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DIFFERENCES IN BONE TURNOVER MARKERS IN PRE AND POST-

MENOPAUSAL WOMEN RECEIVING ORTHODONTIC TREATMENT

Abstract
By

SORAPAN SMUTHKOCHORN, D.D.S.

Objective: The aim of our study was to investigate the differences in bone turnover
marker levels in pre and post-menopausal women receiving orthodontic treatment.
Methods: Twenty-eight orthodontic patients were recruited from CWRU and faculty
members’ private practices. Subjects were screened and excluded according to the
selection criteria. Sixteen control subjects (mean age 33.2 + 8.4 years) and 12 post-
menopausal (PM) subjects (mean age 63.4 £ 8.1 years) participated and their gingival
crevicular fluid (GCF) was taken from 4 sites; 2 from the anterior and 2 posterior
teeth. Samples were taken at pre orthodontic activation (To) and 24 hours after
activation (T,). GCF samples are stored in -80c and RANKL, osteopontin and
ostonection level were investigated by ELISA. Results: All biomarker levels in
Control and PM groups had similar increase of biomarker concentration after
activation without statistical significant. At Top, RANKL in PM was significantly
lower than in control group (Control 6.74pg/ml+ 5.45 vs PM 3.69 pg/ml+ 3.52, p-
value=0.035*), SPARC in PM was significantly higher than in control (Control
325.10pg/ml+ 231.21 vs PM 872.8 pg/ml+ 409.92, p-value= 0.026*) and OPN had no
significant difference. Conclusions: Findings in our study suggest that although there
is a difference in baseline bone turnover markers in PMW versus controls, there is no
difference in the initial change of these biomarkers in PMW vs. controls. This
suggests that although underlying bone differences between these groups may exist in
periodontally healthy subjects, orthodontic activation does not trigger an exaggerated
response in PMW.



INTRODUCTION

According to the American Association of Orthodontics (AAO), number of
adult patients increased 14 percent from 2010 to 2012, a record high of 1.2 million
patients age 18 and older. According to the AAQO’s survey, 58 percent of the adult
patients were female. Practices across the nation are experiencing higher number of
female adult patients. Orthodontic tooth movement is based on bone remodeling. As
post-menopausal women seek orthodontic treatment, their treatment time, outcome,
oral health and sub sequential bone loss becomes a concern. Adult women face a
major risk in bone loss and subsequent fracture as they enter menopause (Cheung et
al. 2004 and Luo et al. 2014). At post menopause, bone remodeling rates double and
triple 13 years later. They also remain elevated in osteoporosis. This change
contributes to increases in age-related skeletal fragility in women (French et al. 2008).
As estrogen level becomes deficient, micro-architectural deterioration of bone tissue
and low bone mass can occur. Dual energy X-ray absorptiometry (DXA) is the most
reliable way to determine bone mineral density (BMD), which is one of the major risk
factors for fractures from osteoporosis (Miller et al. 1995). However, only a few
BMD measurements are taken among patients in high-risk groups because of no
symptoms appearing prior to fractures (Payne et al. 1999). A large proportion of
postmenopausal women with a high risk of fractures from osteoporosis still remain

undiagnosed (Yamashita et al. 2013). About 54 million Americans have osteoporosis



and low bone mass, placing them at increased risk for osteoporosis. Several
researches also linked osteoporosis to be a risk factor for tooth loss and reduced
mandibular bone mass and density (Lerner. 2006 and WHO. 1994). The World
Health Organization (WHO) has established criteria for making the diagnosis of
osteoporosis, as well as determining levels that predict higher chances of fractures.
These criteria are based on comparing the bone mass density (BMD) of the patient
with that of a typical healthy, young female's. BMD values that fall well below the
average for the healthy, young females (stated statistically as 2.5 standard deviations
below the average) are diagnosed as osteoporotic. Many women over 50 years of age
still have not had adequate screening and testing for osteoporosis. Moreover,
knowledge of changes in healthy, periodontitis free post-menopausal females are not

fully understood when orthodontic forces are applied.

The aim of this study is to investigate the difference in bone turnover markers
in gingival crevicular fluid between pre and post —menopausal women receiving

orthodontic treatment.

Objective

1.) To determine the differences in Bone turnover biomarkers levels in the GCF
in pre- and post- menopausal women receiving orthodontic treatment.
2.) To determine if difference in the changes in pre and post-menopausal women

before and after activation of orthodontic treatment.



Hypotheses:

1.1 Null: There are no differences between Bone turnover markers levels in the GCF

in pre- vs. post- menopausal woman undergoing orthodontic treatment.

1.2 Alternate: There are significant differences between bone turnover markers levels

in the GCF in pre- vs. post- menopausal women undergoing orthodontic treatment.

2.1 Null: There are no differences in the change of Bone turnover markers levels
before and after orthodontic activation in the GCF in pre- vs. post- menopausal

woman undergoing orthodontic treatment.

2.2 Alternate: There are significant differences in the change of Bone turnover
markers levels before and after orthodontic activation in the GCF in pre- vs. post-

menopausal woman undergoing orthodontic treatment.



LITERATURE REVIEW

Post-Menopause and Osteoporosis

The average age of natural menopause in Western societies is estimated to be
51 years: climacteric women are at increased risk of chronic diseases such as
osteoporosis and cardiovascular disease (Cheung et al. 2004). In 2005, a consensus
from World Health Organization (WHO) defines post-menopausal stage as begins at
the time of the Final Menstrual Period (FMP), regardless of whether the menopause
was induced or spontaneous although it is not recognized until after 12 months of
amenorrhea.

Postmenopausal osteoporosis (PMO) is osteoporosis that occurs after
menopause because of the decrease in estrogen. The ovariectomized rat is a useful
animal model for the study of osteoporotic bone related diseases caused by estrogen
deficiency. Results from osteoporosis- induced animal models suggest a progressive
loss of bone matrix through a process similar to what occurs during PMO (French et
al. 2008 and Miller et al. 1995). In 2014, Luo et al. showed that ovariectomy
promotes alveolar bone resorption in rats with experimental periodontitis and the
possible underlying mechanism may be due to the decreased IL-10 and increased IL-

6, OPG, and RANKL in ovariectomized periodontal tissues.

