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The action of corticosteroids on orthodontic tooth movement:
A literature review
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Introduction: Tooth movement is initially characterized by an acute sterile inflammation, followed by sequential
multiple reactions in the periodontal ligament in response to biomechanical forces. Pharmacological agents such as
corticosteroids may affect the course of orthodontic movement. Scientific studies show antagonistic actions of these
drugs on bone resorption during tooth movement. Objective: To review the literature about the effect of corticoste-
roids on orthodontic tooth movement. Conclusion: Patients should be questioned regarding the use of these drugs in
the orthodontic practice and for those who use them, the orthodontic treatment should be differentiated, with longer
intervals between visits and periodic X-rays due to the delay in bone formation observed in some scientific studies.
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Introducdo: a movimentacdo dentdria é caracterizada, inicialmente, por uma inflamacéo aguda estéril, seguida
por reacdes multiplas sequenciais no ligamento periodontal em resposta as forcas biomecanicas. Agentes farmaco-
légicos, como os corticosteroides, podem alterar o curso da movimentacéo ortodontica. Os estudos cientificos de-
monstram a¢des antagonistas dessas drogas sobre a reabsorcado dssea durante a movimentagio dentaria. Objetivo:
realizar revisdo de literatura sobre a acfio dos corticosteroides no movimento dentario ortodontico. Conclusio:
os pacientes devem ser questionados quanto ao uso dessas drogas na clinica ortodontica e, para aqueles que fazem
uso, o tratamento ortodontico deve ser diferenciado, com intervalos maiores entre as consultas e solicitacdo peri6-
dica de radiografias devido ao atraso na neoformacéio dssea observado em alguns estudos cientificos.

Palavras-chave: Movimentacdo dentdria. Mediadores da inflamagdo. Remodelacgéo 6ssea. Corticosteroides.
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INTRODUCTION

The biology of orthodontic tooth movement
comprises the study of cellular, biochemical and
molecular phenomena occurring in the periodontal
ligament and alveolar bone.

The bone remodeling that occurs in the orth-
odontic movement is a dynamic process requiring
coordinated cellular activities between osteoblasts,
osteocytes and osteoclasts, in order to maintain the
mineral tissue homeostasis. All these activities are
regulated by chemical mediators, of cellular and
plasmatic origin.’

It has been shown that orthodontic movement
can be affected by administration of pharmacologi-
cal agents.””' Corticosteroids are immunosuppres-
sive and anti-inflammatory agents widely used to
treat pathological processes in medical and dental
practice," in such a way that patients under orth-
odontic treatment may present variations in nor-
mal bone remodeling due to the use of these drugs.”

Pithon and Ruellas'report as imperative the ac-
quaintance about drugs mechanism by the Dental
Surgeon, as well as possible interactions on orth-
odontic tooth movement that may occur, in order to
benefit the treatment or adjust it to the effects on
the stomatognathic system.

The purpose of this work was to perform a litera-
ture review about the effects of corticosteroids on
orthodontic tooth movement.
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REVIEW AND DISCUSSION

Before reporting the action of corticosteroids
on orthodontic tooth movement, it is essential to
understand the biological principles that regulate
this process.

Several theories about orthodontic tooth move-
ment have been proposed, and all of them present
the bone resorption as one of the biological effects.
In the first half of the twentieth century there was
already concern about the action mechanism and
the events triggered by the applied force on the den-
tal crown. The pressure-tension theory was based
on the vitality of the periodontal ligament, i.e., the
stimulation applied to the ligament did not involve
or require stimulation coming from other struc-
tures such as the alveolar bone, for instance. The
collagen fibers and the vascular system were essen-
tial for the development of this phenomenon.?

The orthodontic tooth movement is character-
ized by a multiple biological process involving se-
quential reactions of the periodontal tissue in re-
sponse to biomechanical forces. Two regions can be
observed in the periodontal ligament, the traction
zone (Fig 1A) and the compression zone(Fig 1B).
New bone is deposited in the alveolar wall on the

traction side when light or heavy mechanical forces
are applied. On the compression side, under light
force, the alveolar bone is directly resorbed by os-
teoclasts located in Howship’s lacunae (Fig 2).'

Figure 1- A) Traction side of the periodontal ligament of mice, 3 days after application of orthodontic force (hematoxylin-eosin, 400x). B) Compression side
of the periodontal ligament of mice, 3 days after application of orthodontic force (hematoxylin-eosin, 400x). CEM = cement; PL = periodontal ligament;
AB = alveolar bone; BV = blood vessels.
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Figure 2 - Osteoclasts present in the Howship's lacunae, 7 days after ap-
plication of orthodontic force in mice (hematoxylin-eosin, x400). OC = os-
teoclasts.

