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Abstract: Orthodontic tooth movement animal models are important carriers for studying orthodontic tooth 
movement. Experimental animals that can be modeled include: rats, mice, dogs, rabbits, etc. How to select suitable 
animal models for different scientific problems is very important. Therefore, this paper reviews the types and 
characteristics of orthodontic tooth movement animal models, and focuses on the similarities and differences of 
rodent anatomy, modeling methods and considerations. It is found that there is a lack of unified modeling standards 
for orthodontic tooth movement animal models. Thus appropriate animal models should be selected according to 
actual needs. 
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1. Introduction 
 
In recent years, people's growing needs for a better life, especially in the oral field, are increasingly manifested in the 
pursuit of beauty and health. Dental and maxillofacial deformities can cause serious harm to the patient's facial 
appearance, oral function and physical and mental health. The prevalence varies in different regions. It has been 
reported to be 22.5%-93%.1 

 
Orthodontic treatment aims at correcting dental and maxillofacial deformities, restoring the coordination and 
aesthetics of teeth, jaws and faces by applying mechanical stimulation to teeth and even jaws through appropriate 
appliances.2,3 Among them, orthodontic tooth movement (OTM) is an important phenomenon in orthodontic 
treatment. OTM is the result of an adaptive, mildly reversible biological response to the physiological balance of the 
periodontal tissue after mechanical load.4 Its biological basis is the reconstruction of periodontal tissue, mainly 
including the reconstruction of alveolar bone and periodontal ligament, involving changes in multicellular functions 
and levels of various substances.5 However, the specific mechanism of this biological process has not been fully 
revealed. Therefore, it is important to elucidate the bio-cellular mechanisms and endogenous or exogenous 
influences in OTM 6, and to explain treatment differences and adverse effects in different patients. Since a large 
number of cell-to-cell interactions can only be observed at the in vivo level, animal experiments are necessary. 
Although animal models are increasingly used in orthodontic-related research, the use of any animal model has its 
limitations.7 How to choose suitable animal models for different scientific problems has become a question worthy 
of discussion. Therefore, this article will introduce the types and characteristics of common OTM animal models, 
and focus on the similarities and differences of rodent anatomy, modeling methods and considerations, and review 
their research progress. 
 
2. Otm animal models 
 
The OTM animal models are the most common type of orthodontic-related animal models, which can study OTM 
phenomena 5, promotion or intervention mechanisms 8-13, mechanisms of orthodontic adverse reactions14-16, and the 
impact mechanism of orthodontic treatment and other diseases.17,18 The OTM animal models also provide 
important in vivo experimental evidence functional evaluation after periodontal defect reconstruction 19. 

To establish OTM animal models requires the following requirements: ①It is necessary to establish animal models 

as close as possible to the structural and functional state of human periodontal tissue. Since the biological basis of 
OTM is periodontal tissue reconstruction, the animals which can be applied to periodontal-related research (Table 
1) can also be used to establish OTM models, especially rats, mice, dogs, and rabbits. Although they are different 
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from humans in terms of dental formula, tooth morphology, etc., they have similarities in OTM mechanism, that is, 
under the mediation of mechanical stress, alveolar bone resorption on the "pressure side" and new bone formation 

on the "tension side".20 ②The OTM animal models should be reproducible, that is, the interference of experimental 

animals and environmental factors must be strictly controlled. ③On the compressed side of the periodontal tissue, 

OTM consists of three stages: the initial stage, the teeth are displaced in the PDL space, the PDL is compressed and 
deformed, the cell death occurs due to insufficient blood supply; the delayed stage, At this time, the osteoclasts did 
not reach the PDL compression area, and the tooth movement stopped, which may last for 2 weeks; the post-lag 
period is characterized by the direct absorption of the alveolar bone by the osteoclasts, so that the teeth continue to 
move. On the tension side, when the PDL is stretched, blood vessels proliferate, and osteoblast differentiation and 
mineralization are stimulated.21 Therefore, experimental animals should be able to tolerate mechanical stimulation 

for a certain period of time to complete the OTM process. ④Experimental animals should be able to endure other 

interventions or disease states based on OTM to study the mechanisms that promote or inhibit OTM, and explore 
the impact of complex systemic or local factors on OTM. 
 
