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Abstract: The objective of this study was to review the current knowledge based on in vitro and in vivo 
studies, that evaluated the enamel damage connected with removal of metal and ceramic orthodontic 
brackets taking into account different debonding methods. Brackets fracture was also assessed. The 
protocol for this study was constructed according to the PRISMA statement. The literature review was 
performed in MEDLINE via PubMed, Cochrane and Scopus databases in May 2021. The searching was 
repeated in Journal of Stomatology, Orthodontic Forum and grey literature was screened using Google 
Scholar. Out of eligible studies 207 were screened by title and abstract, 85 subjected to full-text analysis 
and 30 were qualified for the research. The prevalence of enamel fracture ranged from 0 to 94.4%. The 
results of our review do not allow to identify the manual method of debonding that minimizes the risk of 
enamel damage. Thermal method and laser irradiation reduce the risk of enamel fracture.  
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Introduction 

It has been proved that brackets removal does cause some irreversible damage to the 
tooth surface which may increase susceptibility to caries and plaque and stain accu-
mulation on the rough enamel [1, 2]. Numerous studies show that the extend of 
enamel fracture depends on many variables like type of bracket, type of adhesive 
or debonding method and is highly correlated with the magnitude of bond strength 
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[3, 4]. Although it has been suggested that forces between 6 and 8 MPa are optimal for 
clinical use [5] and forces higher than 17 MPa are connected with higher risk of 
enamel damage [4], there are studies where both metal and ceramic brackets represent 
values higher than recommended (20.2 MPa and 24.25 MPa respectively) [3, 6]. 

Different methods of debonding have been proposed to reduce bond strength, 
such as ultrasonic, laser or electrothermal method, but mechanical debonding with 
debonding pliers, Weingart pliers, side cutters and lift off debonding instrument 
(LODI) are the most popular methods used in experiments and clinical practice. It 
is commonly believed that the site of bond failure is closely related to the risk of 
enamel fracture and according to Artun and Bergland the enamel is protected if the 
line of fracture is located exclusively within the adhesive [7]. Debonding methods that 
break the interface laying between the adhesive and bracket base are considered to be 
the most safe in terms of preserving enamel integrity. The aim of this systematic 
review was to review literature on the available methods of orthodontic metal and 
ceramic brackets debonding in terms of iatrogenic enamel damage in order to assess 
the risk connected with fixed appliance therapy and to find an optimal method for this 
procedure. 

Material and Methods 

The literature review was performed in MEDLINE via PubMed, Cochrane and Scopus 
databases in May 2021. Then searching was repeated in Journal of Stomatology, 
Orthodontic Forum and grey literature was searched using Google Scholar. English 
and Polish-language articles were taken into account without specifying the time 
frame. The index words used was “orthodontic debonding”. Only original articles 
were searched and as a criterion for inclusion in the study, the compliance of the 
information with the specific work objectives was evaluated. Animal studies using 
bovine incisors were excluded from the review due to the fact, that bovine enamel 
offers lesser resistance than human enamel (44% for permanent and 21% for decid-
uous teeth) [8]. Studies conducted on bleached, fluorosed or hypomineralized teeth, 
composite and porcelain restorations and lingual brackets were rejected from the 
research. The systematic review was reported according to the PRISMA statement.  

Metal brackets 

The authors identified thirteen studies describing effects of metal brackets debonding. 
There was only one study comparing the effect of debonding of metal brackets with 
different base design [9]. Brackets in the study were debonded with Weingart pliers. 
The increase in the number of cracks after debonding was significant but there was no 
significant difference between mesh base brackets and anchor pylons base brackets. 
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Nevertheless, anchor-pylon base group presented significantly greater increase of 
mean length of enamel cracks and most of the adhesive remained on the bracket base 
as opposed to mesh brackets, where most of the adhesive remained on the enamel. 

Eleven studies describe the effect of debonding of metal brackets using different 
methods (bracket debonding pliers- four studies, Weingart pliers- three studies, liga-
ture cutting pliers- one study, comparison of different methods- four studies). In three 
studies pliers were mounted to the testing machine, in nine studies brackets were 
removed manually. All three studies assessing enamel after manual bracket debonding 
with Weingart pliers (by gentle squeezing of the mesiodistal edges of bracket wings) 
report increase in the number of enamel microcracks after debonding [10–12]. Ac-
cording to Dumbryte, new microcracks were identified in 40% of samples. Moreover, 
the mean width of existing microcracks also increased after debonding (3.82 µm on 
average) and more microcracks was visible in the cervical region [10]. In another 
study, where difference between teeth with and without microcracks was compared, 
Dumbryte confirmed formation of new microcracks and reported on the similar 
increase in the number of EMCs in both groups (15.4% and 23.1% respectively) 
[11]. In the third study, authors detected enamel breakouts in 27% of samples [12]. 

