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Abstract: Greater awareness about the benefits of orthodontic treatment and increasing life expectancy is 

encouraging an increasing number of adult patients to seek orthodontic treatment. This presents new 

opportunities for the speciality of Orthodontics. But along with the opportunities there are also a new set of 

challenges. Adult patients are more likely to suffer from systemic diseases and consequently there is an 

increased likelihood that they would be under various kinds of medications. A group of drugs which is widely 

used for treating and ameliorating the pain and suffering of millions around the world today is – 

Corticosteroids. It has been established that corticosteroids possess potent anti-inflammatory and immune-

modulating properties. It has also been shown to have an effect on orthodontic tooth movement. This paper 

attempts to understand the mechanism of action of corticosteroid and its effects on the process of orthodontic 

tooth movement based on available scientific data and research.  
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I. Introduction 
It was the year 1929 when Charles H Tweed facilitated passing of the ―first orthodontic speciality law 

in United States, limiting the practice of orthodontics to specialists. Of course it was at the behest of his guide 

and mentor, Edward Hartley Angle, today considered as the father of modern orthodontics.
1
Since then the 

speciality of Orthodontics has seen tremendous refinements in both materials as well as techniques used to bring 

about desired tooth movement. The changes incorporated in the speciality have been so profound that the 

treatment, which till a few decades back, was considered appropriate only for children & adolescent, is seeing 

more and more adults seeking its benefits. However this new opportunity has also brought with itself a new set 

of challenges for the speciality.
2-4

 

An adult Orthodontic patients is more likely to be affected by systemic diseases that need medical 

treatment with drugs that could possibly affect bone metabolism.
5
 Corticosteroids happen to be one such group 

of drugs which since their identification nearly 80 years ago, have played a prominent role in the treatment of 

many diseases afflicting mankind. Today, many of the clinical roles of steroids are related to their potent anti-

inflammatory and immune-modulating properties.
6
 Some of the more common medical conditions in which 

chronic oral glucocorticoid use is recommended to patients are rheumatoid arthritis, chronic obstructive 

pulmonary disease, systemic lupus erythematosus, inflammatory bowel disease, asthma, dermatitis & eczema. 

Many of these diseases have high incidences and rapidly increasing prevalence.
7-8

 Therefore it is logical to 

conclude that the number of such patients seeking orthodontic care is going to increase in the near future.  

In spite of its usefulness the clinically relevant side effects of steroids are common and problematic, 

ranging from a minor case of acne to Cushing syndrome that can result in diabetes mellitus and potentially life-

threatening heart disease if untreated.
9 
One of the more common and serious side effect of chronic steroid use is 

pathological fracture.
7 

Glucocorticoids affect bone mineralization by inhibiting calcium absorption in the 

gastrointestinal tract and shifting signalling-molecule production to favour bone resorption.
10 

Studies have also 

shown that corticosteroids affect orthodontic tooth movement.
11-12

 

This review paper attempts to understand the mechanism of action of corticosteroid and its effects on the 

process of orthodontic tooth movement based on available scientific data and research. 

 

II. Understanding Orthodontic Tooth Movement 
A tooth can be moved through the alveolar bone when an appropriate orthodontic force is applied. This 

is based on the principle that a change in mechanical loading of a biological system results in strain, which 

subsequently leads to cellular responses aiming at adaptation of the system to the changed conditions. As a 

result of this principle, remodelling of the periodontal ligament (PDL) and the alveolar bone around a tooth 

takes place during orthodontic force application.
13

This movement is mediated by coupling bone resorption and 

deposition in compressed and stretched sides of the PDL, respectively. Orthodontic forces, by virtue of altering 

the blood flow and localized electrochemical environment, upset the homeostatic environment of the PDL 
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space. This abrupt alteration initiates biochemical and cellular events that reshape the bony contour of the 

alveolus.
14 

The biologic foundation of force-induced tooth movement, along with the various concepts related to it, 

has been extensively investigated. This has led to the proposal of two main mechanisms for tooth movement—

the application of pressure and tension to the PDL, and bending of the alveolar bone.
15

 

Research about tooth movement by Sandstedt (1904), Oppenheim (1911), and Schwarz (1932) led 

them to hypothesize that a tooth moves in the periodontal space by generating a ―pressure side and a ―tension 

side.
16-18 

This hypothesis explained that, on the pressure side, the PDL displays disorganization and diminution 

of fibre production. Here, cell replication decreases seemingly due to vascular constriction. On the tension side, 

stimulation produced by stretching of PDL fibre bundles results in an increase in cell replication. This enhanced 

proliferative activity leads eventually to an increase in fibre production.
19

 

