants, plaque accumulation was minimal throughout the study. No
signs and symptoms of periodontal destruction were observed in any subject. There was no

report in any discomfort from using electrical toothbrush.

Duration period for vibratory stimulation

The participants in this study were advocated to apply mechanical vibration
with no strict limit on the amount of time. At the end of study, the record of electrical toothbrush
using was returned form each participant. The patterns of electrical toothbrush usage were

different among the subjects as reported in Table 2.

Table 2: The pattern of vibratory application from electrical toothbrush in each subject

Average duration per day

Subject % day using toothbrush frequency/day
(minute)
1 4.8 100 1
2 17.8 100 1-2
3 18 100 1
4 19.2 100 1
5 20.2 86.2 1
6 30 100 1
7 31.9 71.9 1
8 423 100 2-3
9 45 65 1-2

10 52.6 100 6
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The durations of using electrical toothbrush range from 4.8 to 52.6 minutes per
day (mean 28.18 [114.90). Most subjects applied the vibratory stimulation once a day for

everyday.

GCF volume

The means of collected GCF volume were shown in Table 3. The mean volume
of GCF collected from both pressure (distal) and tension (mesial) sites of the control teeth were
similar to that collected from the experimental teeth at baseline. The similarity mean volume of
GCF between the control and experimental groups was also found at TO, T1, T2 V1, and T3 V2

as shown by Friedman test (p<0.05).

Table 3: GCF volume (mean [SD) at pressure and tension sites from experimental and control
groups (ul), calculated with the Friedman test (p<0.05).

Pressure site (distal) Tension site (mesial)

control experiment control Experiment Pvalue
Basdine 0.148 + 0.060 0.128 + 0.040 0.130+ 0.060 0.143 + 0.049
TO 0.250+0.114 0.271+0.105 0.259 + 0.118 0.237 +0.088
T1 0.364 + 0.096 0.387 + 0.094 0.387+0.109 0.376 + 0.117 733
T2+V1 0.240+0.111 0.262+ 0.109 0.311+0.135 0.277 +0.091
T3+V2 0.205+0.058 0.167 +0.034 0.231+0.131 0.182+0.083

The smallest GCF volume appeared at baseline which was slightly less than at

the final observation period (T3_B/2). The largest GCF volume was found after 1-month of

orthodontic force application for canine retraction (T1).
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control

B experiment

Pressure site Tension site
ul pl
0.50- 0.50
0.40- 0.40
0.30 . 0.30-
0.207 l l 0.204
0.10- i ' . 0.10- I
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baseline T0 T1 T2+V1 T3+V2 baseline To T1 T2+V1 T3+V2

Fig.7: The fluctuation in GCF volume at each collected time

The fluctuating patterns of GCF volume were similar in both tension and
pressure sites in both control and experimental groups as shown in Figure 7. The least GCF
volume was found at the baseline, then increased almost double amount after bracketing for 1
month (T0). The increase continued to reach triple amount of the volume after the force was
applied for 1 month (T1) which could be considered as the peak of GCF volume in this
observation. After T1, the GCF volume started to reduce back toward the baseline. The GCF
volumes at T2L V1 and T3LV2 were quite close to those at T1 and baseline respectively. The

statistical differences between each time point were presented in Table 4 — 7.

Table 4: P value from the comparison of GCF volume between each time
at pressure site of control group. Significance of differences between each month,

calculated with Wilcoxon signed-rank test * (p<.05) ** (p<.01)

P value TO Tl T2-V1 T3-V2

Baseline .028%* .005%* .047%* 114
TO .047* .878 262
T1 .013* .005%*

T2-V1 476



Table 5: P value from the comparison of GCF volume between each time
at tension site of control group. Significance of differences between each month,

calculated with Wilcoxon signed-rank test * (p<.05) ** (p<.01)

P value TO T1 T2-V1 T3-V2
Baseline .046%* .005%* .009%* .012%*
TO 011* 358 385
T1 203 .047*
T2-V1 .059

