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ABSTRACT

Introduction: The base surface roughness of slot bracket can affect friction in tooth movement. There 
are ISO-certified and non-ISO-certified stainless steel brackets on the market. Thus orthodontists must 
be careful in choosing the right bracket. This study was aimed to evaluate the differences of the surface 
roughness of ISO-certified and non-ISO-certified Roth 0.022 inch stainless steel bracket with the parameter 
of S a (average roughness). Methods: This research was a laboratory observational. Samples were taken 
randomly as many as 32 brackets divided into two groups, each consisted of two bracket brands. Surface 
roughness measurements were performed using an atomic force microscope (AFM), then the data were 
analysed by ANOVA test (p &lt; 0.05) and Post-Hoc analysis. Results: The ISO-certified bracket has an 
S a value smaller than the non-ISO-certified bracket. There was a significant difference in the surface 
roughness of the ISO-certified and non-ISO-certified slot bracket base (p &lt; 0.05). Conclusion: The ISO-
certified bracket has a smoother base surface than the non-ISO-certified bracket base.
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INTRODUCTION

The fixed orthodontic appliance has three 
essential components, namely brackets, wire arcs 
and accessories. The interaction of these three 
components determines the way the orthodontic 
device functions. Tooth movement in orthodontic 
treatment is influenced by biological and 
mechanical factors.1 Mechanical factors in tooth 
movement occur because of interactions between 
the bracket and the arc of the wire during tooth 

movement. Fixed orthodontic treatment can 
cause sliding movements between the bracket 
and the wire arc, resulting in friction resistance. 
An important consideration is needed in designing 
two contact surfaces, namely the bracket and the 
wire arc.2 The portion of the bracket that interacts 
with the wire is the bracket slot. The resulting 
friction force is influenced by surface conditions, 
the presence or absence of chemical reactions, 
modification of lubricant application and so 
on. The state of the bracket slot surface in the 
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form of surface roughness affects the amount of 
frictional force that occurs, although the surface 
looks smooth, but still has a surface irregularity 
(asperitis).2,3 Stainless steel is the metal alloy that 
is most widely used in orthodontic fields such as 
brackets and wire arcs.

The type of stainless steel in question is 
austenitic stainless steel types 18-8 with a content 
of 18% chromium and 8% nickel. Austenitic stainless 
steel was chosen because of the large ductility 
that makes it uneasily broken, easily welded, low 
sensitivity, and is easily formed.4

Previous studies, which evaluated the 
surface roughness of the base slots of McLaughlin 
Bennett and Trevisi (MBT) prescription stainless 
steel bracket slots with a 0.022-inch slot size, 
showed that there were variations in the bottom 
surface roughness of the bracket slot in several 
brands.

Evaluations were carried out using a 
scanning electron microscope (SEM) and a 3D 
non-contact surface profilometer machine. 2 
Research on the Roth bracket shows that there 
is irregularity on the bottom surface of the slot, 
and after a sliding test, the surface conditions 
are getting rough due to scratches on the sliding 
movement.5 Other studies have shown that metal 
brackets show a high value of resistance to sliding 
compared to self-ligating brackets, although the 
relationship between the roughness of the bottom 
surface of the bracket slots and the resistance 
of sliding motion is still unclear.6 The surface 
roughness of the bracket also influences the level 
of corrosion, as in the study of Dolci et al.7, which 
states that surface homogeneity in orthodontic 
components is one of the factors to prevent 
corrosion. The underlying surface roughness of 
the varying bracket slots shows the difference in 
surface roughness standards owned by each of the 
brackets manufacturers. Agarwal et al.2 found that 
the brackets with four well-known brands each 
had different surface roughness even though all of 
the brackets were ISO (International Organization 
for Standarization) certifications.

The development of orthodontic treatment 
now causes many brands of brackets from various 
factories on the market so orthodontists must 
carefully choose brackets from factories with 
ISO certificates. Brackets that do not have ISO 
certificates but have other certifications such as 

CE (Conformité Européene) and FDA (Food and 
Drug Administration) are also widely circulating in 
the market. Based on the background above, this 
study was aimed to evaluate the differences of the 
surface roughness of ISO-certified and non-ISO-
certified Roth 0.022 inch stainless steel bracket 
with the parameter of S a (average roughness).

METHODS

This observational laboratory study used a 0.022-
inch Roth slot stainless steel bracket from two 
brands on the market that were randomly selected, 
with ISO certificate and without ISO certified. The 
chosen bracket slot was 0.022 inch size according 
to recommendations from McLaughlin, Bennet 
and Trevisi2 because it has the advantage of being 
easy to insert wire, less friction at the start of 
alignment and can provide higher rigidity during 
the retraction process, and also this 0.022 inch 
size slot used by orthodontic practitioners, and 
facilitates the research process because wing 
bracket cuts will be made. 70% alcohol to clean 
the bracket.

