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Aim: The aim of this study was to investigate the surface morphology, dimensional stability, and frictional
behavior of ceramic brackets with metal-inserted slots after different intervals of intraoral use.
Methods: Eighty-eight brackets were evaluated. The sample was divided into four groups (n ¼ 22 per
group): group C (control, as received from the manufacturer) and groups T12, T24, and T36 (brackets
recovered after 12, 24, and 36 months of treatment, respectively). Surface morphology was analyzed with
optical and scanning electron microscopy. Dimensional stability was verified with a measuring micro-
scope, and sliding resistance on 0.019 � 0.025-in stainless steel wires was evaluated using a universal
testing machine.
Results: Signs of corrosion and wear occurred gradually from the 12th to the 36th month, being more
significant at the metal slot base and at the porcelain/metal junction. The depth of the slot and the in-
ternal height between the tie-wings increased after clinical use, showing a significant difference at 36
months (P < 0.05). There was a progressive increase in the coefficient of friction versus time of clinical
use and a maximum increase of 22% after 36 months (P < 0.05).
Conclusions: Ceramic brackets with metal-inserted slots had significant changes in physical properties
during clinical use. The dimensional changes encountered were small and appeared clinically nonsig-
nificant. However, the progressive increase in the coefficient of friction must be taken into consideration
because it may compromise the clinical performance of the appliance.

� 2013 World Federation of Orthodontists.
1. Introduction methodologies [3]. Variations in temperature and pH caused by diet,
With an increasing number of adult patients referred to ortho-
dontic care in recent years [1], the demand for more esthetic ap-
pliances that would minimally compromise patients’ social and
professional lives has increased. Therefore, the acceptability and
use of esthetic brackets has been consistently increasing since their
introduction into orthodontics [2]. However, the long-term
biodegradation of these materials in the oral environment is un-
known. There is a lack of studies evaluating how the biodegradation
of esthetic brackets affects their clinical performance.

The multifaceted intraoral environment cannot be ideally
simulated in vitro with the currently available research
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food decomposition, cell debris, and oral flora and their byproducts
could affect the properties of some biomaterials [4]. Orthodontic
brackets are constantly under multiaxial loads arising from wire
insertion and action, as well as from masticatory forces [3]. Some
studies have evaluated the intraoral aging pattern of orthodontic
materials, the resultant surface alterations, and possible morpho-
logic changes and variations on mechanical properties [4e7].

Nevertheless, in the majority of these studies [5e8], investiga-
tion was limited to the changes in the properties of the orthodontic
wires, such as the increase in the coefficient of friction after
intraoral use [5,8]. However, wires are susceptible to cleaning
methods capable of decreasing friction [8] and are frequently
replaced during orthodontic therapy. Conversely, brackets are
usually maintained throughout the entire treatment. Therefore, it
seams important to better understand the long-term changes on
the physical properties of orthodontic brackets.

Ceramic brackets with metal-inserted slots were developed to
combine the frictional properties of stainless steel with the good

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:matheuspithon@gmail.com
www.sciencedirect.com/science/journal/22124438
http://www.jwfo.org
http://dx.doi.org/10.1016/j.ejwf.2013.07.002
http://dx.doi.org/10.1016/j.ejwf.2013.07.002
http://dx.doi.org/10.1016/j.ejwf.2013.07.002


M.M. Pithon et al. / Journal of the World Federation of Orthodontists 2 (2013) e127ee132e128
esthetic characteristics of ceramics and their as-received, out-of-
the-box mechanical properties are well known [9,10]. Nevertheless,
the alterations that these brackets undergo during treatment and
their impact on clinical performance aremostly unknown. Thus, the
aim of this study was to investigate the surface morphology,
dimensional stability, and frictional behavior of ceramic brackets
with metal-inserted slots retrieved after different intervals of
intraoral use.