Table 6: P value from the comparison of GCF volume between each time
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at pressure site of experimental group. Significance of differences between each month,

calculated with Wilcoxon signed-rank test * (p<.05) ** (p<.01)

P value TO T1 T2[V1 T3(V2

Bascline 007%* .005%* 012% 007%*
TO .028%* 721 014*
Tl .019* L005%*

T2[V1 052

Table 7: P value from the comparison of GCF volume between each time
at tension site of experimental group. Significance of differences between each month,

calculated with Wilcoxon signed-rank test * (p<.05) ** (p<.01)

P value TO T1 T2(V1 T3(V2

Bascline L005%* .005%* .009% 540
TO 012%* 359 240
T1 .046* 005%*

T2 V1 028
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The rate of tooth movement

This study was designed to apply the force without vibratory stimuli in the first
month of canine retraction at both control and experimental sites in order to allow the canine
movement in the same amount at both sites. The result in Table 8 showed no significant
difference in rate of canine movement between control and experimental sites at T1. The
comparison between rate of tooth movement in control and experimental group showed that the
rate of canine movement was significant higher in experimental group at T2/ V1 and T3[ V2

(p<.05).

Table 8: The distance (mean [ SD) of canine movement in the experimental and control group.
Significance of differences between experiment & control in each month, calculated

with the Wilcoxon signed-rank test * (p<.05)

Rate of tooth movement (mm/month)

P value
control experiment
T1 0.67 +0.25 0.68 + 0.27 959
T2+V1 0.85+0.18 1.21+0.27 .013*
T3+V2 0.62+0.16 0.94+0.20 .013*

In the control group, after continuing to perform canine retraction with the
same force (T2-V1), the canine was moved with slightly faster rate. At T3-V2, The rate of tooth
movement was slightly less than T2-V1. However, the Friedman test revealed no statistical
significance among T1, T2-V1, and T3-V2 (p<.05).

In the experimental group, the rate was double elevated after continuing
applying force together with 1-month vibration (T2 [V1). In the second month of vibration

(T3 @2), the rate was reduced but still faster than that of at the baseline (Figure 8).
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Fig.8: The rate of maxillary canine movement in the experimental and control groups
Significantly different from T1 in each month ** (p<.01)

Significantly different from experimental group at same time period T (p<.05)

Movement of posterior unit

The movement of posterior unit was found in this study. As shown in Figure 9,
the mean SD of total movement of posterior unit during canine retraction for 3 months was 1.51
[10.25 mm. in experimental group and 1.59 [0.63 mm. in control group which no significant

difference between two groups.

2.507

2.007

NS
p =646

1.00 -

150+063 | [1.51+025

0.507

0.00 -
control experiment

Fig.9: Total movement of posterior unit during the study. Error bars: [/1SD

No statistical difference between control and experimental group (p<.05).
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Although the amount of posterior unit movement in both groups were similar,
the percentage of anchorage loss in control group (41.76%) was higher than experimental group

(35.34%) as shown in Table 9.

Table 9: Percentage of anchorage loss

control experiment
Total space closure 3.79 4.27
Movement of posterior unit 1.59 1.51
Percentage of anchorage loss 41.76% 35.34%

IL-1 level

The IL-1p profile at pressure site of control group was shown in Figure 11. The
IL-1P level was higher than baseline after canine retraction for 1 month (T1). Then the IL-1f
level decreased to the baseline level after the canine was continue to retract in the second (T2-

V1) and the third month (T3-V2).

pe/nl
1.007

0.807

Pressure

0.607
0.407

0.20 _ T I T I

0.007

baseline TO T1 T2-V1 T3-V2

Fig. 10: IL-1P level between each time point at pressure site of control group

Significance of differences from baseline ** (p<.01) Error bars: [/1SD
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Table 10: P value from the comparison of IL-1[ level between each time point at pressure site
of control group. Significance of differences between each month, calculated with

Wilcoxon signed-rank test * (p<.05) ** (p<.01)