The study was divided into two stages: 
the bracket preparation stage and the bracket 
testing stage. Brackets that have been chosen are 
8 brackets of each brand (a total of 32 brackets) 
with the wing cut using a micromotor and diamond 
bur with the aid of a magnifying glass with a 
magnification of 10x carefully and under running 
water to prevent it from getting hot. The base of 
the bracket slot must not be hit by a bur.

The bracket slot wall must be cut parallel 
to or lower than the bottom of the bracket slot 
so that the atomic force microscope (AFM) probe 
can contact and move along the scanning area. 
The bracket was then cleaned using 70% alcohol 
and an ultrasonic cleaner for 10 minutes. The base 
of the bracket with cut wing was then examined 
using an optical microscope at 200x magnification 
to see whether there was damage to the bottom 
of the bracket slot. A suitable and clean bracket 
after being cut was then analysed using an AFM 
tool to know the surface topography and measure 
the surface roughness of the bottom of the bracket 
slot, as shown in Figure 1.

Each bracket sample was taken three images 
then select the picture with the best conditions 
and represents the surface conditions tested. 
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The surface roughness parameter analysed was S 
a (arithmetic mean height / average roughness) 
because this parameter is the most commonly 
used, the measurement was simple and generally 
described the surface roughness. The data 
obtained were analysed by Analysis of Variance 
(ANOVA) test with two groups analysis using post 
hoc analysis (p & lt; 0.05).

ISO certified and non-certified bracket groups can 
be seen in Table 2, which shows that there was a 
significant difference in the surface roughness of 
the bracket base of ISO certified (brands A and B) 
and non-ISO certified (brands C and D) (p < 0.05). 
The surface of the ISO-certified bracket base slot 
(mean Sa = 51.767 nm) was smaller than the non-
ISO-certified bracket (mean Sa = 113.122 nm), 
which means that the bottom surface of the ISO-
certified bracket slot was better than the non-ISO 
bracket base. 

Table 1. Mean of the bracket slots of four brands surface 
roughness (nm)

Brand N Mean Std. Dev

A 8 64.435 6.384

B 8 39.099 7.127

C 8 128.054 17.484

D 8 98.189 6.300

Bracket Non-ISO (C dan D)

ISO (A dan B) 5.60E-11*
Notes:
A and B = 0.022 inch Roth stainless steel ISO certified 
bracket
C and D = 0.022 inch Roth stainless steel non-ISO certified 
bracket
* = significance (p < 0.05)

Table 2. Post hoc analysis of slot bracket base surface 
roughness between 0.022 inch Roth stainless steel ISO 

certified and non-ISO certified slot bracket base

Table 3. Post hoc analysis of slot bracket base surface 
roughness between 0.022 inch Roth stainless steel ISO 

certified slot bracket base brand A and brand B
Bracket A

B 2.92E-06*
Notes :
A and B = 0.022 inch Roth stainless steel ISO certified 
bracket
* = significance (p < 0.05)

Figure 1. The AFM tool and monitor display the bracket 
being scanned

(Nano Devices Research Lab, Mochtar Riady Plaza Quantum 
Building, Faculty of Engineering University of Indonesia)

RESULTS

The bottom surface roughness test results of the 
0.022-inch Roth stainless steel bracket slots of the 
four brands tested are presented in table 1. Table 
1 shows that the smallest mean Sa was owned by 
the brand B bracket, followed by brand A, D, and 
C consecutively. The small size of brand B bracket 
shows that the brand B bracket has the smoothest 
bottom surface of the slot (average Sa: 39,099 
nm). The mean value of the C brand bracket is the 
largest, which means that the C brand bracket has 
the roughest bottom surface of the slot (Sa mean: 
128.054 nm). 

Statistical analysis using ANOVA that 
compares the significance of the roughness of the 
bottom surface of the bracket slots between the 

Table 3 shows that there was a significant 
difference in the surface roughness of the slot 
bracket base in the ISO certified bracket group 
between brand A and B (p < 0.05). The surface 
roughness of the slot bracket base brand B (mean 
Sa = 39.099 nm) was smaller than brand A (mean Sa 
= 64.435 nm), which means the surface roughness 
of the slot bracket brand B was better than brand 
A.

