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[Abstract] Maxillary expansion serves as the principal treatment for maxillary transverse deficiency in clinical prac-
tice. Simulating maxillary expansion in animals is the main research approach to assess its mechanism, effect, and sta-
bility. Thus, the animal model of maxillary expansion holds great significance in orthodontic research. Rats and rabbits
are typically selected for common animal models because the maintenance cost is relatively low; however, their oral
anatomy and masticatory behaviors differ significantly from those of humans, and their bone metabolism rates are sub-
stantially higher. Consequently, these factors should be carefully considered when extrapolating research findings and
applying them to human clinical applications. Miniature pigs and dogs exhibit maxillofacial structures and chewing pat-
terns that closely resemble those of humans; however, their broader application in research is constrained by high main-
tenance costs and ethical concerns. Rats with small oral space typically require the use of an elastic stainless steel wire
expansion appliance, which can be divided into anterior maxillary expansion and posterior maxillary expansion. Rab-
bits, miniature pigs, and dogs have sufficient oral space and can be fitted with a variety of expansion appliances, includ-

ing traditional tooth-borne expansion, microimplant-assisted expansion, and new magnetic expansion appliance. Animal
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models of maxillary expansion are currently used to study the mechanism of mechanically induced bone remodeling in
order to provide potential therapeutic targets to promote bone remodeling in clinical orthodontic treatment; different
orthodontic devices have been compared and evaluated to verify the correction effect of a new type of orthodontic device
and provide experimental evidence for its clinical application; and supplementary methods of maxillary expansion have
been screened to explore drug and physical therapy to accelerate the osteogenesis of the palatal suture, so as to shorten
the retention time of clinical maxillary expansion and provide patients with more efficient and comfortable treatment.
This paper summerized advances in animal models of maxillary expansion and the application effects in order to pro-

vide a reference for using an animal model of maxillary expansion.
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a: expansion appliance bonded to
the mesial of the maxillary inci-
sors. b: expansion appliance
bonded to the distal of the maxil-
lary incisors. c:stainless steel ex-

pansion ring fixed between maxil-

lary incisors

Figure 1  Animal models of anterior maxillary expansion appliances
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a: expansion appliance with two coils; b: microimplant-assisted expansion appliance with two coils; ¢: )-shaped expansion appliance; d: W-shaped

expansion appliance with three coils

Figure 2 Animal models of posterior maxillary expansion appliances
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Table 1 Exploration of the mechanism of bone remodeling by mechanical force using animal models of maxillary expansion

Animal Research target References
Glil-LacZ Transgenic mice Glioma-associated oncogenehomolog 1 positive (Glil*)cell [59]
miR-21 deficient (miR-217" ) mice miR-21 60

Proline-rich tyrosine kinase 2 genetic knockout (Pyk2-KO) mice Pyk2

[60]
[12]
[13]

Phosphatidylinositol-3-kinase -y deficient (PI3Ky™ ) mice PI3Kvy/Akt axis 13
Wistar rats Vascular endothelial growth factor (VEGF) and fibroblast growth factor (4]
(FGF-2)
Wistar rats M2 macrophages [61]
SD rats Piezo type mechanosensitive ion channel component1 (Piezol ) [62]
SD rats Nuclear transfer factor kB (NF-kB) [63]
C57BL/6 mice alpha-7 nicotinic acetylcholine receptor (¢7nAChR) [64]
C57BL/6 mice T cells [17]
C57BL/6 mice Neutrophils [65]
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Table 2 Exploration of the effects of supplementary methods combined with maxillary expansion therapy using animal models of

maxillary expansion

Type of
supplementary Supplementary methods Administration route References
methods
Hormones Parathyroid hormone Subcutaneous injection [51, 55]
Relaxin2 Local injection [43]
Injectable estrogen — nanodiamond hydrogel Local injection [68]
Chemicals Injectable mesoporous bioactive glass/fibrin gluecomposite hydrogels Local injection [15]
Puerarin Local Injection [50]
Matrine Intraperitonealinjection [52]
Salvianolic acid B Intraperitoneal injection [69]
Hydroxyapatite Nanoparticles(nHAP) Surgically implanted with collagen sponge [70]
Drugs Isotretinoin Via oral gavage [42]
Teriparatide Local injection [40]
Bisphosphonates Subcutaneous injection [54]
Simvastatin Via oral gavage [71]
Biologicals Mesenchymal stem cells Local injection [41]
Platelet rich plasma Local injection [21]
Extracellular vesicles derived from M1 macrophages Local injection [72]
MicroRNA-21-loaded upconversion nanoparticles Local injection [73]
Proteins Lactoferrin Local injection & Via oral gavage [74-75]
Obesity-associated protein Local injection [47]
Physicals Laser Irradiation [71, 76-77]
Photobiomodulation Irradiation [45]
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