Baumrind proposed an alternative hypothesis in 1969, known as the bone-bending theory. It states that 

orthodontic forces routinely produce alveolar bone deflection, and that these strains are accompanied by changes 

in the PDL. Farrar was the first to suggest, in 1888, that alveolar bone bending plays a pivotal role in 

orthodontic tooth movement. This hypothesis was later confirmed with the experiments of Baumrind in rats and 

Grimm in humans. According to these authors, when an orthodontic appliance is activated, forces delivered to 

the tooth are transmitted to all tissues near force application. These forces bend bone, tooth, and the solid 

structures of the PDL. Bone was found to be more elastic than the other tissues and was likely to bend far more 

readily in response to force application. The active biologic processes that follow bone bending involve bone 

turnover and renewal of cellular and inorganic fractions. These processes are accelerated while the bone is held 

in the deformed position.
19-21

 

However neither hypothesis provides conclusive evidence on the detailed nature of the biologic 

mechanism of tooth movement. Many phenomena, both physical and biologic, are involved in tooth movement. 

When mechanical forces are applied, cells, as well as the extracellular matrix of the PDL and alveolar bone, 

respond concomitantly, resulting in tissue remodelling. During early phases of tooth movement, PDL fluids are 

shifted, producing cell and matrix distortions, as well as interactions between these tissue elements. In response 

to these physicochemical events and interactions, cytokines, growth factors, colony-stimulating factors, and 

vasoactive neurotransmitters are released, initiating and sustaining the remodelling activity, which facilitates 

tooth movement 
15, 22

 

After an orthodontic force is applied, the initial step is the detection of a mechanical strain. The cells 

responsible for sensing mechanical strains in bone have been considered to be osteoblasts, osteocytes, or both. 

Theories on how these cells sense strain in their environment include streaming potentials, strain-sensitive ion 

channels and cytoskeletal reorganization.
23

 

Arachidonic (eicosatetraenoic) acid, the main component of phospholipids of the cell membrane, is 

released due to the action of phospholipase enzymes. The released acid can be metabolized by 2 pathways— the 

cyclooxygenase pathway (with the help of cyclooxygenase enzymes producing prostaglandins and 

thromboxanes) and the lipooxygenase pathway leading to release of leukotriens and hydroxyeicosatetraenoic 

acids. The evidence for the involvement of these eicosanoids in the bone remodelling process incident to 

orthodontic tooth movement has been extensively published.
24 

The production of mediators by bone and PDL cells during mechanical stimulation indicates that these 

cells become activated. Precursors in the PDL are stimulated to differentiate into osteoblasts through factors 

produced by activated osteocytes.
25

 Examples of these factors are bone morphogenic proteins (2, 6, and 9) and 

platelet-derived growth factor that also stimulate osteoblast activity.
26-27 

Osteocytes also respond to strain by the 

production of cytokines, NO, prostaglandins, and tumour necrosis factor- α.
28

 

At the resorption site, soluble factors such as colony-stimulating factor, receptor activator of nuclear 

factor kappa β ligand (RANKL), osteoprotegerin, and bone morphogenic proteins regulate osteoclast 

differentiation.
29-30

 These factors are produced by osteocytes present in the alveolar bone and by osteoblasts and 

fibroblast present in the PDL.
31

 

Bone formation at the apposition side of the tooth is a combination of extra cellular matrix (ECM) 

synthesis and mineralization. Studies show that loading of PDL cells results in an increased production of 

alkaline phosphatase, osteocalcin, and other non-collagenous matrix proteins.
32-33

 These factors might stimulate 

precursors in the PDL to differentiate into osteoblasts, leading to subsequent bone deposition. Several mediators 

produced by activated PDL and bone cells stimulate ECM synthesis and reduce its degradation. Examples are 

members of the transforming growth factor- β (TGF- β) superfamily.
34

 Increased levels of transforming growth 

factor- β, cathepsins B and L, and interleukin-1 beta have also been found in the crevicular fluid of 

orthodontically moved teeth in humans and at the apposition side of rat teeth after orthodontic force 

application.
35

 

Therefore fibroblasts, osteoblasts, osteocytes, and osteoclasts are part of a complex regulatory network 

that induces PDL and bone remodelling during orthodontic tooth movement. 
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III. Mechanism of Action of Corticosteroids 
Since their identification in 1935, steroids have served in wide range of uses. The term steroid applies 

to a wide range of molecules with varying physiological effects. More specifically, corticosteroids are a class of 

chemicals encompassing both laboratory-synthesized and naturally produced hormones. Glucocorticoids, in 

general, regulate metabolism and inflammation; mineralocorticoids regulate sodium and water levels.
6 

The anti-inflammatory properties of steroids have been attributed to their inhibitory effects on the 

action of phospholipase A2, an enzyme critical to the production of inflammatory compounds.
36