Table 4 shows that there was a significant 
difference in the slot bracket base surface 
roughness in the non-ISO certified group between 
brand C and D (p < 0.05). The surface roughness of 
brand D slot bracket base (mean Sa = 98.189nm) 
was lower than brand C (mean Sa = 128.054 nm), 
which means the surface roughness of slot bracket 
base brand D was better than brand C.

Table 5 shows that the surface roughness of 
the slot bracket base of all brands tested showed 
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Table 4. Post hoc analysis of slot bracket base surface 
roughness between 0.022 inch Roth stainless steel non-ISO 

certified slot bracket base brand C and brand D

Bracket C

D 0.0005*

Notes :
C and D = 0.022 inch Roth stainless steel non-ISO certified 
bracket
* = significance (p < 0.05

significant differences (p < 0.05). The roughness 
of slot bracket base brand B was the lowest, 
and brand C was the highest, which means that 

Non-ISO bracket

C D

ISO Bracket
A 1.42E-07* 4.28E-08*

B 2.41E-09* 6.17E-11*
Notes:
A and B = 0.022 inch Roth stainless steel ISO certified 
bracket
C and D = 0.022 inch Roth stainless steel non-ISO certified 
bracket
* = significance (p < 0.05)

Table 5. Post hoc analysis of slot bracket base surface 
roughness between 0.022 inch Roth stainless steel of all 

brands

Figure 2. Topographic image of slot bracket surface (30 μm x 30 μm) AFM scan results; A. Brand A; B. Brand B; C. Brand C; D. 
Brand D

slot bracket base brand B had the best surface 
roughness, and slot bracket base brand C had the 
most inferior surface.

The surface roughness obtained from 
scanning using an AFM tool showed the varied 
surface topography of the slot bracket base in each 
bracket brand. The surface images can be seen as 
a two-dimensional and three-dimensional image. 
Figure 2 was following the description of Table 2, 
Table 3, Table 4, and Table 5, which shows that the 
surface roughness of slot bracket base brand B was 
the best, as seen from the topographic picture of 

the AFM scan.
The surface topography of slot bracket base 

brand A bracket slot looked rougher than brand B 
but still better than brand C and D. The surface 
topography of slot bracket base brand C looked 
the roughest compared to the other four bracket 
brands. Three-dimensional surface topography 
also shows variations in the four bracket brands 
tested, as shown in Figure 3.

Bracket A Bracket B

Bracket C Bracket D
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Figure 3. Three-dimensional topographic image of slot bracket surface brand A, B, C, and D from AFM scan results

Bracket A

Bracket B

Bracket C

Bracket D
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DISCUSSION

Previous studies evaluating the surface roughness 
of the stainless steel slot bracket base showed that 
there were variations in the surface roughness of 
the slot bracket base in several brands.2,7 This study 
also showed a significant difference in the surface 
roughness of the slot bracket base between brand 
A and brand B, even though the two brands have 
an ISO certificate such as research by Agarwal et 
al.2

The surface roughness of stainless steel 
slot bracket base brand A was better than brand 
B. The ISO certified bracket group (bracket brand 
A and brand B) also have a significant difference 
compared to the non-ISO certified brackets (brand 
C and brand D), where the surface roughness of 
non-ISO certified stainless steel slot bracket was 
higher than the ISO-certified bracket, which means 
the surface roughness of ISO-certified stainless 
steel slot bracket base was better than the non-
ISO-certified.

The surface roughness of stainless steel slot 
bracket base is critical because it will determine 
the contact area, corrosion resistance, and 
biocompatibility ability because from research 
conducted by Lin8 stated that the surface 
roughness of the small stainless steel bracket has 
better corrosion resistance. Surface roughness can 
affect the amount of friction that occurs during 
orthodontic treatment, although the influence of 
the surface roughness of the wire arc also plays a 
role.9

Choosing a bracket with a good surface 
roughness is very important, but the process 
of making a bracket by the factory is not 
always perfect because there are still grooves 
and marks on the surface of the bracket slot.1 
Standardisation by the International Organization 
for Standardization (ISO) is crucial as a guide for 
manufacturing brackets by manufacturers. The 
ISO standard for orthodontic brackets and tubes 
is ISO 27020: 2010 which explains the method of 
comparison of functions, testing methods, and 
packaging and labelling information.10

This research shows that although a bracket 
brand has an ISO certificate, there are still 
differences in the surface roughness value, and 
this also occurs in non-ISO certified brackets. The 
results of this study also showed that the non-ISO 

certified bracket had a higher surface roughness 
than the ISO certified bracket.