When the force exerted on the tooth has enough
strength to fully occlude the vessels and block the
blood supply before the engagement of the osteo-
clasts, sterile necrosis is produced in the area. Due
to the acellular and avascular aspect, this region is
called hyaline. The tooth movement will not happen
until the alveolar bone is resorbed, the hyaline ar-
eas are removed and the ligament restored."

Inflammation comprises important prerequisite
for the orthodontic tooth movement. The initial
period of orthodontic tooth movement involves an
acute inflammatory response, characterized by an-
giogenesis, periodontal vasodilation and migration
ofleukocytes from the blood capillaries. These cells,
in turn, produce cytokines, signaling molecules
that interact with resident and inflammatory cells
of the periodontal ligament and stimulate the syn-
thesis and the release of various mediators such as
growth factors, prostaglandins and other cytokines.
The produced inflammatory exudate, has also me-
diators originated from plasma, such as fibrin, plas-
min, kinins, immunoglobulins and proteins of the
complement system.’

The cytokines play an important role in chemotax-
is, cyto-differentiation and activation of osteoclasts.!°
Clinical investigations have shown that interleukin-1
B (IL-1p), tumor necrosis factor-a (TNF-a), IL-6 and
I1.-10 are in high concentration in the gingival crevic-
ular fluid and in the periodontal ligament of orthodon-
tic patients. IL-1 and TNF-a are typical inflammatory
mediators involved in the bone absorption.?
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According to Krishnan and Davidovitch,’® the ar-
achidonic acid metabolites also play an important
role in the process of bone remodeling during tooth
movement. The Arachidonic acid is metabolized by
the enzyme phospholipase A, by two different path-
ways, cyclooxygenase, which produces prostaglan-
dins and lipooxygenase, which releases leukotrienes.
The prostaglandins have been associated with the in-
crease on the number of osteoclasts and with stimu-
lating the differentiation of osteoblasts.’

Another mediator often involved in orthodon-
tic movement is the transforming growth factor 8
(TGF-P), as demonstrated by Garlet et al.2 TGF-p1 is
the most abundant growth factor of human bone and
plays important anabolic function by recruiting os-
teoblast precursors and stimulating their differenti-
ation, besides favoring the production of bone matrix
proteins and its mineralization.3!?

The vascular endothelial growth factor (VEGF)
is an essential mediator for angiogenesis. Kaku et
al® observed higher concentration of VEGF in gin-
gival crevicular fluid one day after the beginning of
human canine retraction.

The biological events continue and the osteoblasts and
osteoclasts are activated to initiate tissue remodeling.’

After the osteoclast differentiation, a series of
enzymes such as metalloproteinases, collagenases
and gelatinases, are produced by the osteoblasts.
These enzymes have a major role in helping osteo-
clasts to access the mineralized bone tissue."® Ac-
cording to Reinholt et al active osteoclasts show an
increased content of tartrate-resistant acid phos-
phatase (TRAP) in the cytoplasm, an specific cyto-
chemical marker that signalizes bone resorption.

Krishnan and Davidovitch® report that it re-
mains controversial whether activation of osteo-
blasts starts simultaneously with the recruitment
of osteoclasts or in a later stage during the develop-
ment of resorptive lacunae.

It has been shown that orthodontic movement
can be affected by local or general administration
of pharmacological agents.”?' The prevalence of
pathological processes treated by corticosteroids is
widespread in the medical and dental practice, and
the response from patients undergoing orthodontic
treatment may differ from normal bone remodeling
due to the use of these drugs.”
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The discovery of cortisone as an effective sub-
stance in the treatment of rheumatoid arthritis ini-
tiated a new stage in the anti-inflammatory therapy.
From this discovery, several synthetic and semi-syn-
thetic derivatives products were produced as dexa-
methasone, prednisolone and methylprednisolone.
It is known that when therapeutically administered
these drugs have a powerful anti-inflammatory and
immunosuppressive action.

The effect of corticosteroids cannot be attributed
to a single factor. It is mentioned the reduction in the
activity of neutrophils, macrophages, fibroblasts and
osteoblasts; reduction in cell migration to the inflam-
matory site and alterations in growth factors activity
such as TGF-B1. In addition to increased synthesis
of lipocortin 1 and blocking of phospholipase A,, in-
hibition of gene transcription of cyclooxygenase-2
(COX-2), therefore a reduced release of prostaglan-
dins and leucotrienos.” Hubner et al® demonstrated
that dexamethasone inhibits the expression of pro-
inflammatory cytokines IL-la, IL-1B and TNF-o, on
induced skin wounds in rats.

