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ABSTRACT

Orthodontic tooth movement is a complex process of various mechanisms bringing about remodeling changes in
periodontium, alveolar bone and gingiva. This process occurs as a response to the mechanical forces applied onto the teeth
by orthodontic appliances which gets transmitted to the alveolar bone, periodontal ligament and gingival tissue. These tissues
undergo adaptive changes and result in movement of the teeth to their desired positions. The exact mechanisms of the changes
occurring at cellular level is of great interest and importance in modern orthodontic practice. The orthodontists can better
understand the mechanisms of action and the significance of various biomarkers to have clear insight into the phases of tooth
movement, site and nature of force applied and its impact on the alveolar tissues, the response of the tissues to forces applied
on the teeth and the continuous process of bone remodeling even after cessation of active orthodontic tooth movement. the
gingival crevicular fluid (GCF) is a medium of study of these processes as it contains concentrations of biomarkers that
reflect the underlying process of tissue adaptation. GCF can be collected from patients using filter paper strips, gingival
washings, platinum loops and micropipettes. Analyzing the GCF can reveal its composition and the various biomarkers
present in it. The orthodontist can use this to understand the intricate details of bone remodeling and make proper choice of
mechanical force application to shorten orthodontic treatment time and avoid adverse effects of improper force application
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1. INTRODUCTION

Orthodontic tooth movement occurs as a result of the bone resorption around the tooth root due to the application of
orthodontic force on the tooth crown.

Orthodontic force is a controlled and carefully regulated mechanism to bring about the desired tooth movement in an efficient
and physiologically compliant manner

The orthodontic force results in a process of bone remodeling to allow for the movement of teeth which is a complex and
continuous process of resorption and deposition.

Bone resorption is mediated by a series of enzymes and cell markers which can trigger the reaction to orthodontic force that
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is expressed by the interplay between the alveolar bone, the periodontal ligament and the cells.

Orthodontic treatment needs periodontal health, oral hygiene, and optimal orthodontic forces to be considered for optimal
success.!

Biomarkers can provide a deeper understanding into phases of tooth movement, sites of mechanical loading and tissue
response to the orthodontic forces applied. This can help clinicians apply mechanical forces accurately to guide tooth
movement while avoiding adverse effects of improper or excessive stress application..

2. MECHANISM OF TOOTH MOVEMENT
Tooth movement by orthodontic forces occurs due to remodeling changes in the alveolar tissue surrounding the tooth.

It is primarily an inflammatory change that is characterized by the action of inflammatory cell factors.

Two processes involved in orthodontic tooth movement (OTM) are compression of periodontal fibres and alveolar bone on
one side (pressure side) and stretching of the fibres on the other side (tension side).

Orthodontic forces on teeth

!

Bone deformation, Compression of PDL and tissue injury

!

I*t messengers- Prostaglandin, hormones, neurotransmitters

!

274 messengers- CAMP, CGMP

l

Bone resorption

Figure 1: flowchart explaining the sequence of events occurring in the alveolar bone following the application of
orthodontic force\

The compression of the periodontal tissue leads to the resorption of bone directly adjacent to the compressed tissue. The
tension or stretching on the opposite side leads to the deposition of new bone. These two processes occur simultaneously in
the same tooth. The periodontal ligament undergoes this compression and tension leading to the extravasation of blood
vessels and inflammatory cells are released to the site. There is recruitment of osteoclasts and osteoclast progenitor cells.
The amount and rate of resorption and deposition of bone is carefully controlled by the respective regulatory mediators.

The orthodontic force changes the vascularity of the periodontal tissue which leads to signalling molecules being released.
This generates a cellular response from the osteocytes and osteoclasts which facilitate the bone deposition and resorption.?2

Phases of orthodontic tooth movement

Burstone, in 1962, suggested three phases of tooth movement.?
1. Initial phase
2. Lag phase
3. Post lag phase

The initial phase is characterised by the rapid movement of teeth in the periodontal space. Usually, it occurs with 24 hours
to two days of inducing the orthodontic force.*

In this stage the expression of inflammatory mediators is brought about by the initial application of force to the tooth and its
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subsequent movement within the alveolar bone socket.

