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Abstract
Introduction:  The  oral  medium  and  time  can  influence  the  physical-chemical  properties  of  stainless  steel
brackets andthis will influences the corrosion behaviour and biocompatibility of the material.This study is aimed
to evaluate and compare the surface roughness of  maxillary canine metal brackets slot floor before and after its
use in the oral cavity using SEM.
Aim: To evaluate and compare the surface roughness of right and left maxillary canine metal brackets slot floor
(0.022 MBT prescriptions of 3M Unitek Gemini series), before and after its use in the oral cavity using SEM.
Materials and methods: The control group (GROUP I) consisting of 5 right and 5 left as-received brackets of
0.022  MBT  and  experimental  group  (GROUP  II)  consisted  of  15  orthodontic  patients  who  were  undergoing
orthodontic  treatment  with the extraction of  upper  first  premolar  teeth which consists  of  30 brackets  of  0.022
MBT prescription (15 right canines and 15 left canines). After 6 to 8 months of alignment and individual canine
retraction analysis grid was formed in images and evaluation of craters were done according to three categories
(mild: ≤ 4mm), (moderate: 5 to 10 mm) and (severe:  ≥ 10mm).
Result:In  all  magnifications,  surface  roughness  (mild  craters)was  significantly  higher  in  as-received  brackets
(Group I) when compared to experimental group (Group II). In all magnifications surface roughness (moderate
and severe craters) is significantly higher in experimental group when compared to control group.
Conclusion:  There  is  increase  in  surface  roughness  of  bracket  slot  floor  in  the  experimental  group  when
compared  to  control  group.  Orthodontic  brackets  show  signs  of  degradation  such  as  morphologic  changes,
surface alterations from corrosion, and wear and release of elements into the oral environment.

Key words: craters, metal brackets, surface roughness

Introduction:
Brackets and band stay for more time in the patient’s mouth, among all orthodontic materials. So it is important
to  study  the  changes  which  are  occurring  in  bracket  slot  after  use  in  the  oral  cavity.1The  stainless  steel  (SS)
brackets have properties closer to the ideal, and are used most frequently for orthodontic treatment. 
Friction is  a  function of  the  relative  roughness  of  two surfaces  in  contact,  and it  arises  when there  is  relative
motion  or  potential  for  it  between  the  two  surfaces.2In  fixed  orthodontic  treatment,  some  degree  of  sliding
between  bracket  and  archwire  occurs  and  the  frictional  resistance  is  encountered.  The  frictional  force  is
proportional to the force with which the contacting surfaces are pressed together and is affected by the nature of
the surface at the interface (rough or smooth, chemically reactive or passive, and is modified by lubricants, etc.).
Some force which is applied is dissipated as friction, and the remainder is  being transferred to the supporting
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structures of the tooth to initiate tooth movement. 
The oral environment favours the biodegradation of metal alloys due to its ionic, thermal, microbiological, and
enzymatic conditions. In addition to this, the variations of temperature and pH caused by diet, decomposition of
foods,  cell  debris,  oral  micro  flora,  and  their  by-products  are  also  important  factors  to  be  considered  when
evaluating  the  clinical  behaviour  of  orthodontic  components  that  remain  in  the  oral  cavity  for  months.  It  is
considered  that  the  oral  medium  and  time  can  influence  the  physical-chemical  properties  of  stainless  steel
brackets, which may act on the clinical performance of these materials.3
The,  aim of  this  study  was  to  evaluate  and  compare  the  surface  roughness  of  right  and  left  maxillary  canine
metal brackets slot floor (0.022 MBT prescriptions of 3M Unitek Gemini series), before and after its use in the
oral cavity using SEM.