Osteoporosis is a disease characterized by low bone mass and micro-
architectural deterioration of bone tissue. It is defined as a decrease in bone mass and

strength leading to increased propensity to fracture (Payne et al. 2005). Osteoporosis



is clearly associated with skeletal bone loss and an increased incidence of vertebral,
wrist and skeletal fractures (Payne et al. 1999). Estrogen deficiency is the dominant
pathogenetic factor for osteoporosis in post-menopausal women. While the systemic
effects of osteoporosis and estrogen deficiency have been known for years, the
relationship between these two entities and alveolar bone loss has been examined
only recently. Alveolar cancellous bone structure begins changing even in early
postmenopausal women, and this structure varies in close relationship to bone
turnover markers (Yamashita et al. 2013). Recent research focused on post-
menopausal women with history or active periodontitis and its relationship to bone
turnover and boner loss (Payne et al. 1999 and Lerner 2006). Diagnosing bone loss in
any patient including post-menopausal women usually involves dual-energy X-ray
absorptiometry (DXA) to evaluate bone mineral density loss in the lumbar vertebrae
(WHO study group, 1994). However, for osteoporosis screening, quantitative
ultrasound has gained more popularity recently as it is a non-invasive procedure (Jin
et al. 2010). Bone quality is evaluated based on its micro-architechture, turnover,
damage accumulation and mineralization of the tissue (Eastell and Blumsohn, 1997
and Singer et al. 2008). Bone turnover markers have been used in assessing risk of
osteoporosis and fracture before actual problems appear (Garneo et al. 2000). Bone
turn over markers can illustrate an ongoing bone metabolic activity, making it a tool
to predict future changes in bone dynamic before actual bone loss. Deviations in bone
turnover and consequent periodontal problems influence the response to orthodontic

forces, and this should be taken into consideration when planning orthodontic



treatment in adult patients with metabolic bone disease, especially postmenopausal
females or those on chronic medication affecting bone metabolism (Sidiropoulou et

al. 2007).

Bone

Bone is a dynamic and continuously changing material that comprised of four
major components: cells, extracellular matrix of collagen fibers, mucopolysacharide
ground substance and calcium salts. Because remodeling is a continual state in

normal bone, teeth are able to move and be moved throughout life.

-Bone formation

According to Gilbert (Gilbert, 2000) three distinct lineages generate the
skeleton. The axial skeleton is generated by the somites, the lateral plate mesoderm
generates the limb skeleton, and the branchial arch and craniofacial bones and
cartilage are formed by the cranial neural crest. There are two major modes of bone
formation, or osteogenesis, and both involve the transformation of a preexisting
mesenchymal tissue into bone tissue. The direct conversion of mesenchymal tissue
into bone is called intramembranous ossification. This process occurs primarily in
the bones of the skull. In other cases, the mesenchymal cells differentiate into
cartilage, and this cartilage is later replaced by bone. The process by which a cartilage
intermediate is formed and replaced by bone cells is called endochondral
ossification. Protective casing for the skulls is comprised of neurocranium bones and

bones making up the face are known as viscerocranium. The membranous



neurocranium (neurocranium with intramembranous ossification) comprise of flat
bone such as frontal bone, parietal bones, occipital bone, squamous part of temporal
bones, nasal and lacrimal bones. The chondrocranium is formed by cartilaginous cells
around the brain beginning at the notochord. The base of occipital bone, sphenoid and
ethmoidal bones are formed from the hypophysial cartilage and the trabeculae cranii
respectively. The lesser and greater wing of the sphenoid bone are also of
endochondral origin. Viscerocranium also has both intramembranous and
endochondral ossification. The maxilla, zygomatic bone, vomer, palatine bone, and
mandible are of intramembranous ossification. The condyle of the mandible,
however, has endochondral ossification along with the 3 ear bones; stapes, malleus

and incus, and the styloid process.

-Alveolar bone structure

Alveolar process is an extension of the maxilla or the mandible that houses the
dentition. The alveolar bone lies on the basal bone and its development is dependent
on tooth eruption. When teeth are absent, the alveolar bone undergoes resorption and
becomes involute. Haversian bone and compacted bone lamellae forms the external
plate of the alveolus. The inner socket wall of thin, compact bone called the
alveolar bone proper, which is seen as the lamina dura in radiographs (Carranza,
2014). Histologically, it contains a series of openings (cribriform plate) through
which neurovascular bundles link the periodontal ligament with the central

component of the alveolar bone, the cancellous bone. A compartment of spongy bone



or cancellous trabeculae lies between these two compact layers, which act as
supporting alveolar bone. The interdental septum consists of cancellous supporting
bone enclosed within a compact border. The coronal rim of the alveolar bone forms
the alveolar crest, which generally parallels the cemento-enamel junction at a distance

of 1-2 mm apical to it.

-Alveolar bone formation

Alveolar bone is formed during fetal growth by intramembranous ossification
and consists of a calcified matrix with osteocytes enclosed within spaces called
lacunae (Carranza, 2014). The osteocytes extend processes into canaliculi that
radiate from the lacunae. Bone growth occurs by apposition of an organic matrix
that is deposited by osteoblasts. Haversian systems (osteons) are the internal
mechanisms that bring a vascular supply to bones too thick to be supplied only
by surface vessels. These are found primarily in the outer cortical plates and the

alveolar bone proper.

Bone remodeling

Remodeling is the replacement of old tissue by new bone tissue. The
maintenance of bone is achieved by a fine balance between bone formation and bone
resorption. Bone remodeling occurs through the coordinated action of osteoblasts and
osteoclasts, involving the removal of mineralized bone by osteoclasts followed by the
formation of bone matrix through the osteoblasts (Crockett et al. 2011). The activities

of both types of cells are combined into defined anatomical spaces called basic



multicellular units (BMUs). A remodeling cycle begins with the activation of a new
BMU on a previously inactive surface of bone. Osteoblasts are bone-forming cells of
mesenchymal origin. They are connective tissue cells found at the surface of bone
secreting bone matrix. When osteoblast becomes entrapped in the bone they are
transformed into osteocytes or become bone lining cells. The mesenchymal stem cell
that gives rise to osteoblasts can also produce cells of other lineages. It is also
possible that osteoblast precursors can differentiate into or derive from adipocytes
and marrow support cells (Dimitros et al. 2006). Osteoblasts can be buried as
osteocytes, remain in the bone surface as lining cells, or undergo apoptosis.
Differentiation of osteoblasts is regulated by the transcription factors bone
morphogenetic proteins (BMPs), osteopontin (OPN) and Osterix (Cardoso et al. 2009
and Kim et al. 2012). Osteoblasts express at least two cytokines essential for
osteoclast differentiation; they are receptor activator of NF-kappaB ligand (RANKL)
and macrophage colony stimulating factor (M-CSF). They also produce type |
collagen and is responsible for mineralizing the tissue (Aubin and Triffitt, 2002). The
differentiation and activation of osteoclasts are tightly regulated by osteoblasts.
Osteoclasts are bone-resorbing cells. They are large, multinucleate cells that form
through the fusion of precursor cells. Unlike osteoblasts, which are related to
fibroblasts and other connective tissue cells, osteoclasts are formed by the attraction
of hemopoietic myelomonocytic precursors. Osteoclast differentiation initially
depends on signaling through c-fms, the receptor for macrophage colony stimulating

factor (MCSF), in mononuclear precursor cells, which up regulates expression of



RANK (Crockett et al., 2011). Its ligand, RANKL, is expressed in osteoblasts and
stromal cells in response to PTH and stimulation by the active dihydroxy form of
vitamin D3 (1, 25 Vitamin D3) (Leibbrandt and Penninger, 2008). Osteoblasts
initiate fusion and subsequent attachment of multinucleated cells to the bone surface.
Activation of osteoclasts are also regulate by osteoprotegerin (OPG) produced by
osteoblasts. As RANKL adhere to its receptor, RANK ion the osteoclast cell surface
to stimulate its activity, OPG intercept the conjugation by attaching the RANKL. If
RANKL is coupled with OPG, it will not be able to connect to its receptor, RANK, to
stimulate osteoclasts. The most characteristic feature of a mature osteoclast is the
presence of ruffled boarders and clear zone (Vaananen and Zhao. 2002). Osteoclasts
resorb bone matrix and its materials until activation from osteoblasts decreases. The
resorption phase is terminated, possibly by osteoclast apoptosis from lack of
osteoblastic stimulation, and after a brief reversal phase, a group of osteoblast is
recruited to fills in the resorption cavity with new bone. The net result is the

replacement of a packet of old bone with new bone.