Table 1 animal models used in periodontal research22 

 

Animal Advantage Disadvantage 

Nonhu
man 
primate 

① Comparable dental anatomy 

② Natural occurring plaque and calculus 
Comparable periodontal wound healing 

③ Suitable for studying furcation defects 

④ Experimentally induced defects do not 
spontaneously regenerate 

① High purchase and maintenance costs 

② Hard to operate 

③ Potentially infectious 

④ Ethical debate 

Rat ① Most histological features of  epithelium and 
connective tissue similar to humans 

② Cheap purchase and maintenance, many related 
reagents 

① Occlusal plane wear can changes tooth 
position 

② Continuous eruption 

③ Small dimensions, potential surgical 
difficulties because of  the size 

④ Number and size of  defects limited 
Mouse ① Most histological features of  epithelium and 

connective tissue similar to humans 

② Cheap purchase and maintenance, many related 
reagents 

③ Sterile mouse models can be established, and oral 
microorganisms can be humanized  

④ Transgenic mouse model establishable 

① Occlusal plane wear can easily lead to 
changes in tooth position 

② Continuous eruption 

③ Small dimensions, potential surgical 
difficulties because of  the size 

④ Number and size of  defects limited 

Canines ① Susceptible to periodontal disease 

② Reasonable number and size of  defects 

③ Suitable for studying furcation defects 

④ Simple morphology of  the roots 

⑤ Docile temperament 

① Purchase and maintenance expensive 

② Much faster bone turnover rate and 
different architectures and thickness of  
bone 

③ Great interanimal variability 

④ Ethical debate 
Rabbit ① Relatively easy to operate ① Continuous eruption 

② rootless bifurcation structure  

③ Much slower bone turnover rate 
Minipig ① Histologically, the inflammatory process is similar 

to human situation 

② Suitable for studying furcation defects 

① Purchase and maintenance expensive 

② Much faster bone turnover rate and 
different architectures and thickness of  
bone 

Ferret ① Spontaneous calculus formation 

② Course of  periodontal lesions similar pathway as 
in human 

① Expensive purchase and maintenance 

② Limited research has been done 

③ Potential surgical difficulties because of  
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the size 

 
3. Rats 
 
Sprague Dawley rats and Wistar rats are common closed colony, which can simulate the effects of intervention 
factors on OTM under the condition of polygenic confounding. Furthermore, larger sample sizes can be obtained 
using rat models because the cost of feeding is relatively inexpensive. They are larger than mice, thus the surgical 
operation is relatively easy. Additionally, the histological preparation of rat is easier than the histological preparation 
of canine. More importantly, most of the antibodies needed for cellular and molecular biology techniques are only 
available in rats and mice.23 Thus, 70% of the studies are performed in rats.24 

 
However, rodents still face multiple challenges as a model for OTM. Due to the small size of rat teeth, creating an 
effective force application device is complex. It’s more complex to exert a constant and continuous or designed 
mechanical stress within an acceptable range.25 It is reported that the alveolar bone of rats has no marrow cavity, 
and the extracellular matrix contains relatively little acidic mucopolysaccharide, so its bone density is larger than that 
of humans.25  Periodontal tissue remodeling in rats is faster than in humans during orthodontic treatment, although 
the main mechanisms are the same.  
 
The dental formula of rats and mice are both: 1-0-0-3/1-0-0-3, that is, there are 2 incisors and 6 molars in the upper 
and lower jaws. Since the shape of rat incisors is completely different from that of humans, the roots of the teeth 
are long and erupt throughout life, and the bone mass at the front of the upper and lower jaws is very limited.25 
Therefore, the teeth used for OTM are generally the maxillary or mandibular first molars, and the ipsilateral incisors 
can be used as anchorages. However, the eruption of the incisors may lead to poor retention and, at the same time, 
change the direction of the traction stress, hampering the interpretation of the data to some extent.25 The choice of 
mini-implant can avoid these problems. However, the cost of micro-screws is higher. In addition, rodents are 
obligate nasal breathers and aspiration of blood could lead to death7. Therefore, it is necessary to be alert to the 
complications of bleeding in the nasal cavity when placing mini-implants in the maxilla. 
 
