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Foreword 

First of all, thanks to Allah SWT the help of Allah, the authors finished 

writing the reference book entitled “Clinical Management in Dentistry: The 

Application of Advanced Techniques for Dental Practice”. In these two years, 

dental informatics has applied many technological advances and discoveries to 

become a medical research discipline of significant scale and scope. The purpose 

of writing this book is to update our knowledge and gain experience in dentistry 

sciences. The book covers various topics in dental science, technology, health issues, 

etc. 

The dental profession is responsible for preventing, diagnosing, and treating 

diseases and disorders of the oral cavity and related structures. Advances in dental 

technology have led to dramatic improvements in the ability of practitioners to 

restore tooth structure, replace lost teeth, and change the appearance of intrinsically 

or extrinsically discoloured teeth. I want to express our deep appreciation to all the 

authors for sharing their knowledge and experience for this book.

 I hope this book is helpful for all of us

Thank you

Dean of Faculty of Dentistry of  Universitas Jember

drg. R. Rahardyan Parnaadji, M.Kes., Sp.Pros 
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Preface

Praise be to Allah, God Almighty, for His mercy and grace, so that this book can 

be completed.

We thank those who support us regarding this book from the writing process 

until its published, namely the researchers, writers, reviewers, publishers, and many 

more that we cannot mention one by one.

This book titled “Clinical Management in Dentistry: The Application of Advanced 

Techniques for Dental Practice” is a collection of research results in the field of 

dentistry. The purpose of writing this book is to update our knowledge and gain 

experience in dentistry sciences as well as improve the quality of dental practice 

management in the midst of rapid technological changes

We realize that this book still has weaknesses and shortcomings. Therefore, 

we expect constructive criticism for it to be better. Finally, the writers hope that 

this book will be useful to all readers.
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The Potency of Rats as 
Animal Model of Alveolar 
Bone Remodeling Induced 
by Orthodontic Tooth 
Movement
M.N. Amin1*

INTRODUCTION

The process of alveolar bone remodeling to move the teeth is a time-consuming process 

and requires visits for repetitive appliance activation leading to discomforting pain 

that results in most patients being uncooperative and not continuing the undergoing 

treatment.1 Many studies have been conducted in manipulating the process of alveolar 

bone remodeling in order to shorten the process, one of which is the use of herbal 

ingredients that have efficacy in manipulating alveolar bone remodeling.

Health research includes biomedical, epidemiological, social, and behavioral 

studies. It can be undegone using  in vitro, in vivo, and in silico approaches. If the 

results of the research are used for humans, it will be necessary to conduct further 

research using in vitro materials i.e. cell strains and tissue cultures. Nevertheless, 

to observe, to study, and to conclude all events in living creatures entirely require 

experimental animals since every part of their bodies has a value and there is 

interaction among the body parts.2

Ridwan discusses several reasons why animal models remain necessary in 

research, especially in the areas of health, food, and nutrition, i.e. a) diversity of 

research subjects can be minimized, b) research variables are more easily controlled, 
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c) a relatively short life cycle that allows to conduct multi-generation research, 

d) selection of animal species can be adjusted to the sensitivity of the animal to 

the research material, e) the cost is relatively cheap, f ) it can be done in high-risk 

research, g) it may achieve more comprehensive information from the conducted 

research as we may make biolgical preparations using the organs of studied animals, 

h) it may obtain maximum data for simulation research purposes, and i) it  can be 

used for safety, diagnostic and toxicity tests.3

This study was aimed at explaining and understanding whether the animal 

models could describe the movement of teeth with orthodontic appliance 

application.

RAT BIOLOGICAL DESCRIPTION 

The biological data of the rat are described as follow:

TABLE 1. Rat Biological Data 4

Biological Data Quantity
Weight
 Male (gram) 300 – 400
 Female (gram) 250 – 300
Life span (years) 2.5 – 3
Body Temperature (°C) 37.5
Water requirement (ml/100g BW) 8 – 11
Food requirement (g/100g BW) 5
Puberty (Days) 50 – 60
Length of pregnancy (days) 21 – 23
Eyes open (days) 10 – 12
Blood pressure
 Systolic (mmHg) 84 – 184
 Diastolic (mmHg) 58 – 145
Heart frequency (per minute) 330 – 480
Respiration frequency (per minute) 66 – 114
Tidal volume (ml) 0.6 – 1.25
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Tooth formula: 5

1003

1003

BA

DC

FIGURE 1. Tooth Anatomy of a Rat5

The above tooth formula and Figure 1 show that rat teeth have 1 incisor, no 

canine, no premolar tooth, and 3 molar teeth, thus it has 8 teeth on each jaw, or 16 

teeth in both jaws. Rats are rodents that have incisors resemble to chisel and can grow 

continuously. If rats have no food or things to masticate, it can cause malocclusion.5

DESIGN OF ORTHODONTIC APPLIANCE FREQUENTLY USED

The orthodontic appliance design was used in animal models to present alveolar 

bone remodeling on tooth movement with application of orthodontic appliance 

frequently used.
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Simple Coils

The most common shape of orthodontic appliance made of stainless-steel 

functioning to move the teeth in one direction only (Figure 2).