P value TO T1 T2-V1 T3-V2

Baseline 721 .005%* .093 285
TO .005%* 508 646
T1 047% 114

T2[V1 575

The IL-1P profile at pressure site of experimental group was shown in Figure
12. Similar to the control group, the IL-1P level was higher than baseline after canine retraction
for 1 month (T1). Interestingly, the IL-IB levels after that were quite distinct. At T2 B/l, the
result showed that the IL-1P level did not reduce but remained the same with T1. After the
vibration was continually applied for another month (T3 (V2), the -1B level was markedly

elevate about 3 times of T2[ V1.

pe/ul
1.007 69

_— Pressure
0.60
0.40
0.207
0.007

B
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*k ——

baseline To T1 T2+V1  T3+V2

Fig. 11: IL-1J level between each time point at pressure site of experimental group

Significance of differences from baseline ** (p<.01) Error bars: [/1SD
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Table 11: P value from the comparison of IL-1[ level between each time point at pressure site
of experimental group. Significance of differences between each month, calculated

with Wilcoxon signed-rank test * (p<.05) ** (p<.01)

P value TO T1 T2(V1 T3LV2
Baseline 878 .005** .005%* .005%*
TO 007%* .009%* .005%*
Tl 575 005%*
T2[V1 007%*

For the IL-1P level at tension site of control group, the fluctuation of IL-13
profile was unnoticed. The indifference among each time point was confirmed by Friedman test

which demonstrated no significant difference among group (p<.05).

pg/ul
1.00]

Tension
0.80"

0.60"
0.407

il T

0.007

g T T T
baseline  To T1 T2-V1l  T3-V2
Fig. 12: IL-1J level between each time point at tension site of control group. Error bars: [/+1SD

In similar to the control group, IL-1[ profile of experimental group on tension
site was insignificant changed from baseline to T1. But, the dissimilarity was seen after the

vibratory stimulation for 1 month (T2 V1) and 2 months (T3 V2).
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Fig. 13: IL-1J level between each time point at tension site of experimental group

Significance of differences from baseline * (p<.05) ** (p<.01) Error bars: +1SD

Table 12: P value from the comparison of IL-1[3 level between each time point at tension site of
experimental group. Significance of differences between each month, calculated with

Wilcoxon signed-rank test * (p<.05) ** (p<.01)

P value TO Tl T2[V1 T3V2

Bascline 241 059 .028%* L005%*
TO 445 333 013*
Tl 285 007

T2[V1 037*

The comparison between IL-1 profile of control and experimental group was
shown in Figure 14, 15 and Table 13. At pressure site, the baseline level of IL-1B was
indifference. The divergence between the IL-1P level from experimental and control group was
seen after vibratory stimulation was combined with canine retraction force (T2_B/1). The
difference was markedly observed when the vibration was continually applied in experimental

group for 2 months (T3_B/2). For the tension site, the noticeable difference was found only at

T3LV2.
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Fig.14: IL-1P profiles of control and experimental group at pressure site

Significance of differences from baseline * (p<.05) ** (p<.01) Error bars: +1SD
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Fig.15: IL-1p profiles of control and experimental group at tension site

Significance of differences from baseline * (p<.05) Error bars: /F1SD
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Table 13: The concentration (mean | 8D) of IL-1p from both experimental and control groups

Significance of differences between experiment & control in each month, calculated

with the Wilcoxon signed-rank test (p<.05)* (p<.01)**

Pressure
Baseline

TO
T1
T2+V1
T3+V2
Tension
Baseline
TO
T1
T2+V1
T3+V2

Control (pg/ul)

0.034 + 0.027
0.058 + 0.069
0.160 + 0.098
0.071 + 0.056
0.093 + 0.097

0.032 + 0.022
0.048 + 0.041
0.049 + 0.025
0.093 + 0.066
0.106 + 0.111

Experiment (pg/ul)

0.041 + 0.029
0.048 + 0.046
0.140 + 0.036
0.177 + 0.095
0.590 + 0.339

0.034 + 0.021
0.071 + 0.095
0.068 + 0.049
0.106 + 0.086
0.308 + 0.246

Assessment of the short term effect of vibratory stimulation

(Supplementary study)