Regarding the bone tissue, corticosteroids have
several effects. For Pharoah and Heersche,” the
drug reduces in a dose-dependent way the number
of multinucleate osteoclast-like cells in culture of
bone marrow cells from cats, while other authors
claim that corticosteroids stimulate in vitro***bone
resorption in time and concentration dependent
way, via increased activity and/or formation of os-
teoclasts.?® Osteoporosis and bone resorption have
been associated with secondary hyperparathyroid-
ism induced by corticosteroids.” Ong et al”® reported
that the action of this drug may impair the formation
of osteoblasts from osteoprogenitor cells and reduce
collagen synthesis by mature osteoblasts.

Few studies have been conducted aiming to dem-
onstrate possible action of corticosteroids on orth-
odontic tooth movement.!7!41520

Ashcraft et al' studying rabbits submitted to the
action of hydrocortisone acetate (15 mg/kg), which
was given 4 days before induction of tooth move-
ment until euthanasia of the animals, after 14 and 21
days. The results were consistent in showing that the
tooth movement was accelerated in the experimen-
tal groups (3-4 times faster) and it was histologically
observed increased bone resorption and decreased
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bone formation. In this study, high doses of hydrocor-
tisone were administered for a longer period, which
induced rats to the condition of osteoporosis,thus in-
creasing the bone resorption rate.

Ohkawa'* administered hydrocortisone at a dose
of 10 mg/kg in rats, induced tooth movement by
means of an elastic band and evaluated the amount
of mechanical stress required to extract the inferior
first molars. According to the author, the load re-
quired to extract the tooth is inversely proportional
to the strength of the periodontium and the remod-
eling of collagen fibers present in the periodontal
ligament. It was observed that the mechanical stress
is higher in the group that was given to hydrocorti-
sone, and therefore the drug is able to slow down the
remodeling of the collagen fibers periodontal after
force application.

Yamane et al* evaluated in vitro the tooth move-
ment after hydrocortisone administered at a dose of
10 mg/kg/day for 7 days on rats and observed for 20
hours the amount of movement of the first and sec-
ond molars using a video recorder. It was found that
the group treated with corticosteroid had a lower
amount of tooth movement.

Ong et al® administered 1 mg/kg/day of predniso-
lone for 12 days before the induction of tooth move-
ment in rats. There was lower amount of TRAP-pos-
itive cells on the compression side, which indicates a
suppressive action of this drug on the clastic activity.

The study by Kaliaet al” evaluated the action of
the methylprednisolone (8 mg/kg/day) on tooth
movement in rats when this drug was administered
for short and long period. In an experimental group,
methylprednisolone was injected four weeks prior
to inducing movement, while the other induction
occurred concomitantly with the beginning of drug
administration. It was observed that the rate of
tooth movement and the percentage of bone resorp-
tion were higher in the group in which the methyl-
prednisolone was administered for a long period.
In the other group there was a lower rate of tooth
movement, as well as bone resorption and bone
formation. The long-term administration of the
drug on an experimental group was able to induce
hyperparathyroidism and increase the bone re-
sorption in animals. It is inferred that the group in
which the drug is administered acutely, the effects
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of methylprednisolone was predominantly anti-in-
flammatory, inhibiting the cascade of events subse-
quent to the acute inflammation.

Therefore, when comparing scientific studies,
it is noticed that corticosteroids may produce op-
posing effects on bone resorption in induced tooth
movement in animals. These differences may be ex-
plained by variations on species of studied animals,
the magnitude of force used in the experiment, and
mainly the dosage, the period of administration and
power of the drug.”®

According to Ramos et al®® corticosteroids, when
experimentally used, can modify the speed of in-
duced tooth movement, but clinically, these chang-
es do not reflect structural changes on the trabecu-
lar bone of the jaws since the jaw bones turnover is
slower than the other bones. Furthermore, to detect
the effects of these drugs on the tissues, the doses
used in the studies are high and the for long periods,
considering the animal’s lifetime. The mouse, for
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mitted to the medication for 2-3 months, the equiv-
alent to 1/6 of its average life.

FINAL CONSIDERATIONS

» It is essential that patients are questioned about
the use of corticosteroids in the orthodontic practice.

» The orthodontic treatment in patients using
these drugs is differentiated, and it is recommended
that the intervals between visits should be longer,
considering that some scientific studies have observed
adelay in the process of osteogenesis,

» Concomitantly, panoramic and periapical ra-
diographs should be routinely obtained to observe
possible changes in the bone,

» New studies should elucidate which molecu-
lar mechanisms are affected by the administration
of corticosteroids simultaneously to application of
orthodontic forces, including human studies, since
animal studies have certain limitations.
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