Summary of bone remodeling process involves the coupling of bone

formation and bone resorption and consists of five phases:

1. Activation: preosteoclasts are stimulated and differentiate under the
influence of cytokines and growth factors into mature active osteoclasts
2. Resorption: osteoclasts digest mineral matrix (old bone)

3. Reversal: end of resorption
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4. Formation: osteoblasts synthesize new bone matrix
5. Quiescence: osteoblasts become resting bone lining cells on the newly

formed bone surface

-Systemic influence on bone remodeling

Hormones are possibly the most crucial modulators of bone formation
(Weitzmann et al. 2006). Parathyroid hormone (PTH) regulates serum calcium
concentration. It is a potent stimulator of bone resorption and has biphasic effects on
bone formation (Lips. 2006). PTH acts on osteoblast up regulating RANKL and,
consequently, stimulates osteoclasts maturation and activity. PTH inhibits collagen
synthesis with high concentrations of PTH, but prolonged intermittent administration
of this hormone produces increased bone formation (Dempster et al. 1993). Plasma
PTH tends to increase with age, and this may produce an increase in bone turnover
and a loss of bone mass, particularly of cortical bone. Other systemic hormones are
important in regulating skeletal growth. Growth hormone, acting through both
systemic and local insulin-like growth factor (IGF) production, can stimulate bone
formation and resorption (Rosen and Donahue. 1998). Glucocorticoids are necessary
for bone cell differentiation during development, but their greatest postnatal effect is
to inhibit bone formation (Advani et al. 1997). This is the major pathogenesis in
glucocorticoid-induced osteoporosis. Indirect effects of glucocorticoids on calcium

absorption and sex hormone production may, however, increase bone resorption.
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Thyroid hormones can also stimulate bone resorption and formation and are critical

for maintenance of normal bone remodeling.

The most important systemic hormone in maintaining normal bone turnover is
estrogen (Pacifici. 1998 and Weitzmann and Pacifici. 2006). Reduction of Estrogen
can lead to an increase in bone remodeling where resorption rate out speed formation
rate and bone mass decreases. This can be observed in postmenopausal women.
Estrogen mediated through one specific type of cell surface receptor called the
estrogen receptor alpha (ERa), which binds and transports the hormone into the
nucleus of the cell where the receptor-hormone complex activating specific genes
(Zallone et al. 2006). ERa receptors are found on the surface of osteoblasts, as is
estrogen receptor-related receptor alpha (ERRa), which may play an auxiliary role in
regulating bone cells (Bonnelye and Aubin. 2005). Alternatively, estrogen may also
inhibit local factors that impair bone formation or enhance local factors that stimulate

bone formation.

-Local factor influencing bone remodeling

In an inflammatory process, there are several cells and mechanisms which can
theoretically enhance RANKL. Interleukin 1-Beta (IL-1B) (Dewhirst et al. 1985),
tumor necrosis factor-alpha (TNF-a) (Bertolini et al. 1986) and interleukin-6 (1L-6)
(Ishimi et al. 1990) were able to stimulate bone resorption by up-regulating RANKL.
IL-1, TNF-a, and IL-6 have been found to be abundantly expressed in inflamed

gingiva, and increased levels have been shown in the crevicular fluid from patients
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with periodontitis (Mogi et al. 1999 and Graves and Cochran. 2003). Thus, the same
types of cytokines have been implicated as stimulators of bone resorption in
periodontitis, rheumatoid arthritis, and postmenopausal osteoporosis (Lerner. 2006).
The group of bone resorbing cytokines currently includes IL-1, IL-6, IL-11, IL-17,
TNF-a. These cytokines react directly to osteoblasts and has been shown that TNF-a
can stimulate osteoclast formation in the absence of stromal cells/osteoblasts if a
certain level of RANKL is present (Lam et al. 2000 and Wei et al. 2005). Other
cytokines such as IL-4, IL-13, IL-18, IFN, and OPG have been shown to prevent bone
loss by blockage of RANKL or reducing the productivity of RANKL from osteoblasts
(Lawrence and Raisz.1999). Prostaglandins (PGE,), a lipid that is formed in various
bone cells from a precursor called arachidonic acid, maybe required for exercised-
induced bone formation. PGE; synthesis is carried out by an enzyme called
cyclooxygenase , (COX) and inhibitors of this enzyme can prevent bone formation

in response to mechanical stress in animals. Other local factors include growth

factors, nitrous-oxide and anti-inflammatory proteins.

RANKL

A receptor activator of NFkB (RANK) is present on the cell surface of
osteoclasts precursor cells. When stimulated by PTH, osteoblasts up-regulate
expression of RANK Ligand (RANKL), which binds to RANK, activating signaling
pathways that promote osteoclast differentiation and survival (Yasuda et al. 1998 and

Lacey et al. 1998). RANKL is produced by osteoblasts and is one of many signaling
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molecules that facilitate cross-talk between the osteoblasts and osteoclasts and help
coordinate bone remodeling (Theil et al. 2002). Osteoprotegerin (OPG), also released
by osteoblasts, can also bind to RANKL, acting as a competitive substrate to prevent
RANK and RANKL from coming in contact. The balance of RANKL/OPG may be
crucial in determining bone turnover. In fact, animal studies showed that increased
production of OPG leads to an increase in bone mass, while loss of the protein leads
to osteoporosis and increased fractures (Takayanagi et al. 2005). Inhibitors of

RANKL have also shown as potential treatment for osteoporosis in humans.