P value

.508
.646
.959
.013*

.005**

799
878
575
.646
.022*
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In order to clarify the effect of vibratory stimulation without orthodontic force

on IL-1P secretion, eight volunteers (26 - 29 years old) with good oral health and no orthodontic

appliances were involved in this study. Each subject was informed to apply themselves the

mechanical vibration by gently placing the electrical toothbrush for 15 minutes per day on the

labial surface of selected maxillary canine for 1 week of experimental period. The GCF was

collected from the mesial site of canines in both experimental and control side at baseline and 1

week later for IL-1P analysis. With the Friedman test, the result revealed no significant

difference in IL-1[ level among 4 groups (p<.05).

Table 14: IL-1f level (mean | BD) at initial time and 1-week after vibratory stimulation

control (pg/ul)

experiment (pg/ul)

0.041 [ 0.011
0.042 [ 0.013

0.040 [ 0.009

0.054 L 0.015



CHAPTER 4

Discussion

Orthodontic mechanics

The aim of this study was to verify the possibility of vibratory stimulation in
accelerating orthodontic tooth movement. In an initial plan, the mechanic for canine retraction
was designed for sliding movement along the archwire by light force generated form NiTi closed
coil spring as shown in Figure 16.

After clinical trials on 4 patients, the high friction between bracket and archwire
presented the serious problems during the canine retraction. In Figure 17, the canine movements
on both sides were small after retraction with NiTi closed coil springs (60 grams) for 3 months
which might be represented too low magnitude of force. Therefore, the 60 grams of force was
replaced with 90 grams for canine retraction.

Although, change in magnitude of force might be the solution for the rate of
tooth movement, the problem of the existing friction was remained unresolved. The vibratory
stimulation was failed to show the increase in rate of tooth movement. In order to eliminate the
friction between bracket’s slot and archwire, the particular design for canine retraction appliance
was developed.

In sliding mechanics, the space between bracket slot and archwire afforded the
initial canine tipping movement before bodily movement occurred during canine retraction
which caused a large amount of friction. The stick-slip behavior of the bracket on the archwire
may affected by tipping force and ligation. Iwasaki et al.”demonstrated the elimination of
friction with vibration in vitro which showed faster bracket movement along the archwire after
vibratory application. Although the clinical study of Iwasaki et al.” failed to demonstrate an
effective reduction in bracket-archwire friction via vibration induced by mastication in vivo due
to uncontrolled variations of intraoral environment and ligation techniques. The vibration was

seemed to be affected to frictional system in sliding mechanic.

34
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Fig.16: Preliminary design for canine retraction

Fig.17: The distance of canine movement after retraction with 60 grams of force for
3 months. The picture showed small quantity in canine movement as the result

of retraction with low magnitude of force.

In order to investigate the biological aspect of tissue reaction in canine
acceleration with mechanical vibration, the design for inter-surface frictionless was strictly
necessary. The wireless canine retraction however implicated undesirable crown tipping and
rotation. A customized retraction hook and elastic chains on both sides were applied with low
magnitude of force incorporated into the final design for canine retraction with attenuated side
effects. Although distal tipping and disto-lingual rotation of retracted canine were unavoidable
and did occur in both experimental and control groups, only small in amount of tipping and

rotation were observed in some subjects (Figure 18 and 19).
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Fig.19: Distal tipping of retracted canine

The GCF volume

The fluctuations of GCF volume during orthodontic tooth movement and
retention period are only partly due to changes in the severity of gingival inflammation.’”
However, the GCF volume increased significantly during orthodontic treatment regardless the
presence of inflammatory process in tissue reaction. In this study, the GCF volume elevated after
1-month retraction force application at T1. An initial canine movement might associate to the
acute condition in periodontal tissue response. Similar to the study of Leethanakul ef al.”which
showed the highest volume of GCF within 1-month of canine retraction and had slightly
declined in GCF volume at 2-month retraction. During the course of orthodontic treatment, the
forces exerted produce a distortion of the periodontal ligament extracellular matrix, resulting in

