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Abstract 
This lecture will address the following aspects in orthodontic tooth movement based on a series of animal, human and in vitro studies: what is a good animal model for setting up experimental tooth movement study? What is the optimal force for orthodontic tooth movement? Is the efficiency of tooth movement age-dependent? How are the profile changes of osteoclasts and periodontal width and vasculature with time during orthodontic force application? Are the tooth movement characteristics related to the severity of root resorption? Can we manipulate the key cells in bone remodeling for clinical application? Finally the potential of GCF as a diagnostic tool in orthodontics is explored and discussed. 

Introduction

The biological foundation of orthodontic tooth movement is periodontal tissue remodelling and bone remodelling. Previous studies focused mainly on the early stage of tooth movement and often used large and/or uncontrolled forces. Moreover with increasing number of adult patients worldwide in the last decades, the effect of age on orthodontic tooth movement has not yet been much studied. And obvious gap exists between experimental findings and clinical applications. The aim of this lecture is to explore the biological aspects of orthodontic tooth movement based on a series of animal, human and in vitro studies. 
Material and Methods
Animal studies

Two groups of 30 rats each (aged 6 wk and 9–12 months respectively) were used. Standardized orthodontic appliances were placed to move the maxillary molars mesially with a 10 cN force. Animals were killed 1, 2, 4, 8, and 12 wk after the beginning of the experiment and their jaws were processed for histomorphometric analysis. The following measurements were performed according to standardized protocols: Tooth displacement, osteoclast recruitment, periodontal width and vasculature changes, and root resorption.
Human studies
For tooth movement of short term, 2 groups of 40 patients were included (aged 11-14 yr and 23-27 yr respectively). Upper lateral incisors were applied with 70cN force. GCF were collected before and 24 hr after force application; For tooth movement of long term, 12 patients were included. Upper first premolars were retracted with standard appliances and GCF was collected at each month for 4 months. Levels of a group of proinflammatory cytokines were examined. 
In vitro studies

The aim of this part was to explore the possible connections between NF-κB and Notch signaling in osteoclast activity. Inactivation of NF-κB signaling was achieved by stable transfection of IκBαM into RAW 264.7 cells (Mutant cells). Wild-type-IκBα transfection served as control (Wild-type cells). Mutant and Wild-type cells were stimulated by RANKL. The number of multinucleated TRAP+ osteoclasts was counted and the resorption area was measured. NF-κB transcriptional factor activity was determined by EMSA. Quantitative RT-PCR and Western blotting analysis were used to determine Hes1 (Notch signaling primary target) mRNA and protein expressions respectively.

Results
Animal studies
· Tooth movement was significantly faster in youngster than in adult rats, but only at the early stage; Orthodontic forces induce faster osteoclast recruitment in young rats and more osteoclasts are needed to achieve a certain rate of tooth movement in adult rats.

· Prolonged tooth movement increases periodontal vascularity, which is age related. During force application, the PDL at the pressure regions became disorganized and subsequently was reorganized. This process occurred earlier and was more prominent in young animals.
· Significant correlation existed between tooth movement characteristics and root resorption in adult rats (the slower, the more, or the longer the tooth movement, the severer the root resorption.)
Human studies
· In early tooth movement, mediator levels in juveniles are more responsive than levels in adults. Proinflammatory cytokines were elevated significantly in the early stage of tooth movement but at different time points. IL-1beta and IL-6 and TNF-alpha reached significant levels at 24 hours and IL-8 reached a significant elevation at 1 month. During the linear stage of tooth movement, all cytokines were diminished to their baseline levels. 
In vitro studies

· NF-κB activity was increased in RANKL-induced osteoclast differentiation and resorption. mRNA and protein expressions of Hes1 in RAW264.7 cells were up-regulated after RANKL stimulation. During these processes Notch signalling was activated. 
Discussion
The animal studies presented here used a standardized orthodontic appliance with light force. For the first time, the age effect on experimental tooth movement and the biological tissue reactions over a long term were investigated. The results indicate that the main difference between youngsters and adults regarding the efficiency of tooth movement exists in the early stage. In other words, adults need more time to initiate the biological process, and adults also demand more cellular activity to reach the same level of clinical performance. 
The results of human studies demonstrated that proinflammatory cytokines such as IL-1beta, -6, and -8 and TNF-alpha play a significant role during the early stage of tooth movement but not during the linear stage. There results indicate that once the microenvironment of periodontal tissue is activated by an orthodontic force, several key proinflammatory cytokines are produced to trigger a cascade of cellular events. The periodontal system stabilizes at a new physiological homeostasis as indicated by the downregulation of the early-phase cytokines.

The in vitro studies were aimed at exploring the signalling pathways in osteoclast functioning. Here the NF-κB signalling and its regulation on Notch pathway were investigated. Our results demonstrated that NF-κB signalling mediates RANKL-induced osteoclast activity, including differentiation, migration, adhesion and resorption. Moreover our data showed evidence that NF-κB influences these processes via the binding of IκBα with the Hes1 promoter to regulate Notch activity. These results support a positive regulation of NF-κB on Notch signalling pathway in osteoclast activity. The important clinical relevance is that Notch could be a novel therapeutic target for bone resorption related diseases.
In conclusion, this lecture presented important results on the age-related tissue reactions during orthodontic tooth movement. Results from human studies are largely in line with those from animal studies showing that the age effect on tooth movement is mainly on the initial stage. The in vitro study provided some insight of the important signalling pathways at the molecular level and possible therapeutic targets for bone diseases. 
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