Osteopontin

Osteopontin (OPN) is a major non-collagenous bone matrix protein; it
contains a motif of glycine-arginine-glycine-aspartic acid-serine (GRGDS). This 314
amino acid sequence promotes call attachment via cellular o3 integrin. OPN have
been suggested to enhance or regulate the adhesion, attachment, and spreading of
osteoclasts to the bone surface during resorption. OPN is produced by osteoblasts and
osteoclasts and plays a vital role in bone remodeling (Takano et al. 1994). OPN
expressed in osteocytes and osteoblastic cells due to mechanical stress might induce
migration of osteoclastic precursor cells to the bone surface and promote bone
resorption. These results indicate that these cells responded to mechanical stress
loaded on the bone with expression of the osteopontin gene. Following the increased
expression of OPN in these cells, a 17-fold greater number of osteoclasts compared

with the control and numerous resorption pits were observed on the pressure side of
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the alveolar bone. OPN is an important factor triggering bone remodeling caused by
mechanical stress. OPN participates in the attachment of osteoclasts to bone surface
during bone resorption, bind to calcium and hydroxyapatite and bind to osteoclast
vitronectin receptor. OPN is expressed temporarily in the stage of resorption and has
been suggested to be involved in woven bone forming. Several studies showed OPN
increasing after 12 hours of applying mechanical force (Terai et al. 1999). OPN is
possibly a multifunctional protein that acts as a coupling factor for bone resorption
and formation in the process of bone remodeling. Many recent researches suggest that
RANKL and OPN concentration show significant increase after 24 hour of
orthodontic activation, although it is possible that this is not the peak concentration

(Hart. 2013 and Faulkner. 2012)

Osteonectin (SPARC)

Osteonectin or secreted protein acidic and rich in cysteine (SPARC) is the
most abundant non-collagenous extracellular matrix protein in bone (Delany and
Hankenson. 2009). Analysis of the skeletal phenotype of SPARC-null mice has
provided excellent information on the function of this protein in bone. SPARC-null
mice develop profound low-turnover that becomes progressively worse with age
(Boskey et al. 2003); they also found decreased numbers of osteoblasts and
osteoclasts, and a markedly decreased bone-formation rate. In the skeleton,

osteonectin promotes osteoblast commitment, suppresses adipogenesis, and regulates
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the balance between bone formation and resorption in response to PTH treatment. It is
highly expressed early in osteoblastic differentiation, but its expression decreases as
the cells acquire characteristics of mature osteoblasts. SPARC-null mice have
decreased trabecular bone volume due to decreased trabecular number. Boskey et al
concluded that bone resorption rate becomes higher than bone forming and result in

reduced bone mass due to lack of osteonectin.

Osteoporosis and bone remodeling

The most common metabolic disorder is primary osteoporosis (Raisz. 1997).
Studies have suggested that estrogen deficiency is important for the pathogenesis of
osteoporosis in both men and women (Riggs at al. 1998). At menopause there is a
transient, accelerated phase of bone loss that is followed by slower, sustained bone
loss (Riggs et al. 2002). Although in men there is no abrupt cessation of gonadal
function in the sixth decade of life, they do experience an age-related decrease in
unbound sex steroids resulting from progressive increases in circulating sex
hormone—binding globulin. In both men and women there is a steady decline in
unbound (bioavailable) estrogen levels with aging, exacerbated in women at
menopause by a marked decrease in estrogen levels. Studies using bone markers
suggest that there is accelerated bone remodeling at menopause and that bone
formation may increase overall, but that the rate is inadequate to replace the bone lost

by resorption (Prestwood et al. 1995 and Eastell. 1998).

Orthodontic tooth movement
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Orthodontic tooth movement is defined as mechanical stimulation causing
remodeling of the periodontal ligament (PDL) and alveolar bone. Mechanical force is
a key regulator of bone remodeling and of bone architecture in general (Jacobs et al.
2010). Early signals produced in response to mechanical stimuli include nitric oxide,
prostaglandins and Wnt signaling proteins (Newald and Johnson. 2008). A
precondition for these remodeling activities and tooth displacement are the
occurrence of an inflammatory process. Vascular and cellular changes were the first
events to be recognized and described, and a number of inflammatory mediators,
growth factors, and neuropeptides have been demonstrated in periodontal supporting
tissues. Orthodontic forces can cause mechanical injury to the PDL and cause
alveolar bone resorption, although this damage can be resolved with remodeling of
the PDL and alveolar bone (Mabuchi et al. 2002). Orthodontic tooth movement
results from the resorption and formation of alveolar bone and the degradation and
remodeling of the PDL. Osteoclastogenesis and dynamic changes to the collagenous
composition of the PDL are key processes in initiating bone remodeling (Xin et al.
2010). In 1973, Storey, proposed that the early phase of tooth movement involves an
acute inflammatory response characterized by periodontal vasodilation and migration
of leukocytes out of the capillaries (Storey et al. 1973). Later research has led to the
hypothesis that inflammatory mediators are released following mechanical stimulus,
triggering the biologic processes associated with alveolar bone resorption and
apposition (Davidovitch et al. 1988). Among the local biochemical mediators are

cytokines secreted by mono- nuclear cells and leukocytes. Cytokines can provoke the
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synthesis and secretion of numerous substances that for the molecular basis for cell-
to-cell communication, including prostaglandins (PGs) and growth factors, thus
interacting directly or indirectly with bone cells60. Two theories are currently used in

describing orthodontic tooth movement.

1. Biomechanical orthodontic tooth movement

Mechanical distortion to cell membrane is the key activator in this theory. As this
is a form of sterile insult to the periodontal tissue, remodeling could be perceived as
an attempt to remove ischemic bone under the hyalinized tissue (Melsen 2001). This
produces prostaglandins which feed back onto the cell membrane binding to receptors
which then stimulate second messengers and elicit a cell response. At the site where
mechanical insult is present, cells may communicate with each other by means of
cytokines interactions. Finally, bone is laid down in the tension site and resorbs at the
pressure site. It is not clear how tissues discriminate between tension and pressure. In
2004, Roberts-Harry and Sandy found that cells which are rounded up show catabolic

changes whereas flattened cells have anabolic effects.

2. Bone bending, piezoelectric and magnetic forces

During the 1960s, there was considerable interest in piezoelectricity as a stimulus
for bone remodeling. This theory initiated because it was noted that distortion of
crystalline structures generated small electrical charges, which potentially may have

been responsible for signaling bone changes associated with mechanical forces.
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Three stages are characterized after moderate and continuous force is applied
to a tooth. The initial strain is seen between 4 to 7 days after force is initiated. The lag
phase is then followed by the bending and progressive tooth movement is the final
stage (Graber. 2005). The rate limiting step in the final stage is known as frontal
resorption, which determines the speed of orthodontic correction. The strain on the
extra cellular matrix causes fluid displacement in alveolar bone canaliculi. Osteocytes
and osteoblast activation occurred due to the stimulation of PDL fibroblasts after fluid
displacement. The periodontal ligament (PDL) neurons secrete neuro- peptides such
as substance P, calcitonin gene related peptide (CGRP) when nociceptor pain is
present by mechanical force. These peptides along with prostaglandin E-2 (PGE-2)
and other cytokines can dilate PDL capillaries; this can lead to the release of immune
competent cells. Endothelial cells and osteoblasts secrete essential mediator for bone
angiogenesis and in bone formation call vascular endothelial growth factor (VEGF).
The ECM remodeling is followed by cytoskeletal re-organization in osteoblastic cells.
Cytoskeletal re-organization leads to phosphorylation of cellular proteins including
extracellular signal-regulated kinases, which triggers signal transduction via integrins/
fibronectin/kinase- pathway (Eduardo et al. 2005). Several matrix metalloproteinase
(MMP) particularly 9, 3, 13, 1, 8 are increased on the pressure side and an active
collagen remodeling occurs. Prostaglandin-2 (PGE 2) and COX 2 mRNA are also up
regulated on the compression side (Gyda et al. 2001). Macrophage colony-stimulating
factor (M-cfs) is a secretory product of osteoblasts, which work with other cytokines