Since the center of resistance of the first molars of rodents is closer to the root apex than that of dogs, the tooth 
movement is often inclined, and it is difficult to achieve parallel movement.7,26 The moving direction of the first 
molar is usually mesial. It is worth noting that the amount of movement is limited. It is easy to move out of the 
alveolar bone when moving a first molar mesially by 3-4 mm.7 It has not been reported so far that moving the tooth 
to the extraction site, for example, extracting the first molar and moving the second molar mesially, or extracting the 
second molar and moving the first molar distally, probably because it causes unilateral Inability to chew. There are 
few reports on the vertical depression or elongation of molars. The posterior teeth will continue to erupt, so it is 
hard to depress them. For elongating molars, it is difficult to apply vertical stress exactly. Moreover, the elongated 
molars raise the occlusion, which destroys the overall occlusal relationship, which is not conducive to animal 
welfare. 
 
The specific modeling method is as follows: generally, 6-12-week-old rats are selected. The younger the rat, the 
faster the recruitment of osteoclasts.27 After intraperitoneal injection of mixed anesthetics, the head of the rat is 
fixed. A 0.5mm groove is prepared for the neck of the incisor, and a ligature wire is placed and fixed with glass 
ionomer cement. Subsequently, a nickel-titanium coil spring is placed between the first molar and the incisor. Then 
ligation wires are fixed distally to the first molar and pull the spring mesially. It is worth noting that, in terms of diet,  
a standard diet with feed pellets should be softened to mash.28,29 The experiments usually last for 14 days. 
 
In terms of mechanical force selection, 27% of studies used elastic bands with unknown force, 20% of studies used 
the force below 20g 30, and 37% used the force ranging from 20g to 50g30-33, 12% used the force ranging from 50g 
to 100g 25,34, and the rest used the force over 100g.35 It is reported that human molars are approximately 50 times 
larger than rat molars 7, which means that the force of 20g acting on rat molars is equivalent to a force of 1000g 
acting on human molars. It is showed that increasing orthodontic force does not linearly increase OTM rate.36 
Therefore, the selection of the mechanical force should refer to the estimation of the root surface area and the 
purpose of the experiment, and a pre-experiment should be carried out if necessary. 
 
In order to explore the impact of other diseases on OTM, an animal model of the disease is often established before 
an animal model of OTM is established. Ferreira 17 and Santamaria 18 randomly divided male Wistar rats into 4 
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groups: OTM group, periodontitis + OTM group, diabetes + OTM group, and diabetes + periodontitis + OTM 
group. Among them, the diabetes model is induced by taking alloxan, and the periodontitis model is induced by 
ligating the gum retraction cord for 7 days. 
 
4. Mice 

 
C57BL mice and ICR mice are the most commonly used mice to study OTM.37,38 It is worth mentioning that the 
alveolar bone of mice, like rats, has no bone marrow cavity, so quantitative analysis of histology cannot be 
performed.7 Mice are also different from humans in the arrangement of periodontal ligament fibers and the growth 
and development of tooth roots.23 However, the mice are considered a good model for studying OTM because they 
have similar advantages to the rat. In addition, the biggest advantage of mice models is the ability to establish 
transgenic models, and inbred lines are often used to ensure genotype consistency, making it possible to analyze the 
effects of single genes in vivo.10,16 

 
Undoubtedly, placing the appliance in the mouth of the mouse is more difficult. Moreover, compared with rat 
models, the total amount of tooth movement that can be performed by the first molars of mice is small, usually less 
than 1mm 7, so it can only be used to study the initial stage of OTM. 
 
The specific modeling method: generally, 8-10-week-old mice are selected, and their heads are fixed after 
intraperitoneal injection of mixed anesthetics. The first molars and incisors are etched with 37% phosphoric acid gel 
for 30s, and the acid is removed with a small brush. Then clean and dry the tooth surface with a small bristle brush 
dipped in ethanol. The distal end of the nickel-titanium coil spring is placed on the first molar and fixed with light-
cured composite resin. The spring is pulled mesally until a predetermined mechanical stress is reached, and the light-
cured composite resin secures the proximal end of the spring to the incisor. After surgery, mice are transferred to a 
heat pad and monitored until they fully recover from anesthesia. Orthodontic treatment generally last for 12-14 
days. It is worth noting that nickel-titanium coil springs are used for applying stress, because the elastic stress of 
elastic bands and elastic power chains will continue to decay, and its ability to induce OTM can only last for 7 days 
16, which is only suitable for short-term experiments. However, the ease of placement of the elastic bands and elastic 
power chains reduce the burden on the animal by reducing the dose required for anesthesia, increasing the welfare 
and survival of the animal.5 In terms of mechanical force selection, most studies use 10g.39 Some experiments use 
25g5 or 35g16,40, which may be related to the study of root resorption. 
 