alterations in cellular shape and cytoskeletal configuration. Such events lead to the synthesis and
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presence in the deeper periodontal tissues of extracellular matrix components, enzymes, and
inflammatory mediators. These changes may modify both the GCF flow rate and its
components.m The leakage of serum form periapical vessel during orthodontic tooth movement
contributed to the high quantity of GCF in gingival sulcus in an early phase of inflammation.
The quantity of GCF fluid may not represent the amount of total protein.57 Although the 1L-1B
level in this study was increased according to vibratory stimulation, the deceleration of GCF
volume was found during vibratory period. So, the vibratory stimulation in this study might not
alter the GCF secretion. At T2+V1 and T3+V2, the GCF volume was decreased to baseline level
while the tooth movement was increased. Therefore, the association between GCF volume and

rate of tooth movement could not be found.

IL-1p profile and rate of tooth movement

In control group, the level of IL-1P at the pressure site was similar in
fluctuating pattern from to the previous studies which showed the IL-1P level decreased to
baseline level after one and two months of tooth movement.” """

Changes in IL-1P profile of GCF form pressure site elicit the bone resorbing
pattern due to direction of canine movement. The decrease in IL-1 level in T2-V1 and T3-V2 in
comparative to T1 occurred as the normal activity in IL-1[} secretion that mainly express in the
early time of bone resorption while the rate of canine movement remained constant. A persistent
tooth movement after IL-13 reduction was the result of downstream signaling cascade of bone
resorbing mediators.

In case of vibrating-combined orthodontic force, IL-1[ level at the pressure site
enhanced from T1 to T2+V1 in stead of depletion with in turn coincided to canine movement
acceleration. This may reflect the possible function of more IL-1f secretion as a consequence of
vibratory stimulation. IL-1[ directly involves in bone resorption as a potent signaling molecule
for RANKL expression of osteoblasts and human PDL cells and also directly stimulating the
differentiation of osteoclast precursors.éz’ &

Interestingly, after 2 months of vibratory stimulation (T3+V2), IL-1J level was

not only maintained but also notably elevated about 3 times from T2+V1 while the rate of tooth
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movement was reduced. This result dissociated to the studies of Iwasaki "~ that showed positive
correlation between IL-1P and rate of tooth movement.

The reason for this contrast was the dissimilarity between mechanical

applications. The studies of Iwasaki presented no additional stimulation beside the conventional
orthodontic force.
In this study, it might be possible that the inflammatory response has intensified in the last
month of vibratory application. The inflammatory response is mediated mainly by tissue-resident
and recruited immune cells. Macrophages are the potent cells in adaptive immunity which are
migrated to PDL area in later stage of orthodontic tooth movement and have the ability to
produce IL-IB.74 So, the secretion of this inflammatory cytokine from macrophages might result
in marked elevation of IL-1f level in experimental group which were not involved with rate of
tooth movement.

Another rationale behind the dissociation between extra secretion of IL-1f and
rate of tooth movement can be explained in perspective on the homeostatic function of PDL
fibroblasts via osteoprotegerin (OPG). Osteoclastogenesis is primarily activated by RANKL and
inhibited by OPG. The experimental tooth movement in rats with local OPG gene transfer at the
compressive site of the periodontium could neutralize the RANKL activity induced by the
mechanical force, inhibiting osteoclastogenesis and diminishing orthodontic tooth movement.
As mention earlier that PDL fibroblasts may have dual effects on capable of inducing the
formation of osteoclast-like cells and also inhibiting them according to the conditions examined.
Kook Sung-Ho et al. " reported that centrifugal force inhibited osteoclastogenesis of the PDL
fibroblasts through OPG production.