2. Materials and methods

The sample consisted of ceramic brackets with metal-inserted
slots (Clarity, 3 M/Unitek, Monrovia, CA) that were exposed to the
intraoral environment during the orthodontic therapy of 15 pa-
tients (mean age 22 years and 6months) treated at the same private
practice. A total of 90 premolar and canine brackets from both
maxillary and mandibular arches were selected after use (12, 24,
and 36 months; n ¼ 30 per group). The slot size used was 0.022 �
0.028 in (0.559 � 0.711 mm), as informed by the manufacturer. All
patients received instructions on oral hygiene of the orthodontic
appliance before installation and every 3 months thereafter. The
brackets were carefully debonded with bracket-removing pliers,
with force applied only to the bracket base, and were kept in re-
ceptacles filled with distilled water. They were brushed with an
electric brush for 10 seconds and rinsed with distilled water to
remove any loosely attached debris. The samples were then kept in
self-sealed sterilizing packs until testing. The months of intraoral
bracket use were precisely registered, and a group of brackets as
received from the manufacturer were used as control samples.

The sample was divided into four groups, as follows: group C
(control, as received from the manufacturer), group T12 (brackets
after 12 months of treatment), group T24 (24 months), and group
T36 (36 months). Throughout the orthodontic therapy of all 15
patients, the edgewise technique was used, with mechanical
sliding. Twist-flex wires (0.018 in, 3 M/Unitek) and stainless steel
wires (0.016, 0.018, 0.020, 0.018 � 0.025, and 0.019 � 0.025 in, 3 M/
Unitek) were used for a period that ranged from 1 to 7 months for
each type and thickness of wire. Wires were ligated with either
elastomeric or steel ligatures, as needed.

An optical reflective light microscope (BX40, Olympus,
Hamburg, Germany) was used to verify the surface morphology of
all 90 recovered brackets. Brackets were evaluated using images
acquired in a bright field at various magnifications (50e200�).
After the exclusion of brackets with deformation in the metal slot,
signs of wear, or plastic deformation, 66 retrieved brackets
remained (n ¼ 22 per group, and n ¼ 22 controls) and were
effectively evaluated in this study.

The micromorphologic characteristics of the slot surfaces were
analyzed with a scanning electronmicroscope (SSX-550, Shimadzu,
Kyoto, Japan). The brackets were evaluated after different intervals
of exposure to the intraoral environment and compared to controls.
Backscattered electron images were acquired at various magnifi-
cations (20e2000�).

A measuring microscope (Model MM-40, Nikon Corporation,
Tokyo, Japan) was used to evaluate the dimensions of all 66
retrieved brackets and their as-received counterparts. The internal
height between the tie-wings (occlusal and cervical) and the slot
depth weremeasured in all samples. To evaluate the internal depth,
the mean of the measurements of the right and left tie-wings was
analyzed. The same operator performed all measurements using a
holder with a 0.0215 � 0.028-in wire, which was used to position
the slots of the brackets perpendicular to the microscope table. To
evaluate the method error, the measurements of 12 specimens
were repeated after a 1-week interval. The systematic error was
evaluated using a paired t test, and random error was calculated
from the Dahlberg formula. No systematic error of measurements
was observed (P ¼ 0.43). The average random error was 0.001,
which is considered acceptable.

A sliding resistance analysis with stainless steel wires was
conducted on all brackets in a universal testing machine (AME-2Kn,
Oswaldo Filizola, São Paulo, Brazil). Test specimens were obtained
by bonding the brackets with a cyanoacrylate adhesive to a 4�15�
50-mm acrylic plate with a holder in a standardized way. This
guaranteed that the brackets’ slots remained parallel to the vertical
axis of the testing machine. Stainless steel wire segments (3 M/
Unitek) with a cross-section of 0.019 � 0.025 in (0.4826 � 0.635
mm) and a length of 11.5 cm were used. Before testing, the wires
were cleaned with 70% alcohol to remove oily substances or im-
purities that could interfere with the results. They were ligated in
their middle portion to the brackets with 3.0-mm elastomeric lig-
atures (Mini-StiK, 3 M/Unitek) immediately before testing to stan-
dardize the ligation force. Each wire segment was used only once.