5. Canines 
 
Canines, such as the beagle, are also widely used to study OTM. However, the use of canines and other large animal 
models has become increasingly difficult due to ethical concerns. Some countries prohibit the use of some large 
animal models for medical research.7 Therefore, when using canines, the 3Rs should be more strictly followed, 
namely replacement, reduction and refinement. 
 
The dental formula of Canines are: 3-1-4-2/3-1-4-3, that is, the upper and lower jaws have 6 incisors, 2 canines and 
8 premolars, 4 molars on the upper jaw, and 6 molars on the lower jaw. Canines are very similar to humans in 
anatomy, biology and tooth type (dental formula of human are generally 2-1-2-3/2-1-2-3). Thus, orthodontic 
appliances for humans can be placed in dogs without redesign or downsizing.7 Using canines, OTM can be used for 
up to 3-4 months to study the sustained response of periodontal tissue to mechanical stress. The orthodontic force 
is generally 100-200g, which can be generated by a coil spring. During modeling, extraction of premolars or root 
cutting of premolars is often chosen to create OTM space.41 
 
6. Rabbits 

 
The New Zealand White Rabbit is a common variety for rabbit model of OTM. The bone and tooth root structure 
of rabbits is quite different from that of humans, so the experimental results may not be representative of humans. 
The dental formula of rabbits is 2-0-3-3/1-0-2-3. Generally, the first premolar is used for mesial traction. All the 
teeth of the experimental rabbits will continue to grow. If the bite is not appropriate and the teeth wear unevenly, it 
is easy to cause eating disorders. 
The bone turnover rate of experimental rabbits is about 2%/year.7 A low rate of bone turnover implies a slower rate 
of alveolar bone remodeling and a higher likelihood of OTM recurrence. AlSwafeeri 42 performed active traction on 
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10 New Zealand white rabbits to move the teeth for 21 days, and then took out the appliance. The experimental 
group was given local injection of simvastatin in the relapse phase of the following 21 days. However, it could not 
be concluded that the drug inhibited conclusion of recurrence. 
 
In addition, experimental rabbits are not conducive to the construction of alveolar bone defect models.22 Due to its 
low bone turnover rate, the implanted biomaterials often cannot be transformed into new bone tissue in a short 
period of time. During the functional evaluation of periodontal defects, the teeth move to the defect regeneration 
area, and the rate is often accelerated.19 If the study considers the factor of low bone turnover rate, or explores the 
law of low bone turnover rate and OTM, then the rabbit model of OTM should be selected. 
 
7. Conclusions and perspectives 

 
At present, many researches focus on promoting or intervening OTM mechanism through the study of stress, 
physical and chemical stimulation factors, and biological factors, and have achieved certain research results. In 
addition, there are many studies on the mechanism of orthodontic adverse reactions, such as alveolar bone 
resorption and root resorption. 
 
As research progresses, clinicians and researchers pay more and more attention to oral and systemic diseases, such 
as periodontitis, diabetes, etc, because these diseases hinder the performance of orthodontic treatment. Periodontitis 
often leads to periodontal defects. It has been found that it is not enough to focus on gene expression, morphology 
and other indicators for the reconstruction of periodontal defects, and functional evaluations represented by OTM 
should also be considered. Therefore, the model of OTM will be more widely used in similar studies. 
 
Although there are various kinds of animals that can be used for OTM modeling, and different factors in modeling 
methods have been discussed in the literature, the modeling scheme is still single. There is also a lack of unified 
modeling standards and comprehensive analysis methods. Therefore, the coming decades, the animal models of 
OTM need to be further based on the human OTM mechanism to form a consistent OTM modeling standard. 
 
Acknowledgements 
 
Special thanks to the authors whose work was included in this review. 
 
