EVALUATION OF CATHEPSIN B LEVELS IN GCF DURING
TOOTH MOVEMENT IN ORTHODONTIC PATIENTS

PONGSTORN PUTONGKAM

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR
THE DEGREE OF MASTER OF SCIENCE (ORTHODONTICYS)
FACULTY OF GRADUATE STUDIES
MAHIDOL UNIVERSITY
2006

ISBN 974-04-7214-1
COPYRIGHT OF MAHIDOL UNIVERSITY



Theasis
Ennitled

EYALUATION OF CATHEPSIN B LEVELS IN GCF DURING
TOOTH MOYEMENT IN ORTHODONTIC PATIENTS

i Torsey. o
%1, Pongstom Mrtonpkan
Candidate

o

% ,
Oppincan— 4

Asel. Frof. Suw e T.uppumnsaommlam,
D05, ME L. (Ohadimiic
Ciplatrate American Board of
Chrlhodonizes

Diplomate Thai Board of (nthodoentics
Major- Advisar

Fenga ﬂ“‘é‘“’é /

Assoc Prof. Waranun Ruyujeel,
DTLE, NUSe, fChal Medicine)
Driplomate 'hai Board of
Phaguoslie Seicnee

Fh.L. {Oral Bivlogy

Cu-Advisor
oo A
Saler Mismliorando,  oanlllmedhe Lol fodioe

Agst Pral Salee Kicwlamka, Ph.0 Assoc. Prof. Surachzi Dechkunalorm,
Acting e Bhe, B.05. Mhpoin Schodontics
Faculty of Graduste Studies Diploniate Thai Board of Orthodanties

Clhaer

Muster ol Soicice Prociaen e in

Orthodontics

taculty of Dentisiry



Thesis
Enbilled

EVALLATION OF CATHEPSIN B LEVELS IN GCT DURING
TOOTII MOVEMENT IN ORTHODONTIC PATIENTS

was snbmilied to the Faculty of Graduate Sindies, buhidel University
For the degree of hMaster of Scienge (Orthodontics)

LiTI

April 10, 204

Axw Prol, Rudee Swrariy
P.Se, ME. (Biochemistryy,
Ph.T). (Owal Biolooy)
Blember

‘-.w Prof. Salee Ficw I..arnka.Ph.JJ
Actinyg Dican

Facully of Gradusie Stuglies
Mahidal Toiversicy

"'-'Tr Pcmgstﬂm Putunnl-:am
Camfidale

(é;irm ............
gal, Prof "":uv-u I.:..Lm]:lﬁuﬂp::rnllalp

1D.0.5., M5 {Orthalontics)

Dtplumuir: Amerivan Board of Orthodontics
Diplomete That Roard of Orthodontics
{hair

TL'PMH‘"“J""‘ 8*"&&'&&

Assnn: Proi. Wartmun Buajﬂeb
.05, M8, ((Oral Mocdicinz)
Diplomate Tha Board ol
Eramioshic St

Ph.D3. (Chral Peoiopy)

M ember

Aast. Prol, T}m-era]akhmm Huddhasthwa_
B.sc., DS, Grad. Drp. in ClinaSe. (Ol
SUIFCTY),

Pip, Amer. Boand of Chal and
Maxillofacial Surgery,

Ph.02. (Biomedical Setence)

Licam

Facylty of Dentistry

Mahidol LIniversity



ACKNOWLEDGEMENT

I would like to express my deep appreciation and gratitude to my advisory
committee: Assistant Professor Suwannee Luppanapornlarp and Associate Professor
Waranun Buajeeb for their guidance, supervision, encouragement, comments,
suggestions, understanding and patience.

I am especially grateful to Associate Professor Rudee Surarit for the comments
and suggestions in this study, Associate Professor Surachai Dechkunakorn and Associate
Professor Niwat Anuwongnukroh for the encouragements for this project.

I wish to express my sincere thanks to Faculty of Dentistry Mahidol University
for providing fund for this project, TOMY International Inc. and Healthco Co., Ltd. for
providing the NiTi close-coil spring, Assistant Professor Chartchalerm Isarankura Na
Ayudhya and Faculty of Medical Technology to afford the equipment for enzyme activity
assay.

I continue to be most thankful to Dr. Kongthawat Chairutchawit and Mrs.
Suwanna Korsuwannawong for the laboratory procedures, Associate Professor Terdphong
Triratana and Assistance Professor Sumalee Singhaniyom for the helpful on statistical
analyses.

Thanks to Mrs. Parcharee Sirikul for the documentations, Miss Ratchaporn
Srichan, Mr. Suriya Lertsin, and Mr. Poowanai Poosit for providing the laboratory
equipments. | deeply thank my colleagues in Orthodontics for all their assistances. | have
learned much from them and hope to repay in kind.

Finally, a very special thank to my parents, family and Miss Pimnaraporn

Chearskul who provide me the time and support needed to complete my study.

Pongstorn Putongkam



Fac. of Grad. Studies, Mahidol Univ. Thesis / iv

EVALUATION OF CATHEPSIN B LEVEL IN GCF DURING TOOTH
MOVEMENT IN ORTHODONTIC PATIENTS

PONGSTORN PUTONGKAM 4736029 DTOD/M
M.Sc. (ORTHODONTICS)

THESIS ADVISORS : SUWANNEE LAPPANAPORNLARP, Diplomate of the
American Board of Orthodontics, WARANUN BUAJEEB, Ph.D.(Oral Biology)

ABSTRACT

The purposes of this study were to investigate the expression level of
Cathepsin B in GCF during orthodontic tooth movement, and to compare the
difference of expression levels of this enzyme generated by different magnitudes of
orthodontic forces. Twenty maxillary canines from ten orthodontic patients (two
males, mean age 20.88 + 1.24 years and eight females, mean age 20.17 + 1.58 years)
were retracted by continuous forces of 50 g. and 150 g., while one of the mandibular
canines, either side, was used as a control. All participants had to maintain their oral
hygiene in good status during 2 months of the experimental period.

The GCF was collected from the distal site of each tooth. The absorbed fluid
volume and total protein volumes were then measured. The Cathepsin B levels from
GCF were determined by Western blot analysis. Enzyme activity assay was performed
by using Z-Arg-Arg-AMC as substrate. Accordingly, the Visual Analog Scale (VAS)
representing patients’ pain was recorded and analyzed. The distance derived from each
experimental tooth movement was measured from each study model at before and 2
months after activation.

The results show that the mean GCF volumes were increased mostly at 24
hours in all groups, but significant differences were not detected. Mean total protein
concentrations of all samples showed no significant differences when compared
between groups. Western blot analysis of the collected GCF samples confirmed that
there was Cathepsin B in detectable level. For the 50 g. continuous force, Cathepsin B
activity showed a significant increase at 24 hours compared with before activation
(p<0.05). For 150 g. continuous force, Cathepsin B activity showed the delay
increasing at 1 week with no significant difference. However, the 50 g. force tended to
produce more distance of tooth movement compared with 150 g. The mean VAS
scores represented patients’ pain from 150 g. force seemed to be higher than 50 g. at
24 hours but a significant difference was not found.

In conclusion, Cathepsin B can be used as a marker in orthodontic tooth
movement. The very light continuous orthodontic force could produce the significant
increase of this enzyme activity and give enough effectiveness to produce tooth
movement similar to the higher force.

KEY WORDS : CATHEPSIN B / GINGIVAL CREVICULAR FLUID / TOOTH
MOVEMENT / ORTHODONTICS
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CHAPTER |
INTRODUCTION

The studies of the biology of tooth movement have been observed for the
tissue responses as seen in many clinical researches in the corroboration with the
histological evidences. These useful studies show the result of series of biological cell
occurrences that turn biomechanical signals into chemical and electrical messages to
which cells respond. An understanding of how these complex events occur will lead to
the clinician's ability in order to move teeth more efficiently or gain better retention
through the modification of various host responses. Many articles have discussed
about biological aspects of biomechanics that may lead to the application of molecular
and cell biology, which currently have paid more attention to the medical science,
especially in the field of orthodontics.

The next major change in the way that orthodontics will be concerned in the
future is that the clinician's ability to increase the host’s responses to 1) the mechanical
forces applied to teeth and their effects on the supporting bone or 2) the propensity for
teeth in their new position to prevent relapse. The means of doing so is through
expanding the understanding of the basic biology of tooth movement (Norton, 2000).

Forced-induced tooth movement is facilitated by modeling of the alveolar
bone, a cell-mediated process that presumably may be regulated by variety of factors
(i.e., hormones, cytokines, growth factors, and physical force). This mechanism is a
complex process that recent studies of regulating bone remodeling have concentrated
on, especially in the role of the amount of cytokines and enzymes.

One of those interesting enzymes which is a typical and well-characterized of
cysteine proteinases calls Cathepsin B. This enzyme is specific to the degradation of
extracellular matrix of bone tissues, especially type I collagen, the main component of
bone matrix. With its collagenolytic function, Cathepsin B is believed to be important
in intercellular protein catabolism. Many studies have reported that it can be used as a

marker for bone resorptive process in periodontal disease.
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In orthodontics, the information concerning Cathepsin B and its relationship
to the tooth movement still is scarce.

Copyright by Mahidol University
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CHAPTER I
OBJECTIVES

This study was performed to investigate the levels of Cathepsin B derived
from human gingival crevicular fluid (GCF).

Question : During orthodontic tooth movement, does the expression level of

Cathepsin B in GCF correlate to the amount of forces applied?

Null Hypothesis :

* No significant differences of the Cathepsin B levels in GCF generated by

difference levels of orthodontic force

Objective of this Study :

1. To investigate the expression level of Cathepsin B in GCF during
orthodontic tooth movement.

2. To compare the difference of expression levels of Cathepsin B in GCF
generated by different levels of orthodontic force

Limitations of the Study :

1. Because this study conducted in vivo, many factors such as the patient’s
oral hygiene, responsiveness to the force applied and other inter-individual differences
may effect the study.

2. The sample size in this study was relatively small because of the definite

restrictions on criteria of the sample selection and ethic.

Expected benefits from this Study :

Knowledge about the characteristic and functions of Cathepsin B would be
an ingredient to more understanding of bone remodeling process during tooth
movement, especially bone resorption. This study would lead to the deeper research
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such as the study about how to increase the rate of tooth movement, in the objective to
prevent the unexpected results itself, and moreover could be able to apply to clinical

use in the future.
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CHAPTER I
LITERATURE REVIEW

The role of biology in orthodontic practice

Orthodontic tooth movement is the result from applying forces to teeth. This
activation evokes cellular responses in the teeth and their surrounding tissues,
including the periodontal ligament, alveolar bone, and gingiva. It is advantageous for
the orthodontist to know the details of the biological events that unfold during tooth
movement, because some of these details from one person may differ to another. This
is due to variables such as gender, age, psychological status, nutritional habits, and
drug consumption. These biological variations also cause the differences that are
frequently observed in the outcomes of orthodontic treatment between patients with
similar malocclusions, treated identically (2).

The essence of orthodontic treatment is the movement of teeth through bone
to obtain a more perfect dental occlusion. Accurate and precise control of tooth
movement can be optimized with the proper use of mechanics and knowledge of the
subsequent tissue response. Although the art of repositioning teeth has been practiced
for centuries, the exact mechanism by which orthodontic forces orchestrate tooth
movement is not thoroughly understood. However, despite recent advances, the
molecular basis for the conversion of the orthodontic pressure stimulus into cell-
mediated bone modeling followed with tooth movement is not completely resolved (3,

4).

Optimal mechanical force for orthodontic tooth movement

Tissue remodeling that facilitates orthodontic tooth movement is performed
by various cell types. Some of these cells are local, such as fibroblasts and bone
surface lining cells. Other cells are migratory, like macrophages and lymphocytes, but
evidently play a crucial role in modulating the effect of mechanical forces on

paradental cells. Thus, an optimal orthodontic force is capable of evoking an
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inflammatory response in paradental tissues, leading to remodeling of these tissues and
tooth movement in a desirable direction.

For the past decade, there were many studies about optimal force in
orthodontic tooth movement conducted in animals and human (5-18). The current
concept of optimal force is led based on the hypothesis that a force of a certain
magnitude and temporal characteristics (continuous vs. intermittent, constant vs.
declining, etc.) would be capable of producing a maximum rate of tooth movement
without tissue damage and with maximum patient comfort (6). The optimal force for
tooth movement may differ for each tooth and for each individual patient (9).

Many authors have expressed the similar opinion that an optimal force is the
least harmful to cells, leaving most or all of them unharmed. However, (19) suggested
that some tissue damage is unavoidable, and is actually beneficial, because it evokes
inflammation. (20) tried to equate this force with the capillary blood pressure, and
recommended to use force magnitudes below this pressure level. To reach this goal, he
suggested applying forces not greater than 15-30 g. per cm’ through root surface.
However, practically it is difficult to measure accurately these forces, and in most
cases the force distribution in the PDL is uneven, resulting in areas of great strain, as
well as areas of little strain (21). Reitan and Rygh (8, 22) favored interrupted forces,
because such forces reduce the risk of dental pulp pathology, provide adequate time
for tissue reorganization, reduce the degree of relapse after tooth rotation, and are
particularly suitable for treatment of adults. They postulated that such forces allow the
PDL fibers to maintain a functional arrangement, improve the circulation, and increase
the number of PDL cells. Moreover, when these forces are light, they can cause only
semi-hyalinization, or incomplete necrosis of PDL cells, with less disturbed resorption
of the alveolar bone.

In 1998, Blechman proposed that static magnets generate electromagnetic
fields which stimulate bone formation in PDL tension sites, thereby reducing tooth
mobility, pain, and discomfort. He stated that in routine orthodontic treatment, bone
formation occurs after resorption, resulting in widening of the periodontal space and
increasing tooth mobility (23). Re-examination of histological section of cat jaws in
the combination of orthodontic force/ electric signals by Davidovitch et al.(1980)

supported Blechman’s proposition (24). These observations suggest that an optimal
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orthodontic force is accompanied by an additional signal, such as an electric current,
which accelerates the rate of alveolar bone formation.

In an experiment with avian long bones, Lanyon and Rubin (25-27) observed
that the most efficient force was dynamic (intermittent) rather than static (continuous).
A short duration of 5-10 minutes a day was adequate time to stimulate a potent
periosteal and endosteal osteogenic reaction. The force magnitude found to be
important and defined as optimal was in range of 2,000-4,000 microstrain. However,
this magnitude could be much lower if the frequency of force application was
increased.

Gibon, King, and Keeling had performed experiments in rats and reported
that only 1 hour of force application was sufficient to cause maxillary molars to move
mesially for 2 weeks (28). However, to achieve this movement required the extraction
of the mandibular molars, to prevent occlusal contacts. Unfortunately, this approach is
not a viable option in human orthodontic practice.

A meta-analysis of the literature concerning the optimal force or range of
forces for orthodontic tooth movement was performed by Ren et al. (5). This indicated
that there are several studies on human maxillary canines with force ranges from 18 to
450 gm. and there are variation in several factors in each experiment. The study of Lee
“2) found that optimal force should be between 150 to 200 gm. And in a few years
later, he studied in moving human maxillary canines for 7 weeks and found that the
highest rate of tipping movement was 0.78-1.34 mm./wk., the force ranged from 337
to 388 gm. For the bodily tooth movement, the highest rate was 0.86-1.37 mm./wk.,
the force ranged from 354 to 375 gm. (15). However, a threshold for force could not
be defined. It was concluded that a wide range of forces can be identified, all of which

lead to maximum rate of tooth movement.

The effects of mechanical force on tissues and cells

The first histological examination of tissues surrounding orthodontically-
treated teeth was reported by Sandstedt (29). He performed the study in a dog’s teeth
that received orthodontic forces for increasing periods of time, and observed stretching

of the PDL in tension sites, and narrowing of the tissue in compression sites. New
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alveolar bone formation was seen in the former sites, while necrosis (hyalinization)
and bone resorption, direct and undermining, was indicated in the latter sites.

In 1911-1912, Oppenheim reported that tooth movement in one pre-
adolescent baboon resulted in complete remodeling of the entire alveolar process (30).
This result indicated that orthodontic force effects spread beyond the constraints of the
PDL. The effects of orthodontic force magnitude on the dog’s paradental tissue
responses was examined by Schwarz (20). He concluded that an optimal force is
smaller in magnitude than that capable of occluding PDL capillaries. Furthermore, he
suggested that occlusion of the blood vessels would lead to necrosis of surrounding
tissues, which could harm the tissues and slow down the rate of tooth movement.

These are consistent with Reitan’s opinion. He conducted comprehensive
histological examinations of paradental tissues incidental to tooth movement. These
studies were conducted on a variety of species, including rodents, canines, primates,
and humans. Reitan preferred the use of light intermittent forces, because they cause
minimal amounts of tissue damage and cell death. He noted that the nature tissue
response differs from species to species, limitting the value of extrapolations.
Experimenting in rabbits, Storey reported in observing migration of leukocytes out of
PDL capillaries 20 minutes after orthodontic force application to incisors (19). He
concluded that inflammation is an integral part of the tissue response in orthodontics.
In the view of participation of blood-borne cells in the remodeling of the mechanically
stressed PDL was confirmed by Rygh. He detected macrophages at the edge of the
hyalinized zone during the early phases of treatment (31).

Teeth can be induced to move from one location in the oral cavity to another,
by the remodeling of tissues in response to the applied forces. The agents responsible
for this biological response are the various cell types that populate the affected tissues.
In orthodontics the effect of applied mechanical forces may be assessed on basis of the
response of single cells, and of groups of interconnected, neighboring cells. Such cell-
to-cell interactions in the PDL and alveolar bone may not be limited to cells of the
same type, but rather to cells derived from different systems, such as osteoblasts and
macrophages.

Although the effects of mechanical stimulation have been studied in many

tissues, especially for the orthodontic treatment, the effects of forces derivatives on
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bone and paradental tissues are of particular importance (32). It is known that bone
cells(osteoblasts and osteoclasts) respond to orthodontic force by proliferation and
increased activity; however, the mechanisms for conversion of orthodontic force into
biologic activity are not completely understood (3). Since the decade 1960s, there had
been demonstrated that orthodontic force produced the alveolar bone deflection
accompanied with changes in periodontal ligament (33, 34). These events initiate the
mechanical stress and induced an electrical charge polarization referred to a
piezoelectric response. In electronegative regions, bone formation occurs, whereas
bone resorption predominates in electropositive areas. Both in vitro and in vivo studies
indicates that areas that have been described as predominantly osteoblastic were
routinely electronegative and areas of positivity or electrical neutrality were

characterized be elevated osteoclast activity (Figure 1)

++'|'++
II"'.‘

Figure 1. Behavior of bone bending during orthodontic tooth movement. The
orthodontic force deforms the alveolar bone areas. Osteoblast activity (wavy lines) is
enhanced at electronegative areas and, conversely, osteoclast activity (dots) is
increased at electrically positive regions. The arrows represent possible diffusion of
the presumptive coupling factor from areas of osteoblast activity to areas of osteoclast

activity (3).
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Mostafa et al. represented an interesting flow chart of the events that may

influence tooth movement response to orthodontic force application (Figure 2). This

separated into 2 pathway (3)

Pathway |

Orthodontic force creates vectors of pressure and tension, then generation of

tissue bioelectric polarization in response to bone bending occurs, accompany with

prostaglandin synthesis by bone cells or the piezoelectric effects themselves (I C,E).

After that both prostaglandin synthesis and membrane electrical polarization by the

piezoelectric process act on changes in the levels of cAMP (1, F)

DHTHCIDDN"IH{Z FORCES

I a pressure-Tension 15 II
BONE TISSUE
BENDING INJURY
8 £ ln
PIEZOELECTRAC PROSTAGLANDIN VASCULAR
RESPONSE PRODUCTION STASIS
o 9 4 x,
- o | - INFLAMMATION
J E
MEMBRANE
WATRIX EFFECT VASCULAR B (iymphocytes
CHARGE CELLULAR | monocytes |
POLARIZATION INVASION 'k,m.;;.nnhaq..;
INCREASE £
directional | CELLULAR CcAMP
il lygnce
1 HYDROLYTIC
ENZYME
+- G':S,I‘T__LI-:I-Z._ﬁf.T 2 INITIATE BONE CELL RELEASE
RECRUITMENT _membiane o DIFFERENTIATION AND/OR t
. OSTEOBLAST polorration BONE CELL ACTIVATION ‘
RECRUITMENT 1 G
INDUCE
| Y COLLAGENASE
J ACTIVITY

Figure 2.

- - |'| coupling factor §
| /
\WWOSTEQBLAST -

K

9 o
9 OSTEOCLAST .I)
N

BONE REMODELLING -

Flow chart depicting two possible biologic pathways generated by

orthodontic forces. Pathway I represents what we believe to be the major biologic

response to orthodontic force; pathway II represents a secondary effect.
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Changes in cAMP levels have been correlated with alteration in cell
proliferation, differentiation, and activation. The results of these changes are
increasing in the number of the cells involved in bone formation and resorption. It has
recently been suggested that bone formation and resorption are synchronized by a
diffusible product produced by the osteoblast, “Coupling factor” (35). This would
provide for a mechanism in which net bone formation equaled net bone resorption.
The coupling factor could then explain the observation that both bone resorption and
formation occur in area of pressure and tension, so maintaining the alveolar bone plate

thickness.