to regulate the differentiation of osteoclast precursors to mature osteoclasts
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(Takatsuka et al. 1998). M-cfs with OPG ligand can also enhances osteoclastogenesis.
Recent works from University of Hong Kong on the cell biology of tooth movement
and the role of transcription factor Sox-9 and parathyroid hormone related protein
(PTHrp) and Indian Hedgehog protein (IHH) are very significant in understanding the
molecular biology of orthodontic tooth movement force transduction (Huang et al.
2001). Indian Hedgehog (IHH) is protein involved in chondrocyte differentiation,
proliferation and maturation especially during endochondral ossification by effecting
cartilaginous differentiation through negative loop to control PTHrP. PTHrP regulates
extracellular matrix gene expression in cementoblasts and inhibits cementobalst-
mediated mineralization in vitro (Vortkamp er at. 1996), all mechanisms of interest
and importance in orthopedic growth modification. Huang et al also found that SOX 9
directly regulates the Type Il collagen gene. It is a chondogenic transcription factor
and a target of signaling by the PTHTrP in the growth plate of endochondral bone.
SOX-9 also prevents the conversion of proliferating chondrocytes into hypertrophic

chondrocytes.

The strain and stretch effects caused by orthodontic forces induce PDL
fibroblasts, osteocytes, osteoblasts and osteoclasts lead to the production of a number
of messenger molecules. Periodontal ligament and its immune cells produce pro-
inflammatory cytokines (IL-1 beta, 11-6, TNF alpha) to modulate cell growth,
proliferation, cell migration, differentiation, gene expression and cell specific
functions (McLean. 2009). IL-1 is considered an important cytokine in tooth

movement due to its pleotropic effects. This cytokine plays a key role in immune
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regulation and inflammatory processes by inducing expression of many effector
proteins. It is a modulator of bone resorption in inflammatory settings byt inducing
RANKL expression and synergizing RANKL to promote osteoclast differentiation.
(Lee et al. 2010). Tumor Necrosis Factor alpha (TNF a), is an inflammatory cytokine
produced by macrophages/monocytes during acute inflammation and is responsible
for a diverse range of signaling events within cells including bone resorption by
osteoclasts. The orthodontic tooth movement activates osteoblasts. In response,
osteoblasts produce a number of key molecules including bone morphogenetic
proteins (BMPs), macrophage colony stimulating factor (M-CSF), receptor activator
of nuclear factor kappa-B ligand (RANKL), osteoprotegerin (OPG), transcription
factors (osterix, Run X-2), heat shock protein (HSP), fibroblast growth factor (FGF),
epidermal growth factor (EGF), platelet derived growth factor (PDGF), transforming
growth factor beta (TGF-p), insulin growth factor (IGF). BMP-2 and BMP-7 are
involved in osteoblast differentiation. Each molecule has a specific role to play in the
complex signaling network. M-CSF is stimulated by PTH; induces osteoclast
differentiation. Osterix is a zinc finger-containing transcription factor, induces
osteogenic gene expression in primary human mesenchymal cells. Osteoblast
differentiation is also induced by hedgehogs (IHH) and core binding transcription
factor alpha-1 (cbfal). Ischemia and hypoxia occur on the pressure side as a result of
reduced blood supply from orthodontic forces, can cause HIF-1to inhibits Wnt
signaling in osteoblasts, which inhibiting osteoblast differentiation as Wnt signaling

is responsible for osteoblast differentiation. Epithelial cells produce integrins,
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cytokines, vascular endothelial growth factor (VEGF). Integrin is produced by
osteoblasts and play an important role in cell signaling mechanism.. VEGF is
produced by vascular endothelial cells, osteoblasts, osteoclasts and fibro- blasts.
Prostaglandin E-2 is produced by platelets, endothelium, and mast cells and also is
liberated as breakdown products of membrane phospholipids during orthodontic tooth
movement and is involved in inflammation, vasodilatation and pain. It stimulates
osteoblasts that releases factor that stimulate bone resorption by osteoclasts. MMPs
are secreted by fibroblasts, osteoblasts, endothelial cells, macrophages, neutrophils,
and lymphocytes. They are responsible for the tissue remodeling and degradation of
extracellular matrix substances including collagens, elastins, gelatin, matrix
glycoproteins and proteoglycans. They are regulated by hormones, growth factors,
and cytokines. Osteoclasts produce chemokines (CCR2, CCR5), and epidermal
growth factor (EGFR). All cellular activities in the periodontium are regulated by
multiple molecules and mechanisms. The number and distribution patterns of
RANKL- and RANK-expressing osteoclasts change when excessive orthodontic force
was applied to periodontal tissue, and IL-1b and TNF-a were expressed in osteoclasts
in pathologic status rat periodontal tissues. Shiotani et al. have also shown the
presence of RANKL in periodontal tissues during experimental tooth movement of
rat molars. Therefore, it is suggested that in response to mechanical stress, RANKL is
regulated by inflammatory cytokines in the PDL. The number and distribution
patterns of RANKL and RANK-expressing osteoclasts change when excessive

orthodontic force is applied to periodontal tissues. Aihara et al. and Kim et al. showed
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the presence of RANKL in periodontal tissues during experimental tooth movement
of rat molars. Kanzaki et al. demonstrated that transfer of the RANKL gene to the
periodontal tissue activated osteoclastogenesis and accelerated the amount of
experimental tooth movement in rats. In contrast, OPG gene transfer inhibited
RANKL-mediated osteoclastogenesis and inhibited experimental tooth movement.
Therefore, it is suggested that PGE2, inflammatory cytokines, and the RANKL—-

RANK system may be strong regulators of orthodontic tooth movement.

Gingival crevicular fluid study during orthodontic tooth movement

Gingival crevicular fluid (GCF) is an osmotically mediated inflammatory
exudate found in the gingival sulcus, where it tends to increase in volume with
inflammation and greater capillary permeability. Serum is the primary source of the
aqueous component of GCF; however, the gingival tissue through which the fluid
passes, along with bacteria present in the tissue and gingival crevice, can modify its
composition (Cimasoni 1983). With constituents of GCF being derived from a
variety of sources, including microbial dental plaque, host inflammatory cells, host
tissue, and serum, GCF varies according to the condition of the periodontal tissues. In
addition to the cells, immunoglobulins, microorganisms, toxins, and lysosomal
enzymes detected in GCF, the mechanism of bone resorption may also be related to
the release of inflammatory mediators present in GCF. Recently, a number of GCF
constituents have been shown to be diagnostic markers of active tissue destruction in

periodontal diseases (Lamster and Novak 1992), although only a few studies have
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focused on those involved in bone remodeling during orthodontic tooth movement.
Mogi et al. found that GCF concentrations of IL-1b and IL-6 were significantly higher
in a group with severe periodontal disease compared with controls, and Yavuzyilmaz
et al. demonstrated the GCF IL-1b and TNF-a levels had a positive correlation to
mean pocket depths, suggesting that the cytokines may be involved in the
pathogenesis of periodontal diseases. An increased concentration of RANKL and
decreased concentration of OPG were detected in GCF from patients with
periodontitis, while the ratio of RANKL concentration to that of OPG in GCF
samples was significantly higher for patients with periodontal disease than for healthy
subjects. Taken together, these data suggest that RANKL and OPG contribute to
osteoclastic bone destruction in periodontal disease. Nishijima et al.*found an
increased concentration of RANKL in GCF during orthodontic tooth movement, and
the ratio of concentration of RANKL to that of OPG in the GCF was significantly
higher than in control sites in another study. Further, Kawasakiet al. reported that the
age-related decrease in amount of tooth movement maybe related to a decrease in
RANKIL/OPG ratio in GCF during the early stages of orthodontic tooth movement.
Consequently, analysis of GCF samples may provide a better understanding of the
biochemical processes associated with tooth movement, potentially helping clinicians

make therapeutic choices based on qualitative and quantitative information.
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STATEMENT OF THESIS