References 
 

1. Safari S, Mahdian A, and Motamedian SR 2018 World J Stem Cells 10(6):66-77 
2. Kunimatsu, R., A. Kimura, Y. Tsuka, K. Horie, Y. Yoshimi, T. Awada, H. Gunji, T. Abe, K. Nakajima, S. 

Sakata, A. Nakatani, and K. Tanimoto 2020 Arch Oral Biol 116: 104770 
3. Rath-Deschner, B., A. V. B. Nogueira, S. Beisel-Memmert, M. Nokhbehsaim, S. Eick, J. A. Cirelli, J. 

Deschner, A. Jäger, and A. Damanaki 2021 Clin Oral Investig: 1-11 
4. Isola, G., M. Matarese, F. Briguglio, V. Grassia, G. Picciolo, L. Fiorillo, and G. Matarese 2019 Materials 

(Basel) 12 
5. Kirschneck, C., M. Bauer, J. Gubernator, P. Proff, and A. Schroder 2020 Sci Rep 10: 12154 
6. Takano-Yamamoto, T., K. Sasaki, G. Fatemeh, T. Fukunaga, M. Seiryu, T. Daimaruya, N. Takeshita, H. 

Kamioka, T. Adachi, H. Ida, and A. Mayama 2017 Sci Rep 7: 13969 
7. Ibrahim, A. Y., S. Gudhimella, S. N. Pandruvada, and S. S. Huja 2017 Orthod Craniofac Res 20 Suppl 1: 

72-76 
8. Uribe, F., E. Dutra, and T. Chandhoke 2017 Orthod Craniofac Res 20 Suppl 1: 68-71 
9. Gu, Q., S. Guo, D. Wang, T. Zhou, L. Wang, Z. Wang, and J. Ma 2017 J Mol Histol 48: 199-208 
10. Yang, C. Y., H. H. Jeon, A. Alshabab, Y. J. Lee, C. H. Chung, and D. T. Graves 2018 Int J Oral Sci 10: 3 
11. Zou, M., C. Li, and Z. Zheng 2019 Biomed Res Int 2019: 4934128 
12. Liu, X. C., X. X. Wang, L. N. Zhang, F. Yang, F. J. Nie, and J. Zhang 2020 Arch Oral Biol 111: 104642 
13. Baxter, S. J., I. Sydorak, P. X. Ma, and N. E. Hatch 2020 Orthod Craniofac Res 23: 35-43 
 
14. Friedrichsdorf, S. P., E. Zaniboni, A. Simoes, V. E. Arana-Chavez, and G. C. Dominguez 2019 Angle 

Orthod 89: 936-41 

file:///G:/IJSAR%20PAPERS/2019%20vol-2%20issue-%20january-february/29......15.02.2019%20manuscript%20id%20IJASR004229/www.ijasr.org


 

 

 

International Journal of Applied Science and Research 

 

 

75 www.ijasr.org                                                               Copyright © 2022 IJASR All rights reserved   

 

15. Gul Amuk, N., G. Kurt, E. Karsli, S. Ozcan, M. B. Acar, M. Amuk, A. Lekesizcan, and C. A. Gurgan 2020 
Eur J Orthod 42: 305-16 

16. Decker, M. G., C. Nottmeier, J. Luther, A. Baranowsky, B. Kahl-Nieke, M. Amling, T. Schinke, J. P. David, 
and T. Koehne 2021 Clin Oral Investig 25: 593-601 

17. Ferreira, C. L., V. C. da Rocha, W. J. da Silva Ursi, A. C. De Marco, M. Santamaria, Jr., M. P. Santamaria, 
and M. A. N. Jardini 2018 J Periodontol 89: 341-50 

18. Santamaria-Jr, M., L. Bagne, E. Zaniboni, M. P. Santamaria, M. A. N. Jardini, M. Felonato, G. M. T. Dos 
Santos, F. A. S. Mendonca, and M. A. M. Esquisatto 2020 Orthod Craniofac Res 23: 27-34 

19. Li, Y. H., F. F. Zhang, S. J. Bao, B. Wei, and Y. Gong 2018 Shanghai Kou Qiang Yi Xue 27: 461-66 
20. Dhenain, T., F. Cote, and T. Coman 2019 Biochimie 161: 73-79 
21. Jeon, H. H., H. Teixeira, and A. Tsai 2021 J Clin Med 10 
22. Oortgiesen, D. A., G. J. Meijer, A. L. Bronckers, X. F. Walboomers, and J. A. Jansen 2010 Tissue Eng Part 

C Methods 16: 133-40 
23. d’Apuzzo, Fabrizia, Ludovica Nucci, Abdolreza Jamilian, and Letizia Perillo 2017 in, Periodontitis - A 

Useful Reference. 
24. Michelogiannakis, D., D. Al-Shammery, P. E. Rossouw, H. B. Ahmed, Z. Akram, G. E. Romanos, and F. 