Pathway |1

The tissue injury generated by orthodontic force elicits a classic
inflammatory response (II, C). Inflammatory processes are triggered along with the
classic vascular and cellular infiltration (II, E). Lymphocytes, monocytes, and
macrophages invade the inflamed tissue and, in all likelihood, contribute to
prostaglandin release (II, D) and hydrolytic enzyme secretion (II, H).

It has been reported that local inflammatory responses stimulate osteoclast
activity. This increase in osteoclast activity is believed to be generated by local
elevation of prostaglandin (II, F) and the subsequent increase in cellular cAMP (11, G).
The inflammatory response is also characterized by hydrolytic enzyme secretion (I, I).
It is believed that collagenase exists in an inactive form and may be activated by
hydrolytic action, so it is probable that increased collagenase activity contributes to
increased bone remodeling (II, J). It appears that the inflammatory response is a
component of responses to orthodontic force and that this mechanism most likely

plays a contribution role during bone remodeling (3).

Effects on nervous and immune systems

In the view of nervous and immune systems in relation of bone remodeling
process, Davidovitch et al. demonstrated that these systems were influenced by
neuropeptides and cytokines in the periodontal ligament (PDL) and alveolar bone.
Furthermore, the response of the paradental tissues to orthodontic forces is physical

and chemical in nature. When applying orthodontic force, the extracellular fluids of
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the PDL must be displaced to permit distortion of fibers and cells (36). Movement of
fluids causes

1. Change in physical and chemical of PDL and bone cells

2. Change in nervous system : peripheral nerve fiber

3. Change in the cells of immune system

Change in physical and chemical of PDL and bone cells

When applying orthodontic force, tooth moves within the PDL space (Figure
3.) and increasing compression of blood vessels as pressure in creases in the PDL
(Figure 4). The extracellular fluid is displaced, then the movement of tissue fluid will
happen and follow with translocation of ion and molecules, leading to interactions
with cell surface charges(37). These charges presumably to interact with osteocytes’
cell membrane, reflects in alterations in contents of intracellular “second messengers”
such as Ca2’, adenosine 3’, 5'-monophosphate (cAMP), and guonosine 3', 5'-
monophosphate (cGMP). These second messengers will change in synthesis and

secretion of cell products, cell proliferation, motility, etc.

Time (seconds) Event
=1 PDL* fluid incompressible, alveolar bone
bends, piezoelectric signal generated
1-2 PDL fluid expressed, tooth moves within
PDL space
35 PDL fluid squeezed out, tissues compressed;

immediate pain if pressure is heavy

*POL, perindontal Tigamant

Figure 3. Physiological response to heavy pressure against a tooth (9)

Change in nervous system : peripheral nerve fiber

Stress from orthodontic force causes in distortion of nerve ending follow
with releasing of stored neurotransmitter, react centrally by stream toward the
ganglion, and peripherally by interact with adjacent target cells, primarily in the walls

of blood vessels.
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Figure 4. Diagram representation of the increasing compression of blood vessels as
pressure in creases in the PDL. At a certain magnitude of continuous pressure, blood

vessels are totally occluded and a sterile necrosis of PDL tissue ensues. (9)

Change in the cells of immune system

Neuropeptides from activated peripheral nerve ending such as substance
P(SP), vasoactive intestinal polypeptides(VIP), calcitonin gene related peptide(CGRP)
have shown to effect on vascular system.

As a result of changing in nervous system, cells of immune system and
interaction on vascular endothelial cells, there will be the extravascular migration of
macrophages and lymphocytes, follow with synthesis and secrete various types of
mediators (Figure 5). These responses are likely to the parts of inflammatory processes
that complex, continuously changing series of responses by the body to injury. It is an
effort to counteract noxious stimuli and repair or replace damaged tissue. These
inflammatory-liked processes effect on PDL and bone cells such as change in
synthesis and secretion of cell products, cell proliferation, motility, etc. resulted in

alveolar bone remodeling. Recent studies of mechanisms regulating bone remodeling



Pongstorn Putongkam Literature Review / 14

have concentrated on the role of cytokines (cyto = cell , kines = kinesis) since these
factors appear to have crucial roles in both normal and pathologic bone cell function

(38, 39, 41)

Orthodontic force

!

Movement of tissue fluids within and out of the PDL

=Y

!

R

Change in physical &
chemical of PDL,
bone cells

Change in nervous
system : peripheral nerve
fiber §

Change in the cells
of immune system

II*

\

Translocation of ions

\

v

|

Release neurotransmitter

Extravascular migration

Interact to cell membrane

\

d
2" messenger

\

Cell product, cell
proliferation etc.

of macrophage &
=P | Sensation / Pain lymphocyte
=P | Activate cells
=P | Vasodilatation

\

Cytokine & lymphokines

Figure 5. A schematic model for the possible involvement of the nervous system,
immune system and interaction between physical and chemical factors. (Modified

from Davidovitch et. al., 1988)(36)

In essence, the above steps represent the development of an acute

inflammatory reaction in orthodontically strained paradental tissues. These processes
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induce the exposing these tissues to systemic factors, such as immune cells, drugs, and
nutritional components. Directed evidence for modified or enhanced cellular activities
during tooth movement can be found in oral fluids, particularly in gingival crevicular
fluid (GCF) of treated teeth.

The gingival crevicular fluid (GCF) is an osmotically mediated inflammatory
exudates found in the gingival sulcus. As an exudates, it tends to increase in volume
with inflammation and capillary permeability. The GCF flow rate has been shown to
be a reliable indicator of gingivitis development during experimental induction of
gingivitis (42). Furthermore, Glycosaminoglycan (GAG) components have been
detected in GCF samples from sites around teeth affected by such conditions as
chronic gingivitis, chronic periodontitis, and juvenile periodontitis. The presence of
sulfated GAG chondroitin sulfate (CS) in GCF has been associated with those clinical
situations in which degradarive changes were occurring in the deeper periodontal
tissues of alveolar bone and the periodontal ligament (PDL). Consequently, GCF
analysis may from the basis of a special test for the assessment of various clinical

conditions, such as the active phases destructive periodontal disease.

Effects of orthodontic treatment on gingival crevicular fluid (GCF)

During orthodontic treatment, the forces exerted produce a distortion of the
PDL extracellular matrix, resulting in alterations in cellular shape and cytoskeletal
configuration and creating short-lived piezoelectric spikes that can lead to cellular
activation by changing membrane polarity and ion channel activity. This distortion of
the periodontal tissues also induces neuropeptide release from afferent nerve endings.
Some of these molecules are vasoactive, causing vasodilatation and migration of
leukocytes into the extravascular space. These migratory cells synthesize and secrete a
wide variety of cytokines and growth factors. In addition, as the capillaries are
stretched or compress excessively, tissue damage may occur. Such events and
interactions lead to the synthesis and secretion of extracellular matrix components,
tissue-degrading enzymes, acid, and local factors; induces cellular proliferation and
differentiation; and promote wound healing and tissue remodeling. In vivo studies
suggest that as biologic reactions progress at varying rates and intensities during

different periods of treatment, alternate combinations of biochemical molecules come
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into play. These combinations are dependent on alveolar remodeling dynamics, the
cycles of injury and healing, and the composition of the PDL cell population at each
period (43). Such changes in the deeper periodontal tissues may modify both the GCF
flow rate and its components. Thus, analysis of GCF samples may help in assessing
tissue status around teeth undergoing orthodontic movement and provide a useful

instrument for the modification of orthodontic treatment procedures.

Effects of orthodontic treatment on GCF composition

After exposure to orthodontic forces, periodontal cells are stimulated to
produce cytokines, growth factors, and colony-stimulating factors that may function as
autocrines or paracrines. This process is reflected in the synthesis and secretion of
extracellular matrix components and tissue-degrading enzymes and acids, resulting in

dodification of GCF composition (44)

Mineralized tissue components and other markers of bone turnover :

Glycosaminiglycans (GAGs) : The substances in this group are chondroiitin
sulfate (CS), dermatan sulfate, heparan sulfate (HS), and the non-sulfated GAG,
hyyaluronic acid (HA). They are found in the extracellular matrix of mineralized and
other connective tissues, and are negatively charged complex carbohydrates, linked

covalently, in the native state, to a core protein to form proteoglycans (45).

Other mineralized tissue components :

This group is used routinely to provide information on bone resorption and
formation in the evaluation of bone disorders such  as Paget’s disease,
hyperparathyroidism, and osteoporosis. There had been reported the used of marker of
this group such as “osteocalcin” to examine in relation to orthodontic tooth movement

(46).

Mediators of the inflammatory processes :
Storey proposed that the early phase of tooth movement involves an acute
inflammatory response characterized by periodontal vasodilatation and migration of

leucocytes out of the capillaries (19). Recent study has led to the hypothesis that after
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mechanical stimulus, inflammatory mediators are released, triggering the biologic
processes associated with alveolar bone resorption and apposition (44). Among the
local biochemical mediators are the cytokines, which are secreted by mononuclear
cells and leukocytes. Cytokines can provoke the synthesis and secretion of numerous
substances that form the molecular basis for cel-to-cell communication, thus

interacting directly or indirectly with bone cells (36, 43)

Tissue-degrading enzymes :

Based on the cycles of injury and healing, several combinations of tissue-
degrading or tissue-repairing enzymes come into play, following the mechanical
perturbation induced by orthodontic forces. For example,

1) Interstitial collagenases were suggested to initiate the degradation
procedures in periodontal tissues during orthodontic tooth movement

2) B-glucuronidase, the lysosomal enzyme that is a marker of primary
granule release from polymorphonuclear leukocytes. It takes part in the degradation
processes of mucopolysaccharides of connective tissues.

3) Acid and alkaline phosphatase

4) Matrix metalloproteinase

5) Proteinases : serine, cysteine proteinases

Chemical mediators and their biological activation

The early phase of orthodontic tooth movement involves an acute inflamma-
tory response characterized by periodontal vasodilation and the migration of
leucocytes out of periodontal ligament capillaries. Inflammatory mediators may trigger
the biological processes associated with alveolar bone resorption and apposition (36).
Previous research has suggested that local mediators such as prostaglandins,
interleukins and growth factors play an important role in bone remodelling induced by
orthodontic forces (47-49). Some of these cytokines, particularly interleukin 1o and
1B(IL-1c and IL-1p), tumor necrosis factor-a (TNF-a), and gamma interferon (y-IFN),
have been implicated in the mediation of bone remodeling process in vitro. IL-1 is

distinguished from the others because there are many reviews and studies about it,
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indicating that IL-1 is the first polypeptides mediator of immune cell function and
regulates bone resorption and formation (40,50,51).

Interleukin-1 is a multifunctional cytokine with wide variety of activities. It
is a family of two active peptides (IL-1a and IL-P) that are encoded by two separate
gene products. Both forms of IL-1 have identical activities and potencies. It also
increases prostaglandin synthesis in bone (52), an effect that may account for some of
its resorptive activity since prostaglandins themselves are potent resorption stimuli " .
In bone resorption, there are two steps

1) Demineralization of inorganic material : Active osteoclasts (characterized
in multinucleated, ruffle border) produce H' to bone surface for creating low pH

environment, demineralization of bone tissue occurs and perform the resorptive lacuna

(Figure 6).

V-ATPase enzyme - : ) Osteaclast cell

Resorptive

lacunae - Sealing zone

‘— Ruffled zone

Figure 6. Show the resorptive lacuna produced by active osteoclast
(www.chemsoc.org : Royal Society of Chemistry, Burlington House,

Piccadilly, London, W1J 0BA, UK.)

2) Breakdown of organic matrices : In constituting about 90% of the matrix
protein of bone, collagen clearly play an important role in determining the
characteristic of the tissue. The triple helix of collagen bundles is not easily cleaved,

requires a specific protease call “Collagenase”. Collagenase cleaves the bundles, then
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the triple helix unfolds in body temperature. The single fibers are degraded with

“Gellatinase” and other “Proteinase”.(Figure 7)

f
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Proteinases and
gellatinases
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Figure 8. Cathepsins is synthesized by osteoclast. It’s operation is

under acidic condition, degrading major bone matrix component. (57)
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The major organic constituent of the extracellular matrix of bone is fibrilla
type I collagen (53, 54). The mature osteoclast, the bone resorbing cell, has capacity to
degrade bone collagen through the production of a unique acid environment adjacent
to the ruffle border and produced various types of proteinase. The two proteinases that
play important role on degradation of type I collagen are matrix metalloproteinases
and Lysosomal cysteine proteinases.

Their action is in a similar manner but Cysteine proteinases such as
Cathepsins are active at low pH beneath the ruffled border and highly expressed in
osteoclasts (Figure 8), thus these proteinases play the important role in degradation of

type I collagen (55, 56).

Cathepsin B

Cathepsin B is a lysosomal enzyme involved in physiological events such as
intracellular protein catabolism and pro-hormone activation. Cathepsin B seems to be
a "housekeeping" protein found in most tissues investigated so far. Cathepsin B
belongs to the papain family of cysteine proteinase and is regulated by endogenous
protein inhibitors, generally called cystatins. Cysteine proteinases appear to be
involved in a variety of pathological processes such as rheumatoid arthritis,
glomerulonephritis, Alzheimer's disease, and cancer invasion and metastasis. It is
expressed in significantly higher concentrations under certain physiological conditions
such as malignancy. Cathepsin B was the first lysosomal enzyme which was
associated with malignancy of mammary tumours and cells in culture. Later results
provided the evidence that it is directly correlated with the periodontal disease as the
marker for progression of the disease and indicated its relation to bone modeling

process caused by applying orthodontic force, too.

Molecular aspect
Cathepsin B is a 29 kDa bilobal protein (Fig.6) of papain family (58). The

active site and substrate-binding cleft are located at the interface between the two
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lobes. Peptide bond cleavage is catalysed by a cysteine residue (C29) on the left lobe
and interacts with histidine residue (H199) on the enzyme’s right lobe (59)

Cathepsin B plays role as an cleaving internal peptide bonds and well
binding with a large hydrophobic side-chain in the substrate, two residues N-terminal
to the scissile bond. Unlike other lysosomal cysteine proteinases, Cathepsin B will also
accept an arginine at this position. This is due to the presence of a glutamic acid
(E245) located at the tip of the binding pocket, which acts as an acceptor for the
positive charge on the arginine side-chain (60)

Not only its role as an endopeptidase, but Cathepsin B also acts as an
exopeptidase that removes dipeptides from C-terminus of proteins and peptides. A
unique structural element of Cathepsin B for this activity is the occluding loop. The
loop partially blocks the end of the active site cleft and positions a positively charged
imidazole group of a histidine residue (H111) to accept the negative charge at the

C-terminus of the substrate.

Figure 9. Schematic representation of the three-dimensional structure of the single

chain form of lysosomal Cathepsin B (61).
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The figure 9 shows a ribbon diagram of the protein a-carbon backbone.
Secondary structure elements, cc-helices and P-sheets (arrows), are indicated by wide
ribbon segments. The molecule is oriented with the two globular domains to the left
and right, and the active site cleft running vertically between the two lobes of the
molecule. There appear to be binding sites for at least three amino acid residues of the
substrate on the N-terminal side of the scissile bond (below C29/H199) and two well-
defined sites between the active site and Hill, with the C-terminal carboxyl group
interacting with the positively charged imidazole side-chain. The side-chains of some
residues having roles in substrate recognition and peptide bond cleavage are indicated
in yellow, and the occluding loop is shown in red. N-term and C-term indicate the
locations of the protein N- and C-terminus, respectively. C-terminus of the substrate.
Recent evidence indicates that the occluding loop is flexible and can adopt a
conformation that no longer blocks the binding cleft, allowing the enzyme to act as an
endopeptidase. Cathepsin B is a less effective endopeptidase than some other members
of the papain family, probably because of the energy cost of altering the conformation

of the occluding loop (62).

Synthesis and processing for Cathepsin B product
Preprocathepsin B is synthesized on the rough endoplasmic reticulum where
the signal peptide is removed co-translationally. Following transport to the Golgi
apparatus the enzyme is glycosylated and the mannose-6-phosphate signal is
assembled, allowing recognition by the mannose 6-phosphate receptors that are
located in the trans-Golgi network. The receptors transport procathepsin B to an acidic
compartment where the enzyme is activated by removal of the propeptide. The
oligosaccharides are also trimmed. The acidic compartment may form by fusion with
primary lysosomes, secondary lysosomes or endosomes. (Figure 10)
The roles for cathepsin B in pathology may often be related to inappropriate
location of the enzyme. Thus, the enzyme can be secreted as a proenzyme and
activated extracellularly. Fusion of lysosomes with the plasma membrane may allow

the release of active cathepsin B by osteoclasts and tumour cells. Fusion of lysosomes
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with secretory vesicles or storage granules could be responsible for the acinar cell

activation of trypsinogen in pancreatitis. The sites of action of cathepsin B in

Extrazaliulsr
sciivation ol
procateapsir B

Preprocathapsin B Procathepsin B Cathepsin B
(rER) (Golgl) {Lysosome)

Figure 10. The location of Cathepsin B synthesis and processing (61)

chondrocytes (arthritis) and in thyroid hormone processing and antigen presentation
may also be related to fusion events between different organelles. The unfolded
preproenzyme, the proenzyme and active cathepsin B are shown diagrammatically.

Arrows represent the direction of movement of various organelles.

Biological activities and effects of Cathepsin B

The ubiquitous distribution of Cathepsin B suggests that it is fulfilling an
essential function. Although no gene knockout experiments that would directly test
this assumption have been published, Cathepsin B’s action and localization in
lysosomes imply that it is important in protein degradation. Endopeptidases initiate
protein breakdown by cleaving peptide bonds within the sequence of the substrate
protein, away from the amino- and carboxy-termini. This leads to an increase in the
number of new termini, allowing the exopeptidases to work with greater efficiency

because their substrate concentration is increased. With its actions as an endopeptidase
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and a peptidyldipeptidase, Cathepsin B is equipped to participate in both the early and
late stages of lysosomal protein breakdown.

In inflammatory foci, for example rheumatoid articular cartilage(63, 64) or
the synovial fluid of rheumatoid arthritis(65, 66), Cathepsin B was detected. That was
the results of various types of cells, such as macrophages, polymorphonuclear
leukocytes, fibroblast, etc., secreted this proteinase and induced the degradation of
protein components in the extracellular matrix. A study that clarified what kinds of
proteinases are secreted into the foci of allergic-inflammation involving delayed-typed
hypersensitivity reaction was performed in mice (67). They report that Cathepsin B
and an unknown prolylendopeptidase are specifically secreted into the inflammatory
focus during the process of Mycobacterium tuberculosis-induced delayed-type
allergic-inflammation. The findings of this study suggest that Cathepsin B may play an
important role in the formation of delayed-type allergic-inflammation and furthermore,
specific Cathepsin B inhibitors seem to be useful therapeutic tools for treatment of
diseases involving delayed-type hypersensitivity.

As above-mentioned, Cathepsin B is involved in inflammatory disease, it has
been implicated in parasitic and neoplastic, too. Most of these pathologies suggest a
role for Cathepsin B outside the cells, although the origin of extracellular active
enzyme is not well defined. The activity of extracellular Cathepsin B is difficult to
assess because of the presence of inhibitors and activation of the enzyme by oxidizing
agents. Line baugh et al. had developed a continuous assay for measurement of
Cathepsin B activity produced pericellularly by living cells and they were success.
This study showed that exocytosis of Cathepsin B was not related to secretion of
proenzyme or secretion from mature lysosomes (58).

In autoimmune disease, like rheumatoid arthritis, the destruction of articular
cartilage and subchondral bone occurs by elevated levels of active forms of the
proteolytic enzymes that degrade cartilage aggrecan, proteoglycan and bone collagens
(68). Among these proteolytic enzymes, MMPs has been widely investigated because
they work at neutral pH, and some MMPs were detected in rheumatoid arthritis
synovial fluid (69). However, the local micro environment along the punnus-
cartilage/bone junction has an acidic pH at attachment sites of macrophages and

osteoclasts (70). Acidic conditions seem to suit the action of Cathepsins rather than



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) /25

MMPs. Recently, two cysteine proteinases, Cathepsin B and K, have been shown to be
involve in the pathophysiology of human rheumatoid joint destruction (71).

Proteolytic enzymes of several classes have been implicated in the malignant
progression of tumours (72, 73). There was a correlative evidence that the cysteine
proteinase Cathepsin B may be one componenet of a multiproteinase cascade
associated with malignancy of both human and rodent tumors (74, 75). Among this
correlative evidence obtained in animal and human tumors of several histological
types are the following observeation: 1) parallel increases in expression of the
Cathepsin B gene and malignancy; 2) parallel increases in activity of Cathepsin B and
malignancy; 3) parallel increases in surface-association of Cathepsin B and
malignancy. Intravasation of cancer cells into he circulatory and/or the lymphatic
systems and their extravasation out of the vasculature into host parenchymal tissue are
necessary prerequisites to successful metastasis. During intravasation  and
extravasation, there is dissolution of the basement membrane by proteinases (74,75).
The enhanced surface-association of Cathepsin B in malignant tumors suggests that
Cathepsin B could play a degradative function as metastatic tumor cells move from
one site in the body to another.

