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Orthodontics is a branch of dentistry that aims at the resolution of dental malocclusions. The specialist carries out the treatment
using intraoral or extraoral orthodontic appliances that require forces of a given load level to obtain a tooth movement in a certain
direction in dental arches. Orthodontic tooth movement is dependent on efficient remodeling of periodontal ligament and alveolar
bone, correlated with several biological and mechanical responses of the tissues surrounding the teeth. A periodontal ligament
placed under pressure will result in bone resorption whereas a periodontal ligament under tension results in bone formation. In the
primary stage of the application of orthodontic forces, an acute inflammation occurs in periodontium. Several proinflammatory
cytokines are produced by immune-competent cells migrating by means of dilated capillaries. In this paper we summarize, also
through the utilization of animal models, the role of some of these molecules, namely, interleukin-1β and vascular endothelial
growth factor, that are some proliferation markers of osteoclasts and osteoblasts, and the macrophage colony stimulating factor.

1. Orthodontic Movement and Inflammation

Orthodontic movement is correlated with an inflammatory
process, that, in concert with the mechanical responses of
periodontal and oral tissues, is essential for achieving tooth
movement clinically. Early effects of orthodontic forces are
of physical [1] and biological nature, and they involve extra-
cellular matrix and cells of the alveolar bone, periodontal
ligament, blood vessels, and neural elements. As consequ-
ence, many changes occur in these structures and various
molecules are produced or inducted, as well as cytokines,
growth factors, colony-stimulating factors, and neurotrans-
mitters [2]. The first stages before the orthodontic force
application are characterized by an acute inflammatory

response. In the periodontium this process involves the vaso-
dilatation of capillaries which allows the migration of leu-
cocytes in the periodontal tissue, where they are induced by
biochemical signals to synthesize and to secrete several proin-
flammatory cytokines and chemokines, growth factors and
enzymes.

Orthodontic appliances impose forces on the teeth with
a predetermined direction, and tooth movement occurs
through different phases. The biological responses of hard
tissue to mechanical loadings around the tooth are different
between a tension area and a compression area (Figure 1).
Mechanical forces are transduced to the cells triggering
the biologic response by means of an aseptic transitory
inflammatory process that involves several inflammatory
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Figure 1: Phases of tooth movement associated with the application of orthodontic forces.

mediators. This succession of local events is the base for achi-
eving the remodeling of the parodontium, so to allow the
tooth movement [3].

The following paragraphs of the paper are intended to
focus on the role of various chemical and cellular factors
primarily present after the application of orthodontic forces.

The goal of this paper is to provide to orthodontic clini-
cians and educators some basic information and the sum-
mary of some updated studies about the correlation between
tooth movement and inflammatory process. Understanding
of these molecular phenomena is crucial to share the notion
that orthodontic tooth movement is “the biologic response
to interference in the physiologic equilibrium of the dentofa-
cial complex by an externally applied force” [4].

1.1. Interleukine-1β Induction at Primary Stage of Orthodontic
Tooth Movement. Cytokine expression in the rat periodontal
ligament at the initial stage of orthodontic tooth movement
has been investigated to evaluate the change of periodontal
ligament. Interleukin (IL)-1β is one of the most abundant
cytokines in the periodontal environment during the initial
stage of orthodontic tooth movement because of its direct
implications in alveolar bone resorption induced in the pres-
sure side by mechanical loading [5].

IL-1β takes part in the survival, fusion, and activation of
osteoclasts and exerts an important role since the amount
of tooth movement correlates with the efficiency of bone
remodeling in the alveolar process [6]. Higher levels of ex-
pression of inflammatory cytokines and of their respective
receptors had been shown after an inducted inflammatory
process by perforating the buccal cortical plate of orthodon-
tically treated rats. The concentration of IL-1β mRNA in
the rats’ periodontal ligament is increased within 3 h after
orthodontic force loading, particularly on pressure side [7].
The soft tissues surrounding the teeth are involved in ortho-
dontic tooth shift such as the hard tissues, periodontal liga-
ment, and alveolar bone, and changes in gingival contour
always follow tooth movement. After the application of

mechanical loadings, IL-1β mRNA in pressure side gingival
is significantly increased in a rat model under orthodontic
treatment [8].

IL-1β can bind two types of receptors, IL-1RI and IL-1RII
[9]. Only the former is examined in this context [10, 11] since
the latter acts only as a “decoy” target for the cytokine. The
particular function as proinflammatory cytokine of IL-1β
has been demonstrated by the administration of exogenous
interleukin (IL)-1 receptor antagonist (IL-1Ra) in mice un-
dergoing orthodontic treatment [12]. The level of IL-1β dec-
reased by 66% in mice treated with IL-Ra therapy, and this
associated with a reduction of the number of osteoclasts in
the pressure side of periodontal tissues after histological cha-
racterization, and with a less rate of tooth displacement.
These results showed that IL-1Ra has an anti-inflammatory
role that leads to a downregulation of the orthodontic tooth
movement.