The aim of this study is to determine the difference between pre and post-menopausal
women receiving orthodontic treatment and determine if the changes after 24 hours of
orthodontic activation between the groups are similar. It is hypothesized that there is
no difference between pre and post-menopausal women receiving orthodontic
treatment.
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Abstract

Objective: The aim of our study was to investigate the differences in bone turnover
marker levels in pre and post-menopausal women receiving orthodontic treatment.
Methods: Twenty-eight orthodontic patients were recruited from CWRU and faculty
members’ private practices. Subjects were screened and excluded according to the
selection criteria. Sixteen control subjects (mean age 33.2 £ 8.4 years) and 12 post-
menopausal (PM) subjects (mean age 63.4 £ 8.1 years) participated and their gingival
crevicular fluid (GCF) was taken from 4 sites; 2 from the anterior and 2 posterior
teeth. Samples were taken at pre orthodontic activation (To) and 24 hours after
activation (T;). GCF samples are stored in -80c and RANKL, osteopontin and
ostonection level were investigated by ELISA. Results: All biomarker levels in
Control and PM groups had similar increase of biomarker concentration after
activation without statistical significant. At Ty, RANKL in PM was significantly
lower than in control group (Control 6.74pg/ml+ 5.45 vs PM 3.69 pg/ml+ 3.52, p-
value=0.035%*), SPARC in PM was significantly higher than in control (Control
325.10pg/ml+ 231.21 vs PM 872.8 pg/ml+ 409.92, p-value= 0.026*) and OPN had no
significant difference. Conclusions: Findings in our study suggest that although there
is a difference in baseline bone turnover markers in PMW versus controls, there is no
difference in the initial change of these biomarkers in PMW vs. controls. This
suggests that although underlying bone differences between these groups may exist in
periodontally healthy subjects, orthodontic activation does not trigger an exaggerated
response in PMW.,
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Introduction

According to the American Association of Orthodontics (AAO), number of
adult patients increased 14 percent from 2010 to 2012, a record high of 1.2 million
patients age 18 and older. According to the AAQ’s survey, 56 percent of the adult
patients were female. Practices across the nation are experiencing higher number of
female adult patients. Orthodontic tooth movement is based on bone remodeling. As
post-menopausal women seek orthodontic treatment, their treatment time, outcome,
oral health and sub sequential bone loss becomes a concern. Adult women face a
major risk in bone loss and subsequent fracture as they enter menopause™ *. At post
menopause, bone remodeling rates double and triple 13 years later. They also remain
elevated in osteoporosis. This change contributes to increases in age-related skeletal
fragility in women®. As estrogen level becomes deficient, micro-architectural
deterioration of bone tissue and low bone mass can occur. This is characteristics of
osteoporosis’. Dual energy X-ray absorptiometry (DXA) is the most reliable way to
determine bone mineral density (BMD), which is one of the major risk factors for
fractures from osteoporosis”. Currently, only a few BMD measurements are taken
among patients in high-risk groups because of no symptoms appearing prior to
fractures®. A large proportion of postmenopausal women with a high risk of fractures
from osteoporosis still remain undiagnosed®. About 54 million Americans have
osteoporosis and low bone mass, placing them at increased risk for osteoporosis.
Several researches also linked osteoporosis to be a risk factor for tooth loss and

reduced mandibular bone mass and density® * The World Health Organization

41



(WHO) has established criteria for making the diagnosis of osteoporosis, as well as
determining levels that predict higher chances of fractures. These criteria are based on
comparing the bone mass density (BMD) of the patient with that of a typical healthy,
young female's. BMD values that fall well below the average for the healthy, young
females (stated statistically as 2.5 standard deviations below the average) are
diagnosed as osteoporotic. Many women over 50 years of age still have not had
adequate screening and testing for osteoporosis. Moreover, knowledge of changes in
healthy, periodontitis free post-menopausal females are not fully understood when
orthodontic forces are applied.

Bone turnover is triggered by local and systemic factors. In orthodontic
treatment, pressure and tension force can stimulate local factors to trigger the bone
remodeling cascade. A receptor activator of NFkB (RANK) is a type | protein present
on the cell surface of osteoclasts precursor cells. When stimulated, osteoblasts up-
regulate expression of RANK Ligand (RANKL), which binds to RANK, activating
signaling pathways that promote osteoclast differentiation and survival'® **. RANKL
is produced by osteoblasts and is one of many signaling molecules that facilitate
cross-talk between the osteoblasts and osteoclasts and help coordinate bone
remodeling®?. Osteoprotegerin (OPG), also released by osteoblasts, can also bind to
RANKL, acting as a competitive substrate to prevent RANK and RANKL from
coming in contact. Inhibitors of RANKL have also shown as potential treatment for

osteoporosis in humans.
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Osteopontin (OPN) is a major non-collagenous bone matrix protein; it
contains a motif of glycine-arginine-glycine-aspartic acid-serine (GRGDS). This 314
amino acid sequence promotes call attachment via cellular a3 integrin. OPN have
been suggested to enhance or regulate the adhesion, attachment, and spreading of
osteoclasts to the bone surface during resorption. OPN is produced by osteoblasts and
osteoclasts and plays a vital role in bone remodeling™®. OPN expressed in osteocytes
and osteoblastic cells due to mechanical stress might induce migration of osteoclastic
precursor cells to the bone surface and promote bone resorption. These results
indicate that these cells responded to mechanical stress loaded on the bone with
expression of the osteopontin gene. Several studies showed OPN increasing after 12
hours of applying mechanical force**. OPN is possibly a multifunctional protein that
acts as a coupling factor for bone resorption and formation in the process of bone
remodeling.

Osteonectin or secreted protein acidic and rich in cysteine (SPARC) is the
most abundant non-collagenous extracellular matrix protein in bone®. Analysis of the
skeletal phenotype of SPARC-null mice has provided excellent information on the
function of this protein in bone. SPARC-null mice develop profound low-turnover
that becomes progressively worse with age'®; they also found decreased numbers of
osteoblasts and osteoclasts, and a markedly decreased bone-formation rate. In the
skeleton, osteonectin promotes osteoblast commitment, suppresses adipogenesis, and
regulates the balance between bone formation and resorption in response to PTH

treatment. It is highly expressed early in osteoblastic differentiation, but its
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expression decreases as the cells acquire characteristics of mature osteoblasts.
SPARC-null mice have decreased trabecular bone volume due to decreased trabecular
number. Boskey et al concluded in 2003 that bone resorption rate becomes higher
than bone forming and result in reduced bone mass due to lack of osteonectin®®.