The surface roughness of stainless steel 
slot bracket base brand B was lower than brand 
A; this condition indicated that surface roughness 
of stainless steel slot bracket base brand B was 
better than brand A. The results of this study was 
consistent with the research of Lee et al.11

Lee stated that the ISO-certified bracket 
had different slot surface roughness. The results 
of the measurement of the surface roughness of 
stainless steel slot bracket base vary in the study 
related to the composition of the stainless steel 
metal used by the factory to make the bracket. 
But not all factories explain in detail what type of 
stainless steel is used.

The type of stainless steel commonly used as 
a bracket is type 304, 304L, 316 and 17-4 PH. 304L 
stainless steel contains 18-20% chromium, 8-10% 
nickel, less manganese and silicon and less than 
0.03% carbon. The composition of stainless steel 
bracket sometimes uses 316L type which contains 
more nickel, 2-3% molybdenum and lower carbon, 
while there is also a bracket made from stainless 
steel type 17-4 PH which has better mechanical 
ability and resistance to corrosion same as stainless 
steel type 304.

Previous research compared the composition 
of stainless steel metal type 304L, type 17-4 PH 
and super stainless steel. Super stainless steel 
contains high concentrations of nitrogen (0.331%) 
and molybdenum (6.77%), so it has corrosion 
resistance as well as titanium alloy. The results of 
a study by Fidalgo et al.13 study stated that the 
super stainless steel bracket has better corrosion 
resistance and biocompatibility than standard 
stainless steel, this is because the passive film is 
more stable so it is not easy to release nickel.12

Stainless steel has the smallest surface 
roughness compared to NiTi, TMA and superelastic 
NiTi wire.13,14,15 The ISO certified bracket has a 
stainless steel composition that complies with the 
provisions of the American Iron and Steel Institute 
(AISI), but the bracket is not ISO certified not yet 
known whether following the requirements of AISI 
or not.

The surface roughness of stainless steel 
ISO certified slot bracket base (mean Sa = 51.767 
nm) was lower than the non-ISO certified bracket 
(mean Sa = 113.122 nm), which means that the 
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surface roughness of stainless steel ISO certified 
slot bracket base was better. There was a 
significant difference in the surface roughness of 
stainless steel slot bracket base brand A and B (p 
< 0.05). Research conducted by Lee et al.11 on an 
ISO certified conventional stainless steel bracket 
showed a surface roughness of 52.07 nm.

This value was similar to the value obtained 
by the author in this study. The surface roughness 
value of slot bracket brand B (mean Sa = 39.099 
nm) was smaller than brand A (mean Sa = 64.435 
nm), which means that surface roughness of 
stainless steel slot bracket base brand B was 
better. Agarwal2 researched the same bracket 
brand (brand B), which resulted in 0.74 μm, higher 
than the results obtained by this study due to 
differences in the tools used.

This study used AFM while Agarwal used 
a Three-dimensional (3D) non-contact optical 
surface profilometer machine (Taylor Hobson, 
England, available at Bangalore, India). Agarwal's 
research results stated that the surface roughness 
of the slot brand B bracket was better compared 
to the bracket brand A (Sa 2.80 μm). The results of 
the study also supported the results of this study. 
There was a significant difference in the surface 
roughness of stainless steel slot bracket base 
brand C and D (p < 0.05). The surface roughness of 
stainless steel slot bracket base brand D (mean Sa 
= 98.189 nm) was lower than brand C (mean Sa = 
128.054 nm), which means that surface roughness 
of stainless steel slot bracket base brand D was 
better.

Our study used this bracket brand, mostly 
because brand C and D are brands with no ISO 
certificates. The smoothest slot bracket base 
surface was the brand B, and the roughest was the 
brand C. Lee et al11 stated in their research that 
the brand B bracket had the smoothest slot base 
surface compared to other brackets at 52.07 nm.

The surface roughness of stainless steel 
slot bracket base varies, even though it already 
has an ISO standard certificate. Our study had a 
disadvantage that it is difficult to remove the wing 
bracket. The wing bracket must be removed so that 
it can be scanned using AFM tools. The removal of 
the wing bracket was still done manually, so it is 
likely to affect the basic conditions of the bracket 

slot. A more precise wing removal method needs 
to be found for better research results.

Another shortcoming was that no studies 
conducted using non-ISO-certified brackets so that 
further research needs to be done on the surface 
roughness of non-ISO-certified stainless steel slot 
bracket base with more research samples.
 
CONCLUSION

The ISO-certified bracket has a smoother base 
surface than the non-ISO-certified bracket base. 
The ISO certificate also determines the quality of 
the bracket used by the orthodontist.
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