The production of IL-1β is inducted from the processing
and the activation of a pro-IL-1β by a protease, the caspase-1.
Indeed, an apoptosis process occurs in conjunction with the
inflammatory one that eliminates the hyalinized periodontal
tissue formed during the early stages of orthodontic move-
ment. Caspase-1 is the most important mediator of inflam-
mation and apoptosis responses, activated by inflammatory
signals as alterations in the intracellular ionic milieu. In a rat
model under orthodontic treatment, caspase-1 expression is
increased, and the level of caspase-1 changes with different
temporal phases of orthodontic tooth movement [13]. If the
local orthodontic application of force is excessive, or else if
in the body there is an hyper-expression of caspase-1 by a
kind of diseases like rheumatoid arthritis, an irreversible root
resorption and a deformation of periodontal tissues might
appear. Researchers propose that, because of the primary role
of caspase-1 in inflammatory response due to orthodontic
tooth movement, a method to preserve the structure of peri-
odontal ligament may be the administration of the inhibitors
of caspase-1 activity such as VX-765 [14] and Pralnacasan
[15].
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1.2. VEGF Localization during Orthodontic Tooth Movement
in Animal Models. Vascular endothelial growth factor is the
primary mediator of angiogenesis and it increases vascular
permeability. This cytokine is involved in tissue neoforma-
tion that is strictly correlated with the presence of blood
vessels. During orthodontic tooth movement, compressive
forces induce angiogenesis of periodontal ligament together
with the role of mediator of the VEGF. The localization of
VEGF was analyzed in vivo in rat periodontal tissues during
experimental tooth movement. In this analysis, 15 male
Wistar rats were used. A compressive force at 150 mN was
applied by means of a uniform standardized compressive
spring placed between the right and left upper first molars in
each rat’s mouths. The maxillary bone was removed by the
animals and it was analyzed with immunohistochemical
staining. In the experimental animals, VEGF immunoreac-
tivity was in vascular endothelial cells, osteoblasts, osteoclasts
in resorption lacunae, in fibroblasts adjacent to hyalinized
tissue, a local necrotic area in compressed zone, and in
mononuclear cells in periodontal tissues from the animals
[16]. VEGF mRNA was also detected in fibroblasts and osteo-
blasts in tension area of mice periodontal ligament dur-
ing experimental tooth orthodontic movement [17]. The
protocol included 10 mice, divided between experimen-
tal and control animals, and provided the analysis of
premaxillary bone frontal sections [18]. Therefore, VEGF
exerts a fundamental role in remodeling periodontal liga-
ment and is also involved in bone resorption and forma-
tion.

1.3. Relation among Some Markers of Bone Cell Proliferation
and M-CSF with Orthodontic Movement. There are other
studies that examine a variety of proliferation markers ex-
pressed during orthodontic tooth movement. For instance,
the high presence of the antigen KI-67, nuclear protein asso-
ciated with cellular proliferation and ribosomal RNA tran-
scription, and of RANKL, a key factor for osteoclast differ-
entiation and activation [19, 20], indicates the recruitment
of osteoclasts in compression areas [21], whereas, the expres-
sion of Runx2, a transcription factor associated with osteo-
blast differentiation, shows the increase of differentiated
osteoblasts in tension areas [6]. In other studies, researchers
analyzed the collagen type 1 (3.6Col1) and the bone sialo-
protein (BSP) in periodontal ligament, using transgenic mice
containing transgenes of these promoters fused with green
fluorescent proteins (GFP), and they discovered that
3.6Col1-GFP and BSP-GFP cells have an increase on the ten-
sion side of the periodontal ligament [22, 23].

Another important role in tooth movement is played by
the macrophage colony-stimulating factor (M-CSF), an early
osteoclast differentiation factor, that increases the rate of
osteoclastic recruitment and differentiation [24].

In particular, optimal dosages of M-CSF correlated with
measurable changes in tooth movement and gene expression,
providing potential for clinical studies in accelerating tooth
movement.

2. Rats as Models for Orthodontic Movement

Up to now, a large number of studies in various species of
animals, such as cats, dogs, and rats, have been done to en-
lighten the biological response to periodontal ligament. Rats
are the most used animals for studying tooth movement,
even if there are advantages and disadvantages [25]. Among
the disadvantages, it must be remembered that the alveolar
bone of rats is more dense than in humans, and there are no
osteons. Indeed, the osteoid tissue along the alveolar bone
surface in rats is less, their bone extracellular matrix has a few
mucopolysaccharides, and, finally, the calcium concentration
is more controlled by intestinal absorption. Disparities have
been reported also in the arrangement of the peritoneal
fibers and in the supporting structures, as in the root forma-
tions, which seem to be faster. Notwithstanding these dis-
advantages, rats are considered a good model to study ortho-
dontic tooth movement. Indeed, they are relatively inexpen-
sive, the histological preparation of their material is easier
than other animals, and transgenic strains are almost exclu-
sively developed in small rodents.

Clinical studies show that there are different phases in
tooth movement. The application of force during orthodon-
tic tooth movement results in bone resorption by osteoclasts
and deposition by osteoblasts on the pressure and tension
sides of the periodontal ligament. Recent studies in mice
demonstrate that preosteoclasts, and not monocytes, may be
recruited to the periodontal ligament during orthodontic
tooth movement, and these cells may be targeted for accel-
eration of tooth movement.

3. Concluding Remarks

Knowledge regarding the biological mechanisms involved in
orthodontic tooth movement appears to be of considerable
importance for orthodontists that may modulate mecha-
noresponses and inflammatory process, accelerating or
decelerating tooth movement, by adding various exogenous
substances, taking also in consideration the condition of
health of each orthodontically treated subject.
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