Material and methods
Patients aged 15-30 years undergoing fixed appliance treatmentwith the extraction of upper first premolar teeth
with 0.022” X 0.028” MBT brackets prescription, were chosen for screening. All of them went through the same
procedural  protocol  involving  split  retraction  of  the  canine  followed by  the  retraction  of  the  incisor  segment.
Exclusion criteria were; tobacco chewer, mouthwash users, suffering from hyperacidity, frequent consumption
of aerated drinks, known metal allergy.
Control  group  (Group  I)  consisted  of  5  right  and  5  left  as-received  canine  brackets.  The  experimental
group(Group II) consisted of 15 orthodontic patients who were already undergoing orthodontic treatment with
the extraction of upper first premolar teeth and 0.022” X 0.028” MBT brackets. All the patients were randomly
allotted numbers from 1 to 15.  
Ethical  approval  was  taken  from  Institutional  Review  board.  Written  informed  consent  was  obtained  from
patients prior to the start of the study.After 6 -8 months of  alignment and individual canine retraction, all the
right  and  left  canine  brackets  were  debonded  with  bracket  debonding  plier,  with  a  force  applied  only  to  the
bracket base. At the time of debonding, care was taken to avoid any distortion of the bracket slot. The retrieved
brackets  were  rinsed  with  distilled  water,  to  remove  any  loosely  attached  debris,  and  stored  in  the  labelled
storage  box  until  further  analysis.  The  sample  was  lifted  from  the  base  with  a  tweezer  and  mounted  on  the
carbon  stub  for  performing  SEM analysis  (  JSM –  6063,  JFOL,  Japan  10-20  kV)[Figure  1].The  images  were
obtained in magnifications of 500 X and 1000 X[Figure 2].Following which a grid was formulated and analysis
was done for presence of craters (a cavity or hole in any surface) on the surface of the bracket slot .Craters were
divided according to their size, mild(≤ 4mm),moderate (5 to 10 mm) and severe ( ≥ 10mm).
SEM being a subjective analysis,  two observers analysed the images (intra-observer) so as to avoid the errors
and  both  observers  re-evaluated  all  images  after  10  days  (inter-observer)  and  after  that  master  charts  was
prepared.  All  the  data  measured  for  surface  changes  were  evaluated  and  the  data  was  subjected  to  statistical
analysis.
Statistical analysis
SPSS 22.0 (IBM Analytics, New York, and U.S.A) was used to carry out the statistical analysis. All p values <
0.05  was  considered  to  be  statistically  significant.  Statistical  analysis  was  done  by  using  tools  of  descriptive
statistics  such  as  Mean,  and  SD  for  representing  quantitative  data.  Kappa  inter  examiner  reliability  was
performed  to  check  inter  consistency  of  observations  between  both  examiners.  Independent  T-test  was
performed  for  comparison  of  elements  of  control  group  and  experimental  group  i.e.  surface  roughness  at
different magnifications in respect to small, medium and large size craters.

Results
Mean kappa inter examiner reliability was found to be good (k=0.83).  At 500X magnification, mean value of
surface roughness, measured as mild craters (less than 4 mm. defects) in the Group I as received brackets was
30.8 ± 6.2 which is higher than that of the experimental group; 10 ± 12.4 .This difference is statistically highly
significant (p < 0.0001). This indicates that mild craters are more in control group (as-received brackets) than
compared  to  experimental  group  (6-8  months  in  oral  cavity).  Mean  value  of  moderate  craters  for  the  control
group was 0.9 ± 0.56 which is significantly higher than that of the experimental group; 06 ± 6.2 (p < 0.0001) at
500X  magnification.  Hence  a  significantly  greater  surface  roughness  was  seen  with  experimental  group  as
compared to the control group. There was no surface roughness seen while measuring severe craters (≥ 10mm)
in  the  control  group  while  the  experimental  group  showed  a  mean  surface  roughness  of  01  ±  2.4.  Hence  a
significantly  greater  surface roughness  is  seen with experimental  group as  compared to  the control  group (p=
00007) [Figure 3].
At 1000X magnification, mean of surface roughness of  mild size craters in  control group was 30.4± 6.35 which
is significantly higher than that of the experimental group; 05 ± 3.2 (p < 0.00001). The overall mean of surface
roughness of moderate size  craters in  control group was 1.7 ± 0.48 which is significantly lower than that of the
experimental group; 02 ± 2.8 (p < 0.0077). There was no surface roughness seen with the control group while
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the experimental group showed a mean surface roughness of 03 ± 02 in severe size craters. Hence a significantly
greater surface roughness is seen with experimental group as compared to the control group (p= 001) [Figure 4].