Javed. 2018 Orthod Craniofac Res 21: 216-24 
25. Ren, Y., J. C. Maltha, and A. M. Kuijpers-Jagtman 2004 Eur J Orthod 26: 483-90 
26. Wolf, M., M. Ao, M. B. Chavez, T. N. Kolli, V. Thumbigere-Math, K. Becker, E. Y. Chu, A. Jager, M. J. 

Somerman, and B. L. Foster 2018 J Dent Res 97: 937-45 
27. Ren, Y., A. M. Kuijpers-Jagtman, and J. C. Maltha 2005 Arch Oral Biol 50: 1032-9 
28. Kaya, S., M. Cifter, A. Cekici, V. Olgac, H. Issever, and G. Isik 2020 J Orofac Orthop 81: 100-12 
29. Ma, D., X. Wang, X. Ren, J. Bu, D. Zheng, and J. Zhang 2020 Med Sci Monit 26: e922372 
30. Dutra, E. H., A. Ahmida, A. Lima, S. Schneider, R. Nanda, and S. Yadav 2018 Eur J Orthod 40: 423-29 
31. Kaneko, M., S. Fujita, N. Shimizu, M. Motoyoshi, and M. Kobayashi 2018 Brain Res 1698: 62-69 
32. Sun, B., Y. Wen, X. Wu, Y. Zhang, X. Qiao, and X. Xu 2018 J Mol Histol, 49: 123-31 
33. Zhang, C., T. Li, C. Zhou, L. Huang, Y. Li, H. Wang, P. Duan, S. Zou, and L. Mei 2020 Int J Oral Sci 12: 

38 
34. Gudhimella, S., A. Y. Ibrahim, D. Karanth, A. M. Kluemper, P. M. Westgate, D. A. Puleo, and S. S. Huja 

2019 Am J Orthod Dentofacial Orthop 155: 254-63 
35. Choi, K. H., D. W. Kim, S. K. Lee, S. G. Kim, and T. W. Kim 2020 Int J Mol Sci, 21 
36. Alikhani, M., B. Alyami, I. S. Lee, S. Almoammar, T. Vongthongleur, M. Alikhani, S. Alansari, C. 

Sangsuwon, M. Y. Chou, E. Khoo, A. Boskey, and C. C. Teixeira 2015 18 Suppl 1: 8-17 
37. Shen, W. R., H. Kitaura, J. Qi, S. Ogawa, F. Ohori, T. Noguchi, A. Marahleh, Y. Nara, P. Adya, and I. 

Mizoguchi 2021 Angle Orthod 91: 111-18 
38. Wang, J., D. Jiao, X. Huang, and Y. Bai 2021 Stem Cell Res Ther12: 148 
39. Qi, J., H. Kitaura, W. R. Shen, S. Ogawa, F. Ohori, T. Noguchi, A. Marahleh, Y. Nara, P. Adya, and I. 

Mizoguchi 2020 Biomed Res Int 2020: 7189084 
40. Pereira, L. J., S. Macari, C. C. Coimbra, Tdsf Pereira, B. R. Barrioni, R. S. Gomez, T. A. Silva, and S. M. 

Paiva 2020 Bone 138: 115496 
41. Araújo, M. G., D. Carmagnola, T. Berglundh, B. Thilander, and J. Lindhe 2001 J Clin Periodontol 28: 73-80 
42. AlSwafeeri, H., W. ElKenany, M. Mowafy, and S. Karam 2018 Am J Orthod Dentofacial Orthop 153: 861-

71 
 

 

file:///G:/IJSAR%20PAPERS/2019%20vol-2%20issue-%20january-february/29......15.02.2019%20manuscript%20id%20IJASR004229/www.ijasr.org