A

distal distal

Mesial

 

B

mesial

distaldistal

FIGURE 2. Orthodontic Appliance of Simple Coils 6, 7

Description:
A.  Simple coils were applied to both the maxillary incisors in the labial part of a guinea 

pig, where both ends of the arm were directly attached to the teeth 6

B.  Simple coils were applied to both maxillary incisors on the palate of rat, where both 
ends of the arm were attached to bands attached to the teeth 7

Figure 2 shows the orthodontic appliance in the form of coils attached to the 

incisors of experimental animals. Figure 6A shows the coil placed on the incisors on 

the labial of guinea pig, whereas Figure 6B shows the coil placed on the upper incisors 

on the palate part of a rat. Using the same design, the two figures moved the incisors of 

the experimental animal to the distal direction, but the result of the design movement 

in Figure 2A was tipping while the Figure 2B was bodily. It occured because, in Figure 
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2B, the coils were attached to bands attached to the two incisors, thus they could 

imitate the movement of the tooth using a fixed orthodontic appliance.6, 7

Coil Spring

This orthodontic appliance was in the form of a simple coil base but had a repetition 

of a certain numbers.

mesial

distal

A

 

mesial
distal

B

FIGURE 3. Orthodontic Appliance of Coil spring 8, 9

Description:
A.  The orthodontic appliance was applied to the right maxilla to move the fi rst molar 

by using 9 mm NiTi closed coil spring and anchored on the distal right maxillary 
incisors using TSAD / temporary skeletal anchorage device. 8

B.  The orthodontic appliance was applied to the right maxilla of the rat to move its fi rst 
molar by using a 0.5 N force generated by a closed spring coil and anchored using 
both of its maxillary incisors using a band. 9
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Figure 3 shows that orthodontic appliances used were closed coil spring 

type, previously the appliace had been applied in a tight/gapless state, but they 

were in  loose state/gaps among individual coil when applied on the experimental 

animal’s teeth. The mechanical force to pull the posterior tooth was resulted by the 

force generated by the return of the coil spring from the loose state to the initial 

condition/tight state. This design resulted in tipping movement on the posterior 

to the mesial teeth, it was produced by the force loaded to the molar teeth i.e. a 

point and not a large area. 8, 9

DISCUSSION

The use of animals as a model/experimental animal is caused by their physical 

characteristics or diseases similar to humans. Comparison is possible to be drawn 

between  animal model and human physiology to understand the function of the 

human body. Comparative biology studies the differences and similarities between 

species allowing predictions to be made and concepts for extrapolation from one 

species to another. 10 

Untill recently a large number of studies in various animal species e.g. apes, 

dogs, rabbits, guinea pigs and rats, have been performed to present the biological 

response of periodontal tissue to tooth movement with orthodontic force 

applications. 11 It is supported by Bernardino et al, that researches in the field of 

dentistry, especially related to orthodontics (movement of teeth) in Brazil, used rats 

as experiemental animals of 60%, while the rest use other animals. 12

Rats are the animals most frequently used to study the movement of teeth, 

although they have some weakness e.g. alveolar bone of rat is denser than that of 

humans, no osteon, lack of osteoid tissue on the surface of the alveolar bone and 

lack of mucopolysaccharide in the extra cellular matrix of bone. Despite these 

weaknesses, rats are still considered as a good model for studying the movement 

of teeth with application of orthodontic appliance. In fact, rats are relatively 

inexpensive, easy to breed, and long-lasting. Besides, it is possible to enlarge the 

number of research samples, more easily to place orthodontic appliance even in 

relatively large size, to have easier histological preparation materials compared 

to other animals including the availability of more antibodies for cellular and 

Digital Repository Universitas JemberDigital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


133

The Potency of Rats as Animal Model of 
Alveolar Bone Remodeling Induced by Orthodontic Tooth Movement

biomolecular research methods as well as the development of very widely used 

transgenic strains of rats. 13, 14 

The use of orthodontic appliances with simple coil and spring coil designs 

attached to tooth moved by adhesives will provide a continuous force type which 

makes the force result in more effective tooth movements compared to others. 15 

In moving the teeth, the mechanical force that has to be loaded to the tooth going 

to be moved has a less force than the other, thus in other forces (intermittent force 

and periodic forces), it requires a larger mechanical force to move the same tooth 

like a continuous force application. This large force produces excessive pressure and 

results in tissue necrosis (periodontal ligament hyalinization). This hyalinization 

occurs when the normal periodontal ligament is impaired and is marked by loss 

of the fibrous organization and the absence of the observed cells. Hyalinization 

shows collagen fibers without proper orientation. Irregular bone surfaces are found 

indicating the occurrence of direct or frontal resorption. However, in recent studies 

it has been shown that hyalinization zones in the compression area occur at this 

stage, especially in areas with high applied forces. This suggests that the formation 

and removal of the necrotic region is a continuous process or more than one 

occurrence during the movement of the tooth. It also shows that bone resorption 

in compression area is not a reaction to the force but it occurs to dissipate ischemic 

bone tissue adjacent to the hyalinization tissue. 16 

Meikle states that if there is hyalinization and undermining resorption thus 

the movement of teeth will slow down. 17 This may be due to the slow stimulation 

of osteoclast formation in the bone marrow and the thicker bone that needs to be 

resorbed. Simultaneous tooth movement occurs in the frontal resorption, while on 

large pressure application, tooth movement is like skipping. On the other hand, 

Viecilli states that hyalinization occurs more in tipping movements than bodily 

because it is resulted from the loading of mechanical forces on a larger area of the 

tooth to be moved.18, 19 In this condition, it can be interpreted that the ideal tooth 

movement is a continuous mechanical force resulting in bodily movement.

The use of simple coils applied to the upper incisor in mesial of the rats with 

band modification will result in distal movement. The movement of the teeth 

using this design has several advantages compared to other designs e.g. easy and 

inexpensive design, easy application in experimental animals, large applied force 
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can be measured accurately and the most important aspect is movement of teeth 

produced is bodily movement.7 

CONCLUSION

It can be concluded that although rats have some weakness but they can be used 

as ideal model of experimental animals and optimal to describe alveolar bone 

remodeling on tooth movement with orthodontic appliance application
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