 Research has 

shown that steroids are active in affecting gene expression, translation, and enzyme activity.
37

 

Based on recent developments in understanding the fundamental mechanisms of gene transcription and 

cell signaling in inflammation there have been important advances in understanding the molecular mechanisms 

whereby corticosteroids suppress inflammation so effectively.
37

 Chronic inflammatory diseases, involve the 

infiltration and activation of many inflammatory and immune cells, which release multiple inflammatory 

mediators that interact and activate structural cells at the site of inflammation. The pattern of inflammation 

clearly differs between diseases, with the involvement of many different cells and mediators, but all are 

characterized by increased expression of multiple inflammatory proteins.
38

 

The increased expression of most of these inflammatory proteins is regulated at the level of gene 

transcription through the activation of pro-inflammatory transcription factors, such as nuclear factor-κB (NF-κB) 

and activator protein-1 (AP-1). These pro-inflammatory transcription factors are activated in all inflammatory 

diseases and play a critical role in amplifying and perpetuating the inflammatory process.
39

 

Corticosteroids diffuse readily across cell membranes and bind to glucocorticoid receptors (GR) in the 

cytoplasm. Cytoplasmic GR are normally bound to proteins, known as molecular chaperones, that protect the 

receptor and prevent its nuclear localization by covering the sites on the receptor that are needed for transport 

across the nuclear membrane into the nucleus.
40 

Once corticosteroids have bound to GR, changes in the receptor structure result in dissociation of 

molecular chaperone proteins, thereby exposing nuclear localization signals on GR. This results in rapid 

transport of the activated GR–corticosteroid complex into the nucleus, where it binds to DNA at specific 

sequences in the promoter region of corticosteroid-responsive genes known as glucocorticoid response elements 

(GRE). Two GR molecules bind together as a homodimer and bind to GRE, leading to changes in gene 

transcription. Interaction of GR with GRE classically leads to an increase in gene transcription (trans-

activation).
41

 

Corticosteroids produce their effect on responsive cells by activating GR to directly or indirectly 

regulate the transcription of target genes.GR homodimers bind to GRE sites in the promoter region of 

corticosteroid-responsive genes. Interaction of the activated GR dimer with GRE usually increases transcription. 

The activation of genes by corticosteroids is associated with a selective acetylation of lysine residues 5 and 16 

on histone H4, resulting in increased gene transcription.
42

 

Several of the genes that are switched on by corticosteroids have anti-inflammatory effects, including 

annexin-1 (lipocortin-1), interleukin-10 (IL-10) and the inhibitor of NF-κB (IκB-α).
43

 Corticosteroids also 

switch on the synthesis of protein that affect inflammatory signal transduction pathways, glucocorticoid-induced 

leucine zipper protein (GILZ), which inhibits both NF-κB and AP-1.
44

 

Although most of the actions of corticosteroids are mediated by changes in transcription through 

chromatin remodeling, it is increasingly recognized that they may also affect protein synthesis by reducing the 

stability of mRNA so that less protein is synthesized. It is increasingly recognized that several inflammatory 

proteins are regulated post-transcriptionally at the level of mRNA stability. This may be an important anti-

inflammatory mechanism as it allows corticosteroids to switch off the ongoing production of inflammatory 

proteins after the inflammatory gene has been activated.
45

 

Inflammatory genes, such as the genes encoding cyclooxygenase-2 (COX2), produce mRNA that is 

particularly susceptible to the action of ribonucleases that break down mRNA, thus switching off protein 

synthesis. Corticosteroids may have inhibitory effects on the proteins that stabilize mRNA, leading to more 

rapid breakdown and thus a reduction in inflammatory protein expression.
46-47

 

To conclude it would be appropriate to say that the predominant effect of corticosteroids is to switch 

off multiple inflammatory genes (encoding cytokines, chemokines, adhesion molecules, inflammatory enzymes, 

receptors and proteins) that get activated during the inflammatory pathway. 

 

IV. The Effects of Corticosteroids on Orthodontic Tooth Movement 
The prevalence of pathological processes treated by corticosteroids is widespread in the medical and 

dental practice, and the response of patients undergoing orthodontic treatment may differ from normal bone 

remodelling due to the use of these drugs.
48

 It has been shown that orthodontic tooth movement can be affected 

by local or general administration of pharmacological agents.
48-49

 However there are only a limited number of 
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studies which have been conducted to understand the effect of corticosteroid on bone tissue and orthodontic 

tooth movement.  