In advanced prostate cancer, metastasis to the bone is commonly observed.
The interaction of tumor cells with the bone microenvironment may lead to a selective
advantage for tumor growth in bones compared to tumor growth in other organ
microenvironments. Successful tumor invasion requires degradation of extracellular
matrices by multiple proteinases, including matrix metalloproteinases (MMPs), serine
proteinases, aspartic proteinases, and cysteine proteinases, but the relative contribution
of individual proteases is still debated. Proteolytic enzymes from all four classes have
been shown to degrade extracellular matrix proteins and basement membrane in vitro
(76-78). Increasing expression of cathepsin B occurs at the invading edges interacting
with extracellular matrices (79). Altered expression and activity at the tumor-stromal
interface suggest that this protease may be one key player in the events associated with
tumor cell invasion. Cathepsin B has been shown to activate the serine protease,
leading to the activation of serum-derived latent transforming growth factor (80).
Cathepsin B also increases MMP activity directly by activation of the proenzymes

(81), and indirectly through degradation of tissue inhibitors of MMPs (82). The study
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by Podgorski et al. to investigate the effect of bone microenvironment on Cathepsin B
expression and activity in vivo in a SCID-human model of prostate bone metastasis.
Their results suggested that tumor-stromal interactions in the context of the bone
microenvironment can modulate the expression of the cysteine protease Cathepsin B
(83).

Moin et al. performed the study to comparison human tumor Cathepsin B
with normal liver Cathepsin B. The result indicated that both sources showed similar
pH optima, exhibited similar kinetics against selected synthetic substrates, and also
their inhibitory profiles against synthetic inhibitors were also similar. So their
conclusion, in contrast with those reported earlier for mouse Cathepsin B, indicated
that human liver and tumor cathepsin B are similar (84).

Cathepsin B, like other cysteine proteinases, is often termed a promiscuous
proteinase or one with broad substrate-specificity (85). Physiological substrates for
Cathepsin B are a matter of speculation. However, degradation of collagens and
proteoglycans by Cathepsin B has been shown to occur both acid and neutral pH (86).
Buck et al. had demonstrated that increased malignancy of several histological types
of human and animal tumors was associated with increases in their Cathepsin B
activity. Then, they reported that Cathepsin B from normal or tumor tissues degraded
purified extracellular-matrix components, type IV collagen, laminin and fibronectin, at
both acid pH and neutral pH. Cathepsin B from both sources exhibited similar
activities towards, and similar patterns of cleavage of, the extracellular-matrix
proteins. At neutral pH, Cathepsin B from both sources appeared to undergo
autodegradation, a process that was decreased in the presence of alternative substrates
such as the extracellular-matrix protein. Cathepsin B readily degraded type IV
collagen at 25 °C, indicating activity towards native type IV collagen. Fibronectin
degradation products of 100-200 kDa and of 18 and 22 kDa were observed. These
results suggest that Cathepsin B at or near the surface of malignant tumor cells may
play a functional role in the focal dissolution of extracellular matrices (76).

Cathepsin B may be fulfilling a more specific role, as in the generation of
thyroid hormones by proteolytic processing of their precursor, thyroglobulin. Another
example relates to mechanisms of calcium homeostasis. Bone is constantly being

turned over in order to mobilize calcium. It appears that degradation of the organic
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component, primarily type I collagen, is required for calcium release. Bone breakdown
is effected by specialized cells, the osteoclasts, which create a pericellular sub-
osteoclastic resorption zone. Acid is pumped into this region, and proteinases are
released into it. The proteinases degrade the organic component of bone, and calcium
is dissolved by the acid. Recent work using membrane-permeant and -impermeant
proteinase inhibitors has suggested that the role of Cathepsin B in bone resorption is
largely intracellular, possibly as an activator of other enzymes involved more directly
in bone breakdown.

Bone resorption occurs at the contact of the ruffled border of the osteoclasts,
in a sealed extracellular microenvironment that has many characteristics of a
phagolysosome (87). The solubilization of the mineral at that level is due to the
secretion of acid, which depends on the activity of carbonic anhydrase and proton
pumps, where as the degradation of the organic matrix (mainly collagen) occurs
probably through the action of lysosomal cysteine proteinases, lysosomal hydrolases
and collagenase (88). The direct evidence that supported their participation in bone
resorption was provided by the demonstration that specific inhibitors of cysteine
proteinases inhibit bone resorption in culture explanted bones. And in 1991, Delaissé
et al. showed that Cathepsin B and procathepsin L are present in the extracellular
fluids and their previous work had already shown that Cathepsin B accumulates in the
culture fluids of bone explants in good correlation with their resorption (89).

In the degradation of collagen in bone resorptive process, Cathepsin B
degrade mainly insoluble type I collagen. Some studies found that this enzyme were
secreted from cells containing lysosomes, including fibroblasts, macrophages and
osteoclasts (85), and has been demonstrated to degrade type I, 11, III, IV, V, IX and XI
collagens as well as laminin , fibronectin, and proteoglycans (76). The study by
Burleigh et al. indicated that Cathepsin B exhibits a pH optimum 6.0 for most
substrates; activity decreases very sharply at neutral pH because of irreversible
inactivation of the enzyme. However, for collagen degradation by Cathepsin B,
activity is optimal at pH 3.5-4.5, most likely reflecting a combination of retained
enzyme function and swelling of the collagen molecule with loosing of helical

structure at acidic pH and physiologic temperature (76).
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As the function of osteoclasts in bone modeling process, ameloblasts have
the same function in maturation process of enamel. This is characterized by removal of
water, reduction of total protein content from about 30% by weight to 1% or less, and
increasing mineral content (90). Two types of maturation ameloblasts have been
reported and these were shown to modulate from ruffle-ended (RA) to smooth-ended
(SA) and back again several times during the maturation process. Liked osteoclasts,
ameloblasts express a high concentration of an ATP-driven proton pump at the ruffle
border membrane (91, 92). This proton pump acidifies the micro environment of the
bone resorption lacunae in order to demineralize the matrix and activate the hydrolytic
enzymes that are also secreted by the ameloblasts into the same lacunae, then degrade
the organic matrix of enamel (93).

Kawas et al. had tested the assumption that the function of ameloblasts
during the maturation process of the enamel is comparable to the bone-resorbing
function of osteoclasts, we have evaluated the distribution of the cation-independent
mannose  6-phosphate receptor and the lysosomal Cathepsin B by
immunocytochemistry in the enamel organ at different stages of amelogenesis and in
the alveolar bone surrounding the rat incisor. They suggested that the ruftled border of
maturation ameloblasts is functionally similar to the ruffled border of bone-resorbing
osteoclasts. Therefore, they postulated that the mechanism whereby the organic matrix
of enamel was degraded extracellularly by maturation ameloblasts, similar to the
mechanism by which osteoclasts degrade the organic matrix of bone (90).

In the model of fracture repair, this included the resorptive process of bone
remodeling, too. Initially, the fracture callus consists of undifferentiated mesenchymal
cells which undergo division and differentiate into chondrocytes, become hypertrophic
and secrete a mineralizing matrix, which is then gradually resorbed by
chondroclasts/osteoclasts, and replaced by new woven bone produced by osteoblasts
(94). Transition from one tissue type to another during fracture healing must involve
extensive proteolysis. Resorption of cartilage and bone is mediated by chondroclasts/
osteoclasts, both of which solubilize the mineral by creating an acidic environment in
their resorption lacunae, into which they also secrete various proteinases degrading
organic matrix (95). The importance of Cathepsins as well as matrix

metalloproteinases (MMPs) for bone resorption have been confirmed using synthetic
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and natural inhibitors for these proteinases, which significantly reduce bone resorption
(96-98). Cathepsins exert their maximal activity at low pH, typically in lysosomes and
resorption lacunae of osteoclasts (95), whereas MMPs have optimal activity near
neutral pH. During bone resorption, Cathepsins are believed to initiate the proteolysis,
followed by the action of neutral MMPs once the acidic pH of the resorption lacuna
has increased sufficiently (98). Originally, Cathepsin B, L, and S were reported to be
present in osteoclasts. More resent data have demonstrated that their expression levels
are relatively low , and that Cathepsin K is the predominant cysteine cathepsin in
osteoclasts (99).

The degradation of extracellular matrix is an important physiological event in
the morphogenesis and growth of skeleton. Proteolysis is expected to be particularly
strong in areas where cartilage is replaced by bone during endochondral ossification,
as the entire cartilaginous matrix is removed and replaced by bone matrix (100, 101).
This resorption process occurs both extra- and intra- cellularly. As the initial step,
collagenases act as extracellularly at neutral pH on collagen fibrils and cleave
individual collagen molecules into specific fragments. These fragments are then
endocytosed for completion of collagen molecules for completion of collagen
breakdown intracellularly by lysosomal cysteine proteinases (102, 103). Cathepsin B,
K, L and S are all capable of degrading collagen, whereas Cathepsin H is assumed to
be a non-collagenolytic enzyme (104). There were the detection of Cathepsins activity
during cartilage and bone degradation, and the capacity of Cathepsins inhibitors to
prevent such degradation, both suggested that Cathepsins play an important role in
physiological and pathological degradation of cartilage and bone including the

processes during endochondral ossification, too (99).

Cathepsin B and its effects in dental practice

An imbalance of bone resorption and synthesis is a feature of a number of
pathological conditions. Likewise in periodontal disease, the destruction of connective
tissue occurs(105), especially the degradation of collagen. Eley and Cox, 1991
reported that both Cathepsin B and L have potential to degrade connective tissue in
chronic periodontitis (106). Enzyme activity in healthy control tissue was significantly

lower than in disease tissue. In 1992, they determined Cathepsin B/L-, elastase-,
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tryptase-, trypsin-, and dipeptidyl peptidase IV-like activities. GCF was collected from
the deepest accessible probing site of each tooth from chronic periodontitis patients,
before and after treatment. There were reduction in all clinical parameters and all
protease activities after treatment. The following study in 1998 indicated that
Cathepsin B activity in GCF samples from individual tooth sites of chronic
periodontitis patients showed the best correlations with clinical parameters. It can
reflect the clinical status of periodontal lesion and has been identified as a promising
indicator for disease progression.

Besides the bone resorption in periodontal disease, resorptive process in
peri-implants tissues is likely to be the most significant in the failure and could also
take place under unfavorable conditions (107). Cathepsin B and L secreted by
osteoclasts are though to be important in the degradation of bone matrix around the
implants. Likewise the gingival crevicular fluid, peri-implant sulcus fluid (PISF) was
also collected to determine the proteases activity, too. Eley et al. found that the total
enzyme activities and concentrations both correlated positively with all clinical
parameters in linear regression analysis. They concluded that the total enzyme
activities had good diagnostic specificity and sensitivity as predictors of clinical
parameters and the figures were especially high for elastase-like activity as a marker
of bone reduction. So, PISF proteases may thus be of value in monitoring tissue
responses to osseointegrated implants (108).

Furthermore, Cathepsin B was reported that it associated to root resorption,
t00(109). This performed in extracted human deciduous teeth undergoing root
resorption, fixed and processed for immunocytochemical detection of Cathepsin B and
G. They found that during odontoclastic root resorption , these enzymes are involved
in the formation of resorption lacunae by means of intra/extracellular degradation of
collagen and other non-collagenous matrix proteins of deciduous teeth.

Sugiyama et. al. examined gingival crevicular fluid (GCF) levels of
Cathepsin B, during human orthodontic tooth movement. Gingival crevicular fluid was
collected from 10 patients ( 5 male, mean age 22.5 + 2.8 years and 5 females, mean
age 23.4 + 3.9 years ), each having one upper maxillary canine undergoing orthodontic
movement , while contralateral and antagonist teeth were used as the control (one

group). Treated tooth was moved in distal direction by elastic chain exerting an initial
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force 250 g. Gingival crevicular fluid was sampled at the control and treatment site
before activation, 1, 24, and 168 hours. The Cathepsin B levels in GCF were
determined by fluorospectrometry, using Z-Arg-Arg-MCA as the substrate and by
Western blotting analysis. The results were that GCF levels of Cathepsin B for the
treated teeth were significantly higher than those of the control teeth at 24 hours. At
the control sites, Cathepsin B levels at 24 hours did not change significantly with time
(110).

These result indicate that the amount of Cathepsin B in GCF is increased by
orthodontic tooth movement and Cathepsin B may be involved in extracellular matrix

degradation in response to mechanical stress (110).
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CHAPTER IV
MATERIALS & METHODS

Research design : Clinical study

Patients selection :

Ten orthodontic patients from the Department of Orthodontic, Faculty of
Dentistry, Mahidol University (2 males, and 8 females, mean ages 19-22 yrs) were
selected to participate in this study according to these following criteria :

1. Good general health

2. Lack of antibiotic therapy during the previous 6 months

3. No use of anti inflammatory drugs in the month preceding the study

4. Having healthy periodontium with generalized probing depths < 3 mm.

and no radiographic evidence of periodontal bone loss

5. Requirement of four 1st bicuspids extraction and canine distal tooth

movement as parts of orthodontic treatment plan

6. All subjects were able to be participated in every visit of this program

The protocols were reviewed and approved by the committee on human
rights related to human experimentation of Mahidol University to study in the human
(see Appendix). All participants were obtained the informed consent and would like to
participate in this study. Subsequently, the participants were performed in the
examination, diagnosis and treatment planning for orthodontic treatment and were
referred for proper treatment such as filling, scaling, prophylaxis and extraction all

first bicuspids following the treatment plan.

Method :

For each participant, two upper canines undergoing distal movement were
used as the experimental teeth and one lower canine served as the control (111,112).
One week before the first visit of GCF collecting, each participant was fitted with
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transpalatal arch for maintaining maximum anchorage situation, and was started with
twice-daily chlorhexidine mouth-rinses (113). This antibacterial rinse was used
continuingly throughout the research period. At each appointment during the
observation period, the oral hygiene of all patients was evaluated, periodontal
examination were determined by using Plaque Index and Modified Gingival Index
(114, 115).

Plague Index

The scoring system is based on a numerical determination range from 0 to 3
represented the stained plaque on the facial or lingual tooth surfaces, with weight of
scores placed at the gingival and proximal regions of the surface. For scoring purposes,
a horizontal boundary is imaginarily devided on the smooth facial or lingual tooth
surfaces to the gingival third and coronal two-thirds, the latter is then subdivided
vertically into thirds, mesial, middle and distal. Depending on the extent of plaque
coverage, whole number score 0-3 are assigned to A, B and C and 0 or 1 to D (Figure
11)

i Zone
A
Zone Zone Zone
B D C
. \‘\-...._,/

Figure 11. Zone A: gingival third, Zone B: mesial third, Zone C: distal third
and Zone D: middle third
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Score for zone A-C 0 =no plaque
1 = up to one-third coverage
2 = more than one-third and up to
two-thirds coverage
3 = more than two-thirds coverage
Score for zone D 0 = absent of plaque

1 = present of plaque

Modified Gingival Index
This study used the modified Gingival Index (Gl), developed from Lée and
Silness in 1963, the one that was well-known acceptance and used throughout the
world. The objective was to increase patient’s sensitivity in the low-region of scoring
scale, and also, to prevent the “bleeding on pressure” in the step of GCF collection.
Step of Gl provides a completely noninvasive scoring procedure.
Scoring criteria of the modified gingival index follows :
0  Absence of inflammation
1  Mild inflammation : slight change in color, little change in
texture of any portion of but not the entire marginal or
papillary gingival unit
2  Mild inflammation : criteria as above but involving the entire
marginal or papillary gingival unit
3 Moderate inflammation : glazing, redness, edema and / or
hypertrophy of the marginal or papillary gingival unit
4 Severe inflammation : marked redness, redness, edema and /
or hypertrophy of the marginal or papillary gingival unit,
spontaneous bleeding, congestion, or ulceration

Figure 12 shows diagram illustrating criteria for assignment of scores 1 and 2

in the Modified Gingival Index scoring system.
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Papila= 2 Papila- 1 Margin- 2 Margin- 1

Figure 12. Diagram illustrating criteria for assignment of scores 1 and 2

in the Modified Gingival Index scoring system

The initial impression of the maxillary arch of each participant was taken for
recording the teeth position before study (if before movement, it might cause
inflammation to the tissue) and the final impression of this study was taken again after
the last GCF collecting (2 months). Patients had to wait for the wound healing of
extraction sites about 2 weeks, then they were applied the fixed appliance.

Direct bonded brackets were placed on #13, #15, #23, and #25. Then, upper
posterior segment was braced by an arch wire segment made from 0.018 x 0.025 inch
stainless steel wire. The segments were bent to engage passively to the tubes and slots
of the fixed appliance. Each side of posterior segments was tied together with 0.010-
inch stainless steel wire for preparing maximum anchorage together with the
transpalatal bar.

The experimental canines were retracted with different continuous force
magnitudes of Ni-Ti coil-springs (TOMY®, Japan). Two retraction forces, 50 and 150
g. (110, 112, 116-119), were used in this study. For each patient, the lower and higher
forces were assigned randomly to the right and left maxillary canines. One end of the
spring was ligated to the posterior anchorage segment via a hook on the buccal of the
first molar band. The other end of the spring was ligated to a hook of the canine
bracket. Measurement of each amount of forces was determined for accuracy (Figure
13). This necessitated checking the springs at each appointment and adjusting or
changing them as needed was to maintain the desired applied force magnitudes. Then
patients were evaluated the pain from the applied forces by using visual analog scale
(VAS).
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Figure 13. Appliance was fixed to upper arch. The measurement of each amount of
forces was performed by Dynamometer (CORREX®, Haggstreit, Bern, Switzerland).

GCF was collected from the tension side before the activation: at 1, 24 hrs,
48 hrs, 1 week, 1 month and 2 months after the initiation of tooth movement. By using
the method of Offenbacher et al., 1986 and (slight) modified from Uematsu et al.,
1996, the procedures in the study were as follows : (110, 116, 117, 120)
= The experimental tooth was gently washed with water.
= The sites under study were isolated with cotton rolls to minimize
contamination from saliva
= The tooth was gently dried with an air syringe
= A periopaper (Proflow ™ Incorporated, NY, U.S.A.) was carefully
inserted 1 mm. into the distal side of gingival crevice and left there for
30 sec. (Figure 14).
= After 1% minute interval, a second strip was placed at the same site.

= Avoid the mechanical injury to the gingiva during sample collection.
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The absorbed fluid volume in the periopaper was measured with a Periotron®
8000 (Proflow ™ Incorporated, NY, U.S.A.) (Figure 15) which had been calibrated by
using distilled water in volume ranging from 0.1 to 0.7 pl. with an increment of 0.1 pl.
The calibration was performed 3 times and then mean value for each volume was used
in a linear regression analysis from which the slope and intercept were used to
determine the volume GCF collected. After the measurement of the GCF, the two
strips corresponding to each sample site were pooled and placed into a sealed
appendof tube and immediately frozen at -70 °C (Figure 16) until the day of
biochemical mediators analysis. In case of visible contamination with blood, the strips

were discarded.

Figure 14. Perio paper strip was inserted into the distal side of gingival crevice of

tooth #13 before the tooth movement

Figure 15. Periotron®
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Figure 16. Two paper strips corresponding to each sample site were
pooled and placed into a sealed appendof tube and immediately frozen at -

70 °C until the day of biochemical mediators analysis.

Following the GCF collection, visual analog scale (VAS) was used to assess
the pain from orthodontic tooth movement. A VAS typically consists of a horizontal
line, length = 100 mm., anchored with the labels with “No pain”(0) and “Maximum
pain”(10) at opposite ends (Figure 17). The patient was instructed to regard the VAS
as a continuum and to make a mark at the point along the line corresponding to the
patients’ current level of pain. The score was determined by measuring the distance
from one end of the line to the patients’ mark, the range of scores were 0-100 mm.
(121).

|
|
0 10
0 pain Maximum pain

Figure 17. Visual Analog Scale

The impressions of the maxillary arch were poured up in dental stone. The
models from each subject were measured for the changes with measuring microscope
(MM-11 Measurescope, Nikon Inc., Melville, NY) by placing on an arrangement
metal baseplates that were articulated to allow each model to be brought to a standard

position in three dimensions (Figure 18).
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Figure 18. MM-11 Measurescope

The standardized orientation of subsequent models of the same patient on the
measure apparatus was ensured by using an orientation template that fit the posterior
teeth on the model (122). The fit of this template on the set of models in each patient
confirmed the relative stability of the anchor segment component during the retraction
of the canines. A smaller template, with 3 markers, was made to fit over the crown of
each canine (Figure 19). Then, the position of the markers was recorded on the canine
template relative to the defined axis system and references on the anchor template.
From these data, the linear changes in the position of the canine were calculated in
millimeter (123)(Figure 20).

Figure 19. Templates of the canines and posterior segment
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Before (xy,vy)
L1

Distance=c¢

c= a2+ b

Figure 20. Calculation of linear changes in position of the canine before and after

tooth movement

Elution the GCF from strips :

On the day of analysis, 125 pl. of phosphate-buffer saline (PBS, pH 7.0) was
added to the tube containing the strips after the strips were thawed at room
temperature. The tube was shaken with Vortex® (Gene-2™, Scientific industry, New
York, U.S.A.) for 1 minute and centrifuged at 2000 x gravity for 5 minutes at 4 °C
(124). Then supernatant was used for the analysis of Cathepsin B and total protein

assay.

