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Introduction: Friction and sliding mechanics results in a reduced delivery of force in the orthodontics 
appliance system. As the demand for esthetic brackets is on the rise, kinetic friction of these brackets 
needs to be taken into consideration. The resistance to orthodontic movement within the appliance 
system has been challenge since the inception of orthodontics. 
Aim& objectives: The purpose of the study was to evaluate the kinetic frictional resistance generated 
by esthetic brackets (Monocrystalline ceramic brackets, polycrystalline ceramic brackets and 
composite brackets) using a 0.019”x0.025” SS straight length wire in a 0.022” slot in a simulated 
sliding movement. 
Methodology: This study was performed with 3 different types of brackets of MBT discipline. Group 
1: Monocrystalline ceramic (Illusion, JJ orthodontics),Group 2: Polycrystalline ceramic (Clear, JJ 
orthodontics) and, Group 3: Composite brackets (Oro, JJ orthodontics). Samples size of each group 
n=48.  Four mandibular central incisor brackets with 00 tip and -60 torque was used, in 0.022” X 
0.030” slot Pre adjusted edgewise appliance. Brackets were bonded to an acrylic sheet. The brackets 
and wire units were submitted to frictional test with Instron machine (No-3382). This test was done in 
both dry and wet condition. Artificial saliva was used to stimulate oral condition. The lower cross 
head was design to hold the acrylic fixture, and upper cross head was holding the wire. Each sample 
was pulled at the speed of 2mm per minute. Student T test and Two-way ANOVA were applied and 
results tabulated.  
Results: In both dry and wet condition composite brackets expressed a statically significant higher 
frictional value with respect to monocrystalline and polycrystalline brackets. Polycrystalline ceramic 
brackets showed least frictional resistance. Monocrystalline ceramic brackets showed intermittent 
frictional value. 
Conclusion: The polycrystalline ceramic brackets showed least friction among the 3 groups followed 
by monocrystalline ceramic and composite Brackets. 
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INTRODUCTION 
 

Friction is the force that acts on the surface between two 
objects when one object slides relative to the other. Importance 
of friction in orthodontics was first observed by stoner in 
1960.He stated that recognition must always be given to the 
fact that because of appliance design, applied force is lost to 
friction and it is difficult to control and determine the amount 
of force that is being received by the individual tooth. Friction 
occurs at the bracket and arch wire interface.1Though static 
and kinetic friction are observed the latter is more pertinent in 
tooth movement. 
 

In contemporary orthodontics, the utilization of sliding 
mechanics for retraction and space consolidation have brought 

the study of friction to the fore.2 Minimizing the frictional 
force that opposes the initiation and maintenance of the tooth 
movement, will provide a more efficient and reproducible 
mechanical system. Ideally the clinician should be alert as to 
which characteristics of the appliance contributes to friction 
and individually to what degree. There is an amount of force 
lost in the active element (brackets) at the point of delivery to 
the tooth.3 

 

Several variables exist that can be directly or indirectly 
contribute to frictional force level between the bracket and the 
wire.4The rise in demand for esthetic treatment have shown an 
increased use of plastic and ceramics brackets.5,6 Kinetic 
friction of these brackets differ from there stainless steel 
counterparts. The clinician should be wary of this difference. 
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Tooth color brackets have become the go-to material of choice, 
and many are available on the market.7The influence of 
bracket material on friction cannot be overstated as it is the 
primary means of force delivery to the tooth. The study 
included assessment of monocrystalline ceramic, 
polycrystalline ceramic and composite brackets.8,9 Since 
sliding mechanics is commonly employed kinetic friction was 
assessed. 
 

The purpose of the study was to evaluate the kinetic frictional 
resistance generated by esthetic brackets (MCB, PCB, CB) 
using a 0.019”x0.025” SS straight length wire in a 0.022” slot 
and to find out effective sliding movement during retraction in 
a dry field and wet field. 
 

MATERIALS AND METHODS 
 

The study was undertaken as an, invitro study in Indira Gandhi 
Institution of dental sciences, which was completed over a 
period of 24 months and 10 days in the years 2013 - 2015. A 
sample size of 144 was used for this study. The sample was 
divided into 3 groups based on the type of bracket used. Each 
group was further divided into two sub groups of wet and dry 
fields.  
 

