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ORTHODONTICS

Overview on the Microleakage in Orthodontics
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ABSTRACT
Objective: The main objective of this paper was to review the available information regarding the microleakage in orthodon-

tics. 
Method: We defined the microleakage, explained factors contributing microleakage in orthodontics. Also, we reviewed dif-

ferent methods of microleakage evaluation. 
Conclusion: A considerable amount of research has been published regarding effects of microleakage in orthodontics. This 

paper hopes to provide a summary of the necessary information regarding this topic for both researchers and clinicians.
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INTRODUCTION

The term microleakage has been cited in the literature since at least 
1912 by Harper. It can be defined as the migration of bacteria, liquids, 
chemicals: molecules and ions through tooth-restorative material inter-
face (Alani and Toh, 1997) which focus in assessing the success of any 
restorative material used in the oral cavity (Sidhu and Henderson, 
1992). The fluid may include bacteria and toxic substances that may 
affect the tooth structure and the pulp (Larson, 2005). 

MICROLEAKAGE  IN  ORTHODONTICS

Microleakage in orthodontics may play a part in the formation of 
decalcification lesions at and under the adhesive -enamel interface 
(Vicente et al., 2009). Studies of orthodontic bracket and band microle-
akage are few but in all of them some degree of microleakage has been 
observed (Gillgrass et al., 1999; James et al., 2003; Arhun et al., 2006; 
Arikan et al., 2006). Therefore, although the area around a bracket is 
critical to the development of decalcification, the area beneath the 
bracket also requires investigation (Arhun et al., 2006). Optimal mar-
ginal integrity between the bracket base and tooth surface is essential 
both for bond strength to minimize bracket loss and for a tight seal to 
minimize bacterial migration, thereby reducing "white-spot" lesions 
(WSL) around the bracket base (O'Reilly et al., 1987; Cucu et al., 2002; 
Chapra and White, 2003; Daub et al., 2006; yagci et al., 2010).

FACTORS  CONTRIBUTING  MICROLEAKAGE  IN  
ORTHODONTICS

1. Any excess material on the tooth surface will normally adhere 
well to the local enamel but will enlarge the surface area for plaque 
accumulation around the bracket base (Eliades et al., 1995; Cucu et 
al., 2002; Chapra and White, 2003).
2. Composite resins are materials which have traditionally been 
used both in conservative dentistry and for bracket bonding. 