The lag phase follows the initial phase wherein the tooth movement rate decreases due to the formation of hyalinised bone
which hinders the tooth movement. The hyalinisation of compressed periodontal tissue occurs by the constriction of the
vessels on the resorption side and it leads to a layer of necrosed tissue. Until this tissue is removed by the cells the tooth
movement will be minimal or may be entirely stopped. The necrotic tissue is removed by macrophages, foreign body giant
cells and osteoclasts within twenty to thirty days.*

The third phase is the post lag phase wherein the tooth movement rate increases, usually occurring forty days after the initial
force application.

Chemical mediators of tooth movement

a. Inflammatory mediators
i. Prostaglandin-e
ii. Neuropeptides
RANKL and OPG
Tumour necrosis factor
Interleukin-1
Transforming growth factor- 3 -1
Insulin like growth factor

Q@ = ® o o T

Enzymes and enzyme inhibitors
i. Cathepsinb
ii. Acid and alkaline phosphatase
iii. Matrix metalloprotein
PROSTAGLANDIN E

It plays the role of mediating inflammatory response by activating the osteoclastic cells. It stimulates the osteoclasts and
formation of ruffled border leading to bone resorption. The pressure and tension sides have been found to show significantly
elevated levels of PGE1 and PGE2 during OTM in a study performed by Dudic et al (2006).5 Prostaglandins mediate
osteoclast formation by enhancing RANKL expression.

Yamasaki et al showed the effect of prostaglandin E injection in experimental tooth movement in rats and found that PGE1
or PGE2 when injected in the gingiva shows an increased amount of osteoclast formation and bone resorption within 24
hours of administration.®

RANKL and OPG

Receptor activator of nuclear factor- kappa ligand is a regulator of osteoclast formation. RANKL can bind the RANK receptor
on the osteoclastic precursor cells. These cells then differentiate to mature into osteoclastic cells and thus the bone resorption
is promoted. RANKL is a key player in the bone remodeling process along with RANK and OPG.

Osteoprotegerin is the decoy receptor that competes with the RANK and RANKL for binding to the osteoclastic precursors.
It is produced by the osteoblastic cells when bone resorption is not desired, thus it competes with RANK and inhibits the
bone resorption process. Al-Ansari et al in 2015 said that the levels of OPG must be less at the compression site to allow for
bone resorption during OTM.”

Kanzaki et al reported that the inhibition of RANKL activity by introducing OPG is beneficial in certain situations such as
to prevent movement of anchor teeth during orthodontic treatment.®

TUMOUR NECROSIS FACTOR

This is a pro-inflammatory cytokine, having a stimulatory effect on the bone resorption and causing acute or chronic
inflammation. TNF- a can promote the differentiation of progenitor cells into osteoclastic cells, and has been shown to be
increased in PDL and alveolar bone during OTM.%12

In 2004, Ogasawara et al performed experiments on rats (19) and in 2006, Basaran et al found in humans that there was
increase in TNF- a levels in the periodontal tissue due to orthodontic tooth movement.

TNF- o has several direct and indirect effects on the bone remodeling namely activation as well as inhibition of
osteoclastogenesis. It works through activation of two receptors namely TNF-receptor type 1 which enhances
osteoclastogenesis, and TNF-receptor type 2 which inhibits it.}4
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Additionally, TNF-a indirectly acts on the process of imflammatoy response by inducing certain mediators which in turn
induce osteoclast recruitment and bone resorption. 516

INSULIN LIKE GROWTH FACTOR

It is one of the growth factors, a hormone responsible for the regulation and expression of growth hormone in the body. It
has been shown to play a role in bone remodeling by Hu et al in 2016. It was found that when recombinant growth hormone
was administered to rats and mechanical tooth movement was initiated, there were more number of insulin like growth factor-
1 positive osteoclasts in the periodontal tissue, supporting the theory that IGF plays a role in tooth movement.1®