Western blotting analysis :

The samples from both experimental and control site were randomly selected
to examine. Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
proteins were transferred to nitrocellulose paper, and then incubated with polyclonal
antibody against Cathepsin B (Calbiochem, Darmstadt, Germany ; 1:2,500 dilution in
TBS) for 24 hours at 4 °C and then washed, incubated with mouse anti-rabbit HRP as
secondary antibody (Amersham, NJ, U.S.A. ; 1:7,500 dilution in 1% milk in TBS-T).
The membrane was washed again, and the reactive bands were visualized with western
blotting detection reagents (Amersham ECL Plus™, NJ, U.S.A). The medical X-ray
film was placed against the stained membrane, left for 2 seconds, and then developed
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the film. The bands were investigated in corresponding to the Cathepsin B that appear
as dark regions on the developed film.

Total Protein Assay :

10 ul. of each sample was used to estimate the total protein concentration of
the extract by the Method of Bradford (1976), with bovine serum albumin as a
standard

Cathepsin B Activity Assay :

The assay was performed using Cathepsin B activity assay kit (InnoZyme™
Cathepsin B Activity Assay Kit, Fluorogenic ; Calbiochem® a brand of EMD
biosciences, Inc., Germany). The test utilizes the ability of cathepsin B to digest the
synthetic substrate Z-Arg-Arg AMC. Released free AMC is determined
fluorometrically at excitation wavelength 360-380 nm and emission wavelength 440-
460 nm. Following the manufacturer’s instruction, calibration curve was calculated for
every new 96-well plate. Samples, standard and control were tested in duplicate. The
fluorescence units were measured at exitation wavelength 380 nm. and emission
wavelength 440 nm. by microplate reader capable of measuring fluorescence (FLX800
Microplate fluorescence Reader, BioTek Instruments, Inc; VT, USA)(Figure 21).

Figure 21 FLX800 Microplate fluorescence Reader

The level of the sample Cathepsin B was determined by the integrated

software of the reader (KC-junior, BioTek Instruments, Inc; VT, USA). The minimum
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detectable activity determined was 0.63 ng./ml. The fluorescence value of all samples
was corrected by subtracting the value of the samples with Cathepsin B inhibitors. The
level of Cathepsin B was reported as unit of enzyme activity. One unit of enzyme
activity was defined as the amount of enzyme required to release 1 mmol of product
per mg. of total protein per minute under the assay conditions. Cathepsin B levels were
shown as pU/mg. total protein/ 30 minutes.

Statistical analysis :

Data analysis was performed using the statistical package SPSS® 11.5 for
Windows® (SPSS™ Incoporated, Chicago, IL, U.S.A.). Means and standard deviations
of the Cathepsin B activity were obtained for the control site and each experimental
site.

For comparing the measurements of Cathepsin B activity at each time to the
baseline values in each group, repeated-measures analysis of variance (ANOVA) was
performed. Differences among the groups at each time were determined by Kruskal-
Wallis. Additionally, the data was identify the significance in each pair of groups,
multiple comparison analysis was also performed for the time when the significant
difference was noticed.

Kruskal-Wallis and multiple comparison analysis were performed to
compare the amount of VAS scores between groups, and independent t-test for

comparing canine movement.
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CHAPTER V
RESULTS

In this study, 10 patients (8 females and 2 males) could participate until the
end of the experiment procedures. However, some of participants complained about
the irritation of the fixed appliance, all of them apparently maintained good oral
hygiene throughout the experimental period. Table 1 shows the distribution of the
sample in gender, age in years and classification of malocclusion. There were no

differences in demographics in all the participants.

Table 1. Patients demographics including gender and age (years)

Gender Male (n) 2
Female(n) 8

Age (year)
Male (Mean £ SD) 20.88 £ 1.24
Female (Mean + SD) 20.71+1.58

Plaque index and modified gingival index

All of the control and experimental teeth showed good gingival and
periodontal status, with the scores of plaque index and modified gingival index
ranging from 0 to 1 (Table 2., 3. and Figure 22, 23). There were no clinical signs of
inflammation after appliance activation or reactivation of any experimental teeth at the

every time interval.
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Comparing within group : One way analysis of variance — repeated
measures designs, was used to determine the differences within group (50 g., 150 g.,
and control) at several periods of time ( before, 1 hour, 24 hour, 1 week, 1 month and

2 months).

Table 2. The means (SD) of Plaque index

Force (g.) Before 1 hour 24 hours 1 week 1 month 2 months

50 0.6 0.6 0.5 0.6 0.3 0.2
(0.516) (0.483) (0.527) (0.516) (0.483) (0.422)

150 0.6 0.6 0.4 0.6 0.5 0.3
(0.516) (0.516) (0.516) (0.699) (0.527) (0.483)

Control 0.7 0.7 0.3 0.7 0.4 0.1
(0.483) (0.483) (0.483) (0.657) (0.516) (0.316)

Table 3. The means (SD) of Modified gingival index

Force(g.) Before 1 hour 24 hours 1 week 1 month 2 months

50 0.3 0.4 0.2 0.2 0.1 0.2
(0.483) (0.516) (0.422) (0.422) (0.316) (0.422)

150 0.4 0.4 0.1 0.1 0.2 0.3
(0.516) (0.516) (0.316) (0.316) (0.422) (0.483)

Control 0.3 0.3 0.2 0.2 0.1 0.2

(0.201)  (0.135) (0.126) (0.105) (0.190) (0.159)
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Group 1 : 50 g. - The mean plaque index scores at several times were ranged from 0.2

+ 0.422 to 0.7 + 0.483. For the modified gingival index, the mean scores were ranged
from 0.1 + 0.316 to 0.4 + 0.516. The results of the analysis indicated that no significant
changes were found in plaque index (F = 1.597, p > 0.05) and modified gingival index
(F=0.643, p > 005).

Group 2 : 150 g. - The mean plaque index scores at several times were ranged from

0.3 £ 0.483 to 0.6 £ 0.699. For the modified gingival index, the mean scores were
ranged from 0.1 + 0.316 to 0.4 £ 0.516. The results of the analysis indicated that no
significant changes were found in plaque index (F = 0.633, p > 0.05) and modified
gingival index (F = 1.242, p > 005).

Group 3 : Control - The mean plaque index scores at several times were ranged from

0.1 £ 0.316 to 0.7 £ 0.675. For the modified gingival index, the mean scores were
ranged from 0.1 + 0.316 to 0.3 £ 0.483. The results of the analysis indicated that no
significant changes were found in plaque index (F = 4.511, p > 0.05) and modified
gingival index (F = 0.459, p > 005).

Comparing between groups : The data of plague index and modified
gingival index did not have normal distribution, so the non-parametric analysis,
Kruskal-Wallis, was used to determine the differences among groups (50 g., 150 g.,
and control) at each period of time (before, 1 hour, 24 hour, 1 week, 1 month and 2
months). The results of the analysis show that no significant change in plaque index
and modified gingival index were found at any time, p > 005 (Table 4, 5). For the
analysis throughout the study, differences among groups were not significant, as well
(F=0.043, p > 0.05).
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Alteration of Plaque Index
Mean Score

3.001
2.901
2.001
1.501

o509

m150g9.
1004 0 Cortrol
0.50

0.00

before 1hr 24hr 1wk 1 month 2 months

Time

Figure 22. Plaque index recorded at each experimental site. No statistical

significance was found at any time.

Alteration of Modified Gingival Index
Mean Score
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Figure 23. Modified gingival index recorded at each experimental site. No
statistical significance was found at any time.
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Table 4. The results from Kruskal Wallis test, for determining the differences of

plaque index scores between groups at each experimental time.

before  1hour 24 hours 1 week 1 month 2 months

Chi-Square  0.278 0.290 0.806 0.162 0.860 1.208
df 2 2 2 2 2 2
p - value 0.870 0.865 0.668 0.922 0.688 0.547

Table 5. The results from Kruskal Wallis test, for determining the differences of

modified gingival index scores between groups at each experimental time.

before 1 hour 24 hours 1 week 1 month 2 months

Chi-Square  0.290 0.278 0.464 0.464 0.558 0.360
df 2 2 2 2 2 2
p - value 0.865 0.870 0.793 0.793 0.757 0.835
GCF volume

Table 6 shows means volume of GCF before activation, at 1 hour, 24 hours,

1 week, 1 month, and 2 months from both experimental and control teeth.

Comparing within group : One way analysis of variance — repeated
measures designs, was used to determine the differences within group (50 g., 150 g.,
and control) at several period of time (before, 1 hour, 24 hour, 1 week, 1 month and 2
months).

Group 1 : 50 g. - The mean GCF volume increased mostly at 24 hours (0.214 + 0.126

pl./two periopapers), then decreased later. After that, the mean volume increased again
at 1 month and 2 month (0.233 + 0.150 pl./two periopapers, 0.247 + 0.137 pl./two
periopapers, respectively).

Group 2 : 150 g. - The mean GCF volume increased at 1 hours (0.243 £ 0.198 pl./two

periopapers) and mostly at 24 hours (0.255 + 0.202 pl./two periopapers). After that,
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the mean volume dropped down at 1 week as in group 1. The value increased again at
1 month and slightly decrease at 2 month (0.190 + 0.131 pl./two periopapers, 0.171 +
0.144 ul./two periopapers, respectively).

Group 3 Control — Similar to group 2, the mean GCF volume increased at 1 hours
(0.226 £ 0.135 pl./two periopapers) and mostly at 24 hours ( 0.242 + 0.126 pl./two

periopapers). After that, the mean volume dropped down at 1 week as in group 1 and 2.
The value increased again at 1 and 2 months (0.244 + 0.190 pl./two periopapers, 0.201
+ 0.159 pl./two periopapers, respectively).

From these data, however, there were no significance differences in the
changing of GCF volume within each group (50 g. : F = 1.157, p >0.05; 150 g. : F =
1.334,p>0.05; Control : F=0.394, p >0.0).

Comparing between groups : The data of GCF volume did not have normal
distribution, so the non-parametric analysis, Kruskal-Wallis, was used to determine the
difference between groups (50 g., 150 g., and control) at each period of time (before, 1
hour, 24 hour, 1 week, 1 month and 2 months). The results of the analysis indicated
that means GCF volume from all groups were not significance differences at any time
(Table 7, p > 0.05). For the analysis throughout the study (Figure 24), differences
between groups were not significant, as well (F = 0.183, p > 0.05)

Table 6. The means (SD) of GCF volume (ul.) alteration

Force (g.) Before 1hour 24 hours 1 week 1 month 2 months

50 0.181 0.184 0.214 0.140 0.233 0.247
(0.148) (0.132) (0.126) (0.080) (0.150) (0.137)

150 0.189 0.243 0.255 0.158 0.190 0.171
(0.106) (0.198) (0.202) (0.081) (0.131) (0.144)

Control 0.179 0.226 0.242 0.147 0.244 0.201

(0.201)  (0.135) (0.126) (0.105) (0.190) (0.159)
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Table 7. The results from Kruskal Wallis test, for determining the differences of

means GCF volume between groups at each experimental time.

1hour 24hours 1week 1 month 2 months

Chi-Square  1.041 0.086 0.921 0.381 0.622 0.932
df 2 2 2 2 2 2
0.958 0.631 0.827 0.733 0.628

Alteration of Mean GCF volume during
Mean GCF orthodontic tooth movement
volume (ul.)
0.300
0250 —-‘\ =
- 7/_7/'&\\/ / ——50g.
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before 1hr 24hr 1wk 1 north 2 norths

Figure 24. The alteration of means GCF volume of the experimental teeth

during orthodontic tooth movement

The amount of tooth movement

When the experimental teeth were retracted with the force of 50 g., average
distal tooth movement for the 10 subjects over the 2 months period was 1.67 mm. (SD,
0.91 mm.) and 1.22 mm. (SD, 0.79 mm.), for the force of 150 g. There was no
significant differences between these experimental groups, according to t-test analysis
(t = 1.148, p > 0.05). Table 8 and Figure 25 presented the total tooth movement

achieved in each subject.
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Table 8. Total tooth movement of each subject in two experimental teeth applied

different magnitude of forces

Force Total tooth movement (mm.)
@am) case 1 2 3 4 5 6 7 8 9 10  Mean(SD)

50 1.87 218 1.03 202 162 209 146 057 032 351 1.67 (0.910)

150 3.09 091 093 186 1.14 046 142 130 0.34 0.84 1.23 (0.789)

Mean Tooth Movement

2.00;

Distance  1.501
(mm.)
1.00

0.50

0.00

00
Groups

Figure 25. The mean distances of tooth movement between two magnitude of forces.
No significant differences were found between experimental group that received force

=50 g. and group 2 (force = 150g.).

Visual analog scale (VAS)

The distance represented sample’s pain was measured from one end of the
line to the patients’ mark, and the scores from all participants were determined (Table
9., Figure 26).
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Comparing within group : One way analysis of variance — repeated
measures designs, was used to determine the differences within group (50 g., 150 g.,
and control) at several periods of time (before, 1 hour, 24 hour, 1 week, 1 month and 2
months). The means VAS scores of all groups were highest at 24 hours after applying
orthodontic forces (group 1 : 25.45 + 28.67, group 2 : 36.85 £ 18.59, and control : 0.25
+0.26).

Group 1 : 50 g. - At 1 hour, the mean score of 50 g. was significantly higher than

control (p = 0.003), and 1 week (p = 0.08). At 24 hours, the mean score was
significantly higher than control (p = 0.020), 1 week (p = 0.016), and 1 month (p =
0.021).

Group 2 : 150 g. - At 1 hour, the mean score of 150 g. was significantly higher than

control (p = 0.019). At 24 hours in the same manner, the mean score was higher than
control (p = 0.000), 1 hour (p = 0.013), 1 week (p = 0.000), 1 month (p = 0.001), and 2
months (p = 0.004). The mean score at 1 week was significantly higher than control (p
=0.035).

Group 3 : control. — Only the mean score at 24 hours was significantly higher than 2
months (p = 0.037).

Comparing between groups : The data of VAS scores did not have normal
distribution, so the non-parametric analysis, Kruskal-Wallis, was used to determine the
difference among groups (50 g., 150 g., and control) at each period of time (before, 1
hour, 24 hour, 1 week, 1 month and 2 months). The results of the analysis indicated
that mean VAS scores from all groups were significantly different except at before
applying orthodontic force (Table 10), p > 0.05.

At 1 hour — The mean VAS score of control was significantly lower than group 1 : 50
g. and group 2 : 150 g. (p = 0.001, and 0.000, respectively)

At 24 hours — The mean VAS score of group 2 : 150 g. was significantly higher than
group 1 : 50 g. and control (p = 0036, and 0.000, respectively). For group 1 : 50 g., the

mean score was significantly higher than control (p = 0.010)
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Table 9. Means distance Visual Analog Scale (VAS) scores of each experimental

teeth represented sample’s pain.

Mean (SD) VAS scores

Before 1 hour 24 hours 1 week 1 month 2 months

50 0.00 12.93 25.45 6.65 7.95 7.80
(0.00) (14.29)  (28.67) (9.58) (19.20) (12.78)
150 0.00 19.45 36.85 6.35 10.08 12.88
(0.00) (14.96)  (18.59) (8.08) (16.70) (18.88)

Control 0.05 0.10 0.25 0.05 0.05 0.05
(0.16) (0.21) (0.26) (0.16) (0.16) (0.16)

Alteration of Visual Analog Scale
Mean Score

35.00 A

0o /-

| VAR s
ol 2N -
10.00 -
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0.00 +—~ ! == i i —
before 1lhr 24 hr 1wk 1moth 2 months

Time

Figure 26. The alteration of distances VAS scores of the experimental teeth

represented sample’s pain during orthodontic tooth movement at different time.
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Table 10. The results from Kruskal Wallis test, for determining the differences

between groups at each time.

before  1hour 24 hours 1 week 1 month 2 months

Chi-Square  2.000  15.015  13.901 8.552 8.959 13.053
df 2 2 2 2 %4 2
p - value 0.368 0.001 0.001 0.014 0.011 0.001

At 1 week — The mean VAS score of control was significantly lower than group 1 : 50
g. and group 2 : 150 g. (p = 0.010, and 0.005, respectively)
At 1 month — The mean VAS score of control was significantly lower than group 1 :
50 g. and group 2 : 150 g. (p = 0.014, and 0.003, respectively)
At 2 months — The mean VAS score of control was significantly lower than group 1 :
50 g. and group 2 : 150 g. (p = 0.002, and 0.000, respectively)

For comparing between groups throughout the study, significant differences
were found, as well (F = 7.433, p < 0.05). Mean scores from both groups of 50 g. and
150 g. were significantly higher than control (p = 0.013 and 0.001, respectively).

Western blot analysis

From Western blot analysis, a variety of different proteins was separated on
gel. The protein band of 29 KDa, compared with the standard protein marker, was
found in the lanes of samples collected from GCF. This indicated that the samples
were detectable for the level of Cathepsin B.

Total protein assay
Total protein assay revealed that there were some variation of the protein

levels throughout the experiment (Table 11., Figure 27).

Comparing within group : One way analysis of variance — repeated

measures designs, was used to determine the differences within group (50 g., 150 g.,
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and control) at several periods of time ( before, 1 hour, 24 hour, 1 week, 1 month and
2 months).
Group 1 : 50 g. — The mean total protein at 24 hours ( 0.474 + 0.301 mg.) was

significantly lower than before (0.788 £ 0.590 mg.), p < 0.05.
Group 2 : 150 g. — No significant difference was detected (F = 1.647, p > 0.05)

Group3 Control — The mean total protein at 1 week (0.455 = 0.251 mg.) was

significantly lower than before (p = 0.031), 1 hour (p = 0.015), and 2 months (p =
0.017).

Comparing between groups : The data of total protein did not have normal
distribution, so the non-parametric analysis, Kruskal-Wallis, was used to determine the
differences between groups (50 g., 150 g., and control) at each period of time. The
results of the analysis indicated no significance differences between groups were
found at any time (Table 12). For comparing between groups throughout the study, no
significant difference was found, as well (F = 0.030, p < 0.05).

Table 11. Means total protein of the experimental and control teeth.

Mean Total Protein (mg.)

Before 1 hour 24 hours 1 week 1 month 2 months

50 0.788 0.857 0.474 0.696 0.745 0.929
(0.590)  (0.7424)  (0.301) (0.508) (0.693) (0.713)

150 0.676 0.808 0.959 0.550 0.614 1.127
(0.461) (0.477) (0.956) (0.529) (0.587) (0.982)

Control 0.857 0.829 0.759 0.455 0.757 0.970

(1.008) (0.369) (0.533) (0.251) (0.615) (0.615)
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Alteration of GCF total protein
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Figure 27. Alteration of total protein contents in GCF during orthodontic tooth

movement of each experimental tooth.

Table 12. The result from Kruskal Wallis test, tested for determining the differences

of total protein between the group at each time.

before 1 hour 24 hours 1 week 1 month 2 months

Chi-Square  0.454 0.265 3.142 1.165 0.468 0.122
df 2 2 2 2 2 2
p - value 0.797 0.876 0.208 5e0 0.792 0.941

Analysis of Cathepsin B in GCF

All the samples were analyzed in duplicated with The InnoZyme™
Cathepsin B Activity Assay Kit. The fluorescence units were measure, then converted
into the free AMC units (Table 13, Figure 28) and the concentration of Cathepsin B

Cathepsin B concentration :
The calculation for Cathepsin B concentration showed that there were some

variation of the protein levels throughout the experiment (Table 14, Figure 29).
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Table 13. Mean free AMC (umole x 10™*) of each experimental tooth

Mean free AMC (umole x 10
Before 1 hour 24 hours 1 week 1 month 2 months

50 0.788 0.857 0.474 0.696 0.745 0.929
(0.590)  (0.7424)  (0.301) (0.508) (0.693) (0.713)

150 0.676 0.808 0.959 0.550 0.614 1.127
(0.461)  (0477)  (0.956) (0.529) (0.587) (0.982)

Control 0.857 0.829 0.759 0.455 0.757 0.970
(1.008) (0.369)  (0.533) (0.251) (0.615) (0.615)

Alteration of free AMC

4.500

4.0001

3.5001

3.0001

Huorescence 2500+
unit 20001
1.500

1.000

0.5001

0.000-

O 50g.
B 1504g.
O Contrdl

before 1lhr 24 hr 1wk 1 month 2 months
Time

Figure 28 Alteration of free AMC from each experimental tooth at each time.

Comparing within group : One way analysis of variance — repeated
measures designs, was used to determine the difference within group (50 g., 150 g.,
and control) at several periods of time ( before, 1 hour, 24 hour, 1 week, 1 month and
2 months).

Group 1 : 50 g. — The data showed no significant difference (F = 0.698, p > 0.05)
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Group 2 : 150 g. — Significant difference was detected. The mean Cathepsin B

concentration at 1 week was significantly lower than before activation ( p = 0.012) and
1 hour (p = 0.026). At 2 months, the mean was lower than before (p = 0.046), 1 hour
(p = 0.049), and 24 hours (p = 0.041).

Group3 : Control — Significant difference was detected. The mean Cathepsin B

concentration at before applying orthodontic force was significantly higher than 1
week ( p = 0.033) and 2 months (p = 0.041). At 1 hour, the mean was higher than 24
hours (p = 0.049), 1 week (p = 0.010), 1 month (p = 0.024), and 2 months (p = 0.031).