Test specimens were mounted in the device and assembled in
the test machine. A 300-gf weight was attached to the lower ex-
tremity of the wire to keep it under tension. The wire was pulled
along the bracket at a rate of 5 mm/min for 1 minute. The force
levels were registered by a 10-kgf load cell. The sliding resistance
was calculated by averaging the forces registered between the 1st
and 5thmillimeters of displacement, irrespective of the initial static
friction. For means of comparison among the different time in-
tervals evaluated, the percentage differences in the sliding resis-
tance between the retrieved brackets (T12, T24, and T36) and the
control brackets were calculated with the following equation:
DifSR(%) ¼ [(SRretrieved � SRas received)/SRas received] � 100, where SR
is sliding resistance and DifSR(%) is the percentage difference in
sliding resistance.
2.1. Statistical analysis

The Kolmogorov-Smirnov and Levene tests were used to assess
the normality of the data distribution and the homogeneity of
variance, respectively. The data showed non-normal distribution,
and only the friction of the control brackets had a homogeneous
variance. The internal heights of the tie-wings were compared
among the different treatment intervals using ANOVA and the post
hoc test of Games-Howell. The effects of treatment on the physical
properties of the brackets, such as slot depth and friction, were
compared among the different treatment intervals using the Mann-
Whitney U test. The level of significance for all statistical tests was
predetermined at 5%.
3. Results and discussion

The results of the morphologic analysis indicated a trend toward
an increase in the internal height of the tie-wings between the
brackets after clinical use. There were no statistically significant
differences after 12 and 24 months of intraoral use. However, there
was a statistically significant difference in cervical internal height
(Table 1) between the T36 specimens and the controls (P < 0.05).

Regarding the depth of the slot, there were statistically signifi-
cant differences between the brackets in the T36 group and those in
the control group (P < 0.05). Conversely, no significant differences
were registered among the samples in groups C, T12, and T24 (P <

0.05). These results indicated an increase in the slot depth after
longer periods of clinical use. This increase was similar to those
observed in the cervical internal height after 36 months of intraoral
use (Tables 1 and 2). Conversely, the occlusal internal height
showed minimum variation at the different time intervals tested
(Table 2).



Table 3
Friction by interval of intraoral use (n ¼ 22)

Time interval, months Slot depth, mm

Mean SD Median IQR Increase

As received 81.60a 3.06 82 5.6 e

Retrieved
12 87.20a 3.51 89 6.2 6.8
24 93.08a 3.92 91 6.8 13.9
36 99.71 b 4.29 97 8.0 22.2

IQR, interquartile range.
Same letters mean no statistically significant difference (P> 0.05) (Mann-Whitney U
test).

Table 1
Internal height between the tie-wings, by interval of intraoral use (n ¼ 22)

Time interval, months Internal height, mean, mm SD

Occlusal
As received 0.594a,c 0.011
Retrieved
12 0.596a,c 0.014
24 0.600a,c 0.019
36 0.605a 0.018

Cervical
As received 0.567b 0.014
Retrieved
12 0.571b,c 0.017
24 0.577b,c 0.020
36 0.586c 0.024

Same letters mean no statistically significant difference (P > 0.05) (ANOVA and the
Games-Howell post hoc test).
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The T36 group showed a 22.2% increase in the coefficient of
friction compared with the control samples. This amount of change
was statistically significant (P < 0.05). Although T12 and T24 pre-
sented a numeric increase in the coefficient of friction compared
with the control brackets, the results were not statistically signifi-
cant (Table 3). The mean percentage increases in friction co-
efficients of the T12 and T24 brackets were 6.8% and 8.3%,
respectively.

Gradual changes in surface morphology were registered from
the 12th to the 36th month. Corrosion, wear, and debris deposition
were observed in the retrieved brackets. Signs of corrosion and
wear were more intense in the base of the inserted metal slot
(Fig. 1A) and in the porcelain/metal junction (Fig. 1B). However, the
deposition of debris and precipitated biofilm reached different ex-
tensions (Fig. 1C), varying even in brackets retrieved from the same
patient.

The backscattered electron images showed a dark surface that
indicated the presence of precipitated biofilm in some areas
(Fig. 1D) in contrast to the bright surface of the slot alloy. These
areas suggest the presence of elements with low atomic numbers,
such as carbon, oxygen, and calcium, consistent with crystalline
particle formation, and other areas of bright surface that may be
related to silica, aluminum, barium, iron, and silver (Fig. 1E), as
described by other investigators [4,11,12].