Fig. 1. The protocol of literature review.  
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Additionally, mean volume and depth of enamel loss were measured (0.02 mm3 and 
44.9 µm respectively). In most cases all adhesive remained on the tooth. 

All authors using bracket debonding pliers as a debonding method observed 
changes in the morphology of the enamel. In Dalaie et al. study, mean increase in 
enamel cracks length after debonding was 2.39 mm [13]. Additionally, there was no 
relationship between shear bond strength and crack length change. According to 
Heravi et al., mean increase in the length of enamel cracks was 4.03 mm and 
3.73 mm depending on the type of adhesive used [14], while in the study designed 
by Ghaffari et al. mean increase in the length of EMCs was 4.64 mm [15]. The number 
of EMCs increased from 0.20 to 2.07 [15]. Study in which presence of enamel rem-
nants on bracket base was tested showed, that the enamel damage was present in 5.4% 
of teeth [16]. In Ghaffari’s study brackets were removed manually, while in the 
remaining two protocols brackets were detached on testing machine, but it seems 
that debonding method did not affect the final result. In one study ligature cutting 
pliers applying peeling force occlusally and gingivally were used, resulting in mean 
depths of enamel loss ranging from 0.0076 mm to 0.0416 mm for particular teeth [17]. 

In study of Heravi et al. [18], comparing different methods of manual debonding, 
significantly more enamel cracks was observed in all groups after brackets removal, 
but the difference between the groups was not statistically significant. There was also 
consistent increase in the length of EMCs (3.2 mm in the ligature cutter group, 
3.5 mm in the single-blade remover group and 3.1 mm in the two-blade remover 
group). In 95% of samples more than half of the adhesive remained on the tooth 
surface. Also Salehi et al. found no significant difference in the length of EMCs caused 
by debonding pliers and LODI [19]. In the study described by Knosel et al. [20] 
majority of damage resulted from LODI (21% samples) and side-cutter (17%), while 
bracket removal pliers caused enamel damage only in one case (4%) and air pressure 
pulse device (The Corona Flex) in no cases. Su et al. comparing debonding with 
a How pliers, a direct bond bracket remover and LODI (all devices mounted to the 
testing machine) found fractures only in a direct bond remover group (10% of sam-
ples) [21]. 

Ceramic brackets 

Nine studies testing ceramic brackets debonding were selected by the authors. In three 
articles effect of polycrystalline brackets debonding was described. Bishara et al. con-
cluded, that after removal of polycrystalline brackets with mechanically retentive bases 
by means of debonding pliers in testing machine, 17.98% of teeth experienced an 
increase in enamel cracks [22]. The same author in another study reported on similar 
incidence of enamel damage in case of debonding with Weingart pliers and a new 
debonding instrument [23]. Yassaei et al. evaluated the enamel after brackets removal 
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with debonding pliers with and without laser irradiation and observed, that there was 
significant increase in the number and length of enamel cracks in all samples, but 
samples debonded without laser had significantly more enamel cracks and the length 
of cracks was longer [24]. 

In one study [25] authors compared debonding of ceramic brackets with the use of 
piezoelectric ultrasonic scaler, debonding plier, ligature cutter and thermal method 
and concluded, that there was no significant difference between the groups in terms of 
enamel damage. 

Three studies compared effect of debonding of poly and monocrystalline ceramic 
brackets. According do Chen et al. no enamel damage was reported after removal of 
polycrystalline brackets with How pliers and monocrystalline brackets with specifi-
cally designed plastic pliers despite the fact, that forces needed to remove polycrystal-
line brackets were 76.89 N and 17.92 N in the case of monocrystalline brackets [26]. 
Also Strobi et al. [27] and Theodorakopoulou et al. [28] found no enamel damage in 
groups with mono and polycrystalline brackets regardless of the method used. Never-
theless, laser activation prior to debonding proved to reduce the debonding force [27]. 

In two studies authors compared debonding of chemically retained and mechani-
cally retained ceramic brackets. Ahrari et al. [29] observed in the study testing con-
ventional and laser-aided debonding that debonding of chemically retained brackets 
with the use of pliers caused mean increase of length of enamel cracks equal 6.7 mm, 
while in case of laser irradiation mean cracks length was 5.0 mm. In mechanically 
retained groups mean increase of enamel cracks was 4.9 mm for conventional debond-
ing and 3.9 mm for laser debonding. Kitahara-Ceia found, that while there was no 
statistically significant enamel damage in the group of mechanical retention base 
brackets, chemical retention group manifested statistically significant enamel damage 
after debonding [30]. In the case of mechanical retention brackets most of the adhe-
sive remained on the enamel, in chemical retention group bond failure was noticed 
between the enamel and the adhesive. 