Comparing between groups : The data of Cathepsin B concentration did
not have normal distribution, so the non-parametric analysis, Kruskal-Wallis, was used
to determine the difference between group (50 g., 150 g., and control) at each period
of time ( before, 1 hour, 24 hour, 1 week, 1 month and 2 months). The results
indicated that the mean concentration of group 1 : 50 g. was significantly higher than
control (p = 0.009) at 2 months. For comparing between group throughout the study,
no significant difference was found (F = 2.008, p > 0.05).

Table 14. Means Cathepsin B concentration (ng./ml.)

Mean Cathepsin B concentration (ng./ml.)

Before 1 hour 24 hours 1 week 1 month 2 months

50 18,518  18.543 21.564 16.287 20.343 16.451
(11.226)  (10.362)  (17.331) (10.073) (12.124) (5.455)

150 17.772  22.068 18.738 13.711 16.911 12.786
(15.070) (18.738)  (10.703) (7.275) (9.566) (6.037)

Control 15.358  18.678 11.984 9.069 11.037 8.528

(7.384)  (19.182)  (7.120) (4.305) (9.100) (6.166)
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Alteration of Cathepsin B concentration
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Fig. 29 Alteration of Cathepsin B concentration in GCF during orthodontic tooth

movement.

Cathepsin B activity :
The data of free AMC and total protein were calculated together to perform
the Cathepsin B activity (Table 15, Figure 30).

Comparing within group : One way analysis of variance — repeated
measures designs, was used to determine the differences within group (50 g., 150 g.,
and control) at several periods of time ( before, 1 hour, 24 hour, 1 week, 1 month and
2 months).

Group 1 : 50 g. — Significant difference was detected. The mean Cathepsin B activity

at 24 hours after applying orthodontic force was significantly higher than before (p =
0.043), 1 hour (p = 0.041), 1 week (p = 0.031), and 2 months (p = 0.049). At 1 month,
the mean was higher than before (p = 0.019), 1 hour (p = 0.044), and 1 week (p =
0.033).

Group 2 : 150 g. — The group 150 g. force had highly increased in Cathepsin B activity

at 1 week but it was not significant compared with base line (p- value = 0.087)

Group3 Control — Significant differences were detected. The mean Cathepsin B

concentration at 2 months after applying orthodontic force was significantly lower
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than the other periods ( before : p = 0.020, 1 hour : p = 0.004, 24 hours : p = 0.012, 1
week (p =0.022) and 1 month (p = 0.033).

Table 15. Means (SD) Cathepsin B activity (uUnit) of each experimental teeth.

Mean (SD) Cathepsin B activity

Before 1 hour 24 hours 1 week 1 month 2 months

50 0.429 0.349 1.003 0.387 0.680 0.416
(0.228) (0.163) (0.795) (0.184) (0.385) (0.159)

150 0.456 0.408 0.331 0.926 0.648 0.379
(0.228) (0.128) (0.166) (0.860) (0.413) (0.338)

Control 0.264  0.273 0.341 0.346 0.263 0.116
(0.158)  (0.134) (0.230) (0.297) (0.199) (0.069)

Alteration of CAB activity in GCF during

orthodontic tooth movement
CAB Activity

(uUnit/mg. total
protein/30 min.)

1.200

1.000 1

0.800 - —— g
—=—15049.

0.600 Control

0.400 %L \/ \

0.200

0.000

before 1hr 24 hr 1wk 1 month 2 months

Figure 30. Alteration of Cathepsin B concentration in GCF during orthodontic

tooth movement.
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Table 16. The result from Kruskal Wallis test, for determining the differences of
Cathepsin B activity between groups at each experimental time.

before 1hour 24 hours 1 week 1 month 2 months

Chi-Square  4.468 5.468 8.194 4.028 7.694 12.666
df 2 2 2 2 2 2
p - value .098 .065 .017 133 021 .002

Comparing between groups : The data of Cathepsin B activity had normal
distribution but no homogeneity of variances, so the non-parametric analysis, Kruskal-
Wallis, was used to determine the differences between groups (50 g., 150 g., and
control) at each period of time ( before, 1 hour, 24 hour, 1 week, 1 month and 2
months) (Table 16).

At 24 hours — The mean Cathepsin B activity of group 1 : 50 g. was significantly
higher than group 2 : 150 g. and control (p = 0.020, and 0.015, respectively).
At 1 month — The mean Cathepsin B activity of group 1 : 50 g. was significantly
higher than control (p = 0.027). Group 2 : 150 g. was significantly higher than control
(p =0.035).
At 2 months — The mean Cathepsin B activity of control was significantly lower than
group 1: 50 g. and group 2 : 150 g. (p = 0.000, and 0.007, respectively)

For comparing between groups throughout the study, significant differences
were found (F = 7.131, p < 0.05). The mean Cathepsin B activity of both groups 1 : 50
g. and group 2 150 g. were significantly higher than control (p = 0.002 and 0.004,
respectively)
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CHAPTER VI
DISCUSSION

The objectives of this study were to investigate the expression levels of
Cathepsin B in GCF during orthodontic tooth movement, and to evaluate the
relationship between amount of forces application and the expression levels of
Cathepsin B in GCF during orthodontic tooth movement. Ten orthodontic patients
were participated in this study. For our criteria, all patients must be in good general
health, had no antibiotic therapy during the previous 6 months, no use of anti
inflammatory drugs in the month preceding the study, healthy periodontium and
requirement of 1% premolar extraction and canine distal tooth movement as parts of
orthodontic treatment plan. The participants had received proper treatment such as
filling, scaling, and prophylaxis. After this study, all of the participants were treated
full fixed appliance following the treatment plan immediately. The results of this study
indicated that activation by orthodontic force could increase Cathepsin B activity in
GCF. Accordingly, the lower force (50g.) showed higher in activity and the longer
distance in tooth movement, generated the better results than the higher force (150g.).

However, statistically significant differences were not found.

GCF analysis

Analysis of GCF is a useful and advantageous method for analyzing and
providing a better understanding of the biochemical processes of physiologic and
pathologic changes, especially for human in vivo study (125); it is noninvasive and
repetitive sampling from the same site in achievable regardless of the number.
Moreover, the biochemical analysis of GCF shows promise as an effective means for
monitoring and early detection of periodontal disease (126). Therefore, the careful
control of bacterially induced inflammation allowed the current research to focus on
mediators associated with mechanically induced inflammation within the bone and

periodontal ligament (125).



Pongstorn Putongkam Discussion / 62

In this study, all participants received the oral hygiene instruction and began
using the chlorhexidine mouth rinse before the first GCF sampling. Chlorhexidine
(CHX) 0.2% solution was still the gold standard as mouth rinse for the prevention of
plaque formation and development of gingivitis. Many indications for the use of this
antiseptic have been proposed as: 1) an adjunct to mechanical plaque control,
especially during periodontal therapy; 2) in the secondary prevention after oral surgery
including periodontal therapy; 3) plaque growth inhibitor in patients with
intermaxillary fixation, as well as for physically or mentally handicapped individuals,
for medically compromised patients and elderly patients; 4) in high risk caries patients;
5) to limit bacteraemia and operatory contamination by oral bacteria; and 6) to prevent
denture stomatitis (127). It has some limited side-effects such as extrinsic tooth
staining, poor taste, taste disturbance, sensitivity changes in tongue, pain, and the
content of alcohol. These side effects led few participants feel discomfort during the
experiment. The study by Quirynen et al., 2001 suggested a new CHX 0.12% + CPC
(cetyl pyridium chloride) 0.05% non-alcoholic formulation to avoid or reduced these
unpleasant subjective side effects. They reported that the new one had an anti-plaque

effect as good as 0.2% CHX solution (127).

Plaque index and modified gingival index

These effective methods for evaluation of clinical status changes were used
to confirm that all the GCF samples had no affects from gingival inflammation. First,
to evaluate the accumulation of plaque on the experimental and control teeth, the new
method of plaque scoring was used. This method was simple but sensitive for use in
clinical oral hygiene trials (128). The modified gingival index was used in the
following step. This index was modified from the scoring systems, the Gingival Index
(GI), developed by Loe and Silness. Lobene et al., 1986 had indicated the advantages
of this method by 1) eliminating the attempt to elicit “bleeding on pressure” and 2)
providing increased sensitivity in the lower region of the scoring scale, so a
completely noninvasive scoring procedure was performed (115).

The results from this study indicated that all the participants could maintain
their oral hygiene into the good condition before the GCF sampling had begun. Until

the end of the study, the data from analyzing mean scores of plaque index and
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modified gingival index indicated no significant difference in comparing within and
between groups. So, all participants still kept their oral hygiene in good status, and all

of the collected GCF samples showed none or least effects from gingival inflammation.

GCF volume

The GCF volume from the collected samples was determined. Although the
means volume had some differences among experimental and control groups, the
means volume in all groups were increased mostly at 24 hours, but no significant
difference was detected. Consistent with the study by Uematsu et al., 1996, they
reported that the mean volume of GCF samples during orthodontic tooth movement
from the experimental tooth at 24 hours was little higher than that from both control
sites at the same time; however there was no statistically significant difference due to
the great variation. The variation may be from individual difference and/or the
contamination (116).

The possible contaminating effect of dental plaque or saliva on such
estimations has seldom been considered. Contamination with saliva would increase
both the estimated volume of GCF and the flow rate. As microbial plaque contains
82% w/w of water, approximate 50% intracellular and 32% in the matrix, this
contaminant could also increase the measured volume and flow of GCF. Precautions
taken against these problems include, for example, drying the teeth and surrounding
tissues by air or, alternatively using guard strips inserted into the gingival crevice
(129). In this study, preventing procedure for the contamination was performed
followed the method of Offenbacher et al., 1986 and slight modification from Uematsu
et al., 1996, as described in materials and methods, for ensuring that no or least

contamination occurred to the collected sample.

Tooth movement

The amount of tooth movement observed is shown in Table 2. and Fig. 20.
The mean distance retracted by 50 g. force was higher than 150 g. force, but not
statistically significant. This showed that only light continuous force can generate the
outcome equal to the higher force. Similar to Iwasaki et al. in 2000, they reported that

there was an effective response to continuous stress of low magnitude, about 60 g., on
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the human tooth movement. The mean (SD) distance was 3.52 + 1.54 mm. for the 84-
day.

Figure 27 illustrated average tooth translation velocities versus average
continuous and impulsive retraction forces from the present study and a number of
others where canine retraction was well quantified and controlled. It can be seen that,
in general, low continuous forces produced greater velocities (123). In contrary, the
reported by Lee et al. (112) indicated that reactivation in the interrupted-force
generated the means of tooth movement greater than the continuous force, but not

statistically significance.

Average Distal Tooth Velocity
vs. Average Retraction Force

Continuous Force Studies: Impulsive Force Studies:
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Figure 27. Average distal tooth velocity versus average retraction force from studies
involving continuous force and impulsive force. The impulsive force magnitudes

applied were higher than the average force magnitudes shown in the figure (123).

The later study by Iwasaki et al. (130), they evaluated tooth movement and
cytokine in GCF and whole blood in growing and adult subjects. Continuous maxillary
canine retraction stress of 4, 13, 26, and 52 kPa were applied bilaterally in 6 growing

and 4 adult subjects for 84 days. The results showed that the velocity of tooth
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movement was positively related to stress and was higher in growing subjects. Canine
moved with 52 pKa showed a lag phase, and post lag phase activity index was twice
comparing with the lag phase.

Tooth movement has been studied largely with respect to force (not stress)
required for tipping (not translation) with varying pressure distribution along the
length of the periodontal ligament. Earlier studies, however, suggested that an
optimum stress for tooth movement exists. Reported optimal force magnitudes have
varied, but 100 to 200 g. have been proposed for canine retraction and estimated to be
equal to stresses of 7 to 14 kPa (131). Stresses in this range were expected to reduce
blood flow and damage cells, but stimulate bone resorption at the periodontal
ligament-bone interface and allow tooth movement, whereas higher stresses were
expected to constrict blood vessels in the periodontal ligament, leading to extensive
tissue necrosis and delayed tooth movement. This delay of 2 to 4 weeks, termed the
lag phase, follows initial rapid tooth movement caused by periodontal ligament
compression (130).

Tooth movement studies in humans and dogs (122, 132) have shown that
continuous forces of low magnitude are more effective that pulsed or interrupted
forces. Human studies involving tooth tipping have also demonstrated that more tooth
movement is associated with continuously applied forces of low magnitude (133).
Variability in tooth movement velocity among subjects for an equivalent applied force
or stresses is a notable common finding in humans. Similarly, large inter-individual
variation in rate of tooth movement in response to identical applied forces and stress
has been found in animals.

For the methods of evaluating tooth movement, there were several
procedures of measurements. First, direct measure to the dental models was performed
with a digital caliper (112). Reference points were marked on the coronal end of the
interdental papilla between the central incisors, and measured the distance between the
marked point and the height of the contour on the distal side of each canine.

Second, the palatine rugae were assessed for evaluating anteroposterior tooth
movements (134-136), the pre and post treatment models were identified for the
landmarks, then scanned with ruler into a computer. Compared the ruler with its

picture and adjust the magnification. The computer program was used to measure the
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distance. The mean molar movement measured on the lateral cephalometric
radiograph was compared with the mean molar movement measured relative to the
rugae landmarks on the study casts. They concluded that rugae landmarks could be
used as reliably as cephalometric superimpositions to assess anteroposterior tooth
movement.

The last one was performed by making the acrylic templates on the posterior
segments and the canine regions (111, 122, 130) as used in this study. The original
protocol also determined the movement changes in 3 dimensions by using the custom
computer program and the measurement in vertical dimension. In this study, only

linear measurement on the occlusal plane had been performed.

Visual Analog Scale

The VAS scores were used for evaluation of pain from applying orthodontic
forces to generate tooth movement in this study. The results indicated that both levels
produced the highest scores at 24 hours after applied force. For comparing between the
force levels, the scores from 150 g. force seemed to be higher than 50 g. but it was not
statistically significance.

From the practical perspective, the VAS score has a number of disadvantages
compared with the others scale, liked 4GS (121). For example, the VAS is subject to
measurement errors by the investigator, and is associated with additional
administrative burdens due to the need to explain the VAS to the patient (i.e. to ensure
that he/she understands that the VAS is meant to represent a continuum of pain), the
need to measure the patients rating, and the need for quality assurance resources to
verify that the measurement is accurate. Littman et al. (137) compared a VAS and a
categorical scale in a meta-analysis of data from 1497 patients with a variety of types
of non-migraine pain who participated in clinical trials and concluded that the VAS
pain intensity scale might be slightly better than the categorical pain intensity scale for
discriminating between treatments. So this scale was still an effective method for pain

evaluation.
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Western Blot analysis

Western blot analysis of the collected GCF samples confirmed that there was
Cathepsin B in detectable level. Although the type of buffer and antibody, compared
with previous studies (105, 106, 110), were used, the result in detecting the 29 kDa
Cathepsin B was similar. Some studies, for example, Uematsu et al. (116) had used
Western blot analysis to detect the increase of transforming growth factor-f; in
gingival crevicular fluid during human orthodontic tooth movement, not only for
determining the target substance, but to ensure that no contamination by saliva or other
protein in the sample. This method did not provide quantitative information (138), the

further assay was required for analyzing concentration or activity of mediators.

Total protein assay

Total protein concentration of the samples was estimated. The result showed
the variation in changing of concentration, no significant difference when comparing
between groups at each time and throughout the study. Similar to the studies by
Sugiyama et al. (110), there were no significant difference in total protein level over
time but contrast to that of Uematsu et al. (116), showing the alteration of total protein
tendency in increasing the concentration over the time after applied force.

The proteins in gingival crevicular fluid (GCF) are similar to those in serum,
but in significantly lower concentration (140). Grieve et al. (125) showed that 2 potent
mediators of bone resorption, prostaglandin E and interleukin-1p, were significantly
elevated after initial tooth movement but returned to baseline levels after 7 days.
Recently, it was found that interleukin-6, epidermal growth factor-p1 were elevated as
a result of orthodontic tooth movement, as was tumor necrosis factor a (141).
Experimental tooth movement also results in physiologic changes at distant sites. For
example, an increased expression of the Fos protein in the forebrain of the rat 24 hours
after experimental tooth movement indicated that a systemic reaction to local

manipulation is reflected in the synthesis of secretory proteins in saliva and GCF (140).

Analysis of Cathepsin B
For the specific protein scoped in this study, Cathepsin B concentration was

calculated. Within group comparing showed some variations (Table 14.), as described
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previously, and comparing between groups throughout the study showed no significant
difference. In contrary to the analysis of others mediators such as IL-1p, IL-6, TNF-a,
epidermal growth factor, transforming growth factor and 3,-microglobulin analysis by
Uematsu et al. (116); these mediators’ concentration were significantly increased at 24
hours after applying orthodontic force.

Most reports of constituent analysis of GCF have reported the data as
concentration (126), the method used for reporting constituent analysis of serum.
However, the characteristics of GCF are considerably different from serum. The
volume of serum is not a significant consideration in analyzing serum constituents
since variations in plasma fluid volume generally are not physiologically important.
Furthermore, only a small portion of the total plasma volume is used when analysis of
serum chemistry is performed. In contrast, GCF is an exudate. The amount of fluid
used in the analysis is dependent on the method of collection, but analysis is usually
performed on virtually all of the fluid present in the crevice at the time of collection.
Considering that the amount of fluid present at individual crevicular sites is extremely
variable, and variations in fluid volume must reflect the characteristics of the tissues
from which it is derived, the significance of only reporting concentration of
constituent in GCF is questionable.

In periodontal research, a review of the concentration data comparing the
disease-inactive and disease-active groups and the problems inherent in accurate
determination of GCF volume indicate that concentration is not the appropriate
method of data presentation for diagnostic application of GCF lysosomal enzyme
analysis. Differentiation of disease-inactive and disease-active groups and the
characteristics of application suggest that UA (total enzyme activity per 30-s
collection) is the preferred method of data expression. Concentration of enzyme and
total enzyme activity in the sample can be used in concert to enzymes analysis (142).

The analysis of Cathepsin B activity in this study indicated that there was
significantly increased at 24 hours after applied force 50 g. And for 150 g., the activity
was highly increased at 1 week after applied force, but it was not significant.
Comparing between groups throughout the study, the mean activity of both
experimental groups were significant higher than control. This finding was in

consistent with the report from Sugiyama et al.(110), the only one that presented data
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from analyzing Cathepsin B activity during orthodontic tooth movement. The
significant increased in the enzyme activity was detected at 24 hours after force
application.

There are few investigations on the role of Cathepsin during orthodontic
tooth movement. Recent studies have reported that the mRNA expression of Cathepsin
K (CAK), a family of cysteine proteases such as Cathepsin B, was detected in the
osteoclasts on the pressure side of the alveolar bone during experimental tooth
movement in rats (55, 143). These results suggest that CAK is crucially involved in
bone resorption during orthodontic tooth movement. Cathepsin K is thought to be
specifically expressed in osteoclasts and plays an important role in osteoclastic bone
resorption. However, as it has been reported that PDL cells express Cathepsin B and
not Cathepsin K (144), this investigation focused on the expression of Cathepsin B.

The finding of an increased level of Cathepsin B in the GCF adjacent to teeth
undergoing orthodontic tooth movement indicates that cells within the periodontium
are producing increased Cathepsin B in response to orthodontic force and that these
mediators can be detected non-invasively in the GCF. The level of Cathepsin B in
treated teeth was increased compared with control teeth at 24 hours. Uematsu et
al.(116) also found that the concentrations of cytokines were increased compared with
those at the control sites at 24 hours. Western blot analysis also showed that the levels
of Cathepsin B (29 KDa) obtained from the experimental sites were higher than those
obtained from the control sites (110).

Cathepsin B are major degradative enzymes for long-lived proteins such as
extracellular matrices and cell-surface receptors and 90 percent of long-lived cellular
proteins are speculated to be degraded by lysosomal enzyme (110). Previuos studies
have suggested a relation ship between periodontal disease and Cathepsin activity.
Eley and Cox(106) reported that Cathepsin B activity in GCF correlated positively
with clinical parameters of disease severity in untreated chronic periodontitis patients.
The enzyme levels at local sites in diseased patients did not correlate positively with
clinical measures of periodontal disease. The most likely explanation for this is that
the levels of enzyme measured were not truly representative of their activities at
specific sites within the lesion, but rather a reflection of the overall balance between

enzymes and endogenous inhibitors in the homogenized tissue undergoing analysis.
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During inactive periods of disease, most proteinases would remain within lysosomes
in inflammatory cells whilst during active periods significant quantities of enzyme
would be released into the tissues (105). These authors also found that following
periodontal treatment, there were reductions in all clinical parameters and their
proteases. Therefore, this enzyme may be involved in the progression of periodontal
disease.

In this study, during 2-month (56 days) period of applying light continuous
force to generate orthodontic tooth movement, evaluation of the clinical parameters
indicated that there were no sign of gingival inflammation or periodontal breakdown.
The mean levels of Cathepsin B activity were range between 0.349+0.163 to
1.003+0.795 pU for 50 g. and 0.331+0.166 to 0.926+0.860 nU for 150 g. Compared
to the reports in periodontal study, the levels of enzyme activity from orthodontic
tooth movement were very lower than the levels from periodontitis patients (both
before and after treatment). This can be assumed that the resorptive process generated
from orthodontic tooth movement was physiological bone resorption.