The metal slot surface of the T24 (Fig. 2E and F) and T36 brackets
showed significant roughness and the presence of crevices and
gaps. These features were absent or negligible in brackets retrieved
after 12 months of intraoral use (Fig. 2C and D) as well as in the
control specimens (Fig. 2A and B). The associations between
precipitated biofilm, narrow grooves, and gaps at the metal slot
surface were more extensive in the T36 samples (Fig. 2G and H).

Some properties of the orthodontic materials as received from
the manufacturers have already been extensively described in the
literature, such as the friction coefficient [9,10,13e16]. However,
variations in temperature and pH caused by diet, food debris
Table 2
Slot depth by interval of intraoral use (n ¼ 22)

Time interval, months Slot depth, mm

Mean SD Median IQR

As received 0.715a 0.018 717 21
Retrieved
12 0.719a 0.025 723 32
24 0.728a 0.022 729 36
36 0.749 b 0.029 753 39

IQR, interquartile range.
Same letters mean no statistically significant difference (P> 0.05) (Mann-Whitney U
test).
decomposition, and oral flora and their byproducts may cause
biodegradation of thesematerials, modify some physical properties,
and compromise clinical performance [3,5].

The synergistic action of these biological factors may signifi-
cantly alter the surface integrity of stainless steel brackets [3,4].
However, there are few studies reporting on the changes of the
physical properties of esthetic brackets [11], especially those with
metal-inserted slots.

In this study, the evaluated brackets showed a trend of
increasing the internal height between the tie-wings according to
the duration of clinical use. However, the only significant difference
was in cervical internal height between group T36 and controls.
There was an increase of 3% (0.019 mm) in this variable, whereas
the occlusal internal height was increased 1.85% (0.011 mm). These
findings are similar to those found with metal brackets, which
showed variations of 2.5% (0.029 mm) in cervical internal height
and 1.9% (0.022 mm) in occlusal internal height [4].

There was also a trend of increasing the slot depth versus
duration of clinical use. However, the only statistically significant
difference was between group T36 and controls. This dimensional
increase was of 3% (0.00094 in, or 0.024mm). Although statistically
significant, this change was small and appears to have been clini-
cally nonsignificant. These findings are similar to those reported by
Gkantidis et al. [11].

Proper dimensional stability of ceramic brackets may be due to
the brittleness of the material, which does not allow significant
deformation before fracturing [17]. Structural deformation is more
relevant when plastic brackets are used [11]. Intraoral aging
reduced the hardness of plastic brackets compared with that of
their out-of-the-box counterparts [18]. In the present study, to
eliminate any possible influence of the method of debonding on the
values of the internal measurements of the bracket slot, debonding
was accomplished by carefully applying force only to the bracket
base, thus preserving the area of interest.

This study demonstrated an increase in the friction coefficient
versus time and surface alterations. Friction progressively increased
from T12 to T36, reaching a maximum change of 22.2%. In a similar
study that evaluated the intraoral aging of different brands of metal
brackets, an increase in friction coefficient of up to 18% was re-
ported [4]. In this context, similar percentages of change in coeffi-
cient of friction were observed with metallic or ceramic brackets
with metal-inserted slots. This phenomenon appears to be caused
by the increased surface roughness arising from the presence of
grooves, gaps, and crevices and the deposition of debris during their
intraoral use [3,5,19]. The small increase in friction coefficient found
in T12 and T24 may still be clinically relevant, because in the early
stages of the orthodontic treatment, low levels of sliding resistance
are desirable to increase alignment and space-closure efficiency
[20].

Previous studies [5,8] reported that stainless steel wires pre-
sented a 20.8% increase in frictional force after 8 weeks of intraoral



Fig. 1. Scanning electron microscopy of recovered slot brackets. (A) (Group T36) Areas of corrosion and deposition of debris (arrows) (original magnification, 100�). (B) (Group T24)
Junction porcelain/metal (arrows) (original magnification, 100�). (C) (Group T36) Cracks and debris deposition in different extensions (arrows) (original magnification, 400�). (D)
(Group T24) Dark areas biofilm precipitate (original magnification, 200�). (E) (Group T36) Bright surface area related to the presence of metallic elements and debris (original
magnification, 200�).
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use, and increased friction also was observed with nickel-titanium
[21]. Thus, during orthodontic therapy, an orthodontist should
expect an increase in friction on both bracket and wire surfaces.
Orthodontic tooth movement occurs only when the applied forces
overcome the friction at the bracketewire interface [22].