Composite resins are made up of two main components: an organic 
resin matrix and inorganic mineral filler. Flowable composites 
maintain the same particle size as traditional composites but reduce 
the proportion of fillers to allow for a higher proportion of resin, 
thus, reducing the viscosity of the mixture (Tecco et al., 2005). The 
filler content affects polymerization shrinkage which, in turn, 
increases the chance of marginal leakage (James et al., 2003).
3. A number of studies have reported less bond strength at the 
bracket-adhesive than the adhesive-enamel interface, as the expan-
sion coefficient of metal brackets promotes marginal gap formation 
between the bracket and the adhesive (Arnold et al., 2002; Chapra 
and White, 2003). Conversely, similar studies have demonstrated 
better bond strength at the bracket-adhesive interface and more gap 
formation at the adhesive-enamel interface (Cucu et al., 2002; 
Bishara et al., 2007). It is the bracket design alone, regardless of the 
substrate that seems to exert a considerable effect on bond strength 
and marginal gap site formation. Bracket designs with different sur-
face characteristics create different bonding environments (Sorel et 
al., 2002). For example, a distinction must be made between the 
grooved bases of composite brackets, meshed metal or laser-pro-
cessed bases of sapphire brackets like those used in this study.
4. In addition, enamel surfaces with different angles of curvature 
influence the microleakage behavior of bonded brackets through 
their implications for the thickness of the adhesive layer (Canbek et 
al., 2013). Another study found that microleakage scores obtained 
from the incisal and gingival margins of the brackets demonstrated 
significant differences, implying increased microleakage on the gin-
gival side. They interpreted these differences as related to the sur-
face curvature anatomy, which may result in relatively thicker adhe-
sive at the gingival margin (Arhun et al., 2006).
5. Polymerization shrinkage varies by adhesive composition; that is, 
percentage of filler, the diluents, or the percentage of the monomer 
conversion in the specific composite resin (Burgess et al., 1999) and 
curing type (Sener et al., 2006).
6. Because bond materials are routinely subjected to changes of 
temperature in the oral cavity, it is important to determine if these 
temperature variations cause stress to the adhesive which might 
affect levels of microleakage (Bishara et al., 2003). For this reason, 
thermocycling is a method widely used for the assessment of bond 
materials. It aims at thermally stressing the adhesive joint at the 
tooth restoration interface by subjecting the restored teeth to 
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extreme temperatures compatible with those encountered intra-oral-
ly. This process may highlight the mismatch in thermal expansion 
between the adhesive material and tooth structure, resulting in dif-
ferent volumetric changes during temperature fluctuation and caus-
ing fatigue of the adhesive joint with subsequent microleakage 
(Wahab et al., 2003). Several studies have shown that thermocy-
cling significantly reduces bond strength (Bishara et al., 2003; Daub 
et al., 2006) and increases microleakage beneath the bond materials 
( Hakimeh et al., 2000; Wahab et al., 2003) and orthodontic attach-
ments (Canbek et al., 2013).
7. The influence of the type of the material that the brackets manu-
factured from also effects on microleakage. A study by Arhun et al., 
(2006) reported that metal brackets cause more leakage than ceram-
ic brackets between the adhesive-bracket interface, which may lead 
to lower clinical shear bond strength and white spot lesions. Arikan 
et al., (2006) reported similar results of Arhun et al., (2006) and 
showed less microleakage; the lower microleakage was not statisti-
cally significant for the adhesive-enamel interface for ceramic 
brackets but was statistically significant for the adhesive-bracket 
interface. They attributed this difference to incomplete polymeriza-
tion of the adhesives under the metallic brackets, which do not con-
duct the light as well as ceramic brackets. On the other hand, study 
by Ramoglu et al., (2009) concluded that no differences were 
observed between metallic and ceramic brackets. 

MICROLEAKAGE  EVALUATION  METHODS

Many different techniques utilized and developed for assessing 
microleakage involving biological, chemical, electrical, physical or 
radioactive components. These include the use of dyes, radioactive iso-
topes, air pressure, bacteria, neutron activation analysis, artificial caries, 
scanning electron microscopy (SEM), calcium hydroxide and other 
methods. It has been assumed that the different microleakage methodol-
ogies would give similar results when used to determine leakage of the 
same restorative material (Gonzalez et al., 1997). The following is a 
brief account of the most common current microleakage methodologies 
and factors that may influence microleakage results.

Organic Dye

The use of organic dyes is one of the most popular methods using 
this principle, as well as one of the oldest (Shortall, 1982). According to 
Nguyen, (2007) this method has many advantages over the other meth-
ods. First of all, the microleakage is determined easily using single 
coloured agent without the need for any further introduction of chemical 
reaction and avoided the hazard effect of radiation. The researchers can 
have a range of choices of available dye agents, which allows the meth-
od to be easily conformed to the instruments and methods available at 
the center in which the research is to be carried out. The method is, 
therefore, highly feasible in any circumstances and can be easily repeat-
ed. The dyes can, to some extent, have clinical significance since the 
particles size of dye agents can be pre-measured. Once again, the meth-
od is destructive because the specimen is required to be sectioned 
(Nguyen, 2007). In addition, it is a rapid easy cost-saving technique 
(Gonzalez et al., 1997). 