Lower anterior brackets were used to ensure adequate fixation 
on the template (acrylic),which were directly supplied by the 
manufacturer. The arch wire chosen is routinely used in 
retraction stage of treatment. The brackets and arch wire were 
visually checked for imperfection prior to fixation. No ethical 
clearance was required, but the study was cleared by the 
Institution Review Board. 
 

In the study PAE brackets (lower anterior 00- Tip, -6- Torque) 
of 022” slot size (MBT) were used. The three types of brackets 
were Monocrystalline ceramic brackets (Illusion, J.J) [fig-
1(a)], Polycrystalline ceramic brackets (clear, J.J) [fig-1(b)], 
Composite brackets (Oro, J.J) [fig-1(c)]. Total sample size was 
144, which were divided into 3 groups based on brackets 
materials. Each of 48 brackets were further divided into 2 sub-
groups for dry and wet field.   
 

Stainless steel straight length rectangular wire of 0.019”x 
0.025” was ligated using 0.009 ligature wire (HP). Artificial 
saliva of Shelly’s formula of pH 6.8 was used. the saliva 
contains Ammonium Chloride233mg/lt, Calcium Chloride 
Dihydrate 210 mg/lt, Magnesium Chloride hexa hydrate 43 
mg/lt, Potassium Chloride 1163mg/lt, Potassium Dihydrogen 
orthophosphate 354mg/lt, Potassium Thiocyanate 222 
mg/lt,Sodium Citrate 13mg/lt, Sodium Hydrogen Carbonate 
535 mg/lt, Disodium hydrogen Orthophosphate 375mg/lt.12 
In the evaluation of the kinetic friction between archwire and 
brackets was measured by moving the arch wire at increment 
of 2 mm over the distance of 10 mm. The friction value 
measure was tabulated according to bracket materials.  
 

Acrylic sheetsof different colours were used (20cmx5cm), in 
which lower anterior brackets were mounted, using 
cyanoacrylate adhesive, in a straight line (using vertical and 
horizontal markings) in which the bracket has 00 Tip, and -60 
Torque. Each template consisted of 4 brackets at a separation 
of 10 mm to simulate position in the oral cavity. The brackets 
were cleansed using 95% ethanol prior to attachment.0.019”x 
0.025 straight length Stainless steel rectangular archwire was 
placed in a bracket slot and using 0.009 ligature 
wireindividual ligation was done on the bracket.13,14,15 

 

A.Green Template: Monocrystalline ceramic brackets [fig-2]. 

B.Red Template: Polycrystalline ceramic brackets [fig-3]. 
C.Blue Template: Composite Brackets [fig-4] 
 
The acrylic sheets with the brackets and stainless steel wire, 
were mounted on the Instron machine to evaluate the frictional 
force. Instron machine (Universal testing machine 3382) 
consists of upper and lower jaw, in which lower jaw was fixed, 
whereas the upper jaw was freely movable in a vertical axis. 
The template was placed in the Instron machine, to which 
lower jaw was holding the template and upper jaw was holding 
the straight length stainless steel wire. 
 

The templates were placed in the Instron testing machine with 
1 kilo Newton force, and the wire was moved in a 
verticaldirection (upper jaw), and the kinetic friction reading 
wasrecorded for every 2 mm of movement.16 The groups were 
further subdivided into- 
 

 GROUP A1 Dry field, GROUP A2 Wet field, 
 GROUP B1 Dry field, GROUP B2 Wet field, 
 GROUP C1 Dry field, GROUP C2 Wet field, 

 

Each group consists of 12 templates of which 6 templates were 
examined for friction in dry field, another 6 templates were 
examined for friction in wet field using artificial saliva.17 The 
entire fixture was immersed in container containing artificial 
saliva for 2 min to replicate the oral environment, and these 
templates were placed in the Instron machine, and frictional 
force measured.  
 

The data obtained was entered and analysed using SPSS 
software version 20.0(SPSS Inc., Chicago, Il, USA). Statistical 
analysis was performed using a Student T test and 2-way 
ANOVA. T test was used to find the differences in the mean 
and standard deviation between the groups. The level of 
significance was established at <0.005. ANOVA was used to 
determine the subject variation between the groups. 
 

RESULT 
 

The composite brackets (Group-C) showed the highest 
frictional force value with statistically significant (p .005) 
followed in decreasing order by the Group-A           
(Monocrystalline) and Group-B (polycrystalline) with the least 
frictional values. 
 

The result of the study showed decreasing amount of friction, 
which is observed in the wet field (Group- A1, B1, C1) 
compared to the dry field (A2, B2, C2) for all the 3 groups of 
esthetic brackets. Ceramic brackets (Group-A, B) were 
producing less amount of friction than compared to composite 
brackets in both wet and dry field. 
 