Therefore, it is important to know the force levels of all systems
because if the frictional forces are higher than the applied force, the
efficiency of the system is affected [23]. Part of the increased fric-
tion registered on the orthodontic wires after their clinical use can
be eliminated with simple cleaning methods [8]. However, a prac-
tical way to prevent this increase in the orthodontic brackets re-
mains unknown.

Clinical use caused changes in the surfaces of the brackets, as
seen in scanning electron microscope images. The as-received
brackets already presented some surface irregularities, as found
by Gkantidis et al. [11]. The brackets exposed to longer durations
of intraoral use showed greater signs of corrosion, wear, and
debris deposition [3]. The presence of precipitated biofilm found
on retrieved ceramic brackets was also reported with metal
brackets [4], orthodontic wires [5,6], and intraoral headgear
components [12].
Certain areas of the metal-inserted slot surface suggest the
presence of elements with low atomic numbers, such as carbon,
oxygen, calcium, phosphorus, consistent with the formation of
crystalline particles, and other areas of bright surface may be
related to silica, barium, aluminum, iron, and silver, as reported by
Regis et al. [4], Gkantidis, et al. [11], and Eliades et al. [12]. This
calcification is a common finding in materials used in the intraoral
cavity [3]. Oxygen, aluminum, and carbon are primary constituents
of ceramic brackets, which explains their presence [11]. The pres-
ence of silica and barium might be attributed to the contamination
of the slot by adhesives or composite resins [24]. According to Regis
et al. [4], although mass transfer can occur with the sliding of a
metallic surface, the silver-containing incrustations found on
retrieved brackets could not be attributed to any clinical finding.
The calcium and aluminum inclusions are strongly related to
corrosion [4,11].

The integuments found in this study were similar to the results
of studies [4] assessing the biodegradation of metal brackets, which
seems to indicate that the integuments deposited on the surface of
the brackets are related to the environment in which they are used
and not only to the type of bracket material used.



Fig. 2. Scanning electron microscopy of recovered and control brackets. (A) Group (C) Bracket as received (original magnification, 24�). (B) Group (C) Slot of a bracket as received
(original magnification, 100�). (C) (Group T12) Bracket recovered after 12 months of treatment (original magnification, 24�). (D) (Group T12) A slot bracket recovered after 12
months, with few superficial changes and debris (original magnification, 100�). (E) (Group T24) Bracket recovered after 24 months of treatment (original magnification, 24�). (F)
(Group T24) A slot bracket retrieved after 24 months, with alterations of surface and greater accumulation of debris (original magnification, 100�). (G) (Group T36) Bracket
recovered after 36 months of treatment (original magnification, 24�). (H) (Group T36) Slot of a bracket recovered after 36 months, with the presence of debris, grooves, and gaps
most significant (original magnification, 100�).
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In general, the clinical use of ceramic brackets with a metal-
inserted slot influenced the variables evaluated in this study. Sur-
face morphology, dimensional stability, and resistance to sliding
increased with the duration of intraoral exposure. However, the
changes in dimensional stability appeared to have been clinically
nonsignificant. The increase in the coefficient of friction may have
important clinical significance considering the total duration of a
long-term orthodontic treatment. Still, the percentage of friction
increasewas similar to that with retrievedmetallic brackets [4]. The
impact of biological and physical properties on the clinical perfor-
mance of these orthodontic materials must be further investigated
in other studies.
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4. Conclusions

Ceramic brackets with metal-inserted slots undergo significant
changes in their physical properties during clinical use. The
dimensional changes observed were small and appeared to have
been clinically nonsignificant. However, the coefficient of friction
must be taken into consideration in treatment durations of more
than 36 months, which could compromise the clinical performance
of the appliance.
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