This process consists of exposing the specimens to dye solution and 
then assessment of sections under light microscope (Ulker et al., 2009). 
Some of the organic dyes used include methylene blue (Vicente et al., 
2009; Canbek et al., 2013), basic fuchsin (Sabzevari et al., 2013), ani-
line blue (Kakar and Subramanian, 1963), eosin (Youngson et al., 
1990), crystal violet (Chan and Swift, 1991) and erythrosin B (Phair and 
Fuller, 1985). Percentage concentration currently in use ranges from 0.5 
to 2.0 % (Ben-Amar et al., 1989; Manders et al., 1990). Some have 
thermocycled the specimens in the dye solution (Leinfelder et al., 
1986), others thermocycled the specimens in the dye (25 to 200 cycles) 
followed by immersion in the dye solution for one to 21 days (Staninec 
and Holt, 1988). The dye penetration method has been used in most of 
the previous orthodontic studies (Arhun et al., 2006; Arikan et al., 2006; 
Baysal et al., 2008; Ramoglu et al., 2009; Ulker et al., 2009, Davari et 
al., 2012; Canbek et al., 2013).

Scanning Electron Microscopy (SEM)

Scanning electron microscopy (SEM) provides a more critical 
means of direct observation of the adaptation of a restorative material to 
the cavity margin. The most effective method for evaluating the sealing 

of restorative materials to cavity walls is by microleakage studies that 
used coloured dye agents or chemical tracers which are able to penetrate 
into and stain the tooth-restorative interface. The specimens are then 
sectioned lingually through the restorations and assessed with stereo 
optical microscope or scanning eletron microscope (SEM) (Hilton, 
2002). This method generates significant improvement in resolution, 
lying somewhat between that of conventional light microscope and 
scanning electron microscope (SEM). Moreover, this type of microsco-
py enables high-resolution images to be made of samples with minimum 
requirements for specimen preparation (Watson, 1997). The problem 
associated with this method is that the preliminary handling of the sam-
ples (dehydration, fixing, drying sputtering, etc.) could cause alterations 
in the studied structures leading to an image which does not reflect real-
ity (Santini and Miletic, 2008). 

Bacterial Method

Jane (1929) firstly introduced microleakage investigation using bac-
teria by examining the presence or absence of bacteria as indication 
microleakage after the immersion of glass tubing packed with amalgam 
into the cultured broth. The technique was then modified by the use of 
the filled teeth instead of the glass tubing, continue to be used and 
upgraded as they have some clinical relevance (Balto et al., 2005; De 
Deus et al., 2006; Karagenç et al., 2006). Advanced technology such as 
the SEM has been used to investigate the presence of bacteria at the 
tooth/restoration interface. Recently, Matharu et al., (2001) introduced 
the use of the "constant depth film fermentor", which helped generate a 
selected bacterial flora and was able to generate large number of bio-
films that simulated an oral environment. Disadvantages arising from 
such techniques and associated research results are: (1), the technique is 
complicated and difficult in terms of cultivating and controlling the bac-
terial population, and (2), the methodology lacks standardized models 
and lacks reproducibility (Nguyen et al., 2007).

Radioisotope Method

Radioactive isotopes have been widely applied in microleakage 
studies with a broad range of substances including 45 Ca, 131I, 35S, 
22Na, 32P, 86Rb and 14C which have been introduced as markers 
(Nguyen et al., 2007).The principle involves the penetration of the 
radioisotope around the margins of the specimens such as that with the 
dye. A flat surface is necessary for good contact between the specimen 
and the radiographic film emulsion. The film is then developed and 
microleakage assessed by the radiolucency around the restoration. 
Minute amounts can be detected with the autoradiograph. This is due to 
the radioisotope's ability to penetrate deeper than the dyes that were 
used (Gonzalez et al., 1997). There are many disadvantages arising from 
the radioisotope study. Firstly, the method is again destructive of speci-
mens and still qualitative in the analyses of results. Secondly, a two-di-
mensional autoradiograph image is not representative of the three 
dimensional image of microleakage. Thirdly, an isotope such as 45Ca 
has an affinity with tooth structure or restorative materials leading to the 
increased measurement errors (Nguyen et al., 2007).
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