INTERLEUKIN

They are inflammatory cytokines that promote osteoclast action and enhance bone resorption while inhibiting bone
deposition. They act by attracting leukocytes and stimulating the endothelial cells, fibroblasts and osteoclasts to promote
bone resorption.*’

Interleukin-1 (IL-1) is involved in not just survival but also the activation of osteoclastic cells. IL-1 is a physiological form
of IL-1 that is secreted by many cells mainly monocytes. Stimuli applied to these cells, such as mechanical trauma, triggers
the production of the inflammatory cytokines.*®

TRANSFORMING GROWTH FACTOR B -1

TGF is one of the growth factors whose role in orthodontic tooth movement is still under review. TGF- B1 levels in Gingival
crevicular fluid during orthodontic treatment was measured at various time intervals. It was found that TGF- B1 levels
significantly increased 7 days after mechanical load application. Thus, it was suggested that pro-inflammatory cytokines
levels are increased during orthodontic force application and they are involved in bone resorption. Monitoring the levels of
these cytokines can serve as markers for the period of orthodontic tooth movement.*8

ENZYMES and ENZYME INHIBITORS
CATHEPSIN B

Cathepsin B, is an intracellular lysosomal cysteine proteinase that plays an important role in intracellular proteolysis. It can
degrade extracellular components such as collagen.*®

It has been shown in studies that cathepsin B plays a vital role in the initiation of inflammatory processes. In a study by
Sugimoto et al, cathepsin B levels in GCF were found to have a positive correlation with the occurrence of orthodontic tooth
movement. The periodontal tissues in the cases undergoing orthodontic tooth movement showed no sign of severe
inflammation despite this elevation in the level of cathepsin B. It was thus hypothesised that the increase in cathepsin B level
may be involved in the tissue response to the mechanical stress applied on the tooth, which causes extracellular matrix
degradation.®

Additionally, the level of cathepsin B when compared between patients undergoing active orthodontic tooth movement and
patients in the retention phase of therapy, was discovered that cathepsin B levels were elevated in the group undergoing
active tooth movement and decreased steadily in the retention group. Thus, it was surmised that the cathepsin B level can
indicate the stability of the tooth movement but further research must be undertaken to prove the reliability of cathepsin B in
orthodontic tooth movement.?

ACID AND ALKALINE PHOSPHATASE

Alkaline phosphatase (ALP) enzyme is a glycoprotein that has a role to play in the mineralization process in bone, cementum
and calcifying cartilages.?*

Acid phosphatase (ACP) is also an enzyme thought to be involved in bone remodeling, especially in bone resorption as it
shows increased levels of acid phosphatase in osteoclasts and macrophages.??

A longitudinal study by Farahani et al?® evaluated the ALP and ACP levels in GCF at three different points in orthodontic
treatment. They found that the ALP and ACP activities can reflect the metabolic changes in periodontium and the ALP can
sufficiently indicate sites of bone deposition. ACP was found to be less sensitive than ALP but it can adequately indicate site
of bone resorption during orthodontic tooth movement.

MATRIX METALLOPROTEINS

MMPs are chemokines, which are the protein molecules that are regulated by the enzyme matrix metalloproteinases. The
MMPs along with cathepsin are responsible for the degradation of organic component of bone, while osteoclasts degrade the
inorganic bone via acids. They denature the collagen structure of the bone to facilitate resorption. MMP has been seen to
increase significantly soon after initial application of orthodontic force, but soon reduces after removal of force.?42°
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3. CONCLUSION

Various biomarkers have been proposed to provide a way to analyse and understand the complex system of the remodeling
and adaptive changes that occur in the periodontal tissues and structures when subjected to mechanical force from orthodontic
forces. These enzymes and molecules can help clinicians to understand the cellular level of changes that take place during
orthodontic tooth movement and basic bone remodeling procedure. Many biomarkers are also easy to procure from GCF of
patients. A clear insight into the biomarkers and their role in metabolic changes in bone and periodontium will improve the
clinician’s control over each step of the orthodontic treatment, treatment planning, the patient’s prognosis as well as decrease
undesired consequences of orthodontic force application
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