Cathepsin B plays an important role in the degradation process of organic
matrix of alveolar bone after the inorganic structure was demineralized. The increased
in expression level of Cathepsin B in GCF reflected the response to the orthodontic
force in cellular levels, indicated that the resorptive process of bone modeling has
begun. In conclusion, Cathepsin B can be used as a marker in orthodontic tooth
movement. Significant increased of this enzyme activity is produced by the very light
continuous orthodontic force. This force is effective enough to produce the tooth
movement as the higher force can do. This study may conduct to the deeper research
such as study about how to increase the rate of tooth movement, to prevent the
unexpected result from tooth movement, and can be applied to clinical use in the

future.
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CHAPTER VII
CONCLUSION

From this study, lysosomal cysteine proteinase Cathepsin B was expressed

during initial tooth movement and could be measured with the gingival crevicular fluid

analysis. The effects from different magnitudes of continuous orthodontic force (50 g.

and 150 g.) on the expression levels of Cathepsin B in GCF during the 2-months

period of the study were as follows:

{'/

The mean GCF volumes were increased mostly at 24 hours, rapidly
decreased at 1 week and then climbed up later in all groups with the same
pattern throughout the experimental time without statistically significant
differences.

Mean total protein concentrations of the samples showed different patterns
in each group. It showed the highest in the 150 g. force group and the
lowest in the 50 g. force group at 24 hour, but at 1 week the control showed
the lowest concentration while the highest was the 50 g. force group.
However, no significant differences were found when comparing between
groups at each time and throughout the study.

For Cathepsin B concentration, the 50 g. force group showed the highest
mean concentration after 24 hours of force application throughout the
experimental time. However, no significant differences were found except
between control at 2 months period (p<0.05).

With the 50 g. force, Cathepsin B activity was found a significant increase
at 24 hours (p<0.05), and then decrease at 1 week. There was a significant
increased again at 1 month, compared with baseline (p<0.05). But with the
150 g. force, Cathepsin B activity delayed the increase to at 1 week.
However, this was not significant, when comparing with baseline.

Both levels of orthodontic forces produced the higher VAS scores at 24

hours after activation. However, the VAS scores represented samples’ pain
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from 150 g. force seemed to be higher than 50 g. but it was not statistically
significant.

6. The mean distances derived from tooth movement generated by two
different magnitudes of continuous forces were significantly different when
compared with control (p<0.05). Apparently, the 50 g. force tended to
produce more mean distance than 150 g force but no significant difference

was found.

This study showed the affect of mechanical stimulus on cellular activities by
using different magnitudes of continuous forces. For orthodontic treatment, it could be
suggested that light continuous force will provide less pain and produce satisfactory
tooth movement. Precisely, the Cathepsin B mediator in GCF could possibly be a
reflecting parameter of periodontal status after orthodontic tooth movement. However,
further studies should be performed to determine the stabilization of these activities in
the future.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) / 73

REFERENCES

1. Norton LA. Fundamental Principles of the Biology of Tooth Movement. Semin
Orthod 2000;6:139-144.

2. Davidovitch Z, ed. Biological Mechanisms of Tooth Movement and Craniofacial
Adaptation. The Ohio State University, College of Dentistry, Columbus,
Ohio. 1992

. Mostafa YA, Weaks-Dybvig M, Osdoby P. Orchestration of tooth movement. Am J
Orthod 1983;83(3):245-250.

4. Dolce C, Hatch JP, Van Sickels JE, Rugh JD. Rigid versus wire fixation for

[98)

mandibular advancement: skeletal and dental changes after 5 years.
Am J Orthod Dentofacial Orthop 2002;121(6):610-9.

5. Ren Y, Maltha JC, Kuijpers-Jagtman AM. Optimum force Magnitude for
orthodontic tooth movement : A Systematic Literature Review. Angle
Orthodontist 2003;73(1):86-91.

6. Schwarz AM. Tissue changes incident to orthodontic tooth movement. Int J Orthod

1932;18:331-352.

~

. Oppenheim A. Human tissue response to orthodontic intervention of short and long
duration. Am J Orthod 1942;28:263-301.

8. Reitan K. Clinical and histologic observation on tooth movement during and after
orthodontic treatment. Am J Orthod 1967;53:721-745.

9. Proffit WR. The Biologic Basis of Orthodontic Therapy. In: Contemporary
Orthodontics. 3™ ed., St. Louis, Missouri: Mosby, Inc.; 2000. 296-305

10. Utley RK. The activity of alveolar bone incident to orthodontic tooth movement as
studied by oxytetracycline-induced fluorence. Am J Orthod 1968;54:167-
201.

11. Mitchell DL, Boone RM, Ferguson JH. Correlation of tooth movement with
variable forces in the cat. Angle Orthod 1973;43:154-161.

12. Fortin JM. Translation of premolars in the dog by controlling the moment-to-force

ratio on the crown. Am J Orthod 1971;59:541-550.


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=12080314&query_hl=8&itool=pubmed_docsum

Pongstorn Putongkam References / 74

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Pilon JJ, Kuijpers-Jagtman AM, Maltha JC. Magnitude of orthodontic force and
rate of bodily tooth movement, an experimental study in beagle dogs. Am J
Orthod Dentofacial Orthop 1995;107:16-23.

Lee BW. Relationship between tooth-movement rate and estemated pressure
applied. J Dent Res 1964;44:1053.

Lee BW. The force requirements for tooth movement part 1: tipping and bodily
movement. Aust Orthod J 1995;13:238-248.

Hixon EH, Atikian H, Callow GE, McDonald HW. Optimal force, differencetial
force, and anchorage. Am J Orthod 1969;55:437-457.

Hixon EH, Aasen TO, Arango J, Clark RA, Klosterman R, Miller SS, Odom WM.
On force and tooth movement. Am J Orthod 1972;62:476-489.

Rickett RM, Bench RW, Gugino CF, Hilgers HH and Schulhof RJ. Bioprogressive
therapy, Rocky mountain/ Orthodontics, USA. 1979

Storey E. The nature of orthodontic tooth movement. Am J Orthod 1973; 63: 292-
314.

Schwarz AM. Tissue changes incidental to orthodontic tooth movement. Int J
Orthod 1932; 18: 331-352. (2nd reference)

Burstone CJ. The biophysics of bone remodeling during orthodontics-optimal
force considerations. In: Norton LA, Burstone CJ, eds. The Biology of
Tooth movement. Boca Raton, Fla: CRC Press; 1989:321-334.

Rygh P. Elemination of hyalinized periodontal tissues associated with orthodontic
tooth movement. Scand J Dent Res 1974;82:57-73. (2™ reference)

Blechman A. Pain-free and mobility-free orthodontics?: A major course for the
new millenium. Am J Orthod Dentofac Orthop 1998; 113: 379-383.

Davidovitch Z, Steigman S, Finkelson MD, Yost RW, Montgomery PC, Shanfeld
JL, Korostoff E. Immunohistochemical evidence that electric currents
increase periosteal cell cyclic nucleotide levels in feline alveolar bone in
vivo. Arch Oral Biol 1980;25(5):321-7.

Lanyon LE, and Rubin CT. Static vs dynamic loads as an influence on bone
remodelling. J Biomech 1984;17(12):897-905. (2™ reference)

Rubin CT, and Lanyon LE. Regulation of bone formation by applied dynamic
loads. J Bone Joint Surg Am 1984 Mar;66(3):397-402. (2nd reference)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=3422122&query_hl=10&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=3422122&query_hl=10&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=3422122&query_hl=10&itool=pubmed_docsum

Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) / 75

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Rubin CT, and Lanyon LE. Regulation of bone mass by mechanical strain
magnitude. Calcif Tissue Int 1985 Jul;37(4):411-7. (2™ reference)

Gibson JM, King GJ, Keeling SD. Long-term orthodontic tooth movement
ressponse to short-term force in the rat. Angle Orthod 1992;62:211-215.

Sandstedt C. Rinige Beitrdge zur theori der zahnregulierung. Nord Tandlaeg
Tidske 5:236; 1964; 6: 1,1905. (2rld reference)
Oppenheim A. Human tissue response to orthodontic intervention of short and
long duration. Am J Orthod Oral Surg 1942;28:263-301. (2nd reference)

Rygh P. Ultra structural changes in tension zone of rat molar periodontium
incident to orthodontic tooth movement. Am J Orthod 1976;70:269-281.
(2™ reference)

Davidovitch Z, Shanfeld J, Montgomery E, Korostoff E. Biochemical mediators of
the effect of mechanical forces and electric currents in mineralized tissues.
Calcif Tissue Int 1984;36:86S-97S. (2™ reference)

Baumrind S. A reconsideration of the "pressure-tension" hypothesis. Am J Orthod
1969;55:12-21. (2™ reference)

Grimm FM. 1972. Bone bending, a feature of orthodontic tooth movement.
Am J Orthod 1972 Oct;62(4):384-93.

Rodan GA, Martlin TJ. Role of osteoblasts in hormonal control of bone resorption
- a hypothesis. Calcif Tissue Int 1982 May;34(3):311.

Davidovitch Z, Nicolay OR, Ngan PW, Shanfeld JL. Neurotransmitters, cytokines,
and the control of alveolar bone remodeling in orthodontics. Dental Clinic
of North America 1988;32:411-435.

Johnson MW. Behavior of fluid in stressed bone and cellular stimulations. Calcif
Tissue Int 1984;36:872.

Horowitz MC, Lorenzo JA. Local Regulators of Bone. In: Principles of Bone
Biology. 2™ ed. Orlando, Florida: Academic Press;2002:961-962

Dewhirst FE, Stashenko PP, Mole JE, et al. Purification and partial sequence of
human osteoclast-activating factor : Identify with interleukin-1B. J

Immunol 1985;135:2562.



Pongstorn Putongkam References / 76

40. Smith DD, Gowen M, Mundy GR. Effects of interferon-gamma and other
cytokines on collagen synthesis in fetal rat bone cultures. Endocrinology
1987;120:2494. (2™ reference)

41. Tasjian AH Jr, Lazzaro M. Tumor necrosis factor-alpha (cachetin) stimulates bone
resorption in mouse calvaria via a prostagladin. Endocrinology
1987:120:2029. (2™ reference)

42. Brecx MC, Schlegel K, Gehr P, Lang NP. Comparison between histological and
Clinical parameters during human experimental gingivitis. J Periodont Res.
1987; 22: 50-57. (2™ reference)

43. Sandy JR, Farndale RW, Meikle MC. Recent advances in understanding
mechanically induced bone remodeling and their relevance to orthodontic
theory and practice. Am J Orthod Dentofac Orthop.1993;103:212-222. (2nd
reference)

44. Davidovitch Z. Cell biology associated with orthodontic tooth movement. in:
Berkovitz BKB, Moxham BJ, Newman HN (eds). The Periodontal
Ligament in Health and Disease, ed 2. St Louis: Mosby-Wolfe, 1995. (2™
reference)

45. Pender N, Samuels RHA, Last KS. The monitoring of orthodontic tooth movement
over a 2-year period by analysis of gingival crevicular fluid. Eur J Orthod
1994; 16: 511-520. (2nd reference)

46. Griffiths GS, Moulson AM, Petrie A, James IT. Evaluation of osteocalcin and
pyridinium crosslinks of bone collagen as markers of bone turnover in
gingival crevicular fluid during differenct stages of orthodontic treatment. J
Clin Periodontol.1998;25:482-498. (2™ reference)

47. Baylink DJ, Finkelman RD, Mohan S. Growth factors to stimulate bone formation.
J Bone Miner Res 1993;8 (12):S565-72.

48. Alhashimi N, Frithiof L, Brudvik P and Bakhiet M. Orthodontic tooth movement
and de novo synthesis of proinflammatory cytokines. Am J Orthod
Dentofac Orthop 2001;119(3):307-312

49. Norrdin RW, Jee WSS, High WB. The role of prostagladins in bone in vivo.
Prostagladins, Leukotrienes and Essential Fatty Acid 1990;41(3):139-149.


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Baylink+DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Finkelman+RD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Mohan+S%22%5BAuthor%5D

Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) / 77

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Gowen M, Wood D, Russel RG. An interleujin 1-like factor stimulates bone
resorption in vitro. Nature 1983;306:378-380.

Canalis E. Interleukin-1 has independent effects on deoxyribonucleic acid and
collagen synthesis in cultures of rat calvariae. Endoclinology 1986;118:74-
81. (2™ reference)

Akatsu T, Takahashi N, Udagawa N, Imamura K, Yamaguchi A, Sato K, et al.
Role of prostagladins in interleukin-1-induced bone resorption in mice in
vitro. Bone Miner. Res. 1991;6:183-190.

Robins SP, Brady JD. Collagen Cross-Linking and Metabolism. In: Principles of
Bone Biology. 2" ed. Orlando, Florida: Academic Press; 2002. p. 216-217

D'Alonzo RC., Selvamurugan N, Krane SM., Partridge NC. Bone Proteinases. In:
Principles of Bone Biology. 2" ed. Orlando, Florida: Academic Press;
2002. p. 258-259

Domon S, Shimokawa H, Matsumoto Y, Yamaguchi S, Soma K. In situ
hybridization for matrix metalloproteinase-1 and cathepsin K in rat root-
resorbing tissue induced by tooth movement. Arch Oral Biol. 1999
Nov;44(11):907-15.

Drake FH, Dodds RA, James IE, Connor JR, Debouck S, Richardson E, et al.
Cathepsin K, but not cathepsin B, L, or S, is abundantly expressed in
human osteoclasts. J. Biol. Chem. 1996:;271:12511-12516.

Robins SP, Brady JD. In: Principles of Bone Biology. 2 ed. Orlando, Florida:
Academic Press;2002:130. (2™ reference)

Linebaugh BE, Sameni M, Day NA, Sloane BF, and Keppler D. Exocytosis of
active Cathepsin B. Enzyme activity at pH 7.0, inhibition and molecular
mass. 1999; 264: 100-109.

Musil D, Zucic D, Turk D, Engh RA, Mayr I, Huber R, Popovic T, Turk V,
Towatari T, Katunuma N, and Bode W. The refined 2.15 A S-ray crystal
structure of human liver cathepsin B; the structural basis for specificity.
EMBO J. 1991; 10: 2321-2330. (2™ reference)

Hasnain S, Hirama T, Huber CP, Mason P, and Mort JS. Characterization of
cathepsin B specificity by site-directed mutagenesis. Importance of Glu245



Pongstorn Putongkam References / 78

61.

62.

63.

64.

65.

66.

67.

68.

69.

in the S2-P2 specificity for arginine and its role in transition state
stabilization. J Biol Chem. 1993;268:235-240.

Mort J S., Buttle D J. Molecules in focus: Cathepsin B. Int. J. Biochem. Cell Biol.
1997;29(5):715-720

Cygler M, Sivaraman J, Grochulski P, Coulombe R, Storer AC, and Mort JS.
Structure of rat procathepsin B. Model for inhibition of cysteine protease
activity by the proregion. Structure. 1996; 4: 405-416. (2™ reference)

Poole AR, Mort JS. Biochemical and immunological studies of lysosomal and
related proteinases in health and disease. J Histochem Cytochem
1981:29(3A Suppl):494-502. (2™ reference)

Van Noorden CJ, Vogael M. Enzyme histochemical reactions in unfixed and
undecalcified cryostat sections of mouse knee joints with special reference
to arthritic lesions. Histochemistry 1986;86(2):127-33. (2" reference)

Bayliss MT,Ali SY. Studies on cathepsin B in human articular cartilage. Biochem
J1978;171(1):149-54. (2nd reference)

Lenarcic B, Gabrijlcec D, Rozman B, Drobnic-Kosorok M, Turk V. Human
cathepsin B and cysteine proteinase inhibitors (CPIs) in inflammatory and
metabolic joint diseases. Biol Chem Hoppe Seyler 1988;369 Suppl:257-61.

Kakegawa et al. Signigicant accumulations of cathepsin Band prolylendopepidase
in inflammatory focus of delayed-type hypersensitivity induced by
Mycobacterium tuberculosis in mice. Biochemical and Biophysical
Research Communications. 2004; 316: 78-84.

Hashimoto Y, Kakegawa H, Narita Y, Hachiya Y, Hayakawa T, Kos J, Turk V,
Katunuma N. Significance of Cathepsin B Accumulation in Synovial Fluid
of Rheumatoid Arthritis. Biochemical and Biophysical Research
Communications. 2001; 283: 334-339.

Yoshihara Y, Nakamura H, Obata KI, Yamada H, Hayakawa T, Fujikawa K, and
Okada Y. Matrix metalloproteinases and tissue inhibitors of
metalloproteinases in synovial fluids from patients with rheumatoid

arthritis or osteoarthritis. Ann Rheum Dis. 2000; 59: 455-461.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) / 79

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Lindy O, Konttinen YT, Sorsa T, Ding Y, Santavirta S, Ceponis A, and Lopez-
Otin C. Matrix metalloproteinase 13 (collagnase 3) in human rheumatoid
synovium. Arthritis Rheum. 1997; 40: 1391-1399. (2™ reference)

Hummel KM, Petrow PK, Franz JK, Miiller-Lander U, Aicher WK, Gay RE,
Bromme D, and Gay S. Cysteine proteinase cathepsin K mRNA is
expressed in synovium of patients with rheumatoid arthritis and is detected
at sites of synovial bone destruction. J Rheumatol. 1998; 25: 1887-1894.

Gottesman MM, Kane SE. The role of cathepsin L in malignant transformation.
Semin Cancer Biol. 1990; 1:(2):127-36. (2™ reference)

Rochefort H, Capony F, Garcia M. Cathepsin D: a protease involved in breast
cancer metastasis. Cancer Metastasis Rev. 1990; 9(4):321-31. (2™
reference)

Sloane BF. Cathepsin B and cystatins: evidence for a role in cancer progression.
Semin Cancer Biol. 1990; 1: 137-152. (2™ reference)

Sloane BF, Moin K, Krepela E, and Rozhin J. Cathepsin B and its endogenous
inhibitors: the role in tumor malignancy. Cancer Metastasis Rev. 1990; 9:
333-352. (2™ reference)

Buck MR, Karustis DG, Day NA, Honn KV, and Sloane BF. Degradation of
extracellular matrix proteins by human cathepsin B from normal and tumor
tissues. Biochem J. 1992;282:273-278.

Johnsen M, Lund LR, Romer J, Almholt, and Dano K. Cancer invasion and tissue
remodeling: common themes in proteolytic matrix degradation. Curr Opin
Cell Biol. 1998;10:667-671.

Garcia M, Platet N, Liaudet E, Laurent V, Derocq D, Broulliet JP, and Rochefort
H. Biological and clinical significance of cathepsin D in breast cancer
metastasis. Stem Cells. 1996;14:642-660.

Sinha AA, Gleason DF, Deleon OF, Wilson MJ, and Sloane BF. Localization of a
biotinylate rpobe in human prostate including invasive sells and invasive
edges by in situ hybridization. Anat Rec. 1993;26:171-178. (2™ reference)

Guo M, Mathieu PA, Linebaugh B, Sloane BF, and Reiners JJ Jr, Phorbol ester

activation of a proteolytic cascade capable of activating latent transforming



Pongstorn Putongkam References / 80

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

growth factor-beta L a process initiated by the exocytosis of cathepsin B. J
Biol Chem. 2002;277:14829-14837.

Murphy G, Ward R, Gavrillovic J, and Atkinson S. Physiological mechanisms for
metalloproteinase activation. Matrix Suppl. 1992; 1:224-230.

Kostoulas G, Lang A, Nagase H, and Balci A, Stimulation of angiogenesis through
cathepsin B inactivation of the tissue inhibitors of matrix
metalloproteinases. FEBS Lett. 1999;455:286-290.

Podgorski 1., Linebaugh B. E., Sameni M., Jedeszko C., Bhagat S., Cher M. L.,
Sloane B. F. Bone Microenvironment Modulates Expression and Activity
of Cathepsin B in Prostate Cancer. Neoplasia. 2005;7(3):207-223.

Moin K, Day NA, Sameni Mansoureh, Hasnain S, Hirama T, and Sloane BF.
Human tumour cathepsin B: Comparison with normal liver cathepsin B.
Biochem. J.1992; 285: 427-434.

Barrett AJ, Kirschke H. Cathepsin B, Cathepsin H, and Cathepsin L. Methods
Enzymol. 1981; 80: 535-561. (2™ reference)

Lah TT, Buck MR, Honn KV, Crissman JD, Rao NC, Liotta LA, and Sloane BF.
Clin Rxp Metastasis. 1989; 7: 462-468. (2™ reference)

Baron R. Molecular mechanisms of bone resorption by the osteoclast. Anat Rec.
1989; 224: 317-324. (2nd reference)

Vaes G. Cellular biology and biochemical mechanism of bone resorption. A
review of recent developments on the formation, activation, and mode of
action of osteoclasts. Clin Orthop Relat Res. 1988; 231: 239-271. (™
reference)

Delaisse J-M, Ledent P, and Vaes G. Collageolyti cysteine proteinases of bone
tissue. Biochem J. 1991; 279: 167-174.

Al Kawas S, Amizuka M, Bergeron JJM, Warshawsky H. Immunolocalization of
the Cation-Independent Manise 6-Phosphate Receptor and Cathepsin B
inthe Enamel Organ and Alvolar Bone of the Rat Incisor. Calcif Tissue Int.
1996; 59: 192-199. (2™ reference)

Blair HC, Teitelbaum SL, Ghiselli R, Gluck S. Osteoclastic bone resorption by a
polarization vacuolar proton pump. 1989; 245: 855-857.(2™ reference)



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) / 81

92.