In 1992 an in-vivo study on white New Zealand rabbits was conducted to find out the effects of 

corticosteroid induced osteoporosis on orthodontic tooth movement. The researchers concluded that rabbits 

subjected to corticosteroid-induced osteoporosis undergo significantly more rapid orthodontic tooth movement 

and subsequent relapse than control animals.
50

 

In 1997 an in vitro study carried out to measure orthodontic tooth movement in rats given beta-

aminopropionitrile (BAPN) or hydrocortisone using a time-lapse videotape recorder concluded that treatment 

with BAPN accelerated experimental tooth movements in vitro and hydrocortisone treatment inhibited the 

movements.
49

 

Another study carried out on rats in 2000, concluded that while there were no significant differences in 

the magnitude of tooth movement between the groups, steroid-treated rats displayed significantly less root 

resorption on the compression side and fewer TRAP (tartrate-resistant acid phosphatase) positive cells within 

the PDL(periodontal ligament) space on the same side. Thus they proposed that steroid treatment suppressed 

clastic activity.
12

 

In a study in 2004, tissue reaction to orthodontic tooth movement in acute and chronic corticosteroid 

treatment was carried out and it was found that tooth movement rate increased in the chronic group. Force 

application resulted in significant increase in the relative extension of resorption and formation in both drug 

groups. It was particularly pronounced in the chronic group.The authors suggested that since acute 

corticosteroid ingestion reduces bone turnover, in these patients orthodontic treatment might best be postponed 

until a time the patient is free of the drug. It was said that chronic steroid ingestion leads to an increased 

biological reaction to mechanical perturbation indicating that the orthodontic force level should be reduced and 

controlled more frequently in patients on chronic steroid treatment.
48

 

In another study conducted in 2006, to investigate the effect of acute and chronic corticosteroid 

treatment on orthodontically induced root resorption it was found that the acute group showed significantly 

more root resorption at the mesio-coronal level compared with the control and the chronic group. The 

researchers ascribed it to the lack of balance between blastic activities (inhibited by the drug) and the clastic 

activities (enhanced or unchanged by drug administration) occurring in the initial phase of drug administration. 

They also recommended careful monitoring of patients undergoing acute corticosteroid treatment.
51

 

In 2009, a study was conducted to study the effects of steroidal and non-steroidal drugs on tooth 

movement and root resorption in the rat molar. The authors concluded that only prednisolone- and high-dose 

celecoxib-treated groups showed significantly less root resorption and less tooth movement. Administration of 

prednisolone and high-dose celecoxib reduced root resorption and interfered with tooth movement in rats. They 

proposed that the drugs may interfere in the arachidonic acid cascade depending on dose thresholds.
52 

A study in 2012 tried to investigate the effect of different courses of glucocorticosteroid treatment on 

orthodontic tooth movement (OTM). The researcher found higher rate of OTM in steroid treated groups than 

control group. Among steroid treated groups short-course group showed higher rate of OTM compared to long-

course group. The study recommended postponing, wherever possible, orthodontic treatment till the acute phase 

of treatment with corticosteroid is over.
53

 

In 2014 a study was carried out to evaluate the effects of triamcinolone acetonide injection on 

orthodontic tooth movement in a rabbit model. It was found that treatment with triamcinolone acetonide was 

associated with increased tooth movement in rabbits via increased resorptive activity in the alveolar bone.
54

 

After reviewing the existing literature on effects of corticosteroid on orthodontic tooth movement, it 

would not be wrong to conclude that, the results obtained so far are inconsistent and at times contradictory. It is 

also important to acknowledge the lack of any standardized protocol for research on the topic. This may have 

had an important bearing on the results obtained so far. Perusing the methodology of the above studies on can 

clearly observe that there are too many variables at play. The dosage, duration and rout of drug administration, 

magnitude of force applied to bring about tooth movement etc. Therefore there is a pressing need for further 

studies (preferably human studies) on the topic. 

 

V. Conclusion 
Ever since its discovery, the Corticosteroid group of drugs have helped in treating and ameliorating the 

pain and sufferings of millions around the world. However it also has the potential to cause serious side effects. 

One of the side effects which is of concern for orthodontists, around the world, is its capacity to affect bone 

physiology& remodelling and by doing so affecting the rate of orthodontic tooth movement (OTM). Upon 

reviewing the existing literature on the topic it can be concluded that –  

1. Corticosteroids group of drugs affect the rate of orthodontic tooth movement and may also affect the long 

term stability of orthodontically moved teeth.  
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2. It is imperative to take a thorough medical and drug intake history of all patients, young and old alike, so as to 

formulate an appropriate treatment plan.  

3. Orthodontic patients undergoing concomitant steroid therapy should be subjected to periodic clinical and 

radiographic examination to assess the patients response to treatment and modulations required in treatment 

mechanics during the course of treatment.  

4. There is a pressing need for further research, preferably on human subjects, for a better understanding of the 

phenomenon.  
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