Another in vitro study by Kansaki et al.” demonstrated the inhibition of the
osteoclastogenesis-supporting activity of PDL cells by inducing the up-regulation of OPG under
cyclical tensile-force stimulation. In addition, PDL cells under intermittent tensile stress not only
up-regulate OPG mRNA expression but also tissue inhibitor of matrix metalloprotease-1, 2
which inhibit the extracellular matrix protein degradating activity of matrix metalloproteases. "
Furthermore, some studies showed that mechanical vibration was able to partially inhibit the
bone resorption and enhance anabolic activity of bone.” """

In case of osteoblasts and osteocytes, there are sufficient evidences to justify

their roles in bone remodeling process under the vibratory stimuli. Many studies indicate their
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anabolic activity in bone formation. Osteoblasts and osteocytes are able to sense low-magnitude,
high-frequency vibration and respond by increase in production of OPG or decrease in RANKL
expression which caused the inhibition of osteoclast formation.' > " %

Mechanosensing by several cell types in bone and surrounding tissues in
response to the challenges of frequency mechanical loading is unknown and difficult to clarify.
It has been seemed that the vibratory stimulation and bone activity is controversial. Especially
for the dentoalveolar complex which the mainly role of bone homeostasis is under the
equilibrium control of PDL fibroblasts and bone cells. This study might not introduce any
particular function of any cells that get involved. Change in rate of tooth movement and 1L-1f3
level in this study only represented the experimental outcome as the results of biological
summary from the clinical approach. Although the elevation of IL-1[ level has a relationship
with the severity of periodontal diseases, the maximum concentration of IL-1[ that presented in
this study at T2+V1 and T3+V2 were 0.38 pg/ul and 1.09 pg/ul respectively which were marked
below the IL-1p level in periodontitis (5.4 + 4.07 pg/ul) and gingivitis (2.0 + 2.49 pg/ul).83 So,
an increase in IL-1P level in this study demonstrated within the physiological response with no
clinical complication. Anyway, an accumulation of IL-1[ after continuous mechanical vibration
over 2 months of canine retraction is possible and that should be highly considered before the
vibratory stimulation is supposed to be an intervention on the routine practice.

For the tension site, the gradually increase of IL-1f level from baseline
represented the small incremental proceed in bone resorption occurred during initial wire
placement and more extend in retraction phase. A slight root tipping could happen while the
canine was retracted which caused the bone resorption in mesial site. The marked elevation of
IL-1P level at T3+V2 when compare to T3-V2 might be the result of accumulative vibratory
exposure.

Although the marked elevation of IL-13 was demonstrated in vibratory group,
the significant increase in IL-1[3 level after 1-week of vibration in non-orthodontic subjects was
not found in this study. The elevation of IL-1B due to the combination of vibration and
orthodontic force may elicit in synergistic manner but not in accumulation pattern. Nevertheless,
the slightly increase in IL-1B level was noticed. So, the non significance in IL-1P level of
supplementary study may not represent too short period for vibratory stimulation. The further

study is required for this issue.
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The duration of using electrical toothbrush

The occurrence of adverse effects from vibration was reported in several studies
of occupational vibration-exposure. In human s‘rudy,84 the decrease in blood flow was found after
short-term exposure to 125-Hz vibration as the result of temporary vasoconstriction while the
skin temperature and systolic blood pressure did not change significantly during vibration
exposure for 30 minutes. In contrast, prolonged exposure to hand-transmitted vibration can
cause permanent debilitating neural and vascular dysfunction in workers who exposed to high
magnitude of vibration for several hours daily.gs’ *“ In this study, the 50 minutes of vibratory

duration might cause a transient adverse effect with no any irreversible damage.
<The duplication from Table 2>

Average duration per day

Subject % day using toothbrush frequency/day
(minute)
1 4.8 100 1
2 17.8 100 1-2
3 18 100 1
4 19.2 100 1
5 20.2 86.2 1
6 30 100 1
7 31.9 71.9 1
8 42.3 100 2-3
9 45 65 1-2
10 52.6 100 6

With Pearson correlation analysis, the relationship between vibrating duration
and IL-1P level can not be found in this study. Interestingly, the non-significant difference in
rate of tooth movement between experimental and control sites were observed in the subjects
No.l and No.8. The minimum of stimulating duration (4.8 minute/day) was shown in No.l

which might represent an insufficient period of vibratory stimulation.
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The IL-1P level in this case also displayed no difference between experimental
and control sites. In case of No.8, this subject applied the mechanical vibration for a long time
per day (42.3 minute/day). This might not be the greatest time among the subjects. However, this
subject used electrical toothbrush with no resting day and less resting period during the day
which compared to No.9 and No.10 respectively. The previous study in animal model showed
that insertion of rest periods between high-frequency stimuli significantly augmented the
osteogenic activities." Therefore, resting period may require for too long stimulatory period in
this study.