Figure 1: Scanning Electron Microscope, (JSM-6063A,JEOL, Japan, available at Pune, India, with 
10–20kV)

Figure 2: SEM Images for various magnification. A-Canine bracket with magnification of 500X, B- 
Canine bracket with magnification of 1000X

Figure 3: Comparison of surface roughness of control and experimental group at 500 X.
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Figure 4:Comparison of surface roughness of control and experimental group at 1000 X

Discussion
This study was an ex-vivo study, because the main factor that distinguishes the oral cavity from in vitro media is
the presence of complex oral flora and their by-products, as well as the accumulation of plaque on the brackets
which  substantially  alter  the  surface  properties  and  structural  conformation  of  the  bracket.  In  vivo  aged
orthodontic  components  show  signs  of  degradation  such  as  morphologic  changes,  surface  alterations  from
corrosion, and wear and release of elements into the oral environment.5The multifaceted intraoral environmental
milieu cannot be simulated with the currently available in vitro research methodologies, most of which involve
exposure of materials to various electrolytes, artificial saliva, saline solution, and other media. 
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Stainless Steel (SS) is one of the most popular materials used for orthodontic bracket because of its favourable
mechanical  properties and suitable corrosion resistance.6  Metal brackets were preferred over ceramic brackets
because  while  debonding  ceramic  brackets  get  easily  cracked  or  distorted  and  this  will  affect  the  surface
morphology of the bracket slot.
In this study inclusion criterion was upper first premolars extraction cases on 0.022 MBT prescriptions. Sliding
mechanism causes friction which can produce change in surface morphology of the bracket. The coefficient of
friction  is  an  important  factor  in  resistance  to  sliding,  which  might  depend  on  the  roughness,  texture,  and/or
hardness  of  the  contacting  material  surfaces.  Thus,  study  of  bracket  slot  floor  surface  roughness  is  of  great
clinical interest1. 
In  this  study,  as-received  and  retrieved  0.022  slot  canine  brackets  after  individual  canine  retraction  (8-10
months) was studied using the SEM. In current study surface roughness is also seen in as received brackets at
500X and 1000X magnification.6 Mild craters less than 4 mm are more in as-received group when compared to
experimental group (Graph I). Similar result was seen in a study by Lin et. al. (2006), in which they had studied
surface  roughness  of  various  types  of  as-received  SS  0.022  slot  brackets  with  SEM  and  AFM  both.  Results
indicated  that  there  was  surface  roughness  present  in  as-received  brackets  slot  which  can  be  due  to  small
manufacturing defects.
In  present  study,  statistical  significant  increase  in  surface  roughness  was  seen  with  experimental  group  for
moderate and severe size craters at all magnification i.e. 500X and 1000X.In accordance with the results of our
study  under  SEM  magnification  of  500X  and  1000X  for  moderate  and  severe  craters,Radha  Krishnan  et  al.
compared  the  surface  morphology  and  dimensional  stability  of  the  bracket  slot  at  the  onset  of  treatment  and
after 12 months of intraoral exposure. Results stated that the ceramic bracket showed relatively smooth surface,
whereas the SS and the selfligation bracket showed pits and grooves on the slot surface.5
Furthermore,  whenthe  surface  roughness  of  bracket  slot  and  friction  coefficient  between  the  bracket  and  SS
archwire was observed by both SEM (500X) and AFM before and after orthodontic treatment. They concluded
that  both  SEM  and  AFM  observations  showed  significant  increase  in  the  surface  roughness  of  retrieved
brackets, when compared to as-received. Liu et. al.7
In a similar retrospective study by Regis et. al. (2011), in which they assessed the effect of clinical exposure on
the  surface  morphology,  dimensions,  and  the  frictional  behaviour  of  metallic  orthodontic  brackets  of  three
different  manufacturers  (American  Orthodontics,  3M  Abzil,  TP  Orthodontics)  under  SEM  under  20-2000X
magnification.  They  concluded  that  clinical  use  of  bracket  cause  surface  alteration  in  metallic  orthodontic
brackets, with distinct pattern of alteration in different brands.8
Further studies are required to measure the surface roughness of different bracket at different time intervals as in
our study; we studied the brackets after 6-8 months of use, while most Orthodontic treatment takes a period of
almost  2  years  and  in  different  locations  as  we  studied  only  canine  brackets  which  may  vary  with  other
locations.

Conclusion
Increase  in  number  of  mild  defects  in  as  –  received  group  can  be  small  manufacturing  surface  defects.  In
experiment  group moderate  and severe  craters  are  significantly  higher  as  compared to  control  group with  a  p
value of 0.0042 and 0.00001. This indicates that there is increase in surface roughness of bracket slot floor in the
experimental group. This can be because oral environmentand time can interfere with the physical properties of
orthodontic  brackets.  Orthodontic  brackets  show  signs  of  degradation  such  as  morphologic  changes,  surface
alterations from corrosion, and wear and release of elements into the oral environment. 
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