Ceramic and metal brackets 

In eight studies comparison of debonding of metal and ceramic brackets was per-
formed. Three out of four articles testing the increase in the number of enamel cracks 
after debonding proved that damage occurs more frequently with the removal of 
ceramic brackets than with metal brackets [31–33]. According to Cićkiewicz et al. 
enamel damage connected with debonding with bracket removal pliers occurred in 
94.4% of ceramic brackets and in 64.7% of metal brackets [31]. The type of pliers (side 
cutter and anterior bracket removal plier) did not influence the incidence and extent 
of enamel damage [33]. 
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Results of one study, where all brackets were debonded with bracket removal 
pliers, indicate, that the increase of enamel cracks after debonding was 25% for metal 
and chemically retained ceramic brackets and 33.3% for mechanically retained brack-
ets [34]. 

All three studies measuring the magnitude of enamel fracture (area, width, length) 
proved that changes were significantly greater in case of ceramic brackets [31, 35, 36]. 

In one study comparing bracket removal with bracket removal plier and electro-
thermal debonding the authors found, that mechanical debonding entails a fourfold 
risk of enamel damage (47.6% of samples) as compared to thermodebonding (11.9%) 
[37]. Choudhary et al. [38] compared debonding of metal, ceramic and composite 
brackets with bracket removal pliers and New Debonding Instrument and the results 
indicate that in case of conventional pliers the failure occurs close to the enamel, but 
when New Debonding Instrument is used the failure takes place within the adhesive 
or at the adhesive-bracket interface. 

Bracket fracture 

Eleven studies provides with the information regarding bracket fracture. Three 
authors reported that ceramic brackets are more susceptible to destruction comparing 
to metal brackets [31–33]. In two studies no bracket fracture was observed during 
debonding regardless of the method used (laser or mechanical debonding) [24, 34]. 
Two authors reported that laser activation protects the ceramic bracket from damage 
while mechanical debonding is more often connected with bracket fracture [27, 29]. 
Results of two studies also suggest, that monocrystalline brackets are more susceptible 
to damage comparing to polycrystalline ones [27, 28]. 

Discussion 

Regarding the design of orthodontic metal brackets two main details are employed in 
order to increase its retention to enamel, including the application of a metal “net” in 
the case of foil mesh brackets and incorporation of anchor pylons in one-piece brack-
ets. Anchor pylon base brackets represent higher shear bond strength values [39] and 
study by Atashi [9] showed that debonding with Weingart pliers caused greater in-
crease in length of enamel cracks comparing to mesh brackets. Weingart pliers were 
the only method used to test the effect of debonging of one-piece brackets. 

In the case of foil mesh brackets, Weingart pliers, which represent squeezing force, 
were responsible for formation of new microcracks in 27% [12] to 40% [10] of samples 
and mean crack depth was 0.0449 mm [12]. In the study, where ligature cutters were 
used, mean depths of enamel loss for particular teeth ranged from 0.0076 mm to 
0.0416 mm [17]. Unfortunately, since different type of brackets was used in above-
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mentioned studies (brackets and tubes), exact comparison between these two debond-
ing methods seem to be inaccurate. 

Some authors suggest that the bracket-adhesive interface is more resistant to shear 
force than to a tensile stress and thus site of failure in case of bracket removal pliers is 
located closer to the enamel comparing to other methods [20]. Results of our review 
are less consistent. According to Filho et al. [33] bracket removal pliers caused no 
enamel damage and enamel cracks were detected as a presence of the enamel on the 
bracket base in 5.4% of samples in the study conducted by Zanarini et al. [16] which 
may suggest, that bracket removal pliers detach mesh brackets in a safer manner 
comparing to Weingart pliers. On contrary, Stratmann et al. [37] recorded enamel 
damage in 47.6% and Cićkiewicz et al. [31] in 64.7% of samples when brackets were 
debonded with bracket removal pliers. Also rather significant increase in enamel 
cracks length ranging from 2.39 mm [13] to 4.64 mm [15] and increase in the mean 
number of enamel cracks from 0.2 to 2.07 were recorded in studies testing bracket 
removal pliers. It is impossible again to perform exact comparison between selected 
for the review studies due to the fact, that different parameters were measured in 
individual experiments (number, width, length, depth, surface area of enamel cracks). 