To mention an idea for the use of vibratory stimulation on tooth movement
acceleration for the future study to consider, short duration with the insertion of rest periods

during the loading phase is suggestive of vibrating approach.

The magnitude and frequency of vibration

Low level of magnitude with high frequency of vibration is subjected to
enhance the efficacy of the mechanical-induced bone activities. " ¥ According to the
frequency used in the literatures, the 125 Hz of vibration from electrical toothbrush was accepted
as broad-frequency vibration. Although the participants in this study were advised to gently put
the brush on the tooth surface, the magnitude of mechanical vibration might not be identified.
The muscle fatigue resulted from prolonged holding of toothbrush might alter the magnitude of
force applied during the vibratory stimulation. Hand preference might has an influence on the
variation of magnitude among the subjects because the motor fibers of muscle on the dominant
side of hand are greater in firing rate and force delay which showed the mechanical effectiveness
of motor function.” However, this study could not demonstrate any remarkable information

about the handedness of electrical toothbrush usage.

Limitation of the study

There is no particular cytokine that can be the sole factor in biomarker that

explains the process of bone remodeling.89 The resultant IL-1[3 level measured in the gingival
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crevicular fluid is the sum of the various cellular responses to the pressure experienced at
various locations on the pressure side. This is considered to be the limitation of in vivo
experiment that must be overcome.

As mentioned earlier, the osteocytes are hypothesized to recognize this
additional stimulation and activate bone tissue remodeling. The vibration, somehow, can be the
external stimulation which optimize the signal transduction and induce the expression of essence
chemical mediators for alveolar bone turnover. The gingival sulcus was selected as the testing
site because of its continuity with the PDL and its accessibility within the oral cavity. The
regulatory molecule in GCF can be appropriately used to identify the tissue response without
damaging the periodontium. However, this convenient method brings about the limitation of data
interpretation. GCF is composed of many cells and extracellular secretion from the tissue
nearby. It is difficult to define the specific type of cells that take a responsibility for any change
in GCF profile. Especially for the osteocytes, the buried bone cells, which their functions are
barely detected in living person. PDL cells and osteoblasts are also the key regulation of
osteoclast formation and function in orthodontic tooth movement. This clinical study might not
provide the definite explanation for the complexity of cell-cell interactions in periodontium that
occurred in this experiment. The efficient period of vibratory stimulation for accelerate tooth
movement is hardly to identify. The stimulatory period in this study depended on the feasibility
of each participant without the researcher dictating for the reason of willing to use and actual
record. The previous studies in rat may not provide any guideline for practical timing in human.
From this study, the vibratory stimulation could be an alternative method for further research in
tooth movement acceleration. The long term clinical study with proper monitoring on
periodontal status and anchorage situation are required before the clinical application. For the
future study, the animal study and other biomarkers for bone formation may clarify the

biological events and the efficient period of vibratory stimulation.



CHAPTER 5

Conclusion

With a simple instrument, the electrical toothbrush can provide a mechanical
stimulation that is able to accelerate orthodontic tooth movement. IL-1B expression is found
during orthodontic tooth movement and can be measured with crevicular fluid analysis. In
combination with the orthodontic force, the vibratory stimulation does enhance IL-1f secretion
in the gingival crevicular fluid. Which represent the up-regulation in activity of bone resorption.
With the mechanical vibration alone, marked increase in IL-1P level may not be observed.
Fluctuation of GCF volume is found with no correlation to the rate of tooth movement and IL-1[3
profile.