Group-B (polycrystalline Brackets) had the least amount of 
frictional resistances when compared to Group A 
(Monocrystalline Brackets) and Group B (composite brackets). 
 

Group-A (Monocrystalline Brackets) had the less frictional 
resistance when compared to Group-C (composite brackets). 
But when compared Group-B increased in frictional values 
were observed. 
 

Group-C (Composite brackets) has the highest amount of 
friction when compared to other two group. (Group-A, Group-
B) both in dry and wet field. 
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Fig 1 Monocrystalline ceramic, Polycrystalline ceramic and Composite 
brackets 

 

 

 
 

Fig 2 Monocrystalline Brackets with green template 
 

 
 

Fig 3 Polycrystalline Brackets with red Template 
 

 
 

Fig 4 Composite Brackets with blue Template 
 

Table 1 GROUP-A1&A2 - Monocrystalline Ceramic (Dry & Wet Field) 
 

 
 

Table 2 GROUP-B1 & B2 - Polycrystalline Ceramic (Dry& Wet Field) 

 
 

Table 3 GROUP-C1 &C2 - Composite Brackets (Dry&Wet 
Field) 

 

Distance of 
wire 

traveled 

2mm 
DRY 

 
WET 

4mm 
DRY 

 
WET 

6mm 
DRY 

 
WET 

8mm 
DRY 

 
WET 

10mm 
DRY 

 
WET 

Template 1 9.27N 4.11N 9.16N 4.06N 8.80N 3.93N 8.70N 3.83N 8.73N 3.84N 
Template 2 9.02N 4.14N 9.02N 4.10N 8.94N 4.02N 8.88N 3.98N 8.70N 3.92N 
Template 3 9.32N 4.10N 9.22N 4.05N 9.11N 3.95N 9.04N 3.90N 8.93N 3.86N 
Template 4 9.02N 4.34N 8.94N 4.38N 8.92N 4.19N 8.70N 4.22N 8.63N 4.12N 
Template 5 9.00N 4.11N 9.12N 4.09N 9.28N 4.02N 8.84N 3.96N 8.90N 3.88N 
Template 6 8.28N 4.09N 8.45N 4.02N 8.70N 4.00N 8.74N 3.91N 9.00N 3.85N 

 

Table 4 Frictional Force 
 

 
Field Mean N 

Std. 
Deviation 

Minimum Maximum 

GROUP-A 
GROUP-A1 4.4783 6 .35437 3.98 4.76 
GROUP-A2 2.8300 6 .11747 2.67 2.99 

Total 3.6542 12 .89686 2.67 4.76 

GROUP-B 
GROUP-B1 3.6317 6 .65441 2.77 4.46 
GROUP-B2 1.7493 6 .28612 1.45 2.13 

Total 2.6905 12 1.09462 1.45 4.46 

GROUP-C 
GROUP-C1 8.9083 6 .16726 8.63 9.12 
GROUP-C2 4.0300 6 .11171 3.95 4.25 

Total 6.4692 12 2.55123 3.95 9.12 

Total 

GROUP-
A1,B1,C1 

4.4959 18 3.24806 1.45 9.12 

GROUP-
A2,B2,C2 

4.0467 18 .54149 2.77 4.76 

Total 4.2713 36 2.30620 1.45 9.12 
 

Table 5 Dependent Variable: Frictional Force - Tests of 
Between-Subjects Effects (t test) 

 

Source 
Type III Sum 

of Squares 
DF 

Mean 
Square 

F Sig. 

Corrected Model 182.700a 5 36.540 317.759 .000 
Intercept 656.777 1 656.777 5711.466 .000 
Brackets 92.525 2 46.262 402.307 .000 

Field 1.816 1 1.816 15.794 .000 
brackets * field 88.359 2 44.179 384.193 .000 

Error 3.450 30 .115 
  

Total 842.927 36 
   

Corrected Total 186.150 35 
   

 

DISCUSSION 
 

Most fixed appliance techniques involve some degree of 
sliding between the brackets and the arch wire.18There is a loss 
in efficiency of the appliance as friction results in less force 
delivery to the tooth. One approach to this problem is to use 
“frictionless” mechanics, which avoid tooth movement along 
the arch wire as for as possible. Another approach is to use 
sliding mechanics but to design the appliance to reduce friction 
as in the Begg’s techniques. The widespread adoption of pre-
adjusted edgewise system has increased interest in the use of 
sliding mechanics but in this technique encountering friction is 
inevitable.19,20,21 It is known that increased friction between the 
brackets and wire results in binding between the two. The 
tooth movement may be affected.  The resistance of movement 
slows retraction of anterior teeth and may transmit excessive 
forces to posterior anchorage. Once force is applied the initial 
static friction must be surpassed to achieve tooth movement. 
Once the teeth begin to move dynamic friction occurs. 
 