93.

94.

95.
96.

97.

98.

99.

Viadndnen HK, Karhukorip E-K, Sundquist K, Wallmark B, Roininen I, Hentunen
T, Tuukkanen J, Lakakorpi P. Evidence for the presence of proton pump of
the vacuolar H-ATPase type in the ruffle borders of osteoclasts. J Cell Biol.
1996; 111: 1305-1311. (2™ reference)

Baron R, Neff L, Louvard D, Courtoy PJ. Cell mediating extracellular acidification
and bone resorption: evidence for a low pH in resorbing lacunae and
localization of a 100-KD lysosomal membrane protein at the osteoclast
ruffled border. J Cell Biol. 1985; 101: 2210-2222. (2nd reference)

Uusitalo H, Hiltunen A., Séderstrdom, Aro HT, Vuorio E. Expression of Cathepsins
B, H, K, L, and S and Matrix Metalloproteinases 9 and 13 During
Chondrocyte hypertrophy and Endochondral Ossification in Mouse
Fracture Callus. Calcif Tissue Int. 2000; 67: 382-390.

Viinianen HK, Mechanism of bone turnover. Ann Med. 1993; 25: 353-359.

Delaisse JM, Eckhout Y, Sear C, Galloway A, McCullagh K, Vaes G. A new
synthesis inhibits bone resorption in culture. Biochem Biophys Res
Commun. 1985; 133: 483-490.

Delaisse JM, Boyde A, Maconnanachir E, Ali NN, Sear CH, Eckhout Y, Vaes G,
Jones SJ. The effects of inhibitors of cysteine-proteinases and collagenases
on the resorptive activity of isolated osteoclasts. Bone. 1987; 8: 305-313.

Everts V, Delaisse JM, Korper W, Beertsen W. Cysteine proteinases and matrix
metalloproteinases play distinct roles in the subosteoclastic resorption zone.
J Bone Miner Res. 1998; 13: 1420-1430.

Soderstorm M, Salminen H, Glumoff V, Kirschke H, Aro H, Vuorio E. cathepsin
expression during skeletal development. Biochim Biophys Acta. 1999;

1446: 35-46.

100. Murphy G, Reynolds J, Royce P, Steinmann B, Connective tissue and its

heritable disorder, Willey-Liss, New York, 1993; 237-316.

101. Horton WA, Royce P, Steinmann B. Connective tissue and its heritable disorder,

Willey-Liss, New York, 1993; 73-84.

102. Dingle JT, J Bone Joint Surg. (55), 1973; 87-95.



Pongstorn Putongkam References / 82

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Etherington DJ, Maciewiewicz RA, Taylor MAJ, Wardale RJ, Turk V. Cysteine
Proteinases and their inhibitors, Proceedings of a Sumposium, Walter de
Gruyter, Berlin, 1995; 269-282.

Yamamoto H, Murawaki Y, Kawasaki H. Res Commum Chem Pathol Pharmacol.
1992;76:95-112.

Eley BM, Cox SW. Cathepsin B/L-, elastase-, tryptase-, trypsin- and dipeptidyl
peptidase IV-like activities in gingival crevicular fluid: a comparison of
levels before and after basic periodontal treatment in chronic periodontitis
patients. J Periodontol 1992;19:333-339.

Eley BM, Cox SW. Cathepsin B- and L-like activities at local gingival sites of
chronic periodontitis patients. J Clin Periodontol 1991;18:499-504.

Adell R, Lekholm M, Rockler B, Brancmark PL, Lindhe J, Eriksson B, and
Sbordone L. Marginal tissue reations at osseointegrated titanium fixtures.
A 3-year longitudinal prospective study. Int J Oral Maxilllo Surg. 1986; 15:
39-52. (2™ reference)

Elley BM, Cox SW. Protease activities in peri-implant sulcus fluid from patients
with permucosal osseointegrated dental implants. Correlation with clinical
parameters. Clin Oral Impl Res. 1991; 2: 62-70.

Sasaki T., Ueno-Matsuda E. Immunocytochemical localization of cathepsin B
and G in odontoclasts of human deciduoud teeth. Journal of Dental
Research 1992;71:1881-1884

Sugiyama Y, Yamaguchi M, Kanekawa M, Yoshii M, Nozoe T, Nogimura A,
The level of cathepsin B in gingival crevicular fluid during human
orthodontic tooth movement. Eur J Orthod 2003;25(1):71-76.

Iwasaki LR, Haack JE, Nickel JC, Reinhardt RA, Petro TM. Human interleukin-1
beta and interleukin-1 receptor antagonist secretion and velocity of tooth
movement. Archives of oral biology 2001;46:185-189.

Lee KJ, Park YC, Yu HS, Choi SH, Yoo Y. Effects of continuous and interupted
orthodontic force on interleukin-1 beta and prostagladin E2 production in
gingival crevicular fluid. Am J Orthod Dentofacial Orthop.
2004;125(2):168-177.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) / 83

113. Clavero J, Baca P, Junco P, Gonzlez MP. Effects of 0.12% chlorhexidine spray
applied once or twice daily on plaque accumulation and gingival
inflammation in a geriatic population. Journal Of Clinical Periodontology
2003;30(9):773.

114. Dababneh RH, Khouri AT, Smith RG, Addy M. Correlation and examiner
agreement between a new method of plaque scoring and a popular
established plaque index, modelled in vitro. J Clin Periodontol
2002;29(12):1107.

115. Lobene RR, Weatherford T, Ross NM, Lamm RA, Menaker L. A Modified
Gingival Index for use in clinical trials. Clinical Preventive Dentistry
1986;8(1):3-6.

116. Uematsu S, Moki M, Deguchi T. Interleukin-lbeta, Interleukin-6, Tumor
Necrosis factor-alpha, Epidermal growth factor and Beta-2 Microglobulin
levels are elevated in gingival crevicular fluid during human orthodontic
tooth movement. J Dent Res 1996;75(1):562-567.

117. Uematsu S, Moki M, Deguchi T. Increase of Transforming growth factor-betal
in gingival crevicular fluid during human orthodontic tooth movement.
Archives of oral biology 1996;41(11):1091-1095.

118. Aisa MC, Rahman S, Senin U, Maggio D, Graham R, Russell G. Cathepsin B
activity in normal human osteoblast-like cells and human osteoblastic
osteosacroma cells (MG-63): regulation by interleukin -1 beta and
parathyroid hormone. Biochimica et Biophysica Acta 1996;1290:29-36.

119. Burstone CJ. Mechanics of the segmented arch techniques. Angle Orthodontist
1966;36(2):99-120.

120. Offenbacher S, Odle BM, Van Dyke TE. The use of crevicular fluid PGE2 levels
as a predictor of periodontal attachment loss. J Periodontal Res
1986;21:101-112.

121. Line CR, Vandormael K, Malbecq W. A comparison of visual analog scale and
categorical ratings of headage pain in a randomized controlled clinical trial

with migraine patients. Pain 2001;93:185-190.



Pongstorn Putongkam References / 84

122. Daskalogiannakis J, McLachlan KR. Canine retraction with rare earth magnets:
an investigation into the validity of the constant force hypothesis. Am J
Orthod Dentofacial Orthop. 1996;109:489-495.

123. Iwasaki LR, Haack JE, Nickel JC, and Morton J. Human tooth movement in
response to continuous stress of low magnitude. Am J Orthod Dentofacial
Orthop.2000;117(2):175-183.

124. Giannopoulou C, Cappulyns I, Mombelli A. Effect of smoking on gingival
crevicular fluid cytokine profile during experimental gingivitis. J Clin Perio.
2003;30:996-1002.

125. Grieve WG, Johnson GK, Moore RN, Reinhardt RA, Dubois LM. Prostagladin E
(PGE) and interleukin-lbeta levels in gingival crevicular fluid during
human orthodontic tooth movement. Am J Orthod Dentofacial Orthop.
1994;105(4):369-374.

126. Lamster IB, Oshrain RL, Florello LA, Celenti RS and Gordon JM. A comparison
of 4 methods of data presentation for lysosomal enzyme activity in gingival
crevicular fluid. J Clin Periondontol. 1988;15:347-352.

127. Quirynen M, Avontroodt P, Peters W, Pauwels M, Coucke W, Van Steenberghe
D. Effect of difference chlorhexidine formulations in mouthrinses on de
novo plaque formation. J Clin Periodontol. 2001;28:1127-1136.

128. Dabaneh RH, Khouri AT, Smith RG, Addy M. Correlation and examiner
agreement betweena new method of plaque scoring and a popular
established plaque index, modelled in vitro. J Clin Periodontol.
2002;29:1107-1111.

129. Griffith GS, Wilton JMA, Curtis MA. Contamination of human gingival
crevicular fluid by plaque and saliva. Aechs oral Biol. 1992;37(7):559-564.

130. Iwasaki LR, Crouch LD, Tutor A, Gibson Scott, Huckmani N, Marx DB, and
Nickel JC. Tooth movement and cytokines in gingival crevicular fluid and
whole blood in growing and adult subjects. Am J Orthod Dentofacial
Orthop. 2005;128:483-491.

131. Quinn RS, Yoshikaga DK. A reassessment of force magnitude in orthodontics.

Am J Orthod. 1985;88:252-260. (2™ reference)



Fac.

132

133.

134.

135.

136.

137.

138.

140.

141.

142

143

144

of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) / 85

. van Leeuwen EJ, Maltha JC, Kuijpers-Jagtman AM. Tooth movement with light
continuous and discontinuous forces in beagle dogs. Rue J Oral Sci.
1999;107:468-478. (2nd reference)

Owman-Moll P, Kurol J, Lundgren D. Continuous versus interrupted continuous
orthodontic force related to early early tooth movement and root resorption.
Angle Orthod . 1995;65:395-401. (2“d reference)

Almeida MA. Stability of the palatal rugae as landmarks for analysis of dental
casts. Angle Orthod 1995;65(1):43-48.

Bailey LJ. Stability of the palatal rugae as landmarks for analysis of dental casts
in extraction and nonextraction cases. Angle Orthod 1996;66(1):73-78.

Hoggan BR. The use of palatal rugae for the assessment for anteroposterior tooth
movements. Am J Orthod Dentofacial Orthop. 2001;119:482-488.

Littman GS, Walker BR, Schneider BE, Reassessment of verbal and visual
analog scale ratings in analgesic studies. Clin Pharmacol Therapeut
1985;38:16-23. (2™ reference)

Mah J, and Prasad N. Dentine phosphoproteins in gingival crevicular fluid during
root resorption. Eur J Orthod 2004;26:25-30.

Burke JC, Evans CA, Crosby TR, and Mednieks MI. Expression of secretory
proteins in oral fluid after orthodontic tooth movement. Am J Orthod
Dentofacial Orthop 2002;121:310-315.

Lowney JJ, Norton LA, Shafer DM, Rossomando EF. Orthodontic forces increase
tumoe necrosis factor a in human gingival sulcus. Am J Orthod Dentofacial
Orthop 1995;108:519-524. (2"d reference)

. Lamster IB, Oshrain RL, Gordon JM. Enzyme activity in human gingival
crevicular fluid: considerations in data reporting based on analysis of
individual crevicular sites. J Clin Periodontol 1986;13:799-804.

. Ohba Y, Ohba T, Terai K, Moriyama K. Expression of Cathepsin K mRNA
during experimental tooth movement in rat as revealed by in situ
hybridization. Arch Oral Bio 2000;45:63-69.

. Nishimura F, Naruishi K, Yamada T, Kono S, Takashiba S, and Murayama Y.
High glucose supresses Cathepsin activity in periodontal ligament-derived

fibroblastic cells. J Den Res 2000;79(8):1614-1617.



Pongstorn Putongkam Appendix /86

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) / 87

Documentary Proof of Ethical Clearance
The Committee on Human Rights Related to
Human Experimentation
Mahidol University, Bangkok

Title of Project,  Evaluation of Cathepsin B and IL- 1b Level in GCF during Tooth Movement in
Orthodontic Patients

Principle Investigator,  Assistant Professor Suwannee Luppanapornlarp
Name of Institution. Faculty of Dentistry

Approved by the Committce on Human Rights Related to Human Experimentation

Signature of Chairman,

(Professor Dr.Srisin Khusmith)

Signature of Head of the Institute.

21 JUL 2003

Date of Approval.




Pongstorn Putongkam Appendix /88

lugiueen

av d' a [ a =\ g’ 1 A d‘ U 91 d' Yo
A5I0815 04 mstsziivszauauniau 1 Tuhseounlen varznaouiluludienlasy
MITNHINNNUANTTUIAT U
Evaluation of Cathepsin B level in GCF during tooth movement in

orthodontic patients

@

Yo a % d' A
wlddeueon SUN . T — K A

' A a Y o aw & 9 Y Yo a Yaw 2 o s
ﬂﬂuﬂ5]5EN‘N’]NGLHGlUEJUfJ@iJCIﬂ‘W’]ﬂ'ﬁ’JﬂfJu VINL ﬂﬁllﬂ’]iﬁ]‘ﬁﬂ’]ﬂﬁ]’]ﬂﬁjjfﬂﬂﬂ\j 'N]'Qﬂjgﬁ\?ﬂ

F4 1

Ay ad av @ A A a K Aav A =q 9 091} sa
Y9IN15I08 IBNIINY OUATIY H300IMINBINNATUIINMIIVEN5oNe 1S 5Iunatlse Teanin
a 421 a o 1 = = 9 a9
wNATUNINMIITsed NazDeauazlin g laduds
YA o T o 1 Ay 9 v 9 < 12 o Y 9 Y
dIvesusesizasummae Nwdaededienanuanle litladaaoudu audmid
wol
ydaadl a Y deyd' S Y Y awdy
Hudiiansnezuendanmaiinsinlulasimsitetidelanld  wazdiswIasaimsivel
@ a Y 1 aw dy 1= v @ Ay Y =2 Yo '
Tagaiins lanazmsvend@nnudnsiumsavell v lifinasemssnmlsandimdagiialasude i)
givesusoimnmaduasielag  Suiiesninmsideasnan ez ldsums
@ a U a = Yo P = '
Snwmennalae lifayamaumasgimndn uazez ldsumssameseldngdeliszninems

v E4
I INGILIAAINEAT? ﬁﬁ@ﬂﬂu@u‘ﬂﬂLL‘VIUﬂ’NJJﬁﬂﬁﬁ@WLﬁﬂﬁH

Jaw o 1 3 9 = v o Y Y o ay 9
E“!’JﬂfJTU5@\1’3']i]gtﬂ1]‘U@Halﬂwwzlﬂﬂgﬂﬂﬁjmqwm'IH_IUﬂ'J']llﬁ‘]J L!,azi];’!,ﬂﬂ!,wflqﬂ!,ﬂwwslugﬂ

=1

& Aw A v A o o v Y ' ' A4 9 oy
‘VlL‘]J‘Hffﬁq‘]JWaﬂ1ii]‘ﬂfJ ﬂ"l'iL‘]JﬂLNfJEU'rilllualﬂfl’e]ﬂll@]’J"UWWL%W]@WH'JEJﬂH@]N‘”] NINYIVDN ﬂi%Vﬂl‘lﬂLﬂ‘W1$

No I Y a ¥
ﬂilei]'lll]uﬂ?ﬂlﬁ@!ﬂﬁﬂ?ﬂﬂﬂﬂﬂ1ilﬂ1uu

9 a A 1

AivesusesniidoyaiuAridinansznuaeomsive ez lasumsudelims
Tag laitlatisaoumsu
Y Yy Y Y y 9 g = Y q o v N =
dwdrIdemdonnudnedunds vaziinnudilvdnnlsens vazldacumlulugueend

Y <
RLGRREGITIR)




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) / 89

'
A A Ya

Tunsaingousouauliiinsite luawsaewuaz@eumisde’ld wdeqldsumsoueson

v 4
Tuvaghdaiadduldyye wagszydonnuMlawil  dud higwnsoewmide 14 uadadola

U

1 9 a dy 9y 19 Y 9 a9 9 Y =K A %
o1uvenNy lulugusentlduntiwdleswanlafugdo MW@MY HIeseivuane

2 o a Yy 9 a 2y <
W eveav 1 lulugueeniiareanuduls

Tunsaindonseuauliiinsitedaliussgiang  zdedldsumsousounndinases

A 9 y
n3ofgmse lnsyaualengrng

9
AU e AIRGEGN

9 Y
Mamsz Iagyoudiengviny

Tunsaingonsouauliiinsise luaunsaadulaed]d asu nsdidouseuanliiinmside

U

' a Vv P Ay A ad ya A Y
QQG],UﬂTJgﬂiJﬂﬁﬁ) Glﬂﬁjllﬂuiﬂﬂ%@ﬂﬂﬁ]ﬂﬂaﬁlﬂﬂ Wﬁ@ﬁjﬂﬂﬂi@ﬂ 1o m1@ﬂ1ﬂﬁ%ﬂﬂq@tﬂu@aﬂu1u

dugon
9
N Y VO Aunu
dunasevgna
AU (W)




Pongstorn Putongkam Appendix /90

d‘ U \ T a
Nf?)‘lﬂ‘lﬂ‘l»!ﬂ1§§1lﬂ1§aﬂ1’iﬂf?)l!ﬂ]ﬂiﬂ]i
[ QU % d' Yy 1 a d'
MISHHIMINUANITUIAH Y !N@!ﬂﬂi]?ﬂﬂiﬁﬂfi'ﬁlﬂ 1393

Y [
« mdszdiuszauaunisu § lnhseunlen vazmaouilulugile

=

nldsumssaumariuanssudailu »

1IN IasaImsIve IasumMIaardaumusmMs MIsnEIMNuanIsudaily

@ J a @ a o o 1 a
NNNAULHUAUNNITAAT U INGFIUNAD DITHUATIZTITLAIUTMTING 10,000 1 91N

20,000 01N Taetitou ludatl

1.

2

=\

oraainsamnsalfiaameulvamdiesuielasamsiseldnnnsdl
o v 4 @ o 4, 4 y 4 &

P AENATAMNITINITUMIATIV eI UAIREIIToUMIBN NS U Hugnndo i)
< v o o @ 4 @ o
Ty o a1 neunszaw, 1 93Tug, 24 ¥aTug, 1 dilasd, 11@ow, 2 1heu wasontinig

9 Y 0
nizau lannmsrianine
@ @ ] Y 1 = 1 @ A
ormeinsquasnugquamyosihnlailuednd  lulimsonauveunion Tasmmizlu
[ v
vinafwgimaiudednieunien
nsdinerenaias luansensumsasremuiariing wie luausogquagunimyesin
4 1
UMIBNIADVO UMDY FIVZAIWANTZNY INAANUIT M 1ADNTINE IANTNATIZ

Tdlasumsaandeumuimsmanuanssudanu laq Naawu

Yy oy yyr Yy v 9 a Y q o v a g
"U1wm1"lﬂ’e')m€ll’e')mmmmuua’J Llaguﬂ']'lﬂl"ll'lsli]ﬂnﬂﬂizﬂ'li LmzulﬂmumcluﬁlUﬂu&Jmm

k) <3
areanuayle

AU e (CRGAGHGED




Fac. of Grad. Studies, Mahidol Univ.

M.Sc.(Orthodontics) / 91

Patignt's NAMB .........cceeiims vimmsrmn irmsmssnsmmenes sersases sesessans AOE 875151 | T+ R ——
U Profile .......c.cc.o.. Skeletal . Dental ...ocovveeenenrns
Diay List DatefTime Remark
1 Explained about the study to patienis then follow .
these procedurs
O History taking N SPSITENY| (T T, e | PR PR e P
O chart record N A, N—
O take impression for study models T
[ refer for x-ray L O ——
O practice the modified Bass brushing BERMGUE | -....ccoowue | armumerescrroreenenies i
5 | [ separate #186, #26 _ I | e ol e sessnsies
[ Refer for extraction #14, 24, 34, 44 | R
12 | O tryband R | a1 R............
[ Let patients start on twice-daily 0.12% o R S
chlarhaxidine mouth-rinses
19 O insert TPA ¥ A R L R

O Bond #13, 15, 23, 25

[ evaluate oral hygiene, periodontal examination
{plaque index and modified gingival index)

O Gently washed the tooth

[ 1solated tooth with cotton rolls to minimize
contamination from saliva.

[ Gently dry the tooth with an air syringe

O collect GCF from distal side of all canines.

O Apply sectional archwire 0,018 x 0,025 85

O random apply force stress 50 g. and 150 g.
o upper canines.

O collect GCF from the distal aspact of all
canings 1 hour after apply force.

O store the sample tubes at -80°C
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Day

List

O evaluate oral hygiene, periodontal examination

O Gently washed the tooth

[ isolated tooth with cotton rolls to minimize
contamination from saliva,

() Gently dry the tooth with an air syringe

[ collect GCF 24 hours after apply force

48

O Evatuate oral hygiene, periodontal examination

O Gently washed the tooth

[ 1satated tooth with cotton rolls to minimize
contamination from saliva.

[ Gently dry the tooth with an air syringe

O Collect GCF 1 week after apply force

O Adjust coil springs to maintain the force as
beginning.

semamssanssEREg

TG

[ Evaluate oral hygiene, periodontal examination

[ Gently washed the toath

[ isolated tooth with cotton rolls to minimize
contamination from saliva.