Any pathological condition is not present in mechanical vibratory application in

single tooth for a period of time.
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Interleukin-1 beta

Experiment - Pressure (pg/ul)

Subject No. baseline TO T1 T2+V1 T3+V2
1 0.09 0.04 0.15 0.11 0.14
2 0.02 0.17 0.15 0.12 0.47
3 0.02 0.02 0.12 0.14 0.47
4 0.04 0.02 0.08 0.30 1.02
5 0.03 0.01 0.12 0.19 0.97
6 0.09 0.03 0.13 0.16 0.71
7 0.02 0.06 0.16 0.38 0.43
8 0.03 0.03 0.22 0.13 1.10
9 0.03 0.02 0.13 0.06 0.33
10 0.03 0.06 0.12 0.16 0.26
Mean 0.04 0.05 0.14 0.18 0.59
SD 0.03 0.04 0.03 0.09 0.32
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Interleukin-1 beta (continue)

Experiment - Tension (pg/ul)

Subject No. baseline TO T1 T2+V1 T3+V2
1 0.02 0.33 0.04 0.24 0.20
2 0.02 0.05 0.03 0.17 0.13
3 0.03 0.01 0.08 0.04 0.14
4 0.02 0.03 0.07 0.02 0.17
5 0.04 0.02 0.02 0.16 0.69
6 0.04 0.08 0.09 0.08 0.25
7 0.03 0.04 0.12 0.22 0.11
8 0.06 0.04 0.17 0.00 0.78
9 0.07 0.09 0.03 0.08 0.45
10 0.00 0.02 0.03 0.04 0.16
Mean 0.03 0.07 0.07 0.11 0.31
SD 0.02 0.09 0.05 0.08 0.23
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Interleukin-1 beta (continue)

Control - Pressure (pg/ul)

Subject No. baseline TO T1 T2-V1 T3-V2
1 0.01 0.08 0.12 0.08 0.11
2 0.02 0.24 0.25 0.08 0.19
3 0.03 0.02 0.11 0.05 0.06
4 0.06 0.06 0.09 0.21 0.03
5 0.01 0.02 0.06 0.05 0.27
6 0.06 0.03 0.10 0.02 0.00
7 0.01 0.01 0.29 0.05 0.01
8 0.02 0.07 0.17 0.03 0.21
9 0.03 0.02 0.08 0.11 0.01
10 0.09 0.04 0.34 0.02 0.03
Mean 0.03 0.06 0.16 0.07 0.09

SD 0.03 0.07 0.09 0.05 0.09



Interleukin-1 beta (continue)

Control - Tension (pg/ul)

Subject No. baseline TO T1 T2-V1 T3-V2
1 0.01 0.04 0.09 0.04 0.00
2 0.02 0.08 0.08 0.10 0.25
3 0.03 0.01 0.04 0.03 0.03
4 0.06 0.05 0.04 0.11 0.25
5 0.08 0.01 0.03 0.08 0.10
6 0.02 0.02 0.02 0.05 0.01
7 0.02 0.05 0.01 0.08 0.00
8 0.02 0.06 0.05 0.25 0.25
9 0.03 0.02 0.06 0.05 0.15
10 0.02 0.14 0.07 0.15 0.01
Mean 0.03 0.05 0.05 0.09 0.11

SD 0.02 0.04 0.02 0.06 0.11



Rate of tooth movement
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Subject No. T2+V1 T2-V1 T3+V2 T3-V2

1 0.91 0.96 0.53 0.64

2 1.13 0.77 0.89 0.39

3 1.33 0.73 0.86 0.51

4 1.06 0.62 1.25 0.54

5 1.33 0.83 1.02 0.65

6 0.84 0.61 0.84 0.57

7 1.2 0.91 1.11 0.87

8 1.18 1.19 0.8 0.89

9 1.82 1.02 0.93 0.65
10 1.25 0.85 1.14 0.47
Mean 1.21 0.85 0.94 0.62
SD 0.26 0.17 0.19 0.15
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