Several variables have been found to affect the levels of 
friction between the brackets and the wire. Some variables that 
affected the force of friction include the bracket materials, size 
of the slot, width of the bracket, placement of the bracket, and 
typed of arch wires used.22,23 

 

The present study was conducted to investigate the effect of 
Ceramic bracket material on the dynamic frictional resistance 
encountered in the Ceramic brackets and arch wires.24 
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To date austenitic stainless is the most suitable alloy for 
orthodontics brackets although these offer little in terms of 
esthetics.25 This has led to the introduction of ceramic 
brackets, superior esthetics are the only the advantage of the 
ceramic brackets and short comings include a tendency to 
fracture during treatment and debonding, enamel damage 
during debonding, high frictional resistance and enamel 
abrasion of the opposing teeth.26 Now ceramic brackets with 
metal slot have satisfied the frictional prospect and the 
esthetics simultaneously. This study sought to compare the 
frictional resistance between different ceramic brackets and 
composite brackets of similar slot size. 
 

Ceramic materials used in dentistry include metal oxide 
element and non-metal elements. Glasses, precious stones, 
clays, and mixture of ceramic compounds are used. Newer 
more modern ceramics have different atomic structures, such 
as alumina or aluminium oxide. Alumina or aluminium oxide 
(A12O3) is a typical member of modern ceramics.6 

 

Monocrystalline and polycrystalline alumni are harder than 
stainless steel. Enamel abrasive due to this hardness might 
occur if the teeth contact the ceramic bracket.27 

 

It is observed that ceramic brackets fracture more easily than 
their stainless steel counterparts. Higher fracture toughness is 
seen in polycrystalline alumina when compared to 
monocrystalline alumina.6 

 

Orthodontic movement can only be achieved once friction is 
overcome. A detail assessment of desired movement of each 
tooth and the force lost due to friction should be known. 
Knowledge of varies friction levels in different (materials is 
important) matching the patient’s malocclusion with the 
brackets system will go a long way in improving orthodontic 
efficiency. The mechanics involved in the treatment of the 
patients with esthetic concerns must reduce the loss of force 
due to dynamic friction. Minimizing the pitfalls of treatment 
due to (arch wire interference should be a priority.      
 

The limitation of the study includes variation in dynamic 
friction with in the oral cavity based on bonding and ligation 
preferences of the operator. The study gives a prospective on 
what kind of force delivery the operator could expect when 
using the brackets used in the study. 
 

Friction is a parameter that must be overcome when 
orthodontic movement is desired. To better control the desired 
movement of each tooth by applied force the frictional loss 
should be known. The innate advantages and disadvantages of 
different bracket materials must be known. It is always better 
to select an appliance suited to the patient’s malocclusion and 
the result to be achieved.  
 

In this study, the polycrystalline ceramic brackets show 
acceptable frictional values so that we can consider this 
bracket when esthetics is a concern. Composite brackets can be 
used in cases of minimal force and treatment of short duration 
and for the patients having economic constraints. Lubrication 
via saliva reduces the overall friction and all the brackets 
showed reduced values in a wet field. The orthodontist who 
begins treatment with the end goals in mind may increase 
productivity and efficiency by implementing different systems 
into practice. Although, the advantages of the system may 
improve any treatment approach, the practice that uses 
predefined goals, specific treatment sequences and individual 
patient procedures and mechanics should be used. 
 

CONCLUSION 
 

This in vitro study was carried out to comparably evaluate the 
kinetic frictional resistance generated by monocrystalline, 
polycrystalline and composite brackets, with rectangular 
stainless steel wire under dry and wet condition. The results 
showed the kinetic frictional resistance of composite bracket is 
more than all other brackets in both wet and dry fields. The 
monocrystalline brackets have less friction when compared to 
composite brackets, and more friction than polycrystalline 
brackets. Polycrystalline brackets have less friction when 
compared to monocrystalline brackets and composite brackets.  
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