The aim of this study is to investigate the difference in bone turnover markers
in gingival crevicular fluid between pre and post—-menopausal women receiving

orthodontic treatment.

Materials and Method
Subjects

Our study recruited adult females (21 and over) subjects having plaque score
of 80% clean or better, with no current periodontal disease and having more than 4
incisors and 4 premolars present from patients undergoing orthodontic treatment at
Orthodontic Clinic, Case Western Reserve University (CWRU) and from private
practice of faculty members, Cleveland, Ohio. This prospective cohort single blinded
study has been approved by CWRU institutional review board (IRB# 2012196).
Subjects were excluded based on the criteria shown in Tablel.

Patients are then asked to answer questions regarding their history of
menstrual cycle, medication, general health history and current oral health history.

Of the 110 patients that were screened, 28 fit the criteria and signed informed

consent (appendix a) to participate. Those having not had a period in 12 months or

44



more were designated postmenopausal group the rest were considered pre-
menopausal and designated control group.

Once consent form is signed, patients are subject to collect gingival crevicular
fluid (GCF) by one of two examiners (S.S. and C.J.).

Total of 16 subjects were included in the pre-menopausal group (control) and
12 in the post-menopausal group. Four samples are collected and pooled from each
subject to represent the oral condition rather than to be site specific
GCEF collection protocol: Molars and canines are not included as they have higher
variability in inflammation and are subject to larger force in orthodontic in cases that
have rubber band wear or retraction/protraction. Four sites are randomly selected by
using the distolabial suface of 2 incisors and distobuccal surface of 2 premolars from
the same arch. Our study used method of collecting GCF according to Lamster et al in
1987%. Method in collecting GCF is as followed: The sites are isolated with cotton
rolls and are slightly air dry or wiped with gauze. Periopaper™ is placed in the
periodontal pocket and inserted to the attached tissue with the aid of periodontal
probe. Periopaper ™ is left to accumulate GCF for at least 40 seconds (Figure 1).
Each strip is then transferred to an Eppendorf safe-lock tube and store in thermos
containing dry ice, which was tested to hold the temperature under -50c for longer
than 6 hours (Smuthkochorn-Jones Thermos, Figure 2). Once all four strips are
collected and labeled, the samples are transported in the Smuthkochorn-Jones
thermos to a -80c refrigerator within 4 hours. All samples are then transferred to the

CWRU lab and then diluted and run to find the concentration of the following
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proteins: RANKL, osteopontin (OPN) and osteonectin (SPARC). RANKL is assessed
using Multiplex enzyme-linked immunosorbent assay (ELISA), osteopontin is
measured by ELISA test and osteonectin uses SPARC analysis.

Statistical analysis

Sample size calculation®’:

If MU 1 (control) = 140 pg inflam/ul overall volume

if MU 2 (experimental) = 160 pg inflam marker/pl overall volume

if sigma value (std. dev.) = 27 pg inflam marker/ pl overall volume

then ideal sample size = 15 subjects, power level 0.80 and p <.05

Thus, for 0<.05 and a desired power of 0.80, the ideal sample size for each
sample separately is 15 subjects per group. To increase the strength of the study, we
will attempt to garner as many subjects as possible per group.t-test will be used to
compare means of each subject’s data by comparing pre and post activation to
validate the activity of bone turn over markers. Another t-test to investigate the
differences between the experimental and control group will then be carried out. All
statistical calculations will be performed with SPSS (version 22). Significance to be
accepted for analysis will be p< .05.
RESULT

Sixteen subjects were recruited into our control group and 12 in post-
Menopausal group. The demographic data of the subjects are described in table 2, it

consists of 10 Caucasians, 2 African-American, 4 Asian (3 Indians and 1 Chinese) in
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the control group and 10 Caucasians and 2 African-American in the post-Menopausal
group.

In the control group, 2 subjects did not return to have the GCF collected after
24 hour and was not used in finding the changes after orthodontic activation and post-
menopausal measurements.

All the pre and post-menopausal measurement for OPN, RANKL and SPARC
are not normally distributed. The changes in the pre vs. post activation for both
groups are normally distributed. Using the Mann Whitney U test to compare the
change between pre and post activation in pre and post-menopausal group, we found
that all three proteins had no significant difference in the change before and 24 hour
after activation.

RANKL (Figure 3)

When comparing the baseline (To) between pre and post-menopausal subjects,
Wilcoxon t-test showed that there is significant difference between the pre and post-
menopausal groups (P value=0.035*). The control group had a mean of 6.74 pg/ul +
5.45 and post-menopausal group had 3.69 pg/ul. +SD 3.52 (p<0.05). RANKL level in
post-menopausal women is lower than in pre-menopausal women.

In control group, the changes in Ty versus T; showed significant increase with
To 6.74 pg/ml +5.45 and T, 11.94 pg/ml + 7.66 and the average change of 6.58
pg/ml + 5.11 (P value=0.041%).

In post-menopausal group, the changes in pre and post activation of

orthodontic adjustment showed significantly increased change (P value=0.000%) in all
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the subjects, T 3.69 pg/ml + 3.52 and T, 10.05 pg/ml + 5.04 and with the average
change of 6.36 pg/ml +4.24.

When comparing the changed in pre and post-menopausal group, our study
showed that there is no statistical difference (P value=0.777) in the change between
the control (T;-To 6.58 pg/ml +5.11) and post-menopausal groups (T1-To. 6.36
pg/ml+4.24).

Osteopontin (OPN) (Figure 3)

Osteopontin level in pre and post-menopausal groups prior to activation did
not show statistically significant difference (p value=0.419) with means of 282.36
pg/ml +149.8 and 342.26 pg/ml + 149.8 respectively

Changes in osteopontin in pre and post activation of orthodontic adjustment
had statistically significant difference (p value=) In control group, the changes in Ty
versus T, showed significant increase with Ty 278.62 pg/ml + 138.9 and T;531.72
pg/ml + 465.98 (P value=0.031%)

In post-menopausal group, the changes in pre and post activation of
orthodontic adjustment showed significantly increased change at T 323.26 pg/ml +
157.27 and T, 489.61 pg/ml + 268.65 (P value=0.006%*)

When comparing the changed in pre and post-menopausal group, our study
showed that there is no statistical difference (p value=0.269) in the change between
the pre (T1-To 292.81 pg/mi+ 454.42) and post-menopausal groups (T1-To. 166.35

pg/ml+ 170.44)
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Osteonectin (Figured)

When comparing the baseline (pre activation) between control and post-
menopausal subjects, Mann-Whitney U test showed that there is significant difference
between the pre and post-menopausal groups (p value=0.026*). The pre- menopausal
group had a mean of osteonectin level of 325.10 pg/ml +231.21 and post-menopausal
group had 872.8 pg/ml +409.92.