O Genlly dry the looth with an air syringe

[ coltect GCF 1 month after apply farce

O Adjust coil springs to maintain Ihe force as

beginning.

PELE T e s

simamssanaaang

104

O evaluate orai hygiene, periodontal examination

[ Genty washed the tooth

O isolated taoth with cotton rolls to minimize
contamination from saliva.

O Gently dry the tooth with an air syringe

O Collect GCF 2 month after apply force

O Take impression of maxillary arch
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Oral hygiene Evaluation Chart PABEOES NBIME .. cvoveeveetsenseniecnissnnaens s senarsserssecenses
5T [+ O 2 | Er RO
Plague index
i T Tor Zone A-C 0 = no plague
1 = yp o one-third coverage
B 2 = mom than one-third and up 1o
twor-thirds coverage
Zone Zons | Zone
B o e

3 = more than hwo-thirds coverage
Score for zone 0 0 = absent of placue

1 = presant of plaque
Zone A: 173, Zone B: mesial 173, Zone C: distal 173, Zore O middie 1/3)
| SR - ———
Modified gingival index
Banila- # Pageia e g 2 Margens 1

\\ H‘-..‘ r; ,.fllr
\ N\ ™
STV & i
W) YN W
| | I; || 1
. AL e

0 Absence of inflammation

1 Mild inflammation - slight change in color, lithe change in
tmxture of any porbon of but not the entire manginad or
papillary girgheal wnl
2 Mild inflammation | crilena as above bul mvotving the  enfim marginal or papillary gingaal unit

3 Moderate inflammation : glazing, redness, edema and /[ or hypertrophy of the marginal or papillary

gnghval unit
4 Severs inflammation | marked medness, redness, edema and | or hypertrophy of the marginal or papillary
gingival unit, spontanecus bleeding, congastion, o ulceration
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Plague Index

Modified gingival index

Visit

Zone A

Zone B Zone C

Zone D

Sum

Score

before

1 hr.

24 hrs.

1wk,

1 mont

2 mont

Experimental footh 2 ........ccoeeeeeen.

Plaque Index

Modified gingival index

Wisit

Zone A

ZoneB | ZoneC

Zone D

Score

bafore

1 hr.

24 hrs.

1 wk.

1 moant

2 mont

Control tooth .....cvevvivreiennn

Plagque Index

Modified gingival index

Visit

Zone A

Zone B Zone C

Zone D

Sum

Score

before

1hr,

24 hrs.

1w

1 mant

2 mont
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Patiant's NAMB: (oo ienissiesiisssis inivannor isvraserate s srssesssiinss AR i Ortho Mo, .- iiavneiiiriminsans
AR R e Profile ..ooovionien Skaletal ................ Dental ......coovcinns

Perio Scores
Bafore 1 hour

=0 Ep2..... | Controlu Expt ... | EXp2 e | Conbrol......
1 1
2 2
3 g
¢ 4
24 hours 1 waek

Exp 1 ... Exp2..... Cantral.,.. Bpl . | Bp2 ... | Control.....
1 1
2 2]
3 3
4 4|
1 manih 2 months

Epi..... Exp2...... Control ....- = Exp2 ... Control ........
1 1
2 2
3 3
4 4
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Visual Analog scale

#n11kan
nzniinzumondBindy Taeimduiol azuugud vinntadinlen aliduee  Azwai 10
winsindusneunulild

H.‘r |

1 498ue uesin’ld aufFe

| |

0 10
Wiamidebidune Wusnnswnalal
24 $9Tng wisenld wuffe

| .l |

| |

1] 10
Giiamitaliduse Wusrmsunalale
1 dtland wassn1d suffe

| |

| |

] 10
Sinfaevitelsifune usnnsuomalails

1 1Rau waesn 19 auffe

1] 10
Fnleeniteliifuwee WEusansunulyld
2 iiau nasnld s
| |
I |
0 10
Frisenitaliifuen Wuznnsumulalle
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Mean(SD) of Plaque Index

Force Case before 1hr 24 hr 1wk 1month 2 months

1 1 1 1 0 0 0
2 0 1 1 1 0 0
3 1 1 1 1 0 0
4 1 1 0 1 0 0
5 1 1 0 0 1 0
509. 6 1 1 1 0 0 1
7 0 0 0 1 0 0
8 1 1 1 1 1 0
9 0 0 0 1 0 1
10 0 0 0 0 1 0

Mean 0.600 0.700 0.500 0.600 0.300 0.200

SD 0.516 0.483 0.527 0.516 0.483 0.422
il 1 1, 1 0 0 0
2 1 1 0 0 1 0
3 1 1 4l 1 1 1
4 1 1 0 0 1 0
5 0 0 0 1 0 1
150 g. 6 1 1 0 1 0 1
ol 0 0 0 1 0 0
8 Ik 1 1 2 1 0
9 0 0 1 0 0 0
10 0 0 0 0 1 0

Mean 0.600 0.600 0.400 0.600 0.500 0.300

SD 0.516 0.516 0.516 0.699 0.527 0.483
1 1 1 1 1 0 0
2 1 1 0 1 1 0
3 1 1 1 1 1 1
4 1 1 0 1 0 0
5 1 1 0 0 0 0
Control 6 1 1 0 0 1 0
7 0 0 0 0 0 0
8 1 1 1 2 1 0
9 0 0 0 1 0 0
10 0 0 0 0 0 0

Mean 0.700 0.700 0.300 0.700 0.400 0.100

SD 0.483 0.483 0.483 0.675 0.516 0.316
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Mean(SD) of Modified Gingival Index

Force Case before 1hr 24 hr 1wk 1month 2 months

1 0 0 1 0 0 0
2 0 1 1 1 0 0
3 0 0 0 0 0 0
4 1 1 0 0 0 0
5 0 0 0 0 0 1
509. 6 1 1 0 1 1 0
7 0 0 0 0 0 1
8 1 1 0 0 0 0
9 0 0 0 0 0 0
10 0 0 0 0 0 0

Mean 0.300 0.400 0.200 0.200 0.100 0.200

SD 0.483 0.516 0.422 0.422 0.316 0.422
1 1 1 0 0 0 0
2 1 1 0 0 1 0
3 0 0 0 0 0 0
4 1 1 0 0 0 1
5 0 0 0 0 0 0
150 g. 6 0 0 1 0 0 1
ol 0 0 0 0 iF 0
8 Ik 1 0 1 0 1
9 0 0 0 0 0 0
10 0 0 0 0 0 0

Mean 0.400 0.400 0.100 0.100 0.200 0.300

SD 0.516 0.516 0.316 0.316 0.422 0.483
1 0 0 1 0 0 0
2 1 1 0 1 1 0
3 0 0 0 0 0 1
4 0 0 0 0 0 0
5 0 0 0 0 0 0
Control 6 1 1 1 0 0 1
7 0 0 0 0 0 0
8 1 1 0 1 0 0
9 0 0 0 0 0 0
10 0 0 0 0 0 0

Mean 0.300 0.300 0.200 0.200 0.100 0.200

SD 0.483 0.483 0.422 0.422 0.316 0.422
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Mean GCF volume

Force Case before 1hr 24 hr 1wk 1month 2 months
1 0.177 0.077 0.251 0.125 0.177 0.267
2 0.030 0.172 0.020 0.017 0.125 0.083
3 0.012 0.067 0.072 0.188 0.346 0.109
4 0.372 0.393 0.151 0.109 0.614 0.346
5 0.146 0.225 0.304 0.230 0.230 0.141
0g. 6 0.346 0.404 0.009 0.156 0.230 0.093
// 0.156 0.172 0.283 0.093 0.120 0.277
8 0.399 0.372 0.293 0.293 0.183 0.283
9 0.172 0.177 0.346 0.067 0.188 0.472
10 0.002 0.083 0.109 0.125 0.120 0.404
Mez? 0.181 0.184 0.214 0.140 0.233 0.247
SD 0.148 0.132 0.126 0,080 0.150 0.137
1 0.030 0.046 0.188 0.067 0.088 0.325
2 0.177 0.072 0.020 0.246 0.072 0.514
3 0.346 0.404 0.193 0.028 0.430 0.393
4 0.267 0.341 0.383 0.167 0.199 0.062
5 0.267 0.577 0.209 0.235 0.330 0.314
158 6 0309 0509 0772 0283 0251  0.388
7 0.167 0.125 0.204 0.130 0.014 0.109
8 0.130 0.130 0.251 0.183 0.141 0.262
9 0.146 0.162 0.156 0.130 0.277 0.125
10 0.051 0.062 0.177 0.109 0.099 0.220
Mean 0.189 0.243 0.255 0.158 0.190 0.171
SD 0.106 0,198 0.202 0,081 0131 0.144
1 0.109 0.104 0.088 0.051 0.051 0.130
2 0.109 0.172 0.299 0.114 0.072 0.093
3 0.183 0.251 0.367 0.025 0.483 0.420
4 0.341 0.251 0.109 0.151 0.399 0.435
5 0.277 0.188 0.420 0.041 0.093 0.125
Control 6 0.662 0.367 0.088 0.288 0.567 0.104
7 0.393 0.356 0.393 0.130 0.167 0.004
8 0.530 0.451 0.220 0.351 0.362 0.077
9 0.088 0.099 0.183 0.135 0.099 0.225
10 0.093 0.025 0.251 0.183 0.151 0.393
Mean 0.179 0.226 0.242 0.147 0.244 0.201

SD 0.201 0.135 0.126 0.105 0.190 0.159




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) /101

Mean(SD) of VAS scores

Force Case before 1hr 24 hr 1wk 1month 2 months
1 0.00 9.25 27.00 0.00 0.00 11.50
2 0.00 14.50 24.50 10.00 1.50 1.50
3 0.00 11.00 18.25 4.00 1.50 14.50
4 0.00 0.00 0.00 0.50 1.00 1.75
5 0.00 14.50 87.25 25.00 62.00 0.00
50g. 6 0.00 14.50 33.00 4.50 4.50 0.50
7 0.00 9.50 0.00 0.00 0.00 0.00
8 0.00 50.50 59.00 22.50 0.00 41.25
9 0.00 0.00 0.00 0.00 9.00 7.00
10 0.00 5.50 5.50 0.00 0.00 0.00
Mean 0.00 12.93 25.45 6.65 7.95 7.80
SD 0.00 14.29 28.67 9.58 19.20 12.87
1 0.00 7.50 49.75 0.00 0.00 0.00
2 0.00 10.00 30.50 9.00 11.75 4.00
3 0.00 23.00 42.00 5.25 22.50 39.00
4 0.00 0.00 0.50 1.00 1.00 1.00
5 0.00 20.50 69.00 19.00 53.00 12.50
150 g. 6 0.00 15.00 2/.08 4.00 4.50 0.50
ol 0.00 40.50 30.50 3.00 1.00 2.00
8 0.00 49.00 54.50 22.25 0.00 54.25
9 0.00 13.00 28.00 0.00 7.00 15.00
10 0.00 16.00 36.50 0.00 0.00 0.50
Mean 0.00 19.45 36.85 6.35 10.08 12.88
SD 0.00 14.96 18.59 8.08 16.70 18.88
1 0.00 0.00 0.50 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.50 0.00
3 0.00 0.50 0.50 0.00 0.00 0.00
4 0.50 0.00 0.00 0.50 0.00 0.00
5 0.00 0.00 0.50 0.00 0.00 0.00
Control 6 0.00 0.50 0.00 0.00 0.00 0.00
7 0.00 0.00 0.50 0.00 0.00 0.00
8 0.00 0.00 0.50 0.00 0.00 0.50
9 0.00 0.00 0.00 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.05 0.10 0.25 0.05 0.05 0.05

SD 0.16 0.21 0.26 0.16 0.16 0.16
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Mean(SD) of total protein concentration

Force Case before 1hr 24 hr 1wk 1month 2 months
1 1.012 0.407 0.505 0.775 0.867 2.183
2 1.525 0.301 0.808 0.525 0.466 1.183
3 0.170 0.407 0.380 0.788 0.867 0.512
4 1.854 0.788 0.775 0.643 2.538 0.696
5 0.775 0.486 0.762 0.999 0.959 0.604
0g. 6 0.617 1.222 0.301 0.643 0.643 0.525
// 0.249 0.709 0.051 0.249 0.104 2.183
8 1 el 1.130 0.788 1.920 0.328 0.078
9 0.486 2.709 0.328 0.262 0.472 0.722
10 0.078 0.407 0.038 0.157 0.209 0.604
Meaf 0.788 0.857 0.474 0.696 0.745 0.929
SD 0,590 0.724 0.301 0.508 0,693 0713
1 0.933 0.433 0.341 0.341 0.670 1.736
2 1.301 1.157 0.657 1.038 0.604 3.242
3 0.433 0.999 0.499 0.341 0.367 0.933
4 0.420 1.038 0.920 0.183 0.670 0.249
5 0.486 1.157 1.025 0.354 1.209 1.736
158 6 0986 1051 3565 1762 1972  1.736
7 0.196 0.196 1.025 0.025 0.143 0.499
8 0.459 0.143 0.249 0.907 0.065 0.091
9 1.446 1.525 0.815 0.262 0.209 0.749
10 0.104 0.380 0.499 0.288 0.236 0.301
Mean 0.676 0.808 0.959 0.550 0.614 1.127
SD 0.461 0477 0,956 0.529 0587 0,982
1 0.883 1.157 1.012 0.742 0.525 1.788
2 2.065 0.657 1.407 0.683 0.946 1.354
3 0.775 1.157 1.407 0.380 1.038 1.183
4 1.217 0.538 0.512 0.525 0.801 1.788
5 0.596 0.657 0.815 0.222 1.301 0.986
Control 6 0.736 1.012 1.433 0.440 2.051 1.117
7 0.936 1.170 0.078 0.117 0.051 0.249
8 0.872 1.288 0.249 0.788 0.512 0.117
9 0.065 0.301 0.512 0.565 0.236 0.920
10 0.425 0.354 0.170 0.091 0.104 0.196
Mean 0.857 0.829 0.759 0.455 0.757 0.970

SD 0.527 0.369 0.533 0.251 0.615 0.615




Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Orthodontics) /103

Mean(SD) of free AMC

Force Case before 1hr 24 hr 1wk 1month 2 months
1 2.485 2.077 3.087 1.984 2.745 2.082
2 2.575 1.017 2.695 1.257 0.912 3.298
3 1.512 0.556 2.055 1.129 1.553 0.973
4 0.176 4.180 2.128 2.100 1.401 1.636
5 4.681 4.740 8.744 5.529 6.601 3.083
0g. 6 2.274 2.086 0.207 2.102 1.725 1.347
/. 4.051 1.279 1.370 0.725 2.910 1.766
8 0.921 3.136 1.874 1.327 1.448 1.503
9 3.181 1.979 2.830 1.303 2.646 1.891
10 0.406 1.193 1.253 1.825 2.705 1.878
Mez? 2.226 2.224 2.624 1.928 2.465 1.946
SD 1,498 1,386 2.313 1.347 1.614 0.729
1 1.901 1.958 2.205 1.383 2.334 2.548
2 3.057 1.249 1.731 1.004 1.016 1.025
3 2.975 3.483 1.450 2.359 1.265 0.591
4 3.007 5.740 3.458 1.870 4.729 1.583
5 5.035 4.966 4.864 3.358 2.807 2.385
158 6 1418 3108 0498 0379 0403  0.780
7 3.044 2.126 3.798 1.181 1.912 2.450
8 0.981 0.481 0.864 1.061 0.690 1.584
9 7.260 2.791 2.650 A0 2.705 1.462
10 0.586 1.091 1.022 0.569 2.262 0.891
Mean 2.926 2.699 2.254 1.588 2.012 1.530
SD 1,996 1,689 1,424 0,966 1.272 0.725
1 1.721 1.950 2.035 1.325 1.502 1.642
2 1.178 0.754 0.944 0.828 0.583 2.383
3 1.231 4.151 0.923 1.829 3.333 0.303
4 1.806 1.644 0.811 1.047 2.298 0.507
5 3.021 3.890 3.283 1.879 2.979 2.119
Control 6 1985 1717 0957 0781 0336  0.501
7 3.761 3.100 0.390 0.790 0.553 0.534
8 2.062 3.754 2.428 0.007 0.305 0.101
9 0.616 0.730 1.190 0.587 0.178 0.404
10 0.668 0.783 1.254 0.616 0.227 0.454
Mean 1.805 2.247 1.422 0.969 1.229 0.895

SD 0.991 1.363 0.886 0.576 1.217 0.825
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Mean(SD) of Cathepsin B concentration (mg.)

Force Case before 1hr 24 hr 1wk 1month 2 months
1 20.422  17.357  24.938  16.661  22.375  17.395
2 21.099 9409  21.998  11.207 8616  26.523
3 13122 5947  17.192 10250 13431  9.080
4 3.0905 33137  17.744 17531 12290  14.050
5 36.808  37.343  67.386  43.261  51.306  24.909
0g. 6 18.836  17.424 3327 17550 14717  11.884
7 32170  11.768 12541  7.436  23.980  15.404
8 8.683 25305 15839  11.729  12.638  13.054
9 26.030  17.018  23.497  11.778  21.998  16.342
10 4825 10724 11178 15471  22.075  15.868
Meap 18518 18543 21564  16.287  20.343  16.451
SD 11266 10362 17331 10073 12124 5455
1 15.042 16467 18324 12155  19.291  20.896
2 21.715 11149 14765  9.312 9.399 4.400
3 20.096  27.906  12.658  19.474  11.265  6.208
4 20.338  44.847  27.722 15810  37.256  13.653
5 23558  39.035 38272  26.968  22.839  19.668
158 6 12416 25092 5512 4622 4796  7.629
7 20.618  17.724 30275 10637  16.119  20.161
8 9.138 5.386 8.258 9.737 6.953  13.663
9 28.634 23110 22143  22.346 22443  13.122
10 6.169 9.960 9.447 6.044  18.749  8.461
Mean 17.772  22.068 18738 13711 16911  12.786
SD 6,931 12,673 10703 7.275 9.566 6,037
1 14.688  16.409  17.047  11.720  13.044  14.098
2 10.617  7.436 3.791 7.987 6.150  19.658
3 11.014  32.924 8703 15500  26.784  4.052
4 15326  14.108  7.862 9.631 19.020  5.580
5 24444 30962  26.407  15.877 24125  17.676
Control 6 16.670  14.659 8.954 7.639 4.294 5.531
7 29.995 25.034 4.700 7.707 5.928 5.783
8 17.250  29.946  19.997 1.828 4.061 2.534
9 6.788 7.649 11188  6.401 3.481 5.183
10 6.788 7.649 11.188 6.401 3.481 5.183

Mean 15.358 18.678 11.984 9.069 11.037 8.528
SD 7.384 10.182 7.120 4.305 9.100 6.166
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Mean(SD) of Cathepsin B activity

Force Case before 1hr 24 hr 1wk 1month 2 months
1 0.246 0.511 1.111 0.256 0.317 0.545
2 0.169 0.338 0.334 0.239 0.196 0.279
3 0.891 0.137 1.040 0.143 1.029 0.390
4 0.510 0.530 0.275 0.326 0.905 0.335
5 0.504 0.576 1.148 0.554 0.688 0.510
09 6 0.368 0.171 1.569 0.327 0.268 0.257
f/ 0.509 0.180 1.671 0.291 1.100 0.531
8 0.082 0.277 0.238 0.469 0.442 0.736
9 0.505 0.473 0.864 0.498 0.560 0.262
10 0.504 0.293 1.784 0.766 1.293 0.311
Meaf 0.429 0.349 1.003 0.387 0.680 0.416
SD 0.228 0.163 Q577 0.184 0,385 0.159
1 0.504 0.452 0.647 0.406 0.349 0.147
2 0.235 0.308 0.264 0.097 0.168 0.032
3 0.507 0.349 0.291 0.692 0.345 0.063
4 0.456 0.553 0.376 1.023 0.706 0.637
5 0.537 0.429 0.475 0.949 0.232 0.137
158 6 0144 0296 0014 2022 0320  0.745
7 0.953 0.684 0.371 2.724 1.033 0.491
8 0.214 0.335 0.347 0.117 1.070 1.045
9 0.502 0.383 0.325 1.036 1.293 0.195
10 0.503 0.287 0.205 0.197 0.960 0.296
Mean 0.456 0.408 0.331 0.926 0.648 0.379
SD 0.228 0,128 0.166 0.860 0,413 0.338
1 0.145 0.169 0.201 0.179 0.286 0.092
2 0.433 0.115 0.067 0.121 0.062 0.176
3 0.159 0.359 0.066 0.411 0.321 0.026
4 0.085 0.305 0.158 0.199 0.287 0.128
5 0.434 0.592 0.403 0.655 0.229 0.215
Control 6 0.270 0.170 0.467 0.178 0.016 0.045
7 0.217 0.265 0.502 0.615 0.678 0.215
8 0.212 0.291 0.577 0.001 0.460 0.086
9 0.556 0.242 0.232 0.104 0.076 0.044
10 0.127 0.221 0.739 0.529 0.219 0.132
Mean 0.264 0.273 0.341 0.299 0.263 0.116

SD 0.158 0.134 0.230 0.233 0.199 0.069
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