According to some studies LODI, which produces tensile force, creates the most 
consistent separation at the bracket-adhesive level leaving protective layer of the 
adhesive on the tooth surface [20]. Nevertheless Salehi et al. found no significant 
difference in the length of EMCs caused by debonding pliers and LODI [19] but in 
Knosel’s et al. study [20] bracket removal pliers caused enamel damage in one case 
(4%), ligature cutters in 17% and majority of damage resulted from LODI (21% 
samples). On contrary, Su et al. observed no enamel damage when tensile force 
(LODI) and squeezing method (a How plier) were used, while shearing force caused 
vertical fractures of the enamel [21]. 

Properties of ceramic brackets differ significantly from metal brackets (smaller 
rigidity, greater brittleness) and it is commonly believed that debonding of ceramic 
brackets is connected with higher tendency to enamel cracks formation. However, 
results of our review do not support this statement. Habibi et al. [34] found no 
difference in number of enamel cracks between metal and ceramic brackets when 
bracket removal pliers were used. Chen observed no enamel damage after mechani-
cally retained brackets removal with How pliers and plastic pliers [26] and Theodor-
akopoulou reported enamel cracks only in 1.25% of samples [26]. Results presented by 
Bishara et al. [22] are less optimistic since they observed increase in enamel cracks in 
18% of mechanically retained brackets debonded with bracket removal pliers. Results 
obtained by Cićkiewicz et al. [31] differ significantly from other researchers since the 
prevalence of enamel damage in their study was 94.4% of samples removed with 
bracket removal pliers. Dumbryte et al. [36] noticed greater width and length of 
enamel microcracks in the case of ceramic brackets when compared to metal brackets, 
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but different method of debonding was applied — Weingart pliers for metal brackets 
and debonding instrument for ceramic brackets. 

Theoretically, placement of sharp edges of pliers at the enamel-adhesive level 
causes deformation of bracket base or cohesive fracture within the adhesive and 
reduces likelihood of enamel damage. Nevertheless, Bishara et al. did not find sig-
nificant difference between debonding with Weingart pliers and a new debonding 
instrument [23] and Filho et al. [33] between Weingart pliers and side cutters in terms 
of incidence and extent of enamel damage. What was confirmed by the assessment of 
ARI score is, methods using force acting at the level of the bracket body tend to leave 
a significant amount of the adhesive on the enamel surface [23]. Bora et al. [25] also 
found no difference in terms of enamel damage after debonding with different meth-
ods (bracket removal plier, side cutter, piezoelectric ultrasonic scaler, thermal meth-
od). Consequently it is impossible to recommend one particular mechanical method 
for removal of ceramic brackets. 

Some authors tested the effect of laser irradiation on debonding and the results 
suggest, the laser activity minimizes tendency to enamel damage. Strobi et al. observed 
no enamel damage after debonding of mono and polycrystalline bracket with and 
without laser activation [27], while Yassaei et al. reported on larger number and length 
of enamel cracks in no-laser group [24]. Positive effect of laser irradiation was also 
described by Ahrari et al. [29], where enamel cracks were 1 mm shorter in mechani-
cally retained brackets group and 1.7 mm shorter in chemically retained when bracket 
were subjected to laser activity, comparing to the brackets debonded with conven-
tional manner (Weingart pliers). Results of our review also show, that brackets with 
chemical retention are connected with higher risk of enamel fracture [30]. Apart from 
enamel assessment in terms of enamel cracks presence, numerous authors use the 
adhesive remnant index (ARI) and its modifications to evaluate the site of bracket 
failure, since the mode of fracture located and the bracket-adhesive interface is con-
sidered to be the safest for the enamel. According to our review, results are quite 
inconsistent and differ among authors. Considering bracket removal pliers, which are 
one of the most popular tools for debonding, two authors found that site of failure of 
metal brackets was predominantly located at the enamel-adhesive level [20, 38] while 
according to another two the failure took place at the bracket-adhesive interface [31, 
32]. Methods using squeezing methods (Weingart and How pliers) [12, 26, 30] as well 
as laser irradiation and thermal method seem to predispose to the fracture at the 
bracket-adhesive interface [27, 37]. Nevertheless, location of the failure far from the 
enamel did not protect the enamel from the damage entirely [20, 31]. Since, according 
to some authors, a higher prevalence of microcracks predispose to tooth sensitivity 
perceptions after brackets removal [11], further efforts should be made to investigate 
consequences of orthodontic debonding with the regard to the method used. 
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Conclusion 

Results of the review do not allow to identify an optimal method for orthodontic 
debonding. Nevertheless, thermal method and laser irradiation minimize the risk of 
enamel damage. 
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