In control group, SPARC concentration in pre and post activation of
orthodontic adjustment had statistically significant difference (p value=). In control
group, the changes in Ty versus T; showed significant increase with T 325.1 pg/ml +
231.21 and T, 872.8 pg/ml + 409.92 (P value=0.006%*)

In post-menopausal group, the changes in pre and post activation of orthodontic
adjustment showed significantly increased change at Ty 558.83 pg/ml + 362.80 and
T11061.77 pg/ml + 822.85 (P value=0.006%*)

When comparing the change in pre and post-menopausal group, our study showed
that there is no statistical difference (p value=0.446) in the change between the pre
(T1-T 503.26 pg/ml+ 391.85) and post-menopausal groups (T1-To. 547.05 pg/ml+
569.96)

Discussion

This study was designed to evaluate the gingival crevicular fluid concentration
of RANKL, Osteopontin and Osteonectin before orthodontic activation and 24 hours
after activation. Tension and pressure sides were randomly selected as this is a pilot

study to investigate initial activities of bone turnover markers in post-menopausal
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women. From previous studies, both pressure and tension sides have increased of
biomarkers activities in the first 24 hours'®. Only buccal and labial surfaces were
selected due to its convenience.
RANKL

When periodontium is healthy, only a negligible amount of GCF is produced.
On the other hand, an increased presence of inflammation can significantly increase
GCF production and secretion. In orthodontic tooth movement, an increased in GCF
is caused by increased plaque retention®® and acute generalized inflammation reaction
in the periodontal tissue. Production of GCF will have increased bone turnover
markers level that is not produced by bacterial invasion. Good oral hygiene is
encouraged to reduce false positive of bone resorption markers. Many reported
conflicting findings in RANKL and OPG, as they are usually inversed. Reports of not
able to detect any OPG and a very low level of RANKL and the other way around is
not uncommon. In this study, RANKL is the main focus. RANKL in pre-menopausal
group is higher than in post-menopausal group before the activation of orthodontic
movement. Results from several researches suggest that serum RANKL
concentrations were lower than in pre-menopausal women and unrelated with bone
mineral density, the age- and menopause- dependent changes of serum OPG and
RANKL might be a protective mechanism against the accelerated bone loss in
postmenopausal women?#, As there is no report of average concentration of
RANKL in human GCF and this level changes constantly over time, changes in the

level of each individual is the focus of our study. Post and pre-menopausal groups
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had similar change 24 hours after activation of orthodontic force is applied. We can
assume that both groups have similar initial response from orthodontic force. With
the subject under actual treatment, forces are randomly selected and controlled force
was not used. This can be positive and negative. As we treat patients, we do not
always have full control on the exact amount of force applied to each tooth, let alone
the action-reaction of continuous arch wire mechanic. From randomly selecting sites
to measure RANKL, we would most likely find actual response from actual treatment
being treated. Negative side is the loss of control in variable and loss of ability to
predict response to force, if there is one. Increased RANKL level can demonstrate
bone remodeling. Unbalanced level of RANKL can illustrate over activation of bone
resorption. Our result did not show any highly increased level that differed from the
pre-menopausal group and it may reduce limitation to treating post-menopausal
women. With limited number of subjects, it is difficult to assume if this result can be
a true representation of the population. However, the trend that is unanimous in the
increase of RANKL level after activation can be inferred that post-menopausal
women have similar respond to pre-menopausal women 24 hour after orthodontic
force is applied. As RANKL is highly involved in bone remodeling further study can
confirm that bone loss in post-menopausal women from orthodontic treatment has no
significant differences than in pre-menopausal women.
Osteopontin and osteonectin

Osteopontin and osteonectin are non-collagenous protein expressed mainly in

the PL fibers. As orthodontic force is applied, the fibers are immediately stretched.
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Cementoblast and PL fibers expressed these proteins as they are remodeling.
Although osteopontin and osteonectin concentrations peak at day 7 and 14,
respectively, our study showed that an increased can be detected as early as 24 hours
after activation. Osteonectin showed significantly higher baseline value in pre-
menopausal than in post-menopausal. However, the changes in both osteopontin and
osteonectin are similar in pre-and post-menopausal groups. There were no significant
difference in baseline value of pre and post-menopausal women in osteopontin level.
In congruent to other researches, osteonectin had higher expression after 24 hours of
activation. Osteopontin had lower expression and does not have significant
differences between the two groups. Bone loss can be initiated by attachment loss, PL
fiber also play an important role in this balance. As osteonectin and osteopontin are
both also expressed in the bone and PL fibers, similar trends of the levels after
orthodontic activation ensures treatment provider of similar side effects.
Limitations and future study

Our study did not have the sufficient amount of samples due to limitation of
time, funding and highly selective exclusion criteria to reduce errors. Future research
can eliminate these problems by increasing research time to recruit more subjects.
Eliminating bias from oral hygiene (reduce plague accumulation) and consistency in
sample collection is key to getting a true representation of biomarker levels. Our
study found an error in communicating with the laboratory that ran our samples.
Labeling became an issue and data had to be matched by hand to match with the

original assignments. Following the subjects for more than 24 hours would have
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given a more concrete conclusion of the response in bone turnover markers as it may

peaked later than the control group and/or more or less.

Conclusion

This initial study to compare pre and post-menopausal women under
orthodontic treatment has shed some light on the similarity of the response found
after force is applied. Speculation from reduced estrogen and axial bone has made
treating post-menopausal women questionable in terms of increase side effects such
as bone loss, attachment loss and time management. Our study have shown that, in
the absent of bacterial assault, despite some differences in the baseline levels, post-

menopausal women react to orthodontic force similar to pre-menopausal women.
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Figures

Figure 1. GCF collection: Teeth are wiped with gauze prior to any cleaning from the
patient and moisture is controlled with cotton rolls. Periopaper™ is gently inserted

into the sulcus to absorb the GCF.
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Figure 2. Smuthkochorn-Jones Thermos
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Figure 3. RANKL concentration in pre and post-menopausal group comparing pre

and 24 hour after activation.
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Figure 4. Osteopontin concentration in pre and post-menopausal group comparing
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Figure 5. Osteonectin concentration in pre and post-menopausal group comparing pre

and 24 hour after activation.
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Tables

. -under anti-inflammatory medication: NSAIDs,
Medication Corticosteroids

-Bisphosphonate
(known to modulate bone -Hormone therapy

-Prolong use of Calcium and vitamin D (longerthan1year)
turnover)

: : Has following condition or disease: rheumatoid, diabetics,
LESTEINIEACEREEE (1ohn's disease and other inflammatory disease

on patient report

. -had orthognathic surgery or corticotomy within 6 months
Dental history -is using any accelerated device for treatment time
reduction

(based on patient report)

Intermittent menstruation or ceased of menstruationfor

Table 1. Exclusion criteria
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Ethnicity White =10 White =10
African-American= 2 African-American = 2
Asian =1

Indian=3

Age (average, range) 32, (23-47) 63, (56-80)

Table 2. Demographic data and age of subjects
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